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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 Geological SUrvey 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 
·gtound-water supplies for industrial and- municipal use. The ·location ot the\. 
area is show on figure 1. Although the present municipal wells proVide· a 
fairly adequate supply for current lllllllicipal needs, which averaged abou~. three­
quarters of a million gallons a day in 1946, there

1 
is 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 il:!1 unsati'sfacto'ry and 
expEmsive .to use because it contains a large amount ot objectionable' orgapic 
material• . '- ''f• 

:The ground-wter study was concentrated in Knife Falls Township (T ~ 49 N ., 
R 17W.) because of the need· for working out the complex relationa between. the 
geology and the occurrence of important aquifers and because of the 1iffii tations 
imposed by the available funds. During the study 1 records wre ob:Cained :-.for 
more than 300 existing wells in the area, 30 test holes were drilled by contract, 
and·.42 electrical-resistivity probes were made. rn order to make· available 

·the summary of .~ground-water conditions in the Cloquet ~e~, this prel~ 
report is being released prior to the f'u.ll report.· ·A,s'l1l!D.'O.ary of tlie:general 
geolog.ic and hydrologic features are eiven: in a series of figures• ':l'J:ius,'. J 

the areal geology.is shown on figure 2; geologic sections arid their''lo'oationa 
are shown on figures 3 and 4; locations of wells ·am test holes 1 depths "of" 
wells, and. depth :to water in wells are shown on figure 4; ·and generalized 
contours on the water table are shown on figure 5 • · · - -

The surface deposits in the area consist principally of glacial drift 
deposited by the Superior lobe of the late Wisconsin glacier. The materials 
are reddish brown · ~ .. color, owing to the presence,..¢£ :iron miner81s. The 
glacial drif't.~nsists of till and associated glaciofluvial deposit~ •. The 
till itself, is a heterogeneous miXture or clay, silt, sail.d, grawl, aiii~ ·_. . 
boulders which generally does ·not yi.eld much water;_ however, in ,placEia~where 
the clay and ail t content is low enough, the till ·may be a weak aquifer and 
may yield .small to moderate amounts of water to wlli. · 

By far the most extensive .surface .materials in the area, however, are·. 
glncio~luy;aJ., materials which form gently rolling outwash plains, or more·· 
pitted outwash areas, and areas where ice-contact. features 8uch as eskers and 
kames are prominent. The material of which all these various 18.l'ld forms are 



•. 

built is a mixture of water-sorted sand and gravel, but it may· ihclude some 
ail t and clay. Because of their large areal· extent and because ths sorted 
materials commonly are exposed at the surface where they may receive water 
directly from. precipitation, these materials form the most important aquifer 
in the area. In many places, however, th~ 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 zone. 

These surface materials were penetrated in almost all the test ·holes ,. . 
drilled in the areae In these test holes the material ranged in thiekness,f.ram 
5 to 70 feeto 

• • ' > 

From the standpoint of develop~ additional water su~lies from wells, 
the following areas appear to offer the best possibilitiesa . 

(1) In the NW!NEiSwt sec. ;w, T. 49 N., R. 17 w., usas/test 49-7 · · .· 
penetrated 60 feet of sand ranging from fine to coarse. In ~the NF¢NW!-SW:t. 
or' the s8me section, USGS test 49-6 penetrated 70 feet of sorted material­
ranging in size from fine sand to gravel. About 20 feet of this material, 
bet_ween dept}ls of 40 to 60 feet, contained considerable olay, which might 
cause. this to be a poor well location. Additional test drilling in tluf 
vicinities of these two holes might locate a more favorable spot for. the 
con~truction of a well • 

. . Chemical analyses of water . from existing wells in section. 20 indicate 
'· it to be low in hardness and iron and entirely satisfactory chemically for· 
::~o~t purpC>ses. 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 
foimd in the. test holes is saturated. Because considerable fine sand was' 
'encountered in. the test,.holes, it is believed that wells of large yield 
cou1d oot be' de~lope~, ·but it is possible that properly conatruoted drUled 
wells yielding 100 ·to 200 gallons a minute might be obtained. Logically, 
a field of two or three properly spaced wells could be developed in this 
area to give a larger ~tal yield. 

(2) In th~ ~Wf sec. 23, T. 49 N., R. 17 w., 46 feet _of sorted 
material ranging . in. size from fine sand to gravel was .penetrated in the ·· 
CloC!';I.~~ city ~PP~. well 4. The water table at ,the well iscabou.t 14 ·teet 
be.~():W, ~he land mirface, so that more than 30 feet of 'the material is' 
satura~d with water. 'fhe well is reported to have yielded aboUt 150 · 
geJJ.ons a' MinUte but, . be~ause the well screen tends to become clogged: by ' 
incrusta'"tion and· because the water is hard, the well was abandoned. It is 
p~s~ib1e that a well could be constructed and operated so :as to be free 
rr~ ,ino:rustation, ~t, of course 1 the. wate1• probably woUld not difter , 
gre~~ly in cb.emic'4 qt?,!U,ity lrom that in the present well• 

. , ' L. 

'(3) In the NEtSW!NEf sea. 281 T. 49 N ., R. 17 W ., from test holes 
penetrated 45 to 61 feet of sorted material ranging in size from coarse 
sand to gravel •. The thickness of satureted materials probably is as much 
as 50 feet. Cloquet city supply wells 1 and .3 are a short distance south 
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Presumably the chances for penetrating glaciogluvial aquifers in or 
associated with the older drift should be about as good as in the case ,of 
the red till above • Ho.\.rever, 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 grayt.fackes. It is exposed along the st. Louis River in the 
southern half of the area. 

· The bedrock is of .little importance as a source of •rater supply; only 
three \>tells in Knife Falls Township are known to ·yield water from it. They 
yield but small quantities of water at poor quality, probably from crevices. 

In conclusion, it appears that the surficial elacio.O.uvial aquifers 
which cover a large part of the area offer the best possibility for 
development of additional ground-water supplies. Because Gf the char­
acter of the materials composing these aquifers and because they are 
relatively thin in most places, it probabl~ will not be feasibfe in most 
places 'to develop drilled wells that will yield more than abou"t 100 to · 
200 ga).lons a minute. Considerably larger yields might be obtained in 
some areas, especially areas along Otter Creek. 

Supplies adequate to meet additional municipal demands arising fran 
normal- growth of. the community probably can be developed economically 1 
from the glaciofluvial aquifers. However, to exploit fully the ground-
water resources of the area would require a large number of wells of 
relatively small yield spread over a large part of the township. r.o develop 
ground-water supplies totaling 10 million gallons a day from the area for 
indll.strial purposes, therefore, would be expensive and probably not econom­
ically feasible. Also, it is believed that natural recharge from precipitation 
within Knife Falls Township would. not support such a development; Whether 
suf.ficient additional recharge could be induced by pumping from wells near 
streams such as Otter Cre·ek to permit a total withdrawal of 10 million gallons 
a day cannot be determined with available data. 

Interior-Duplicating Section, Washington, D. C. 8 8 8 2' 
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FIGURE I. 

MAP OF MINNESOTA SHOWING CLOQUET AREA. 



l 
00 
N. 

A. I W; 

FIGURE 2:-GEOLOGIC MAP OF THE CLOQUET AREA. 
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FIGURE 4.-MAP Of CLOQUET AREA SHOWING LOCATIONS OF WELLS AND TEST HOLES, 

DEPTHS Of WELLS, DEPTHS TO WATER, AND LOCATIONS Of GEOLOGIC SECTIONS. 

EXPLA.NAT10N 

•.I'll; 
flOIIIESTC OI'IFMMWELLUP!'ER NUJoef:R 

IHO:CATES OEPTI'I OF WEU frl FEET. LOWER 
HUMBER ICICATESOEPTH TO WATERIHI'"EET 

BElO'II'UHOSURFACE.OEPTHSSHaMIITO 
TVfl"HS AND lt.NOREOTHS !7 FE.ET M:E 
ME~ AU OTHERS ARE f!£POfiTEO . 
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US.ClECil.OGIC.I.L Sl.RVEY TEST 1'101.£ 
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CITY OF Cl.OOUET TES'{ tQ.£ AHO HUIU3£R. 
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FIGURE 5.-MAP OF CLOQUET AREA SHOWING G.ENERALIZEO CONTOURS ON THE WATER TABLE. 

AND LOCATIONS. OF STREAM FLOW MEASUREMENTS ON OTTER CREEK 

EXPLANATION 
..____ . ..,o-­

GENERAUUO CONTOUR ON WATER TABU:. 
EU:VAT1)HIN.F"E£TMCNE.SEAU:\IEL.. 

WELL FROM WHICH WATER LEVEl. EL.EVATION 
W.S OBTAINElliPPER F"lGI.AE 1$ ELEVATION 
CF W.C.TERLEVEL IN FttT NJh.'E SEA LEVEL 

I'OffT ON OTTER CM:fJ< WIER£ SU!FACE 
WII.TER ELEVATION WAS OCTAI!f[U ' 

P'OIMT ON OTTEJI CREEK WHERE STl!EMI 
n.OW MtASUREJENT WAS MADE. 
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