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S e.cTIOv.1 
INTRODUCTION 

(/,1) Purpose of Investigation 

The City of Superior is the county seat of Douglas County, situated 

at the head of L.ake Superior in northeastern Wisconsin. The city has a 

(1970) population of about 32,000 and serves as a regional center for 

several thousand more people in northwestern Wisconsin. Superior, together ,. 
with its twin port of Duluth, Minnesota is the western terminus of the St. 

Lawrence Seaway and the fifth ranked port in the United States in tonnage 

of all types of cargo handled. Cargoes consist mainly of iron ores from 

the Mesabi Range and potash salts, petroleum and grain from the prairies, 

together with limestone and coal arriving from the lower Great L.akes. 

Superiors' geologic setting gives it the finest harbor on the Great 

Lakes and makes it a natural connecting link between the mineral deposits of 

the southern Canadian Shield and the grain fields of the Dakotas and those 

other parts of the nation and the world ~~ich are accessible to deep water 

sh i ppi ng. The geo 1 ogi c framework of the ci ty determi nes port deve 1 opment, 

foundation conditions. water supply potential. land use, availability of 

construction materials, sites for waste disposal and influences many socio~ 

economic and legal problems connected with development. This review of the 

geology of Superior is designed to provide knowledge of the physical framework 

of the city within which city and port planning. engineering design and 

environmental impact evaluations can be made more effectively. 
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(I,Z) Location of Superior ~ 

.. The Superior area of this report is bounded by meridians 92° and 

92° 15' west longitude and parallels 46° 37' 30" and 46° 47' 30" north 
J(t.r-'" I) 

latitud~ The area of investigation includes portions of the following 

U. S. Geological Survey 7 1/2 minute topographic map quadrangles: 

Parkland, Superior, West Duluth, Duluth Heights, and Duluth, and by the 

Duluth-Superior Harbor and Vicinity quadrangle, The U. S. Anl1Y Corps of 
Me"J.e..-\jc".<-!\v\,\ c."'..A: biZ\,I dN~ W\~ 

Engineer~ 1.ake SurVeY Cha~t 996 depict. the harbor. 

2 

The cHy limits enclose a triangularly shaped 'area of about 44 square 
., (c,~, T'fI~"';-\'" 1,\<0$", C\·"'pte .... :xrn:. ') 

miles at the western end of the l.ake Superior lowland/( a red clay plain 

laid down under post-glacial lakes which filled this part of the Lake 

Superior basin 10,000 ,years ago. Superior is built on the smoothly 
'L A')HT, 

undulating surface of the plain which slopes northward to a line of bluffs 

along the St; L.ouis River,* St. l.ouis Bay, Superior and Allouez Bays. 

(rigul e tt 
The harbor consists of an outer lagoon, Superior··Allouez Bays paralleling 

the shore of L.ake Superior and an inner lagoon, St. Louis Bay, at right 

angles to the lake shore. Lake-head barrier spits, Minnesota Point and 

Wisconsin Point protect the outer lagoon from the lake, while an older set of 

barrier spits, Rices Point and Connors Point separates the two lagoons. 

Grassy Point, another barrier, separates St. Louis Bay from the estuary of 

the St. L.ouis River. (Fi!lIlI'e....J.).. __ 

Lake Superior has a mean elevation of 602 feet above sea level, the 

*Appendix A lists derivations of local place names.' 
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plain under Superior is about 640'feet above sea level, and the Duluth 

escarpment rises to elevations of 1400 or 1500 feet, giving a relief of 

about 800 feet in the area. Dissection of the clay plain by the St. 

Louis and Nemadji River drainages produce a maximum of about 40 or 50 feet 

of relief within the city limits. 

Cr,3) C1 imate 

Superior has a humid continental climate with long, cold winters during 

which extreme temperatures of -41°,f have been recorded and warm summers in 

which temperatures to +106°F have been recorded. The mean growing season is 

140 days and the mean annual precipitation is about 29 inches. 

The first frost in autumn usually occurs in late September, with hard 

freezes in October or early November. The St. Louis and Nemadji Rivers and 

the Bays c0l1111on1y remain open until mid November or early December. Lake 

Superior has not been known to develop complete ice cover in the past century 

and is usually navigated for about eight months, although consideration is 

now being given to the possibilities of .year round operations. 

An average of about 77 inches of snow falls annually, although in some 

years the total is considerably more or less than the long term average. 

The depth of seasonal freezing of the ground depends in large part on the 

depth of snow accumulation since the snow serves as an insulating cover. 

In poorly covered spots the frost may reach depths greater than 5 feet, 

a 1 though average depths are usually somewhat 1 ess than this. 



(' (pI) History of Development, 
) 

Historical information on the City is contained in the works of 

Flower (1890), Shaw (undated), and Roberts (1969); harbor history is 

summarized in the work of Erickson (1940). 

Superior is built on land that was in the possession of the Sioux 

Indians when missionaries and fur traders arrived to establish French 

sovereignty in the latter half of the seventeenth century. Among the 

early French adventurers was Jesuit Father Claude Allouez; who camped at .' 

the mouth of Bluff Creek in the summer of 1667 and Daniel Seiur du Luth 

who portaged Minnesota Point near the present ship canal on June 27, 1679 

and in 1690 established a fur trading port on Connors Point. 

Tradition has it that Chippewa (Ojibwa) Indians took possession after 

a battle fought on the site of the city in the mid eighteenth century. 

During the eighteenth century Indian settlements were located on the ends of 

Minnesota and Wisconsin Points, the base of Connors Point, along St. Louis 

Bay and the St. L.ouis River, on Pokegama .,8ay, and at the mouth of the Nemadji 

River. Small areas were cultivated on the flood plain of the Nemadji near 

its mouth, wild rice harvested from Allouez Bay and blueberries from the 

points, and fish taken on the various bays and in the lake near the Superior 

Entry. 

The area passed from French to British sovereignty in 1'763 and became 

American at the conclusion of the Revolutionary War in 1783. In 1793 Jean 

Baptiste Cadotte of the (British) Northwest Fur Company established a stockade 

and fur trading port, Fort St. Louis, at the base of Connors Point, perhaps 
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displacing a Hudson's Bay Company post therek The base of the point was 

less marshy than the outer end and offered quiet anchorage for canoes on 

.. the Howards Bay side and convenient access to the main channel to the Lake 

on the Superior Bay side. Fur trading declined in importance during the 

early 19th century and by mid-century development of the site of the city 
ec.o-.t\o'J"!.Aic::.. 

of Superior depended on nationalAdevelopments and trends although it was 

still focused on the harbor. 

In 1842 the Chippewa ceded rights to lands adjacent to Lake Superior 

in a treaty concluded at La Pointe, opening the region to permanent settle­

ment. Wisconsin became a statIon May 29, 184~ and during the winter of 

1853-54 the legislature created Douglas County, from a portion of La Pointe 

County,naming it for Senator Stephen A. Douglas of Illinois. Start of 

construction of the canal locks at Sault Ste. Marie in 1853 and belief that 

the then-proposed northern transcontinental railroad would have its eastern 

terminus at the head of Lake Superior led speculators to claim land on both 

sides of the Superior Entr~ and both sides of the mouth of the Nemadji River 

in 1853 and 1854. Shortly after this the Quebec pier was constructed on 

Superior Bay about a mile and a half west of the Nemadji, and a town site 

laid off on top of the clay bluffs south of the dock. A rival town, Superior 

City, was laid off to the west in what is now Central Park. The two settle­

ments were merged in 1858 but the discordance in their street orientations can 

still be traced on city maps L (',f, 0-'0.'1 P\a.~e ) 

After an initial boom the population of Superior declined to less than a 

thousand and remained low until the early 1880's. Fishing, timbering, and 
0.>16 

saw milling, the fueling of steamers and down lake shipment of fish'Alumber 

were the major occupations at this time. Logging took place along the Nemadji, 

.-

( .... mil ,1;", , 1%5" , f r l{ ~J- .f S7,(~u-t.c:,. ~ G-t,.:'--'" ~J '" do,,~ ~ ".u.An.~_ -L.J"Y1
1 

6Tl.-'-l~1" 
c! .. t,,-< ,-\,.,~-" 'v'<luJ.i'A~ b"""" J~ k\ti,,--holl' ,~R )'V\ IL<""'" s.~a.. ~ __ "'x--Tl.....o.. ~crvv..J""'1I\~,-" 
4 ........ SoT L"V\II~'''1 1-0\\' t'...U, I,T\..",. S-;-,L'l-V1>o 'KLv-<H' .". \,,,,,.. S"", ... J,. ,i.u Co c ,1\,(" ... ",,;0\-0., 
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Pokegama and St. louis Rivers and on the sites of West and South Superior, 

wheYever there were dense stands of White and Norway Pine, together with 

some fir or birch. The logs were rafted to the vicinit;y of Quebec Pier 

and to Howards Bay where they could be boomed in sheltered waters. 
ne"".1kc:;,t,-\ S<>UlW. ,\\, "'''I I', 

logging/declined in importance during the 1880's and/,largely ceased dl>V"1lAQ 

Th~ {,v.id".-.,J-4, 
~~ of the twentieth century. 

The railroad reached Superior in lBBl and the city evolved rapidly 

as the land and River Improvement Company, under the leadership of General 

John Hammond, laid out West Superior, Billings Park and South Superior. 

Railroad oriented communities grew in Allouez and Itasca at this time and 

by 1887 these fi~ separate communities were incorporated with East End and 

Central Park to become the City of Superior. The extensive elevator, coal 

dock, and ship yard system along St. l.ouis-Howards Bay and Connors Point was 

established between about 1885 and 1895 as were the ore docks and other port 

facilities in East End, Allouez and Itasca, so by the start of the present 

centurY the city had much of its present form and population'size.. 

(IS) Previous Investigations 

No previous geologic report has been made on the city of Superior, 

although the general nature of the bedrock geology of northwestern Wisconsin 

was established nearly a century ago and described by Sweet (1880), Irving 

(1883), Grant (1901), Van Hise and L.eith (1911) and Thwaites (1912). Reports 

by Lawson (1899), Schwartz (1949) and Taylor (1964a and 1964b) describe the 

bedrock geology of Duluth. and ones by Morey (1967) and Morey and Ojakangas 

(1970) describe other aspects of Minnesota bedrock geology in the vicinity. 

." 
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Merrill (1936) and L.oy (1963) have discussed evolution of the Points and 

Farrand (1969) has discussed the QuaternarY history of Lake Superior. 

Winter (1971) discusses water quality and trophic condition of the Wisconsin 

Waters of Lake Superior, including parts of the harbor. 

(I,I,) Well and Local ity Numberiryg System 

Boreholes and wells used in this investigation are sequentially 

numbered from 1 to 211 starting with well 1 in the north central part of the 
/_.<) 

map area (Plates 2,·5) and increasing in number first southward and then in 

east-west traverses, ending with well 211 in the south western part of the 

map area. Wells penetrating rocks of Precambrian age are indicated with a 

larger circle, those which bottom in QuaternarY rocks 

Localities from which surface samples were taken 

by a smaller circle. 
N 

are indicated/verY 

small circles sequentially numbered from 1 to 71, starting in the north central 

part of the map area, with the numbers increasing in the same fashion as with 

those of the wells. 

L.oca1ities which are notable from a "geological and/or historical stand­

point are indicated bY double circles whose numbering system is similar to 

those of other localities and wells. Appendix B identifies the notable 

local ities. 

,,',. 
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Se.c:.tl~';'" 2 
SUBSURFACE GEOLOGY 

(2.,/1 General Stratigraphic Succession 

Superior's central location with respect to the iron deposits of the 

Mesabi and Gogebic Iron Ranges, and proximity to the copper-nickel deposits 

of Minnesota and to the copper-bearing lavas of northern Wisconsin is 
rt<'l If'\'" e. -z.. 

evident on-~. These mineral deposits and the rocks which enclose them 
(P'Cjv'\t. ~ ';) 

are Precambrian in age~and are part of the Canadian Shield. Rocks of 

Paleozoic and of Mesozoic age are not known near the city~ the youngest 

geologic events recorded are those of the QuaternarY time period. Although 

the Quaternary time interval is only perhaps a million years long, the complex 
7Tt;T~..,.."j 

climatic changes dU~lflg-it determined the kind and rate of erosional and 
'je.obq Ie:­

depositional processes active in the area and determined the immediateAsetting 

of the city. 

During the Pleistocene epoch of the Quaternary; continental glaciers 

developed four separate times. spreading outward f[~~f ~~~~~~!~oJ~~tj~;";~G~oG') 

the Hudson's Bay region to cover the L.ake Superior regiol)~ The latest of 

these ice advances, known as the Wisconsin Glacial Stage, is responsible for 

deposits of drift which lie deep beneath Superior. The Recent i~)~:, post- (8/,) 

glacial time interval, beginning perhaps 10,000 or 11 ,000 years J~@tll~rpresent:, 

during which lakes formed in the l.ake Superior basin,~ncC~he majority of 

sedimentary deposits and landforms in the city of Superior were deve1 oped. C ....... '{"i_., 
~ ..... T:.c ''1--';' "",_i ~ , 

The geologic time scale and the general stratigraphic succession of the 
7 

Superior area is shown in Figure 1: Representative sequences of rocks as 
,,' 

penetrated in bore holes in the area are shown in Figure 3, 
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Figure f 

.l'f 13 

C Geologic Time Scale and Stratigt'aphic Succession 

c: 

Age of Rocks Rock Units 
---,----
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1----------- --------------

Upper Michigan 
field Peninsula 

----
Recent) 
cene) 

-
Mesozoic Missing due to non-deposition or erosio n 
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intrus 
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and related 

ive rocks) 

Lake Lava Group 
named lava group 
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and un­
of nort 
(copper 

hern Wisconsin 
-bearing basaltic 

fissur e flows) 
_._---------------+-,-------

Thompson Formation 
(slate and graywacke) 

-------_._-,----, 

c intrusive rocks 
Penokean Orogeny 
er metaigneous and 
imentary rocks 
ng Ironwood Iron 

Graniti 
of the 
and old 
metased 
includi 
Formati on 

Sources: Goldich and others (1961). Hamblin (1961). Morey (1967). 
Thwaites (1912). Tyler and others (1940). Wr:l.ght (1969). 
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(2,2) Consol 'dated Rocks of precambrian Age, 

Interpretation of subsurface lleology in the Superior area is based 
w",1;C'", ....... \1 . '"i4-lb'l~ '0 d"lled f.r<"' ~'M'" Q.Y\~'II\",eY\",\ f"'<'f0=~ 

onh driller's logs.~core holei' and extrapolated outcrop information. 

Slates and graywacke sandstones of the Middle Precambrian Thompson formation 

are the oldest rocks exposed at the head of Lake Superior. Above the Thompson 

formation is a thick sequence of basaltic lavas which have been intruded by 

the Duluth Complex of gabbros and related rocks. The youngest bedrocks are 

the gently tilted reddish sandstones of the Bayfield Group of Late Precambrian 

age which underlie the city of Superior beneath a cover of about 600 feet: 

of QuaternarY deposits. 

('2,1).,1) Thompson Form~tion (Middle Precambria!!L 

In the type area near Fond du Lac (Cloquet 7 1/2 minute Quadrangle) the 

Thompson formation is a sequence of dark colored slates, siltstones and 

graywackes (Schwartz, 1949; Morey and Ojakangas, 1970) which were folded and 

metamorphosed during the Penokean orogeny 1700 million years ago. Intrusion 

of .. the vast thickness of the Duluth Complex may well have eliminated the 

Thompson formation from beneath Superior. 

('2,7... 2) !!ort~ Shore Vol5:ani c Gr:oup (Late Precambri an) 

The North Shore Lava Group is unconformable with the underlying Thompson 

formation as can be seen along the center line of sections 17 and 2~11~N5f.;j 
in the Esko 7 1/2 minute quadrangle in Duluth. The Group consists of mildly 

deformed basaltic fissure flows accompanied by andesitic and felsitic material, 

together with some i nterfl ow sands tones and conglomerates (cf. Schwartz, 1949; 



and Green, 1971). Basalts are encountered in boreholes 1, 2, 4, and 5 

along the northerly base of Minnesota Point and eastward to Erickson 

Park where they are well exposed along the lake shore. It is probable 

that deep drilling on Wisconsin Point would also penetrate the Lava .' '~n... 
"I.~-h.V""· pe.v..t.\'ro-\\"'ilw..~;;~ \."b~~. 

Group within perhaps one thousand to two thousand feet of the surfaceh ~·1~~ ~~r 

No holes have encountered the Group beneath Superior to date. 

(~,1,3) Duluth Complex_elate Precambrian) . 

The Duluth Complex of gabbros and related anorthosites (plagioclase 

feldspar·-rich gabbros), troctol ites (01 ivene·-rich gabbros) and felsites is 

a sheet-like body several miles thick intruded' into the base of the North 

Shore Lava Group. layered 01 ivene·-rich gabbros crop out in the West Duluth 

.7 l/_~~_n~:~~u~~~~~~~~_~.~~ are encountered by bore hOl~f~=~5;~--~~:~~i-~-~ 
22, 2~~~~ __ ~~ __ ~!!!.2~!~3~_a~!oc~ase feldspar_~ric~_~~b~~~~_ crop ou:2.n ) 

the Duluth 7 1/2 minute quadrangle and-;re'-;';c~untered bY-bOreh~ies~66; 
;,;d--2llj along the northerl~' side of Superi or Bay. 

Work by Taylor (1964a., 1964b) has determined the distribution and nature 

of this important rock unit in Duluth. It is thought that the Complex 

represents multiple magma sources derived from the Earth's mantle during the 

Late Precambrian episode of rift development which is now marked by the Mid 
cw& :Do.vid.50 .... ' 1'1'1/ 

Continent Gravity High (Mooney, and Others, 197~. Gravity studies suggest 

that the Complex probably extends southward far enough to be present under 

Superi or although it has not been penetra ted by dri 11 i ng. 

*logs. of these and other wells used in this report are listed in 
Appendix C. 
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C' (~.Z.t./) Bayfield G!:oup (late Precambrian) 

c 

In the basin underlying Lake Superior is a late Precambrian age 

sequence of reddish sandy sediments which is divided into an older Oronto 

Group of arkosic (feldspar-rich) sandstones and a younger, more quartzone 
Th e-~ ... '1 ~~,! G,,-o"P 

sequenceA Recent study by Meyers (l971) indicates that the Bayfield Group 

sandstones were derived from older sediments and deposited on an alluvial 

plain by low gradient, meandering streams. 

The best available subsurface description of the Bayfield Group rocks 

in the Superior area is from N/wY~N-'13E where a 57~ foot deep well was 

drilled into them in 1937. The log of this well (number 180, Appendix C) 

is shown in FigUre~. To the southwest of Superior, in the vicinity of 

Fond du lac, Mi nnesota are exposures of several hundred feet of Bayfi e 1 d 

Group conglomerates, sandstones, and shales which have been described, 

measures and mapped by Thwa i tes (1912) and Morey (1967). Morey has proposed 

to name these rocks the Fond du L.ac formation. The thinner·-bedded more 

shaley upper part of this sequence, Thwaites' "Arnnicon Formation," may 

underlie Superior where older reports (Thwaites, 1912; and Weidman and 

Schultz, 1915) refer to the presence of considerable shale beneath the city. 

No well has entirely penetrated the blanket of Bayfield Group sedimentary' 

rocks beneath Superior and it is probable that, at the least, upward of a 

thousand feet of the Group is present. 

During the nineteenth century sandstones of the Bayfield Group were , 
quarried at two principal sites near Superior. The Duluth Brownstone 

/.6-
Company operated a quarrY in lots 1 and 2 48N·-15W along the St. Louis River 

near Fond du lac. This quarry was originally opened in 1869. Stone from 

W'" 



~/? 
~ it was loaded on scows and towed to Duluth or Superior for processing. 

IC\o.~i~y !llll) 

• 

Buckley (1898~ lists the following test results for stone from this 
,-~r 

,-1, ' -";[.,.., ",-quarrY: v, ~ ~/. 

Dr., weight: 
r' 3 

146,1~ft 

Specifi c gravi ty: 2.62; 2.65 

Porosity: 10.4; 11.5% 

(2 samples) 

(2 samples) 

(2 samples) 

Ultimate strength in unconfined compression: 

bed - 4668; 5931 psi 

edge - 6052 psi 

Modulus of elasticity: 

bed - 80,600 psi 

edge ,. 90,900 psi 

(2 samples) 

(1 sample) 

(1 sample) 

(1 sampl e) 

'He also notes (p. 365) that the average of twenty tests of Lake Superior 

brownstone, half of which were made on edge and the other half on bed was 

4816 psi, ultimate strength in unconfined compression. (South Range 

7 1/2 min. Quadrangle;Center 29--48N-12W) ,:., __ _ 

The Acadian Brownstone Quarry at Amnicon Fall~suPPlied over a million 

cubic feet of stone between about 1886 and 1897, including that used for the 

foundation of the Old Main Building, University of Wisconsin-Superior and a 

number of other public buildings and churches in Superior. As far as is 
~ O""c'C~I/Ie.w- ~uf-e.YlOV 

known, neither of these two quarriesAwere in operation on a large scale 

during the twentieth century. 

(I)., '3) Bedrock Surface .l0pograE!}.y ? • J / 

"M ,/{;t' DM d'1 v-r r 
Lake Superior occupies a depression)carved out of the Bayfield and Oronto 

Group sedimentary rocks by stream and ice erosion during Cenozoic time. In 
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I J Jil..J .M Iq 
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the~western end of the 1akE)a major depression parallels the norther1~ 

sh'ore (cf. Figure 1. and Farrand. 1969>[ This north shore depression] 
~ ~ 

l stan(ls out clearly on the bedrock surface topography map of the Superior 
I 

area (Plate j) as a north-easterly trending low area about a mile wide 

which reaches depths greater than 600 feet below present lake level. A 

tributary depression beneath the valley of the Pokegama River is also 

evident. Twenty five to fifty feet of relief is present locally on the 

bedrock surface and can be demonstrated wherever well control density is 

sufficient. A larger high area brings gabbro to the surface at the foot ." 

of 27th Street West in Duluth uJA""""'''* t~ a:l, ... "rL·"l"1.~i\v\ .. : f·tlv.~]"-+u~U"-~~iJft'fZ$ .. 
" 1 "f\~o..:i-n.A-. ').. 7rf.~·:tw.J!,.~ t))~.s,:t .e.¥n- I 

c ' 
Gabbro bedrock forms the northerly lim.!tof the north shore depression 

in Duluth except in the vicinity of the base of Minnesota Point where the 

North Shore lava Group is present. The Fond du l.ac sandstone subcrops 

beneath the entire city of Superior, forming the southerly limb of the 

depression. The sandstone is unconformable on top of the gabbro but the 
I 

inferred contact shown in Plate 'I may be fault-controlled. at least in part. 

Many early reports on the western l.ake Superior region have visualized the 

existence of a steeply dipping fault controlling the Duluth escarpment (cf. 

for examp1es1. Merrill (1936). and Martin (1965). rt .. f 
~() IA. Gravity study by Thiel (1956) and by the Geology Department of the 

University of Wisconsin,·Superior have not been able to confirm the existence 

of major faulting in the Superior area so the inferred contact shown in 
! 

Plate 2' is visualized as sedimentary in nature. 
I 

About 600 feet of Quaternary age sedimentary deposits are present along 



c the axis of the north shore depression between Superior and Duluth 
2.-r. 

(Plate l>. Elsewhere under Superior 200 or 300 feet of overburden is 

pres~nt. A belt of thicker sedimentary cover follows the valley of the 

Pokegama River and is present along an axis marked by Dutchman's Creek. 

It is highly improbable that bedrock will be encountered by an engineering 
Ik1euJ.JJl 5c-OC' S. VI /O't'hci.A a t'[\...... Sup"'" ,.,. it't< ",. 

operation within 150 feet of the surface~although the presence of boulders 
s I 'IV.utATI!, 

in the lower part of the stratigraphic sequence may ~ such an 

encounter.:cr t\. pA,J.; ~V~ ~1 -- .::z;; - fLiT, 

(~.)) Unconsolidated Rocks of Quaternary Age 

Quaternary stratigraphic relationships are shown schematically in 
$' 

Figure A(, which illustrates ten of the most common stratigraphic sequences 

encountered in bore holes in Superior and vicinity. ~~~d~ 

tI , ~; 
Figures~and~show that in the Superior area glacial drift is overlain 

by red clay followed by sands and gravel'S and a younger red clay on which the 

city is built. Dissection by the St. Louis and Nemadji drainage exposes the 

sandy deposits providing a source for much of the sand in the harbor. Modern 

peat and muck overlie the harbor sands in places while in others sand or .>.; tt­

deposition continued today. 

(~.5'.I) Glaci~ Drift 

A blanket of glacial drift, probably of latest Wisconsin age, everywhere 

overlies the Bayfield Group bedrock of the Superior area. Drift thickness is 

a function of elevation as can be seen in 

, 

'" Figure 7. 
/ 

This Figure also 
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demonstrates that 25 to 50 feet of drift 1S present except toward the 

bottom of 

upward of 

the north shore depression between Superior and Duluth where 
'l- 0\ ~le I)...--. \'~ 

200 feet is known. Limited deep well control suggests that 

thicker accumulations of drift f.1fTn northwesterly trending belts more 

than 100 feet thick under West Superior and the Pokegama River Valley.err,'e .,...) 

These thicker drift accumulations are Jlj'1'({pnM*'4' gravelly and contain 

boulders. They probably represent pauses in the deterioration of the 

last tongue of ice which filled the Superior basin. These coarse 

grained drifts are sometimes an important source of groundwater-,!-(S~dtov. -I ). 

Eastward beyond the inferred limit of the bou1dery/gravelly deposits the 

dri ft ranges from s i 1 ty or sandy c1 ay to an argi 11 aceous sand containing 

a little gravel and few boulders and is probably relatively less often 

an aquifer. 

,- ----_.,- "--, 

--.-.--~: - ---
Stiff, lake-deposited bM-ek red or graYl:!m c1ay\ overlies the drift 

and._~_s more o!: __ !~~ __ ~!,a~~ti()~~~ __ I:!.!t..h._!!~ Along the foot of the Du1 uth z 

esi:ar~~n~-~~d beneath Superior south of aline between 01 iver and Itasca (l!{~i; '3) 
almost the entire succession above the drift is clay containing scattered 

pebbles and cobbles and small quantities of silt or fine sand. Both 
;I-

illite and montmorillonite have been identified in the clays and considerable 

calcareous and other rock-flour is also present - the ground up debris of 

all the rock types disturbed during glacial times. South of Superior clays 
,,<> 

are well developed to elevations of at least 900 feet (Figure 7)- but very 

little clay is found above an elevation of 700 feet along the Duluth 
,5.-

escarpment. ,/\s shown in Figure I both a lower red clay (I) and an upper 

/;\;- X-'f"D-'i ~"l'i~is O{.;~1 sa.~r\-e!. ~"1>v-'_,'\1''''''Of~",_ ~~,f'.Jt~~i~~ ~-u,)-«t ) 
l_' <-o",-,\"I ... \-d \." i\\~, \--Cl>v.\;O\lA'-'-!N ), Tl.... U,W -$ . r"'-'1SI(> J,,"fMv"~Ml 
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red clay (II) unit are present. In the present state of knowledge there 

is no certainty as to which layer extends to higher elevations, especially 

"to the south of Superior where the clays are thickest. 

(~s.~) Loamy Brown. Sand and Gravel 

Along the St. l.ouis River and under Superior north of an inferred 

limit line between Oliver and Itasca (Plate 3 ) the lower red clay (I) is 

, overlain by brown, poorly permeable dense loamy to sandy deposits (Figure 5"). 

The lower part of this sequence is silty ,and generally finer in grain size 

(Localities 41, 49, 55 ) than the upper part, which in many exposures 

c~n!~~i~s~oarse~~nd __ and/or gravel (Local i ti es 50, 51, 56, 57 ). Cross 

bedding is common on a variety of scales with the lamination inclined toward 

the north shore depression or the L.ake. Considerable interlayering of 

coarser and finer material takes 'place at the very top of the unit-and a 

silty layer separates its top from the overlying red clay in L.oca1ities 

56, 57 • Grain size determinations ~~ 
"T\A \~ uV'it ~\:'/ e: 

for sands from~ are given in • 

Deep bore control is not adequate to define the lateral relationships of 

this sandy unit with the red clay sequence but there is little evidence of 

interbedding of the two rock types. The upper surface of the deposit exhibits 

considerable (20 feet) relief in the north end of West Superior (Holes 103, 

1 07 , ). The top of the unit occurs at lower el evations under the eas terly 

part of its extent than along the St. Louis River near Oliver or Billings 

Park. A maximum total thickness of about 200 feet for the entire sequence 

is present along the a~is of the north shore depression.~~ The 

gravelly material near Oliver is apparently about 10··15 feet thick, but has 

not been drilled sufficiently to establish its true thickness range or 

.... 
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The plain on which Superior is built is underlain by a 15 to 50 foot 

thick red clay layer. This clay is typically brick red or red brown in 

color but becomes gray when organic matter is present and is a lighter shade 

of color when dry. The clay is mixed with several percent of silt, fine to 

medium sand, and enough finely ground limestone and/or dolomite to form 

concretions toward its upper surface. Thin sapdY accumulations and scattered 

pebbles, cobbles and even boulders are found on top of the clay plain - and ." 

rarely within the clay unit itself. The surficial materials are more co~}mon 

along the eastern, southern and southwestern margins of the Superior area. 

TheY represent coarser materials winnowed from the clay during the fall in 

lake level to its lowest stages and also ice rafting of particles during times 

when the plain was fully inundated. -The source of the clay unit itself wa~ 

the l.ate Precambrian sand-shale sequence (Bayfield and Oronto Group sediments) 

of the Superior basin and rock flour resulting from abrasion of particles 

during ice transport. Prominent development of clays to an elevation of about 

700 feet on the Duluth escarpment may indicate flooding of the plain to at 

least this level at the time the clay accumulated offshore in a post·-glacial 

lake. 

~~\\J$..~\..b~!/.M...~'$..'btil.~'!l..~l<l.l\\N\~"'f<.'\..~t.~ 

~\k$..~'l\.'\I\.~",o.-\\~~IJ.\)(\~\i.tII\~~~~~ ~~ 
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Although much remains to be learned about the history of Lake Superior it 

is possible to recognize various early stages in its development through a study 

of high level beach deposits and shore line features. )The beach of Glacial 
(Lo"","'h~" 'J'Z.,3 

Lake Duluth at an elevation of about 1070-1080Amarks the most persistent water 

level recorded in the western end of the Lake Superior basin, although higher 

levels, especially one at 1110-20 are known. The 1070-1080 beach is strongly 

developed in Wisconsin in Douglas County from about 48N':'10W to 47N-15W. \ 
I~ te-l'ih>. 

Prominent deposits of sand and gravel occur at many places along this contour. 
" This beach is particularly well developed between the villages of Maple and 

Poplar '(Poplar NW 7 1/2 minute Quadrangle). 

In eastern Douglas County the Brule river valley was a 2-3 mile wide 
, -

strait in 48 and 47N-10W and drainage from the lake flowed south into the 

Mississippi system through the St. Croix river. In the earliest stages of its 

development drainage from the Lake probably also passed to the Mississippi via 

the Moose River in Mi nnesota (Bray, 1962; Wri ght, 1969). As ice retreat 

permitted drainage through lower elevation outlets farther east)the Brule river 

became separated from the St. Croix by a divide at an elevation of about 1022 feet 

in the vicinity of Solon Springs in Douglas County. When this happened the. 

direction of flow of the Brule reversed and it is now a tributary of Lake 

Superior. Development of the St. Louis and Nemadji drainages across the former 

lake floor also took place at this time perhaps 9500 B.P. 

Lower beach lines have also been reported on the Superior lowland plain in 

Douglas County. A. W. Farrand (1969) notes one at about 1010 and Wisconsin 

Geological Survey unpublished reports emphasize one at about 980 on which the 
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village of Poplar is built. From general considerations in the L.ake Superior 

basin Farrand believes there to be subsequent beach developments at about 860, 

710, 650, 450 (Lake Minong, the first full lake in the Superior basin 9200 B.P.), 

375 (L.ake Houghton, the lowest lake stage 8500 B.P.), 610 (L.ake Nippissing, 

4000 B.P.), 595 (Lake Algoma, 3200 B.P.). None of these lower stages are nearly 

as well developed in Douglas County or the Superior area as the one of Glacial 

Lake Duluth although they may be discernable. It seems probable on the basis 

of the stratigraphy of the Quaternary sediments in the Superior are!! that prior -. 
to the Minong and Houghton low water stages there was a final period of high .' 

water which was re~ponsible for red clay II, the surface clay of the Superior 
" 

arejl.. Since red clays are very well developed to an elevation of about 700 

feet and the surface of the clay plain in the Superior area is at least 650 

it would seem probable that such a postulated late deep water phase stood at 

high elevations. This late high phase was preceded by a set of conditions 

which permitted the development of high energy sediments - very coarse gravel 

and pebbly sand deposits .• from Oliver eastward to the harbor and southward 

under the city of Superior. Thus the evolution of the lake may be more complex 

than ·is inferred from beach line evidence alone. 

Since 1922 the level of the Lake has been regulated by control works in the 

St. Mary's River at Sault Ste. Marie, Michigan. These works are directed by 

the International Lake Superior Board of Control, consisting of representatives 

from the U. S. Army Corps of Engineers and officials of the Canadian government. 

The function of the Board is to determine the amount of water available for 

power generation at the Soo and to maintain the level of L.ake Superior at an 

elevation of 600 feet. Since 1957 the level of the lake has varied only about 
/-

a foot from this direction. Water levels are lowest in March or April and 

~J 



highest in August. Winds blowing consistently from a single direction for 

(- several days produce greater apparent changes in water level, although 

these last for only short periods and may be entirely reversed within a 

period of a wee~. Changes in atmospheric pressure accompanying the passage 

of weather fronts over the l.a~e sometimes generate sieches, which are rapid, 

general rises in la~e level. 

c 
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original configuration of the lake floor (P1ater41i. It is evident that the 

surface expression of the north shore depression controlled the location 

of the St. Louis River and that another, less prominent depression to the 

east influenced the location of the Nemadji River. The divide between the 

two drainages is_ a structurally high area, and other lesser highs and lows 
-.;..... 

can be i dentifi ed on Pl ate,.... 

Low water lake stages following clay deposition allowed deep incision 
I e6 "It 

of the major drainages into thE1l;larsurface and the development of an 

asymmetrically dendritic tributarY drainage pattern. Many partially drained , 
depressions remain to be fully integrated into the through going drainage 

system. These depressions help to regulate the rapid run off from the 

'impervious clay surface. Incision of some of the larger drainages into the 

underlying sandy unit also helps regulate run off and provides year-'round 

flow in some drainages. Incision has carried the St. Louis drainage deep 

enough to expose the underlying sands and gravels from Howards Bay to Oliver. 

Elimination of the upper red clay (II) along the landward half of Rices 

Point suggests that the bottom of the St. Louis Valley may be as much as a 

hundred feet below modern lake level in this Vicinity. Evidence from Holes 

148,149,150,151,152,153,155 shows that the Nemadji did not become as 

deeply incised -, perhaps not substantially below its modern depth during 

spri ng f1 oods. 

A general rise in lake level toward a maximum of about 610 feet during 

the Nippissing Stage 5000-4000 years ago (Loy, 1963; Farrand, 1969) caused 

the deeper parts of the St. Louis valley to become aggraded ~/ith sandy 

materials and subjected the upper red clay layer to strong wave attack, 



c creating bluffs along St. l.ouis Bay and Allouez Bay. The wave eroded shore 

platform cut in red clay II forms the floor for the harbor sands of the 

Wisconsin portion of Superior Bay and is the substratum on which the outer 

half of Minnesota Point and all of Wisconsin Point rests. Contours on this 

erosion surface (Plate 3) indicate the approximate depth to red clay below 

mean water level anywhere in the Wisconsin portion of Superior-Allouez Bay. 

Post-Nippissing erosion changes the orientation of the bluff-line eastward 

fr?m Sample l.oca1ity 26. The change in orientation is a measure of the 

dynamic nature of the environment the Points exist in, and a warning that 

changes are constantly taking place. 

A .1arge number of crystalline rock boulders (erratics) occur at or near the 

base of the harbor sands under Superior Bay, especially (but not exclusively) 

in the area designated on Plate 3. Maximum boulder size recorded to date is 

30 

C:~ 5 x 6 x 7 feet. Appendix 0 lists measurements of others recovered in 1968. 

( 

Boulders recovered during dredging operations in the Superior Front Channel are 

disposed of in the 21st Street Slip along the west side of Rices Point. 

The lithology, size, and number of these boulders indicate that ice 

transport is a part of their depositional history. Concentration of the boulders 

along the less-steep easterly side of the divide between the Nemadji and St. 

Louis drainages may indicate release from stranded ice floes just as happens 

along the easterly two thirds of the Minnesota-Wisconsin Point barrier system 

today. Older ice rafted boulders derived from erosion of the clay plain surface 

also contributed to the buildup of the cobble-boulder pavement which is present. 
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(3,~)Ha~bor Stratigraphy 
, 

Stratigraphic sequences in Superior Bay and barrier spit stratigraphy 
, q 

is shown (respectively) in Figures 30;:. Examination of these sequences in 
~ F\"fV"-~' 

conjunction with Plate'3-t,will give an understanding of the subsurface geology 

of1the harbor area. From Plate~ it can be seen that the uppermost red clay (II) 

dips smoothly below water level in the vicinity of Howards Bay and is found 
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,",' .. 

beneath harbor sands on Connors Point and the outer end of Rices Point (Figure C\ ). 
. ~.~ 

Red Clay II is eroded, under Superior Bay forming :i-:~'shore platform beneath 

the harbor:14innesota and Wisconsin Points, from o~pos~~e the Gate eastwardq~ 
beyond Allouez Bay. From Plate,3 it is evident that the brown loamy to gravelly 

sands beneath red clay II do not extend east of the Nemadji river and that to 

the east the entire stratigraphic succession is composed of red clay down to the 
= i-v. $...,.,,",-,~. ~ ,"F, ~ .. ~. , 

glacial drift next above bedrock (Holes )A Th€ top of the 10alllY to gravelly 

sands occurs at a lower stratigraphic position in East End (Hole 142) than in 

West Superior (Holes 87, 88, 89, 90) and the shore platform does not intersect 

these beds under Superior Bay. To the west red clay II is thin {lO~20 feeth 

but is relatively steeply inclined into the north shore depression, hence is 

preserved under Connors and Rices Points. 

Incision of the St. L.ouis River drainage at the time of low lake stages 

(Farrand~, (1969), Houghton Stage, elevation 375 feet, 8500 B.P.) carried the 

channel of the river beneath reu clay II and eliminated it from beneath St. .. 
ftC( ",~.$ ,J N'~ f· ~ >J (Y.JJ.U 1, ':'7.w (., '5 

L.ouis Bay (where it occurs on the crest of the bluff sA and from the northerly 
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end of Superior Bay where it is missing from the westerly base of Rices Point 

eastward to the lake shore beyond the base of Minnesota Point. Red clay l' ~ 
. ("-0 iMsell ",'" ce 7 J t""y,,,-

occurs at depth beneath St. louis Bay under both Connors and Rices Points~ 

and westward where Holes B7, 88, 89 encounter it at a depth of perhaps 150 feet 

dong the eastern margin of the North Shore Depression. This lower red clay (1) 

subcrops irregularlY along the northerly shore of the depression from West 

Duluth eastward to the outer side of the Duluth waterfront in the vicinity of 

the Duluth Arena Auditorium (Holes 9, 15 ). Along the Duluth waterfront from 

Rices Point to Minnesota Point -ttflY~ ~4# red clay I has been eroded .. "..J 

~~~iS overlapped by several tens of feet of harbor sands which also ." 

extend farther shoreward along the inner side of the Duluth waterfront 
tV4 ;>"!>""..Iv'.«- I, ):~~,.)' 

(Figure 8A). In West Duluth, as under Billings Park in Superior, the surface of 

the clay plain is red clay II, which is underlain by the brown loamy to gravelly 
. =w.~"'1>~U<l5t2.A";C, ,~s. 
sandy uni~ This unit is poorly developed along the northerly side of the Bay 

although it can be identifiedj1' layer of several feet of sandy to gravelly 
lOr" ,,- f' 

material beneath~~feet of red clay (Holes 58, 59, 61, 62, 63, 64). 

Along the southerly side of the Bay this unit forms the lower two ~hirds of the 
. _ (a... ""'~~ 7, Fvf""'" S' ) 

banks, extending 15 to 20 feet above modern water level. Erosion of this unit~ 

during incision of the St. L.ouis drainage and subsequently, as a result of wave 

action during smoothing of the Bay shores in Nippissing high water time (E1e~ation 

610,4000 B.P., Farrand, 1969) has been the principal source of the harbor sands 

which now lie unconformably above it in the north shore depression. With 

presently available well control there is no way to identify this erosional 

contact although such i dentifi cation is theoretically poss ib 1 e due to the greater 

resistance to penetration of the older brown silty to gravelly sands. Gravel 

has been and is being introduced into the north shore depression by streams 
U::" q rN. ') ) 

flowing down the Duluth escarpmen~\, by erosion of the gravelly deposits of the 
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sandy unit in the vicinity of Oliver, and by ice rafting and, in the case of 

thE! pOin, ts, by along shore drift, mainly from the north shore. The Highland 
(I.e. w. "<<-UI j ~ z 't ",-,-,I. w.,;, q \,. t-, I q b~ ) 

moraineAand related deposits along the crest of the Duluth escarpment and 

the blanket of drift on the face of the escarpment itself make the northerly 

side of the lake the principal gravel source. To the southwest of Superior 

the surface of the clay plain has considerable gravel in it and on it, 

apparently as a very thin layer at the surface; Material from this thin 
hu/ 

layer and derived from Bayfield Group sedimentary" rocks to the southwest 

presently fonns bars in the Nemadji river within the map area, and is being 

introduced to the eastern end of Superior Bay at the mouth of the river. 

Figure (0 and 1 \ compare stream and bank deposit grain size with that of the 

dredge spoil banks which sample material from the harbor floor. 

distribution~ for these samples are given in Tables 

Grain size 

and • 

Modern harbor sedimentation invll1ves offshore downslope movement of typically 

fine to medium grained sands eroded from the banks and river transport of silt 

and fine sand. together with clay which is introduced mainly by runoff over 

red clay II. Wind transport of silt and sand from exposed banks during winter 

storms and subseqoent ice rafting contributes to sedimentation throughout the 

harbor.BL,ck sa....J cu;\d u/"s ojo\J..~)l.,.e S()fe<laY"/S"'"'i 6~., o?W(S.C~S.lV. 7&'J..tt 
"'-""- r\;."~\"1 IM."-\V.\,\ o~ 11v;s c~'i\v\'-'~~t\-t~ d.:'11~~ {i:!lU":"\"lu .. a..~"-c.~\ ~,c:\~-tks. 
,",,,~. c1;'.t...,,,,ttl "'~ 'nO\ ,A 1l,..", oMd.ll UN.c,""", "':'(\o'-'~ b \'(!)",,,,,,c.\..( k,\"Jr-. .s:&..wJs. 
cau," "V'JY"f~' (3.3) Barrier Spit~,t~ya!?2!:aphy 

~n~tft a.Y'ltl. 

Barrier spits are a product of storm wave action which disturbs sandy 

bottom sediments, creating low, more or less submerged bars paralleling the shore 

line (c.f. loy. 1963). Once seasonal and longer term variations in wave 

intensity and water level permit buildup of the bar above mean water level a 

dune develops behind the beach. Waves approaching the beach from an angle rush 
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up the sand in the direction of approach and"recedS' at right angles to the 

shore - resulting in movement of sand down drift. The spit constantly changes 
\M!.""1 

in response to wind, wave, and current activity and its stability is dependent 
/I 

on vegetation which establishes itself on the dune ridge, anchoring sand in 

place, and in the continuity of sand supply along the beach zone. Building of 

barriers which interrupt ~ drift or cause loss of sand to deep water 

beyond nonna1 seasonal wave depth, or otherwise deny sand to the dunes 

3'1 

1''''''1', ...... 
threatens the stability of the entire barrier. Quarrying of sand for construction~ 

or well drawdown of the water table under the vegetation also threaten barrier 

stability. Even under natural conditions the barrier is a fragile structure 

subject to periodic disruption through blow-outs and wash,·overs during unusually 

severe climatic conditions and by long tenn changes in water level and shifts in 

the sand supply - wave and current energy equilibrium. 

The sandy substratum beneath the barrier spits of the Superior area (c.f. 

Figure ~ ) began its development during the rise in lake level between the time 
I of the lowest lake stages (Farrands Houghton Stagei 8500 B.P.) and the time 

of the Nippissing high water stage about 4000 ,years ago (Farrand, 1969). The 

rising waters developed a transgressive blanket of sands which aggraded the St. 

Louis and other drainages and covered the uppennost red clay (II). Additional 

sandy material was added to the blanket during smoothing Of the shores of St. 

Louis Bay and development of the bluffs and shore platfonn between Central Park 

and Dutchmans Creek during the Nippissing high water stage and by river and 

stream runoff. (cd. ;\1"' .... +.1., Ilq~r;·\Yle"-'-; \1,143(,) J ~!.FeqClli'i~.c"lllqb3 fov' O\k-e. ...... 
V\€uJ!.) 

..... 

Grassy Point, the innennost of the barrier spits, developed during Nippissing 

time at the inner limit of strong wave action in St. louis Bay (c.f. Loy, 1963). 

Rices and Connors Points are perhaps partially contemporaneous in their develop­

ment although mainly a product of a declining water level during the Algoma 



retreat 3200 ,years ago (Farrand, 1969). Rices Point grew outward on the 

( westerly side of the gabbro projection known as the Point of Rocks on the 

Duluth shore and Connors Point from the Superior shore where the dip of the 

stiff red clay II takes it below water level into the north shore depression 

in West Superior. Howards Bay was probablY kept open originally through 

stream drainage and was later deepened by stream erosion during the Algoma 

( 

retreat. 

Minnesota and Wisconsin Points are developed toward the outer margin of 

thick sand accumulation during the Algoma retreat. In their present state 

the Points opposite Superior ~epresent 50-75 foot thick accumulations of sand 

containing a few percent gravel (c.f. Figure l' and Table ). Continuing, 

rise of lake level with regional subsidence (Moore, 1948) may be expected to 

tend toward the eventual elimination of the Points and a renewal of wave 

attack on the bluffs below the City. Although this circumstance may never 

come to pass there is no doubt that everY effort to promote barrier stability 

must be made and no human disruption can be pennitted without full study of 

the probable consequences. 

.. , 
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'se<!1t 0\1\ I.{ 
fHe -It'l}12~012. 

.. ! 1'-
h·.1 .... 

(till) The_Harbo!: in it~ NaturA~tat~J~. 
Ii!' l"> <> t .ul p rt. 1ft. C><J \.llj I 

A The harbor consists of an outer lagoon, Superior-Allouez Bay, parallel ing 

the shore of l.ake Superior and an inner estuarine lagoon, St. l.ouis Bay at 

right angles to the lake shore. L.ake head barrier spits, Minnesota Point and 

Wisconsin Point protect the outer lagoon from the lake, while an earlier set 

of barrier spits, Rices Point and Connors Point separate the two lagoons 

(c. f. Figure I ). 
In historic time a single inlet from Lake Superior to Superior Bay allowed 

discharge from the St. l.ouis and Nemadji Rivers into the lake. The natural 

inlet·, the Superior Entry, was about 2000 feet wide with an irregular deep 
:::,~",e, ·1 (; ~ AI'''''"", c..,,"rF~A 'L' .... ~l ,)..,e.VI" j,. 

channel less than 500 feet wide (Plate 'fromIlMeade-Hearding Chart of 1861). 

Average shoal depth in the channel was about 8 or 9 feet except during Spring 

high water when it reached a maximum of about 14 or 15 feet and during north 

east storms when it decreased to perhaps 3 or 4 feet (Em,ign, 1898). The 

drowned channel of the St. l.ouis River across Superior Bay extended in nearly 

a straight line from the inlet to the Gate, the inlet between Rices and Connors 

Points. A s.hoa1 divided the channel to the east of Connors Point. creating' 

a navigation hazard. Outside the channel, which in places was over 20 feet 

deep, Superior Bay averaged less than 10 feet deep and had local shallows and 

gentle depressions paralleling the lake shore. 

Similarly. St. l.ouis Bay, upstream from the Gate average less than 10 feet 

deep especially towards its center where the meandering course of the upper St. 

Louis River was smootheJ by sediment deposition. The natural shore 1 ine of the 

Bay was regular except for Howards Bay along the westerly side of Connors Point 

and a broad indentation on the westerly side of Rices Point which was later 

41 

.',. 



' .. ".' .. : . 

--. 

c 

. _--

· : 
, . · . · ~ :: : 

... 
.,. 

.. : , 

--~-~.-=.-

0 

oS' /; 
? 

-¥ / 
) 

? 
~. 

" 1-
" , 

I 
~ -.- -

, ' 
j ---

I 
1 .. 

! 

/ 
''C 

r-~ - z_.-l, __ ·'-,'II I 

I 

;1 

: ~ I 
-----+ '\:: 'j"---'-
.. v.. 1 ___ 

-~--

I 

i 



developed into the 21st AVenue West Slip. Grassy Point bounds the westerly 

• end of St. L.ouis Bay and above the inlet between the Point and the Wisconsin 

shore, the St. Louis estuary widens again and is interrupted by islands and 

drowned natural levees (Ki1ch1is Meadow, for example). 

The south shore of this part of the estuary is deeply dissected by steep 

sided drowned ,youthful drainages tributarY to the River. Natural historic 

water depths in these youthful tributaries ranged from a maximum of 15 to 20 

feet to a minimum of less than 10 feet toward their mouths. A natural channel 

about 10 to 15 feet deep departs from the main channel of the St. Louis and 

passes along the easterly side of Clough Island to about a mile and a half 
F=l"~ 7 

west of Grassy Point (Plate ). Development of this channel probably took 

place during the Algoma low water stage 3200 years B.P. (Farrand, 1969), 

preceded estuary development, and represents a shortening of the course of the 

43 

• St. Louis through breaching of a meander loop by piping - removal of unconsolidated 

~.'" 
~ 

materials by subsurface water flow - taking place in the sandy deposits beneath 

the uppermost red clay (II). 

The surface of Clough Island and of Spirit Island are isolated remnants of 

this uppermost red clay blanket of the Superior Plain. The original meandering 

channel of the St. L.ouis extends from Clough Island for about 9 miles farther 

upstream to the rapids at the Duluth escarpment above Fond du L.ac and was marked 

by drowned natural levees, marshy shoal islands and submerged shoals. 

The upper part of the river channel from Fond du Lac to Grassy Point was 

and is floored by sand containing small amounts of gravel. In water less than 

10 feet deep sand was the natural surficial bottom material along the margins 
lJ','rr-" -7 

of St. Louis Bay (Plate ) and in Superior Bay along the easterly side of 

Connors Point and the Superior waterfront and along the westerly side of Minnesota 

Point from opposite the Gate to the Superior Entry. Scattered areas of sand 



also occurred in local shallow spots. while in areaS where water was more 

<=' than 10 feet dee~muds (silt and clay) accumulated on the bottom surface as 

they did in the protected waters of Allouez Bay. Spirit take, and the various 

tributarY bays. Close to shore the muds give way to organic rich sediments. 

( 

A number of islands consisting of a "boggy formation" supporting a growth ) 
, (~,rl 5fewG', ~'-~-rt!~ 1~-rJf\·J· ) C\-t4\1'rt. '1 

of bushes and small trees .o\were found in the northerly portion of Super;or Ba~~ 

following the development of the Duluth Ship Canal in 1870. These were gradUally 

detached from their substratum by current action and ice dl'ift. The last 
OMd <:J. '1'1\ ...... 60"''\ p"'V\\0~'-'\0-

floated out into the L.ake in 1885 (Darling, 1898). Similar is1andsl\in Allouez 

Bay are presently being gradually destroyed by the slowly rising lake waters 
, 

(Moore, 1948) and increased wave and current activity following the removal of 

the recurved end of Wisconsin Point and development of the Allouez Bay channel 
a.V< c:\ '(t C~ ~ ova \ a.c:tL l.ht1e ~ 0 

in 1892-96 and modern development workl\ Stumps in the floor of the Bay and in 

Spirit Lake farther up river, are remnants of the extensive forest which covered 

the sandy sediments of the Bay floors during the Algoma low water stage. The 

mature pine forests on the ends of Minnesota and Wisconsin Points contain trees 

up to about 200 years old (Davidson and Bernard. 1969). the last reasonably 

undisturbed remnants of the original vegetation of the area. Pine forests were 

previously present also on Connors Point and to a lesser degree on Rices Point 

at the time of the early settlement of the city of Superior. 

The northerly end of Superior bay was bordered by lake-level marshes 
(5;-e~aytc-T"''i\o,-,n ",) 

extending a considerable distance outward from shoreA A narrow band of open 

water extended shoreward opposite about First Avenue West and open water 

continued toward the base of Minnesota Point where "in some years there was an 

opening large enough to admit canoes and row boats, but sometimes the storms 

would close this opening with gravel. This was known as The Little Portage~' 
W"eJo.v,d CI'l3b); f}0w-n"~r?~D"'o\,,\ "'H,("oy;{!,.ud",J'1 Tu,~ p\a.c~ wt .. ~.~, 
Sleu..-:J)u u,,\UT f~,A"j"a \l..... fO-:;"";-' ,;J-\;,u .... t.e: .. u;.t"".,eSR. J':"',l.,-{.,rv<.. 
-,>v--, .j ISVd!. "2.1 , 1 b '7 9 0 
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During 1823-25 L.ake Superior and the Twin Ports harbor were charted by 

Lieutenant (Later Admiral) Henry Wolsey Bayfield of the Royal Navy in 

connection with a boundary dispute with Great Britain later settled by the 

Webster-Ashburton Treaty of 1842. Bayfield established a zero bearing 

monument on the former end of Minnesota Point near the Superior Entry. A 
. (Loc"! If::, y) 

1ighthousex built of red brick imported from Cleveland, Ohio, was erected 

above this monument in 1855-58 and continued in use until 1878 (Aguar, 1971). 

The remains of the tower are still visible today rising above the pine forest 

north of the Entry. At the time the tower was originally constructed it stood 

close to the waters of the Entry and during high water it was possible to 

row almost to the base of the tower (Bardon, n.d.). When the first piers were 

built to confine the deepest channel in the Entry, following the Federal River 

and Harbor Act of March 2, 1867 (Corps of Engineers, 1932), stone mounds were 

put in the shallows from the 1 ighthouse to the piers, causing sand and driftwood 

to accumulate and extending Minnesota Point about a quarter of a mile southward. 

Sand and stone filled crib piers were used to create a 350 foot wide channel 

in the Entry to increase water depth by making use of the scouring action of 

the current setting in and out of the Entry. Access to the Quehec dock was 

improved bY removal of the s.ho~l along the natural channel of the St. Louis 

River between the dock and the Entry_/tIIIIf/IfJ, although the channel of the 
r:. . -, 

river remained too narrow 41111W1_'* (Plate· ) for easy navigation to and 

beyond Connors Poi nt and the use of tugs was requi red, especially by sail i ng 

vessels. 

..,-.. 



c 

c 

( 

Construction of the Lake Superior and Mississippi River Railroad (now 

part of the Burlington Northern) was initiated in 1868 from Duluth. Rails 

and equipment were unloaded at the DaCosta dock on the natural channel on the 
eY\d 

west ..... of Rices Point after being worked through the Superior Entry and 

up the channel across Superior Bay (Aguar, 1971, p. 8). Regular train service 

with the Twin Cities was established on August 1,1870, adding to the need for 

better harbor facilities in the northerly end of Superior Bay. Work was 

commenced on the Duluth Ship Canal in the Fall of 1870 and completed on April 29, 

1871 (Aguar, 1971, p. 9). Erection of wood crib piers and other improvements 

were completed shortly thereafter under the auspices of the Northern Pacific 
, 

Railroad and under federal control following implementation of the River and 
(.?w t,,-,-e_d SjJYlJc€... Si,",,-<:r-o u 

Harbor Act of March 3, 1871. A sheet pile dike was ereCted fromr,Rices Point 

to about 20th Avenue on Minnesota Point (See any Plate) to prevent loss of the 

scouring action of water flow in the Superior Entry. By June of 1872 the dike 

had been improved into a 250 foot wide structure 4490 feet long built of timber 

cribs filled with gabbro from the Point of Rocks and sand from Minnesota Point 

(Bardon, n.d.). The dike was built during controversy (c.f. Ensign, 1898) 

between interests in Duluth and Minnesota and others in Superior and Wisconsin 

over harbor development and was never economically popular after it was built. 
4 .. ruc:t..; 0.:\"\ ~i ~ 

Water pressures generated byAdifferences in the harbor and the lake water levels 

caused engineering failure of the dike within a year after construction and 

helped demonstrate that it had little bearing on current strength and scour 

in the Superior Entry. The dike was breached in 1873 and later removed by the 

Corps of Engineers to improve harbor naVigation. 

Federal funds for development of both harbor entrances and for channels in 

the harbor became available in 1873. Dredging of a harbor basin in the northerly 

.-



end of Superior bay. development of a channel along the northerly end of 

C Minnesota Point to serve saw mill docks there (c.f. Aguar. 1971. p. 8-9). and 

another channel along the easterly side of Rices Point to join with the 

natural deep water channel at the Gate took place during the following years. 

Channels along the Wisconsin and Minnesota dock lines in St. Louis Bay were 

dredged in the last 1880's and early 1890's. connecting the natural deep water 

channel at the Gate with that in the inlet between Grassy Point and the 

Wisconsin shore. 

Development of the brownstone quarries near Fond du tac led to removal of 

shoals from the upper St. louis River in the late 1880's and to alteration of 

some of the meanders and marshy islands between Rices Point and Spirt Lake. 

Such alterations have continued to be made from time to time down to the 

present. Dredge spoil from some of these operations has been used to extend 

the end of Dwights Point, forming several acres of new land from former lake-

C[:. level marshes. Spoil from channel and basin development near the Gate was 

deposited as an island to help prevent ice drainage to the long timber trestle 

built by the Northern Pacific; in 1885, connecting Hest Superior with Rices Point. 

Portions of this sand deposit have been borrowed for highway construction purposes 

in recent years. The St. Paul and Duluth Railroad (now part of the Soo Line) 

built the Grassy Point railroad bridge in 1887 and in 1895 the Great Northern 

built the former Interstate Bridge across the Gate. The embankment on Connors 

Point leading to this bridge was originally a timber trestle which was filled in 

as it deteriorated. The embankment is now a potential source of sand for 

construction purposes. 

The present dock and harbor lines in Superior were established in 1882, 

concurrently with the development of West Superior. Tower. Bay and Hughitt Avenue 

slips were dredged to 1st Avenue and the space between and behind was unfilled 

"/ I 



with sand to create docks and eliminate marshy ground. The extensive elevator, 

C coal dock, and ship yard system along St. Louis Bay - Howards Bay and 

( 

Connors Point was originally established between about 1885 and 1895 as were 

the ore docks, elevators and other port facilities in East End, Allouez and 

Itasca. The Northern Pacific (Burlington Northern) ore docks in Allouez were 

constructed to ship ore from the Mesabi Range and the first ore shipment of 

4500 tons took place in 1893 from Dock Number 1. Initial ore dock development 

took place progressively over the years 1892-1911, causing elimination of a 
~:,c-"-'f,t.,'l 

marshy, sandY island to the east of the mouth of the Nemadji (c.f. Plate ). 
"" 

Material from this dredging was used to widen the ends of Wisconsin and 

Minnesota Points. 
, 

Improvements and modifications of the original structures 

has taken place continually down to the present. Taconite loading facilities 

were added most recently (1966-6'7). Comparable modifications of the elevator 

systems have also taken place •.. CfJanging patterns of iron ore production, 

increasing automation, reduced usage of coal, and decline in the use of lake 

vessels for package freight shipments have caused abandonment or near abandon­

ment of some port facilities. A project (of the 'teens and '20's) to develop 

full scale port facilities on Wisconsin Point, serviced by a belt line railroad 

to connect with a similar railroad in Minnesota, never came into being although 

the rail grade was established in Superior (c.f. any Plate). 

During 1891 sand control fences were erected on the outer end of Minnesota 

Point near the old lighthouse to prevent sand being blown into the Superior 

EntrY. Wind erosion caused destruction of an Indian cemetary west of the 

lighthouse during 1876 (Bardon, n.d.) and remains a problem today. Any activities 

which threaten vegetation on the Points tend to create serious problems which 

require expensive remedial measures to correct. A "double post and board fence 

of a total length of 1216 feet fill ed in with; brush and stone to catch the sand" 
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: b u i l t  across a low, narrow p a r t  of Minnesota Point known as  "The Optming': 
(lgg5!aj&,u &l<w-illl !?:s- 1 

~ u t  a mile and a half  t o  two miles north of t h e  Entry, t o  prevent the  lake 

r cut t ing  through in to  the bay during storms (Corps of Engineers, 1892, 
p n i r f a  d ~ d ~ \ u . ~ 1 ' h L \ r &  S L  &i 

299, and 2137). As ear ly  as  August 31, 1867Ait was proposed t o  cu t' 
,ough t h e  Point i n  this vicini t ,y  t o  form a second en t ry  t o  Superior Ba,y. 

width of t he  Point was s t a t ed  t o  be only about 200 f e e t  from Lake shore t o  

shore here (Ensign,1898). - 
F\Ws -1 

The recurved natural end of Wisconsin Point (c . f .  Pldte  ) was p a r t i a l l y  

oved i n  1892-1896 t o  open up the  Allouez Bay Channel. Spoil from this . . 
dging was deposited on the western s i d e  of the Nemadji River extending as  

as present Hog Island. Spoil was a l so  deposited on the shoreward s i d e  of 

Northern Pac i f ic  Railroad t r e s t l e  which had been b u i l t  i n  1881 a few hundred 

t offshore  of the clay bluffs  below East End, extending eastward t o  I tasca  

westward t o  Connors Point. Hog Island is a product of re locat ion of sandy 

i l  a t  the time the (now abandoned) Great Northern ore  dock was b u i l t  t o  

I l e  manganiferous iron o re  from the Cuyuna Range during the First World War. 

kers Island and addit ions t o  t he  f i l l  behind the ra i l road t r e s t l y  a r e  t he  

iuc t  of the  development and improvement of the  Superior Front Channel, which 

laced the natural channel across Superior Bay a t  the  turn of t he  century. 

natural channel has been gradually i n  f i l l e d ,  although i t  is s t i l l  discetnable 

the harbor char t  (Chart 966-Duluth Superior Harbor, Minn.  and Wis.). Improve- 

:$ i n  t he  Superior and the Duluth portions of the harbor were consolidated 

;he r i v e r  and harbor a c t  of June 3 ,  1896 (Corps of Engineers, 1832, pp. 13-14). 

N e w  p ie rs  of concrete on stone f i l l e d  c r ibs  founded on p i l e s  were completed 

;he Duluth Ship Canal i n  1901 and the  Superior E n t r y  was widened to  500 f ee t  

a l l -concre te  piers completed i n  1909. The Duluth Harbor basin was or ig ina l ly  

~ l e t e d  in  1915 and the Superior Harbor Basin i n  1919-20. Dredgings from the 
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Superior Harbor Basin have been added to the ends of both Minnesota and 
.;. 

Wisconsin Points. Hearding Island, Oatka Beach and other additions to the 

northerly end of Minnesota Point reflect improvements of the Duluth Harbor 

Basin and other elements of the dredged basin system in northerly Superior 

Bay from the early 1930's onward. O,-edge spoil has been important in 

widening and otherwise developing Rices Point, most recently for the route 

of Interstate Highway 35 and for the Clure Marine Terminal. Much spoil was 

used as fill during port development and excess sandy material was disposed 

of in L.ake Superior off the Superior Entry and elsewhere. 

In recent years the harbor sands have been exploited for construction , 
materials (Borrow areas indicated on all Plates)~ As can be judged from 

Plate 3 only a limited amount of sand is available from beneath the Wisconsin 

portion of Superior-Allouez Bay. Aggradation of the deeply inci sed St. Louis 

drainage makes more sand available in the Minnesota portion of the Bay and 
\toU->!-'W< ) 

throughout St. L.ouis Bay. J.. !ndiscriminant borrowing of sand from the Bay 

bottoms may affect bank stability through increased wave attach due to deeper 

water and through loss of lateral support •. Existing problems from wave 

activity!n the Bays are indicated by the need for rip rap along most of the 

Superior Bay shore, the Wisconsin Point side of Allouez Bay, and local areas of 

private or commercial rip rap in St. L.ouis Bay. If power boating increases in 

the harbor and St. Louis River, even more extensive protective measures will 

be required in future years, especially along the St. Louis River and Bay 

shores in Wisconsi n where the eas i 1 y eroded sands beneath Red Cl ay II are 
CO'().s+·~\J....\ 

exposed tOJlwave attack. 

Raising lake level to help alleviate flooding on the lower Great Lakes 

So 

will also have serious effects both in the St. L.ouis estuary and alon~ the \ 
, It ,t ,:, COv.t".H)U\ j;,.t. (."'\ peY1oCl~. 

exposed. clay banks east of Wisconsin Point along Lake Superior.... d \ 
o 'I .' llfiA,o \ ...\-. • ~, \1::.::' ,,-<' 

. .)!, c..t, t,,{V)<!<.,..,\<tJv..O. J,o'JIO"""I\,lt'\bq{\<,-\Jl<>VJ P "-'AI Succe>.?!)'..;.. 0/.1 I 

8.:)01\ ""~. 



l.arson (1949) has reviewed the history of the timber industry 1n the 

C Duluth District, which embraced Superior and Douglas County, Wisconsin as 

( 

well as communities such as Cloquet along the St. louis River west of Duluth 

in Minnesota. As early as 1855 there were small sawmills in the vicinity of 

Oneota and in East End, but it was not until the 1880's that the industrY 

began to be fully developed. According to l.arson (pp. 247-264) lumbermen 

cut 33 million feet of wood in Duluth in 1881, by 1894 the cut had risen to 

343 million feet and in 1902, the peak year 443 million feet were cut. In 

1902 the Duluth District cut reached a record total of 1,031,775,000 feet. 

However within a decade the industrY passed out of existence as the supply of 

logs became exhausted. While it lasted)the lumber industry was focused on the 

harbor especially along the St. l.ouis drainage, and to a lesser extent the 

northerly half of Superior Bay. 

Five to 15 feet or more of sawdust and lumber mill wastes have accumulated 

along Superior Bay in the city of Superior, especially in the vicinity of 

Quebec Pier and adjacent to Connors Point (Hole 125). Similar conditions exist 

along the northerly margin of the bay and along the base of Minnesota Point. 

Along the northerly shore of St. louis Bay between Grassy Point and Oneota 

(Holes 68, 70, 73, 74, 75, 76) several feet to several yards of sawdust and 

slashings accumulated close to the former shore line both above and below water 

level and in places the terrain is still spoken of as "organic" half a century 

after the end of production. Mill wastes are often underlain and/or overlain 

by peaty deposits and in other places are covered with fill. Dredging and 

spoil disposal have redistributed or buried mill wastes, especially along the 

route of Interstate Highwa,Y 35 in the vicinity of the 21st Avenue Hest Slip. 

Sawdust and chips from the mills became widely distributed by the winds, in 

some instances being carried upstream in the St. Louis estuarY by the prevailing 

6'1 
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northeasterly winds, to become an important constituent of organic accumulations 

C- in the bays along the southerly shore of the estuary and may be found almost 

everywhere. 

( 

Perfectly preserved horse manure is found in areas where livery stables 

were maintained, as, for example, in the vicinity of the Clure Marine terminal 

on the eastern end of Rices Point. Small to considerable quantities of ores, 

limestone, coal, slag, cinders, fly ash, and other man-related inorganic and 

organic materials are widely distributed on the harbor floor and along the 

principal channels especially in the vicinity of the various source docks and 

industries. Holes 71 and 81 report (respectively) fly ash and general lumber . ~ 
and steel miTl wastes. Slag was dumped in Spirit Lake ~ a time~ 

w~~ ~~ . 
~~~~~~~~~~~~~M it could"be utilized for cement manufacture 

and construction fill, as it was more recently. Winter (1971) has reviewed 

water quality and troph1c condftions of Lake Superior (Wisconsin Waters) 

including portions of the harbor. Q.vvv-v .. l.::t" lA'J.~v.,<J"l.c3v. GJ...>- '1\<-,-, 
~!:..~ 1 ho-t~ ,-al.lu_.A~A,dl. sl ...... u. 'c.t_ S&>";7"'-t ~o,...,...TL • ..;. 
c.(N,,~> 'D ~etAJ>.. .[)ulu 1(.... 0 ~fi{.t.A.. cu .. J 11111Ni~ s. on..&<- p~AVc_ so'(ty'cel., 
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Sec.1"IOY) S-
SURFICIAL. AND FOUNDATION GEOLOGY 

(5, /) Gen~l. Conditions. 

The surficial geology of the Superior area is outlined on Plate&! which 

illustrates the widespread distribution of wetlands on the low relief clay 

uplarid surface. The marshes along the Bay shores and major drainages, and 

the areas of steep slope adjacent to the major drainages where land slips 

pose a problem to be overcome in the maintenance of engineering works. The 

areas mostly unsuitable for engineering development have been stippled for 

easy reference. 

53 

A zone of rapid shoreline erosion eastward from sample localities 26 and j ~j 
,~ 

27 (35 and 36-49N-l3W) should also be noted. In this area the upland is a wH~'~' 
~lilA IV'{ .. \"c\<'''' A~/1/ 

gently undulating clay surface with sparse to dense coverA~~zel, aspen, ~~ 1 

birch, dogwood, willow, currant, spruce, pine, white cedar and locally maPle~~~~~ 
The clay bluff averages perhaps 40 feet in height above a narrow (0-25 foot) , / 

1-' sandy to locally bouldery beach which slop,es gently toward offshore shallows. 
.. ~"1 f-1. ~-t~ ..-.... -_ .. - .. _-_ .... _-_ .. _. \ 

~vered 1'1 rtBJ ~urbid wateq.wM eb;Jat a mi-llim~nn ,I:@uring calm periods !Jextends 
~ t:"-'""~""------"" ~ .-.--.. "' ... -.<.---...... ~"-.... ~--.. -. 

several hundred feet offshore~and during and after prolonged periods of 

severe weather may extend thousands of yards offshore. The high mobility of 

the clays when wet and the existence of several sets of high angle joints 
. "'-'.. A/!.",/ tJ-.K ,,;!,r....JLJ A>; ~w .w...~ 

• r.;. D.V~ -1 contrlbute to the rapid collapse of the banksAi!!!lder ~ attackyoften 

overrid~ the sandy beach completely. ~l Careful 

planning should precede any proposed development of this area if grief is 

to be minimized. 

Wetlands occur most extensively on the non urbanized portions of the 



red clay upland surface. Three wetlands occupy shi!110w basins that contain 

(' partially decayed vegetable matter preserved under conditions created by 

poor drainage. Complete decay of the plant materials is retarded by the 

development of toxins which destroy the microorganisms necessary for 

c 

( 

decomposition. A general review of the characteristics of Wisconsin wetland '~. 
1 Q.1: fA '" ~ \' 1M "'],.AM 

soils is given by Phillips (1970). The maximum depth of organic deposits~in 

Superior is in the order of 5 to 10 feet6)~nIll901e 130 is the only bore 
JI' 

encountering more than a foot or two of such accumulations. These wetlands 
Q..ITlAov'l(,. C'Y~PV"~"-'<;'.A\ ~(Cd'1>\w,.,~, """'I \0 .. """<",,<'~"'I' 

pose no special construction problemsA Wetland areas are usually covered 

with a second growth woods of poplar and a dense undergrowth of willows, 

alder's and dogwood. Pines replace the poplars in dryer areas and white 

birches develop on some of the organic terrain especially toward the margins 

of the through-going drainage systems which are beginning to establish 

themselves on the clay surface. 

The site of West Superior between Howards Bay and 28th Street was cleared 

by burning the original verY dense forest cover of pines, birches, and spruce. 

Many of the remaining logs were used to fill wetlands or low areas, especially 

in the vicinity of Tower and Oakes Avenues between Winter and Eleventh Streets 

in the vicinity of the Union Depot and a number of 

Bay. Another wet section between Water and Second 

localities south of Howards 
~ . 

Streets, bounded by Hughltt 

and Baxter Avenues waSEL~used as a land fill Site, and an area north of 

First Street and east of Cumming Avenue was filled and improved with Bay sands. 

Borings for approaches to the High (Blatnik) Bridge showed 3,·4 feet of gray to 

black silty clay fill over natural stiff red clay along Hannnond Avenue between 

3rd and 4th Streets. Borings along 4th Street between Grand and Weeks Avenues 

showed 5-7 feet of clay and cinder fill and east of Weeks Avenue about 3 feet 

of clean lake sand fill overlies about 3 feet of mucky red to black clay which 
~ (bu .... 'bt';\\ C>.N'O- 1~'a.~.J. 1""1 \I'i'v:t-.$.~'<fr\-e p~\\e' .. ", (PI..:t ... \{) 



was the native surface material. Immunerable other areas such as portions of 

~' the University of ~isconsin-Superior campus along the former line of Gran~ , , 
01" ck \,., "t.~. 

{
" 

.' 

c 

Avenue have been filled, leveled and natural waters diverte·d into drainsl\ 

t 
(S,3) lake Marshes 

Marshy areas at lake level are developed locally throughout the Superior 

region especially along the southern and eastern margins of Allouez Bay. 

Th~se areas support a growth of sedges, cattails and reeds while wild rice grows 

in the shallows farther offshore. Marshes are extensively developed along the 

lower course of the Nemadji River below County Highway C where the river 
, 

meanders over a half mile wide flood plain bordered by 20 to 40 foot high clay 

bluffs. Oxbow lakes are common and drowned meander bend lowlands are developed 
('"."--.-----.--,,-"".-~-----

w!~hinthe natura! _l~ve~ systE!1lI esJlE!c:!a~l! near the mouth> Regional subsidence '\\1 
(cI'ocumented for the last century (Moore, 1948)i~f:l~odi-n~ sites close to the 

original settlements in the East End where the loamy soils of the natural levees 

and sands of the point bars were formed by early residents. A majority of the 

flood plain below County Highway C has been designated a flood prone area by the 
; 

U. S. Army Corps of Engineers (c.f. Plate 4->. Flooding is frequent during the ) 

Spri ng breakup when extens ive ice jams develop after severe winters. ../ 
"~- - - ._-----" ... '- -~-""-'.. ._-_.,----".-

. ---.-
_._, ___ ,_" '''--'-''<0 "_,_,_., __ • _ --"-,-- --

($~(.n Slope2tab!l!~ 

OJ..;-}. t. ... (>\}-<-j dol stt-rp\,,- \-"-tie"",, 
A heavy dashed line"outlines areas subject to slope stability problems 

(Plate 4). As a rule slips are most frequent on steep slopes adjacent to the 

through-going drainages at elevations below the 650 foot contour line. Slip 

takes place by the plasti<; flow of clays, by slippage along pre-existing high 

angle joints, and by development of rotational shear surfaces as the bank 

I 
! 



( 
becomes oversteepened or overloaded. Failure alon~ preexisting joints is most 

f ,,.., L 
CtpNA'I"~7 

c()lllllon in areas of active -erosion of the toe of the slope.such~ .. exists 
-; , 

along the St. Louis Bay and River shores where the Nemadji meanders against the 

valley wa11s of its flood plain, and along Lake superior.~ eall"ot-be dis- .. 
. ~/Pf~ i /J~/"~;1"7i ",,~y ,,/# 6~ ,t /",;/", ... 

regaFded:J~on level areas, such as the Burlington Northern taconite storage 
(fh>\e.I'- ( 'l ~"I '" ~- "",,0. '= t,,-1:,~w.. \ .. (! r 

faci 11 ty" where h fa il ure occurred under excess i ve surface 1 oadi ng. 

Several prominent slip areas are identified on the Plates as special 

localities 11, 13, 14, 15, 16. The most severe problems are presently being 

encountered to the east of Wisconsin Point where the wastage of the clay banks 

exceeds several feet per year over most of the south shore of L.ake Superior 

between the Point and the village of Port Wing. Because of the regional 

subsidence at a rate of about 1 foot/century (Moore, 1948) which tilts the lake 

against this shore,no Ultimate solution to this problem is Possible.~~~j 
interim measures such as groins may give a measure of relief and structures in 

( the vicinity of stream mouths are in some measure protected by natural sand 

'-

beaches below the bluffs. Fill provides such protection along the southerly 

shore of Superior Bay in the East End and Central Park. 

(,s,S) Foundation Conditions 

The long term stability of the grain elevators at the base of Connors 

Point and the ore docks in Allouez testify to the suitability of the Quaternary 

sediments as foundations for major engineering structures. Foundations in both 

areas usually rest on piles and are concrete slabs in the case of the elevators 

and isolated concrete floatings in the case of the ore docks and the High 

(Blatnik) Bridge. Portions of the structures rest on several feet to about 

20 or 30 feet of harbor sands, which in turn overlie native red clay. Depth to 
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clay can readily be estimated from data on Plate ?... In the Connors Point 

vicinity longer piles are bottomed in the hard brown sandy beds beneath the 
(S"'f,ue"".c>. fi,." OT8,1=·,,!~) . 

red clay. These sands are missing from the strati9raphic sequence beneath.; 
---~ (o.s 'VI!kt>~V\C<'~ F'')~b) . 
the waterfront to the east of the Nemadji Rivernand are also missing south 

of the "inferred limit" line shown on Plate ~. No important thickness of 

sands have been encountered beneath the surficial clay of the plain in 

West Duluth although up to about 20 feet of sand. beneath perhaps 10-15 feet 
(~815ql&,{,~z.,,,~,~,, ) 

of clay is present in some wellsA' the remainder of the section being clay 
(o.s. ,v-Se''b<tt''''''e.. t.J,p,c.,'JoA·S) 

lying above glacial drift. Two fiorizons of drift separated by clay are 

reported in Well 59, wi th the hi ghes t hori zon about 10 feet thi ck, lyi ng .... 
, . 

at a depth of 32 feet. It is probable that this is part of the loamy sand-

gravel layer beneath the upper red clay (II) and not actually a drift horizon. 

Structures along the northerly shore of St. L.ouis and Superior Bays are 

founded on harbor sands which generally over!ie red clay at depths up to 
(".s ''''S .. 'b'-''''''ce. I, r-,,,,,,,,,,.s 

several tens of feetA. It seems probable that the red clay present here is 

red clay I - as is inferred from the dashed contour on Plate':. The 

engineering properties of this clay are similar to those of red clay II. 

57 

Stratigraphic relationships from the base of Rices Point eastward to the bas;" ~ 
~S~"1oe.u,~.s "'''-'".:I.!O I 0 7~ s.. )]QJJY' 

of Minnesota Point are summarized in Figure 'Sir In this area the youngest ~ (1-, A \ 

red clay has been removed and complex interrelationships exist between c1

7
ay," ~~ 

sand, gravel, and gabbro bedrock. 

Foundations along the Duluth escarpment above an elevation of about 675-

700 feet encounter a short stratigraphic section consisting mainly of 

argi 11 aceous sands and gravels and sometimes boul ders, lying di rectly on gabbro 

bedrock in West Duluth or on basalts from the base 

Wells 65, 66, 

gravel may be 

and 211 are represe. ntative, althoygh 
($ '""t> \.>-UJ C < I) eo "l'r~ S ) 

encountered 1 oca lly f. Because of the 

of Minnesota Point eastward. 

a greater thickness~1and and 

high fine material content 



these sand-gravel accumulations do not nonnally conduct troublesome amounts 

C 6-' ;:((:'1: ~,,~ ~-~ ~..t~ 
of water. )' L.ittle if any water~is transmitted -by red clay II or red clay I 

c 

( 

and no true water table exists in areas underlain entirely by red clay and 

drift. Small amounts of water may be encountered in the loamy sand-gravel 

unit beneath red clay II, although this layer is sufficiently impenneable 

not to transmit high volumes of water and would not be expected to pose a 

construction problem. However, this sandy interval is frequently classified 

as being "quick sand" and should be entered cautiously. 

(S;b) I~ineering Prop~rties of Clays I and II 

Engineering data on the properties of the clays of the Superior area 

have been obtained from construction work in the vicinity of the University 

of Wisconsin-Superior, the Burlington Northern Taconite Storage Facility in 

Allouez, the Murphy Oil Company refinery and the vicinity of Howards Bay. 

Because of the visual similarity of the clays throughout the area and their---" 
-----. 'I"" 

common origin it is probable that the range of properties (1) shown in ,//d.kJ- ~--.I 
'>- ~_if~ 

Table 1 and the representative values (2) of these properties are of the ( V"" 
I 

correct order of magnitude. However, even within short distances, the / 

stiffness of the clays may vary considerably within this range and specific 

tests are required for particular engineering purposes. 

( fi,l) Cl ay Products 

The major source of brick and tile clay products during the development 

of modern Superior was the Nemadji Brick and Tile Company opened in 1882 at 
. ft-tf..:,{f.A,.~ j:ij. 
the foot of 13th Street vnd the Nemadji River and later moved to the foot of 

17th Street and the River (l.ocalities 17 and 18). A small brickyard was operated 

along Tower Bay Slip early in the history of West Superior. The West Superior 



t""'\ , ' 

TABLE ! 

Engineering Properties of Clays I and II 

I Dry Wet Average I liquid 

I 
Plasticity Internal I Cohesion I Unconfined I Density 3 Density 3 Water I Limit Index Friction Compression I I Content (%) I (%) (%) Angle (0)1 ('lbS./ft. 2)1 Stre~~th2' I (lbs./ft. lbs .1ft. 

I I I I I (lbs./ in. ) 
, I i ' 

I I I (1) I 53-101 113-125 24-77 51-85 27-39 10-20 250 500-6500 I 1 , 

(2) 75 120 I 40 65 35 15 I 250 I 2750 
1 1 



Brick Company (Locality 9) operated in the vicinity of the West Superior Iron 

•. and Steel Company plant (Locality 10) s~tng about 1888 and the Seager and 

Guinniss Brie!:: Company (Locality 12) operatee--oo- native clays in South Superior 

during the same era. None of these operations survived into the present 

century and no published technical data is available on the character of the 

bricks. 

• 

A clay sample "from the City of Superior" was tested by Ries (1906, 

p. 167-168) who notes the sample showed a tendency to crack badly in air drying, 

and that the presence of many scattered lime "pebbles" militate against 

production of a good quality of bricks. Additional testing of clay is necessary 

to confirm or denY the brick-making potential of the clays. 

Bloating is a property of certain clays to expand at high temperature forming 

a particle which can be used together with slag, cinders, or scoria to form light­

weight concrete aggregate. Bloating tests on clays similar to those in the 

Superior area have been conducted by the Minnesota Geological Survey (Prokopovich 

and Schwartz, 1957) on samples from Carlton County, indicating a suitability for 

this purpose. Similar tests should be conducted in the Superior area. 

The U. S. Bureau of Mines has tested variOus northern Michigan and Wisconsin 

glacial lake clays for suitability as iron ore pellet binders in taconite 

processing (Miska, 1969). Results were negative on the samples taken but a 

previous study (R.1. 7206) indicated satisfactory resu1 ts from some Minnesota 

clays, indicating the desirability for additional examination of Wisconsin clays. 

S . .1.. r 
e.c.II<>'<\ '" 

WASTE DISPOSAL -SHES PbH:f>.ITIAI... 

(~.I) Solid Waste Disposal 

Solid waste disposal sites in Superior used during the last half century 

bO 



are shown on Plate y. The geology of sites 2..-7 is nearly identical - a 

C native red clay substratum overlain by a foot or7", of peaty materials. The 

thickness of the clay substratum is at least 20 feet in the northerly sites 

and probably exceeds 50 feet in the southerly sites, the poor penneability 

of the clay tends to prevent downward passage of lechates and favors entrance 
.- f .... ~-

to surface runoff waters. ~ $_;r;:Ji~ i)-V'- ~l.- 1'~ 
The sanitary land fill on the base of Wisconsin Point is on a sand 

substratum which is gradual1y being flooded by the previously noted (Moore, 

1948) downwarping of the region. Wastes are covered by successive blankets 

of red clay imported to the site from nearby red clay bluffs (sample locality 

28), creating an artificial mound which is scheduled to become a recreational 

site in the future. The continued regional subsidence is gradually altering 

land-water relationships on the Point, probably necessitatin1Yprotect1ve 

structures to prevent wave erosion of the land fill ~fthin ;-fe~rs unless 
---~"----f Z present trends are reversed. Artificial deepening of Lake Superior will also t 

" 

accel erate erosion, shortenin;-~~~time i;;te~v~l-before protective structures /.h.7L j 
jJL:.A. .,-b .. J'p',~. 

( 

are required to prevent wave redistribution of solid wastes. Careful study 

to detennine the native ~drat;~;ch~~fn---th;-g;~;;~"Of the Point -• . J .... _____ 

'------_.---
South Shore clay bank system is needed at once. 

Possible alternative waste disposal sites in the area all have geologic 

settings similar to those which have already been utilized. A geological1y 

possible approach to new disposal sites, in conjunction with extraction of sand 
.,:I.. 

and gravel wou1 d be to fi rst mine the 10-15 foot thi ck gravelly beds beneath 

5 to 15 feet of surficial red clays in the shaded area (Plate '-i) north of 

Oliver, then use the excavation for disposal, covering the wastes with the 

a 1 ready mi ned cl ay. The low penneabil ity of the deeper 10arny sands and silts 

:.; L .-Tt\ .. , sa..u.& a.v.J.j U'r 9 V3»~~ 16 0-UV'V'~"::"lf-, I p'lZ>!u ~1 w.~k w ~ 
\~~ b 1'vv- ~'-'-~N (V~O- \;,1.,1 ,f, l"'Ar~,~\d. ~~ c,eA..::\n,\'];l/W'1 \u ~'V1A~ 
.-r b""""'"\l... ... ~ "t '0 I!"" 'bul.u It... .e.\., c.~l"'~T \ lA IJ\\ ,\A IA1. > o-k . FtPP-€AI.J.C\I r­
\-tN'te'U)~'"TL_ Vto.-li/Y'< tvvJ o.1XLl \ "-~, Lt'i ~,;;.t..v-.cl (1)''>0\ '1"1'&W-\ J.J.f<' ,\.\<, 

J'/ 



here would minimize spreading of the lechates although permitting downward How, 

( favoring the breakdown of the wastes. Water tables information is lacking in 

this area although the zOlle of permanent water saturation is probably well below 

postulated disposal depths owing to the clay blanket over the surface in most of 

the area and the 30-40 foot relief above the St. l.ouis River of the present 

surface. 

Study by auger holes would be required to establish the water table configura­

tion; to eva 1 uate the sand-gravel potential and the character, porosity, permeabil ity 

and other properties of the sediments below the sand/gravel layer. Wisconsin 

( 

Division of Highways test results on sandy material taken from a pit in SESE 

1-48N-15W indicated its usefulness for highway sub base and gave grade sizes as 

indicated below in Table 1.. • 

'TABLE 2. 

Sieve Percent 
No. Passin 

4 100 

10 83 

40 40 

60 21 

100 10 

200 4 

Sandy layers intercolated with gravel layers sampled in localities 56 and 57 have 
Rpp,,,,,d,:. ~' 

been noted in ra1il~' ,but the gravel content has not been evaluated owing to the 

very 1 imited exposures presently avai 1 ab 1 e. 

Proper restoration practices would be required to insure return to the area to 

." 
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later use as a very attractive residential, recreational, or commercial location. 

(~.').) liquid Waste Disposal 

During the past quarter of a centurY the practice of injecting liquid 

industrial wastes into subsurface reservoir rocks has been employed in some parts 

of the United States. No such wells have been operated in Superior and it is 

unlikely that the geological framework provides suitable sites for such disposal. 

The thickness of the Bayfield Group bedrock beneath Superior is unknown but is 

probably not great and is known to contain a number of shaly units and enough 

clay to reduce its capacity to receive and transmit fluids. The uppermost 

portion of these rocks is locally an aquifer in conjunction with the overlying 

glacial drift. Contamination of this aquifer by vertical movement of fluids 
fJ.;,JtJ • 

along high angle fractures such as those mapped in the Fond du L.a,.!area by 

Thwaites (1912) would be a threat to the water supply of manY outlying businesses 

and households. 

Loamy sands and gravelly materials beneath the uppermost red clay inside of 

the "inferred limit" line of Plate 3 have sufficient permeability to receive 

septic tank effluents. A depth of 10 to 20 feet is indicated to reach the top of 
Si l.'f;'~ KJ).\,'; I~ llN .. 

these beds along the~western margin of the city. Inquiry as to more specific 
q.' }i:~"J,~,-,J fj,,;,j;"""; 

conditions can be made of the Wisconsin GeologicallSurvey representative at the 

University of Wisconsin-Superior. For any septic effluent disposal system to be 

satisfactory dry wells must penetrate the sandy beds because the clay above will 

accept very little water no matter how large a drain field is installed in it. 

It is possible that limited disposal of other degradable wastes in this rock unit 

would be feasible since it is of limited use as an aquifer. However seepage 

from this unit contributes to the flow of both the Nemadji and St. L.ouis Rivers, 

as well as providing household water locally along the St. Louis and any program 

( of waste injection would require careful study before implementation. 

, 
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Septic systems should not be used for disposal of high volumes of wastes 

on either Minnesota or Wisconsin Point since the sands here are readily 

permeable and in full connection with the waters of both the lake and the 

baYs to the west of them. 

•• 
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WATER SUPPLY 

[7,/) Surface Water. 

Early residents of East End, Central Park and Connors Point first 
. . kf . obtalned water directly from Superlor Bay arntlater obtalned it from wells 

drill ed for the purpose by the town. The present surface water supply 

system evolved with the growth of West Superior and the other new 

communities within the city in the late years of the 19th Century. In 

1886 the Superior Water Works Company built the first water plant at the 

foot of Tower Avenue, drawing water from Tower Bay Slip, and in 1886 a new 

pump station was constructed at the foot of Winter Street and Hill Avenue 

to draw water from Superior Bay (Anon., n.d.; Show, n.d.). This water 

proved to be discolored and odorous. In 1889 the Superior Water Light and 

Power Company was formed from the previous operations of the Superior Water 

Works Company, the Superior tight and Fuel Company, and the Superior Arc 

Light and Power Company, receiving the grant of the right to install water, 

gas, and electric properties in the city from the Land and River Improvement 

Company. 

The pumping station was moved to its present site at 18th Avenue and 

EasJ First Street in 1891 and water was pumped from l.ake Superior 2000 feet 

off Minnesota Point. Cloudy water from this source caused development of a 
s~::r)j";....L 

well field in an area about 1500 x 200 feet se4tiente on Minnesota Point across 

from the pumping station starting in 1897. Water drawn from fifty foot deep 

wells in the sands of the Point contains 

sands present to cause discoloration and 

and aerated to remove this nuisance. 

enough iron derived from the black 
1,,,,1 4' 

slime deposits and mvst be filtered 

.' 
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Construction of the Cloquet Water line intake in lake Superior 

10,400 feet offshore from the well field (cf. any Plate) has provided an 

alternate water supply source - but one which is also troubled by cloudy 

water following northeast storms. At present (1973) both sources are used 

about equally, depending on weather conditions. The total capacity of the 

sys tern is about 18.5 mi 11 i oli ga llf per day (24 hours) and normal usage is 

about 4.5 million gallons per day. Chemical analyses of the water are 

given in Table which is taken from data in Anon. (1970). 

It is doubtful whether any location for a water intake can be chosen on W' 

the lake bottom off of the Twin Ports which will not suffer periodic influxes 

?f cloudy water owing to the large scale introduction of suspended clays into 

the lake from erosion of the South Shore, the introduction of suspended clay 

and silt by the Nemadji River, and the introduction of natural organic - rich 
.. 

~,aters containing sundry man-related wastes from both the Duluth Ship Canal 

and the Superior EntrY. The suspended materials form a turbid cloud in the 

water which after severe weather conditions may be visible at the surface and 

at other times settles gradually toward the bottom, but which is seldom 

co~pletely absent owing to current circulation and density flow down slope 

from the lakehead. Raising the intake as high above lake bottom as is 

consistent with avoidance of interference from shipping should minimize 

times of cloudy water intake. 



C TABl.E 

Chemical Analyses of Superior Public Water Supply 

Well Field . __ Lake_lfloguet Pipel in~_ 

Alkalinity 

Total (CaC03) 50 40 

Calcium (Ca) 17 13 

Chlorides (Cl) 4 1 

Fluorides (F) 0.1 0.05 
., 

Hardness (Total) 54 44 

Iron (Fe) 0.89 0.16 

Magnesium (Mg) 2 3 

Manganese (Mn) 0.06 0.04 

C Nitrites (N) <0.003 0.021 

Nitrates (N) <0.5 0.24 

Sodium (Na) 2 1 

Sulfates (S04) 3 4 

Total Solids 60 62 

pH (Su) Lab 7.5 7.3 , 
pH (Su) Field 7.0 7.3 

H2S 
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(7. Z) §.round Water, 

Six ground water aquifers, exclusive of the Minnesota-Wisconsin Point 

sands are illustrated on Figurel~which is a schematic cross section of the 

Wisconsin portion of the Superior area. 

Domestic, agricultural and industrial consumers who do not require 

sustained high capacity yields can obtain adequate high quality, moderately 

hard, water from the Bayfield Group red sandstones throughout the Wisconsin 

portion of the Superior area. Depths from the surface to the top of the 

sandstone can be estimated from the overburden thickness map (Plate;' ). 

and range from 500-600 feet along the St. Louis River to 150-200 feet along 

the southeast side of the area. A weathered or disturbed "rotten" sandstone 

zone is encountered at the surface of the Bayfield Group in places where 

the bedrock has been directly affected by ice and/or melt water. Experience 

throughout the Superior area confinns the presence of salty water at depths 

of more than about 100 feet below the contact between the bedrock surface and 

the overlying Quaternary age sediments. Deep drilling for potable water in 

the sandstones is therefore unlikely to be successful. 

Glacial drift overlies bedrock throughout the Superior area. The lower 

port i ~lnS of the dri ft genera lly conta i n sand/gravel depos i ts withi n the 

"i nferred 1 imit" 1 ine of Pl ate 3. These deposits are excell ent sources of 

ground water when encountered. This aquifer is closely associated with that 

in the upper part of the Bayfield Group bedrock and is the best potential aquifer 

in the area. Presently this aquifer ~upplies water to home owners within the 

city 1 imits in 29-49N-14W and adjacent areas (Wells 87, 88, 89 and vicinity), 

in South Superior (Hell 165) and to most other home owners, farms, and bus i nesses 

." 



c 
h'1 ~ I 'Z.~, 

Schematic Representative Geologic Cross Section 

Superior, Wisconsin, Identifying Six Aquifer Types 

Sf.. Lou is 
River 

Nemodji 
River -------

_---fR~e;_;;d~-Cio y]L.,_3.-...-r--l----:":::?' ,.- - -­
BrQwn sand wi gravel 4._ 

6 00 r-:::===;;f-- - ~--
/ 

l.oamy san d or silt _____ -

500 

400 

300 

200 

100 

o 

5. / ___ ~ 
/ 3. ~-

/ -~ / __ ,~,,- Red Clay I 

~----­ 70: Sandy allUVIum 

by lake action. 

re worked 

d/.<
::"~' 

0" •• ". . " ". ."," 

/'" ','/,'-:,' ': ", ,.' ,',." , ' 

//"." .. ;",","" 
Dr~' ft '/,.' .,:/" .. ~ ,,,, n\y;'" '"'''''' 

~o (\e ,:" '" " 
~ ~ ~ .o~ ~: :" ",," " 

~e9" <,,00/.,': '" Sandstone wi some shale 

~"
OV\ eY.., ','" layers" Dee per water 

~ \\.. ,,' 

,:":')!f';,' ., salty, 

.", " ,," 
.'" "., 

.~/":",,, 

,:::;:'" ' 

." "/.,, "" . : ',," .," " 

. "" " .. 
• 4" ., 

.', " . . .. , ". . . '. . . . , "," " " 

• : ~'. ':, :,:' "0. • 

, ... -----
__ , ______ , ______ , ___ ,_, __ ..J 

I": 100' vertical scale 

No horizon tol scale 



c 

( 

\. 

outside of the city limits. Owing to the rise of the bedrock and drift to 

hig~er elevations south of Superior this aquifer system is artesian in 

chara~ter (c.f. descriptions in Weidman and Schultz, 1915, pp. 316-317.), 

although today few if any wells flow at the surface, as was common in the 

19th Century. Production data is not available from which to make a 

reliable evaluation of what quantities of water are available from the 

artesian aquifer system but perhaps 1000 gallons per minute may be generally 

obtainable and higher rates of production might be anticipated in wells 

encountering thick sand/gravel deposits in the glacial drift unit. 

The loamy brown sands and gravels beneath red clay II are present at 

shallow depth northward of the "inferred limit'" line on Plate 3. In general 

these beds are too poorly permeable and too protected from recharge by the 

overlying clay to be a source of water even for domestic wells. Locally, as 

in the vicinity of wells 89 and 181, limited production has been obtained 

from this source, and it is probable that such production might be realized 

north of the "inferred limit" line (Plate3) in the vicinity of the St. Louis 

River and the various bays along its sout~erly shore where seasonal springs 

caused by interception of downward moving water by thin clay horizons are 

known in a few localities. There is good potential for dug wells in this 

area and one such well presently (1973) supplies domestic water in the 

vicinity of well 87. Provision should be made for adequate storage capacity 
,. ! 

to handle anticipated feeds for sustained high volume use because experience 

in the vicinity of well 87 indicates that recharge from other parts of the 

aquifer and the- infiltration from the river is slow. 

The silts, sands and gravels of the St. Louis River and Nemadji River 

valleys are potential aquifers for some industrial users although the presence 

.. .. 
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of organic matter in them may reduce water quality. Water produced from 

alluvi~m is apt to be of generally higher quality than that produced 

directly from rivers owing to the natural filtering action of the 

alluvium and receipt of infiltration from higher parts of the underlying 

sand-gravel aquifer in this case. The warmer temperature of such shallow ~ -, 

alluvial aquifers makes this water preferred to that from the deep artesian ~ 
a9uifer for agricultural uses. No production from the shallow aquifers is 

presently known, probably because of the steepness of river banks and lack 

of 1ilod plain in the St. Louis estuarY and the problems of flooding, coupled 

with high, unstable banks along the Nernadji. • 

7/ 
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APPENDIX ~ A 

J)~""'\VCl..+IOV. ~ \lCl\M.~1. 
Geographic names are derived from Chippewa words, or comme~rate 

historic figures great and small. Nemadji-Chippewa, meaning left hand; 

Pokegama-Chippewa-meaning bay or lake at one side of a river; St. l.ouis­

French for L.ouis XIV; Allouez-French Jesuit Father Claude Allouez 1666 

visitor to the area; (Clough (Island)-Judge Solon H. Clough an early 

settler; Connors Point-B.H. Connor, early homesteader on the peninsula; 

Howards Bay-J.D. Howard, early mill owner on Connors Point; Rices Point­

Orin Rice, owner of a log house on the point in 1855. These and many 

other local names are identified by Flower (1890, p. 192-196). 

The name Itasca was coined in 1832 by W. 1'. Boutwell and H. R. 

Schoolcraft who bel ieved Itasca L.ake, Minnesota to be the true source 

of the Mississippi River. Boutwell cited this in Latin as veritas caput 

and Schoolcraft joined the tail of the first with the head of the second to 

form the word Itasca (Stewart, 1970, p. 224). 

The name "Dutchman's Creek" comes from the Dutch Vorbeck brothers who 

fished and farmed there in the late 19th Century (Bardon, n.d.). 

The name Superior (L.ac Superieur) was given to the L.ake by the French 

in the 17th Century and meant "upper lake" as compared with Lakes Huron 

and Michigan. According to Stewart, 1970, p.466) "It assumed the English 

form after the ending of the French domination, and to some extent 

necessarily assumed something of the English connotation, viz. 'better'." 

The city takes the name of the lake. 

.' .. 
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Locality. 

1. 

2. 

3. 

4. 

5. 

C 
6. 

7. 

B. 

9. 

10. 

( 

APPENDIX B 

Notable Localities 

...Q£~iptio!!_ 

Lake Duluth sea cliff, head of 9th Ave. Hest, 
Lawson (1899, p. 219). 

Lake Duluth beach, between 6 and 8th Ave. West at 
elevation 1077, l.awson (1899, p. 219). Localities 
1,2,3, are classic localities on which much evidence 
for high level lake stages rests. Described in some 
detail before their disturbance by more recent 
construction. . .. 
Lake Duluth beaches at 1137, 1112 and 1072 ft. elevations, 
Lawson (1899, p. 220). 

First 1 ighthouse (1858-1878). brick tower still standing 
above Bayfield zero bearing monument. 

Stockade historical marker site. Fort built to protect 
Superior residents from possible Indian violence 
during Civil War-never used in anger and subsequently 
destroyed for fi re \~ood. 

Upper Town Dock (19th Century). 

Conan I s Dock (i 9th and early 20th Century). 

Approximate site of Fort St. l.ouis stockade and for 
tradi ng post - 1 ate 1 Bth Century. 

West Superior Brick Company brickyard site (1888). 
Bricks used for adjacent steel plant buildings. Flower 
(1890, p. 169) mentions moulding sands from this 
vicinity··· possibly from sands beneath red clay II, 
present at sha 11 ow depth 1 ine. 

West Superior Iron and Steel Company founded 1888 and 
continued in intermittent operation into early 20th 
Century (1916). Produced cast iron pipes and plates for 
wha1eback lake steamers built in Superior in this era. 
Coking ovens to supply the steel company and for shipment 
to t10ntana for use in copper smelting ~Iere established 
(1888) at the wes tern end of dock faci 1 iti es north of 
this locality. 
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local ity 

~ 

11. 

12. 

13. 

14. 

15. 

16. 

T7. 

18. 

( 

( 

Descriptjon 

Clay slide area, State Highway 105 periodically offset 
by sliding towards Pokegama River valley. 

Seager and Guinniss Brick yard, late 19th Century. 

Clay slide area. Burlington Northern trestle offset 
by slides. 

Clay slide area, County Highway A destroyed and rerouted 
eas t of Nemadj i valley wall. 

Clay slide area, local damage. 

Clay slide area, local damage. 

Nemadji Brick and Tile Company kilns and brickyard 
(1885), foot of 17th Street. Shipment down Nemadji 
River by boat for use in West Superior, etc. 

Nemadji Brick and Tile Company original site (1882), 
foot of 13th Street. 

77 
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W <<,It 'Ke..cc'l,h 

~Jells indicated as "Test hole" were drilled to obtain specific 
information about the stratigraphy and engineering properties of the 
rocks penetrated; ~Iells indicated as "Hater well" were drilled to 
obta"in water and logged by the driller for that purpose. .' 

Thickness Depth 
(Feet) (Feet) 

1 : Test hole 
Gravel, loamy and clay 5 0 
Clay 17 5 
Basement (basalt) 22 

(' 2: Test ho1 e 
Water 20 D 
Sand, fine 12 20 
Basalt 12 32 

3: Test hole 
Water 22 0 
Sand, fine 40 22 

4: Test hole 
Gravel 5 0 
Sand and gravel 16 5 
Sand, fine 33 21 
Sand and gravel 5 54 
Basalt 9 59 

5: Test hole 
Sand, fine 16 0 
Sand and gravel 10 16 
Sand, fine 34 26 
Clay 4 60 
Loam, sandy 7 64 
Basalt 7 71 

(. 



( Thickness Depth 
(Feet) (Feet) 

6: Test hole 
Water 15 0 
Sand, fine, with peat 10 15 
Sand, fine 26 25 

7: Test hole 
Sand and gravel, loamy with wood 10 0 
loam. silty, clayey 5 10 
Cl ay. loamy • 5 15 
Bed rock 15 

8: Test hole 
Sand, fine 4 0 .' 
loam, sandy clay 2 4 
Sand with cinders " 

6 6 
Hood chips 3 12 
Sand with cinders 6 15 
Sand, fine 33 21 
Gravel 3 54 
Clay 28 57 
Gabbro 10 85 

C 9: Test hole 
Fill : clay, brick. cinders 7 0 
Fill : coal and wood 4 7 
Wood 2 11 
Peat and muck 6 13 
Sand, brown, coarse, with gravel and 12 19 

few wood chips 
Sand, brown, fine with lenses of heavy 31 31 

sand and traces of wood below 55 ft. 
Sand, brown, very fi I)e loamy wi th small 6 62 

amount of o.m. 
Clay, brown rather stiff to medium 8 68 

10: Test hole 
Water 25 0 
Mud and sand 7 25 
Sand, coa rse, and gravel 8 32 

11 : Test hole 
Water 14 0 
Sand and mud 4 14 
Sand and gravel with small boul ders 34 18 

below 40 ft. 
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12: Test hole 
Water 
Sand and gravel 

13: Test hole 
Water 
Silt, with wood fragments 
Sand, well sorted 

14: Test hole 
Water 
Sand, well sorted 

15: Test hole 
Fill: Silty sand, cinders, a little 

gravel wood, brick 
Peat, a little wood, black 
Sand, brown, fine, medium to very dense 

with few lenses of silty sand, and peat 
Clay, red brown, medium to soft 
Silt, gray brown, medium dense 
Cl ay, red brown, soft 
Clay, gray brown, with a little gravel 
C1 ay, red brown, with a few sand 1 enses, 

soft 
C1 ay, red brown, soft . 
Sand, brown, siltY,.with a little gravel 

and a few boulders, very dense " 
Si lt, brown, very dense 
Sand, gray brown, clayey with some gravel 

and boulders, very stiff 

16: Test hole 
Fill: loamy sand and gravel, cinders, 

wood 
Peat 
Sand and gravel with sandy loam 
Sand, fine 
Sand, loamy 
Cl ay, soft 

17: Test hole 
Loam, sandy and gravel 
Sand and gravel 
Sand, fine 
Clay, soft 
Gabbro 

Thickness 
(Feet) 

22 
31 

26 
2 
2 

26 
3 

12 

8 
40 

13 
3 
9 

14 
10 

10 

3 
3 

13 

3 
9 

20 
10 
15 

5 
23 
19 
32 
16 

Depth 
(Feet) 

o 
22 

o 
26 
28 

o 
26 

o 
12 
20 

60 
73 
76 
85" 
99 

109 

119 
121 

o 

13 
16 
25 
45 
55 

o 
5 

28 
47 
79 

•• 
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f -- Thickness Depth 
(Feet) (Feet) 

18: Test hole 
Fill 5 0 
Sand, loamy, peaty, soft 9 5 
Sand, with o.m., soft 5 14 
Sand 19 19 

27 38 

19: Test hole 
Sand, black, loamy, soft 9 0 
Cl ay, very soft 5 9 
Sand, loamy 1 14 
Clay 9 15 .-
Sand, fine 13 25 
Clay 23 38 
Clay, silty 14 61 
Sand, fine with some gravel, hard 36 75 

20: Test hole 
Fill 10 0 
Sand and gravel (stream) with some o.m. 15 10 
Clay, red, stiff - to surface in some bores 5 25 

C 
Sand, silty 50 30 
Gabbro 80 

21 : Test hole 
Peat, sand, and gravel 2 0 
Clay, soft 18 2 
Clay 12 20 
Sand, fine, loamY. hard 9 32 
Sand, loamY, hard 10 41 
Gabbro 10 51 

22: Test hole 
Fill 2 0 
Silt, loamy 16 2 
Loam, silty, very soft 22 18 
Clay 2 40 
Silt, loamy 2 42 
Clay. soft 38 44 
Cl ay, silty 4 82 
Till, loamy. hard 5 86 
Sand and ~ravel, loamy 19 91 
Gabbro 4 110 



(~ 
Thickness Depth 

(Feet) (Feet) 

23: Test hole 
Sand, loamy, gravel, and boulders 15 0 
Peat 5 15 
Clay loam, silty, and fine sand, soft 30 20 
Loam, sand 2 50 
Clay 11 52 
Sand and gravel, loamy, hard 8 63 
Gabbro 8 71 

24: Test hole 
Sand and gravel 6 0 
Loam, silty, organic 4 6 .. -
Clay loam, silty, peaty 4 10 
Peat 4 14 
Clay 34 18 
Sand, loamy, verY fine, hard 27 52 
loam, silty, verY firm 3 79 
Clay 28 82 
Clay loam, silty, firm 12 110 
L.oamy sand with boul ders , hard 16 122 

(, 25: Test hole 
Water 5 0 
Muck 5 5 
Sand, fine with seams of peat and clay 8 10 

verY soft 
Sand, fine, hard 17 18 
Muck 5 35 
Sand, fine, verY firm 12 40 
Sand, very fine, hard 34 52 
Clay, firm 16 102 

26: Test hole 
Peat 14 0 
Muck 6 14 
Sand, loamy, very soft 4 20 
Clay, silty, verY soft 16 24 
Clay 46 40 
Loam, s 11 ty, very fi rm 29 86 
Sand and gravel, hard 46 115 
Gabbro 11 161 

27 : Test· hole 
Sand, gravel, and wood 7 0 
Gabbro 24 7 

C 



C Thickness Depth 
(Feet) (Feet) 

28: Test hole 
Sand, clay, and gravel 7 0 
Peat and loam 8 7 
Sand and gravel 2 15 
loam, silty, very firm, hard 13 17 
Sand, fi ne, loamy, hard 5 30 
Ti 11, fi ne sandy, loamy, hard 16 35 
Boulders 6 51 
Sand and gravel 4 57 
Gabbro 13 61 

29: Test hole 
Sand 3 0 .'-
Sand, fine, loamy, hard 22 3 
loam, silty, fi rm to very fi rm 8 25 
Cl ay and boulders 7 33 
Sand, gravel and boulders 12 40 
Sand, fine 6 52 
Gabbro 5 58 

30: Test hole 

C 
Peat 15 0 
Clay, very soft, organic 29 15 
loam, silty, fine sand, verY soft 15 44 
Clay, organic. verY soft 15 59 
Sand, loamy, soft 6 74 
Clay 48 80 
Clay. hard 6 128 

31 : Test hole 
Peat. muck, wood 15 0 
Sand, fi ne, soft 3 15 
C1 ay, soft 20 18 
Sand, fine, verY firm to hard 29 38 

32: Test hole 
Cl ay, loam 4 0 
Clay, silty 6 4 
Sand, very fi ne to silty loam 21 10 
Boulders and clay 3 31 
Gabbro 10 34 

( 



( 

c 

33: Test hole 
Clay, with silt 
Clay 
Sand, fine, very firm 
Loam, silty, very fi rm 
Clay 
Clay, silty 
Loam, silty, firm 
Sand, fine, loamy, hard 
Gabbro 

34: Test hole 
Water 
Muck 
Loam 
Sand 

35: Test hole 
Water 
Muck 
Sand, fi ne, loamy 
Sand, fine 
Sand, with some gravel 
Sand, fine 

36: Test hole 
Fill: silty sand and sand 
Sand, brown, fine to medium, de(lse to 

very dense, with varying gravel 
Sand, brown, fine, with a little gravel, 

very dense 

37: Test hole 
Sand, brown, medium, loamY 

38: Test hole 
Sand, brown, with 20% o.m. and silt 
Peat and muck 
Sand, brown, medium, dense with trace 

of gravel 

39: Test hole 
Water 
Sflt 
Sand, well sorted 

Thickness 
(Feet) 

10 
12 
8 

12 
23 
20 
30 
8 
6 

10 
3 
2 

34 

21 
2 
2 
2 
2 
6 

6 
37 

33 

75 

8 
3 

10 

27 
1 
1 

Depth 
(Feet) 

o 
10 
22 
30 
42 
65 
85 

105 
113 

o 
10 
13 
15 

o 
21 
23 
25 
27 
29 

o 
6 

43 

o 

o 
8 

11 

o 
27 
28 



( 

40.: Test hole 
Water 
Silt and muck 
Sand, brown, fine 

41: Test hole 
Water 
Si lt, inorgani c 
Sand, silty 

42: Test hole 
Water 

43: 

Silt, sandy 
Sand, silty 

Test hole 
Fi 11, ci nders· and wood 
Sand, fine to medium 
Sand, fine to coarse and fine to medium 

gravel 
C1 ay, brown, soft 
Sand, brown, very fine, dense 
C1 ay, brown, s i 1 ty, soft 
Si lt, brown, c1 ayey, dense 
Clay, brown, very silty 
Sand, brown, verY fine, dense 

44: Test hole 
Fill: cinders, wooP and trash 
Sand, fine to medium 
Sand; fine to coarse and fine to 

medium gravel 
Cl ay, red, soft to fi rm 
Sand, brOl'ln, very fi ne, dense 
Silt, brown, clayey, very dense 

45: Test hole 
Fill: sand, cinders, and partially 

decayed wood 
Sand, fine to coarse 
Sand, fine to coarse and fine to 

medium gravel 
Clay, red, firm 
Sand, brown, very fine, dense 
Silt, brown, dense 

Thickness 
(Feet) 

7 
4 

24 

26 
2 
1 

26 
2 
J 

3 
12 
35 

17 
19 
16 
32 
25 
12 

6 
13 
30 

47 
25 
49 

12 

8 
33 

24 
42 
52 

Depth 
(Feet) 

o 
7 

11 

o 
26 
28 

o 
26 
28 

o 
3 

15 

50 
67 
86 

102 
134 
159 

o 
6 

19 

49 
96 

121 

o 
12 
20 

53 
77 

119 



( 

( 

46: Test hole 
Muck, wood, and sand 
Sand, fine to coarse, and fine to 

medium gravel 
Sand, fine to coarse 
Sand, fine to coarse and fine to 

coarse gravel 
Clay, red, soft 
Sand, brown, verY fine, dense 
Silt, brown, very dense 
Clay, red, stiff 

4'7: Test hole 
Water 
Sil t, peaty 
Sil t 

48: Test hole 
Water 
Silt, peaty 
Peat 
Sand, silty 

49: Test hole 
Water 
Muck 
Cl ay and silty loam, brown 
Sand, brown, medium with lenses of 

sandy loam and coarse sand and 
medium gravel at 30 ft. and 50 ft. 

Loam, brown fine sandy 

50: Test hole 
Water 
Muck 
Loam, br0\1n sandy, fi ne with sand 

lenses 
Loam, gray br0\1n, silty, clayey 
Cl ay, brown, very soft 
Sand, brown, medium 
Sand, brown, fine 
Loam, brown, silty, with lenses 

of fine sand 
Sand, bro~m, fi ne 

Thickness 
(Fe~t) 

20 
6 

11 
11 

41 
42 
61 
8 

14 
8 
7 

12 
5 
3 
9 

14 
5 
6 

49 

2 

7 
9 
3 

4 
17 
13 
5 
5 

3 

Depth 
(Feet) 

o 
20 

26 
37 

48 
89 

131 
192 

o 
14 
22 

o 
12 
17 
20 

o 
14 
19 
25 

74 

o 
7 

16 

19 
23 
40 
53 
58 

63 

.. ', 
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51: Test hole 
Water 
Muck 
Sand, brown, medium 
Clay, brown, soft 
Sand, brown, medium, with a little 

fine gravel 
Sandy loam, brown, very fi ne 

52: Test hole 
Fi 11 and muck 
Sand, brown, fine 
Muck, brown, s i 1 ty 
Sand, brown, fine with wood at 15 ft. 
Si lt, brown and s i 1 ty clay with some 

wood 
Sand, brown, very fine 
C1 ay, red brown, rather soft 

53: Test hole 
C1 ay, soft 
Sand, 1 oa1l1Y, verY fi ne " 
Sand, fine, firm 
Sand, very fi ne, loamy, ha rd 
Clay, firm 
l.oam, s il1;y c 1 Clyey 
loam, fine sand, very fine sand, hard 
Sand, loamy, fine 

54: Test hole 
Clay, soft 
Clay 
Sand, loamy, very fi ne, hard 
Clay 
l.oam, silty clay, firm 
Loam, silty, hard 

55: Test hole 

Thickness 
(Feet) 

8 
11 
5 

14 
9 

4 

4 
5 
3 
7 

14 

11 
17 

14 
4 
6 

49 
29 
5 

56 
27 

28 
7 

10 
73 
4 

68 

~~r ~ 
Clay, gray brown, with trace of o.m. 4 
C1 ay, brown, very soft 16 
Sand, brown, medi urn, with a 1 itt1 e 9 

gravel and O.m. 
Cl ay, brown, with trace of O.m. 12 
loam, brown, s i 1 ty 2 
Sand, brown, fi ne. wi th 1 enses of silty 5 

loam and trace of decayed wood 
l.oam, br'own, fine sandy with trace of o.m. 10 

Depth 
(Feet) 

D 
8 

19 
24 
38 

47 

o 
4 
9 

12 
19 

33 
44 

o 
14 
18 
24 
73 

102 
107 
163 

o 
28 
35 
45 

118 
122 

o 
28 
32 
48 

57 
69 
71 

76 

'l7 

W" 
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56: Test hole 
Water 
Loam, dark brown, organic, very soft 
Clay, brown, very soft 
Loam, brown, sandy, coarse with some 

fine gravel 
Sand, brown, medium 
Loam, brown, silty 

57: Test hole 
Water 
Mud and sand 
Sand and mud 

58: Test hole 
Clay, soft 
Sand, fine 
loam, silty 
Clay to silty clay 
Sand to fine sand 

59: Test hole 
Sand and gravel 
Clay 
Sand, fine, firm 
Till, silty loam, soft 
Clay, soft 
Clay 
loam, silty, clay 
L.oam, silty, clayey, firm to hard .. 

60: Test hole 
Fill 
Clay 
Clay, firm 
loam, silty 
Clay, soft 
Clay 
Clay, firm 
Clay, silty, firm 
Loam, silty, clayey, hard 
Till, silty, loamy 

61: Test hole 
Clay. red brown, rather stiff 
Sand, brown, fine grained 
Silt, brown, with layers of clay and sand 
Clay, red brown, very soft 
Cl ay, brown, with 1 ayers of gray c1 ay, 

medium to rather stiff 
Clay, brown, with layers of silt, stiff 

Thickness 
(Feet) 

19 
20 
10 
9 

15 
13 

6 
7 

22 

12 
10 
10 
71 
27 

2 
10 
20 
10 
32 
25 
16 
45 

2 
5 
8 

14 
33 
30 
15 
18 
14 

6 

6 
11 

6 
31 
20 

27 

Depth 
(Feet) 

o 
19 
39 
49 

58 
73 

o 
6 

13 

o 
12 
22 
32 

103 

o 
2 

12 
32 
42 
74 
99 

115 

o 
2 
7 

15 
29 
62 
92 

107 
125 
139 

o 
6 

17 
23 
54 

74 



62: Test hole 
Fill 
Clay, red brown, rather stiff 
Sand, fine grain, with a little gravel 

dense 
Clay, red brown, stiff 
Clay, red brown, soft to medium and 

gray brown medium to rather stiff 
below 45 ft. 

Clay, brown, with silt lenses, rather 
stiff 

63: Test hole 
Clay 
Sand, fine, firm 
Clay, very soft 
Clay, soft 
Clay 
Clay, firm 
Till, silty, loamY, very firm, hard 

64: Test hole 
Clay 
loam. sandy 
Sand and gravel, loamy 
Clay, soft 
Clay 
Clay, silty 
Till, verY fine silty loamy, hard 

65: Test hole 
Clay 
Clay. silty 
Ti 11. fi ne sandy loamy, hard 
Sand. loamy, fi ne, hard 
Gabbro 

66: Test hole 
Clay. sandy 
Loam, very finely sandy, firm 
Sand and gravel 
Gabbro 

Thickness 
(Feet) 

2 
8 

14 

4 
49 

26 

12 
5 

21 
17 
31 
26 
33 

2 
3 
3 

52 
20 
17 
37 

39 
11 

5 
8 

12 

4 
4 
4 
7 

Depth 
(Feet) 

o 
12 
10 

24 
28 

77 

o 
12 
17 
38 
55 
86 

112 

o 
2 
5 
8 

60 
80 
97 

o 
39 
50 
55 
63 

o 
4 
8 

12 
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67: Test hole 
Fill 
Ash 
Clay, loam, red brown, with a little 

sand and gravel 
Sand, brown, silty with traces of 

decayed wood 
loam, brown, silty 
Sand, brown, s i 1 ty, verY fi ne 
Clay, red brown, medium stiff 

68: Test hole 
Fill: brown sand and gravel 
loam, brown with loamY sand lenses 

and trace of wood 
Sand, brown, fine, with layers of 

silty loam 
Cl ay. red brown. soft 

69: Test hole 
Wood 
Peat 
Sand, brown, medium, loamy 
Sand, brown, medium 
loam, brown, silty 

70: Test hole • 
Peat, with some wood be1ml water level 
Sand, brown, loamy, with wood chips 
l.oam, brown, silty with some o.m. 

below 27' 

'71: T es t ho 1 e 
Fill 
Sand, brown, loose 
Sand, gray, loose, with o.m. 
Sand, brown, fine, loose 
Sand, brown, fine, silty, loose 
Si lt, gray, with trace of sand, loose 
Silt, gray, with trace of clay 
Clay, brown, silty, soft 
Sand, brown, with trace of silt 
Silt and sand layers alternating, brown, 

firm 

Thickness 
(Feet) 

8 
4 
4 

11 

13 
7 

44 

3 
9 

12 

7 

6 
3 
8 

10 
4 

14 
3 

14 

3 
6 
8 
8 
2 

26 
10 
39 
11 
2 

Depth 
(Feet) 

o 
8 

12 

16 

27 
40 
47 

o 
3 

12 

24 

o 
6 
9 

17 
27 

o 
14 
17 

o 
3 
9 

17 
25 
27 
53 
63 

102 
113 

.. " 



C Thickness Depth 
(Feet) (Feet) 

72: Test hole 
Water 9 0 
S11 t. inorgani c 15 9 
Sand. s i l1;y 3 24 

73: Test hole 
Wood 13 0 
Sand. brown, medium with a few lenses 18 13 

of loamy sand 

74: Test hole 
Peat above 5 ft. and wood below 14 0 .. ' 
Sand, brown, medium with trace of o.m. 13 14 
Loam, brown, silty 4 27 

75: Test hole 
Water 4 0 
Peat, brown, fibrous, verY soft 9 4 
Silt, gray, sandy, very loose 5 13 
Sand, gray, with trace of silt 9 18 
Sand, gray, alternating layers with 5 27 

si1ty, fine sand 

C Silt. gray, with some fine sand 38 32 
seams 

C1 ay, brown, very soft 27 70 
Si lt, gray, fi rm, with fi ne sandy 16 97 

layers 
Clay, brown, silty, stiff . 6 113 
Silt, brown, firm, with alternating 9 119 

1 ayers of silty fi ne sand 
Sand, brown, with trace of silt, firm 3 128 

76: Test hole 
~Iater 14 0 
Muck, dark brown with peat and wood 6 14 
Muck, brown, silty with wood 13 20 
Sand, brown, medium 6 33 
loam, brown, silty with trace of o.m. 9 39 
Sand, brown, well graded 9 48 
Loam, brOl'm, silty with layers of silty 13 57 

clay and wood 
Sand, brown, fine loamy, with layers of 23 70 

sand and trace of wood 
Loam, brown, s i 1 ty wi th 1 enses of fi ne 13 93 

sandy loam 

(,' 



C Thickness Depth 
(Feet) (Feet) 

77: Test hole 
Water 4 0 
Sand, silty 8 4 
Silt, inorganic 14 12 

78: Test hole 
14ater 4 0 
Silt, peaty 15 4 
Peat, silty 3 19 
Clay 1 22 
Silt 1 23 
Sand, well sorted 4 24 .,. 

79: Test hole 
Water 15 0 
Sand and mud 20 15 • 

80: Test ho1 e 
Water 3 0 
Sand and mud 28 3 

81: Test hole 
( Slag 4 0 

Sand, brown, medium w/coal dust 6 4 
Peat and decayed wood 6 10 

82: Test hole 
Water 3 0 
Sand 2 3 
Sand and mud 30 5 

83: Test hole 
Water 6 0 
Silt, sandy to peaty 16 6 
Sand, we 11 graded to silty 5 22 

84: Test hol e 
Water 5 0 
Peat 3 5 
Sand, well sorted to silty 18 8 

85: Water well 
Sand 10 0 
Sand, dirty 26 10 
Silt 84 36 
Clay, red 65 120 
Hard pan 23 185 
Clay 12 208 
Hard pan 95 220 
Sand, muddy 15 315 
Sand 8 330 



C 
Thickness Depth 

(Feet) (Feet) 

86: Water well 
Clay, red 160 0 
Clay, blue 140 160 
Hard pan red 105 300 
Sandstone, soft 5 405 
Sandstone, fine 375 410 

87: Water well 
Clay 12 0 
Sand, dirty 18 12 
Silt or quicksand 128 30 
Clay, red 42 158 
Clay, blue 60 200 
Clay, red 50 260 .', 

Hard pan 20 310 
Sand, muddy 14 330 
Sandstone 36 344 

88: Water well 
Clay, red 17 0 
Sand, dry 15 17 
Silt 84 32 

C 
Clay, red 179 116 
Hard pan 19 295 
Sandstone 20 314 

89: Water well 
Clay, red 18 0 
Sand, dry 17 18 
Sand, quick 90 35 
Clay, red 129 125 
Hard pan 16 254 
Sandstone, soft 10 270 
Sandstone 38 280 

90: Test hole 
Clay, red brown with thin inclusions of 23 0 

o.m. at 9 ft., rather stiff to stiff 
Clay, brown, silty, stiff 6 23 
Sand, brown, fine grained, very dense 4 29 
Silt, light brown, with lenses of sand, 8 33 

very dense 

( 



C Thickness, Depth 
(Feet) (Feet) 

91: Test hole 
Sand, brown, fine, silty, firm 7 0 
Sand, brown, fine, firm 7 7 
Sand, brown, silty, firm, with cl ay 10 14 

seams 
Silt and clay, firm 4 24 
Sand, brown, fi ne, silty, dense 14 28 
Silt, brown, with trace fine sand, 4 42 

firm 
Silt, brown, fine sandy, dense 17 46 
Silt, brown, firm, with trace fine 4 63 

sand 
Silt, brown, sandy, dense 6 6] 
Sand, brO\~n, fi ne, very dense 17 73 .', 

92: Test hole , 
Water 4 0 
Muck, broNn Nith a little peat 8 9 
Clay, brown, silty, soft 2 12 
Sand, brown, medium 9 14 
Loam, brown, silty with layers of 53 23 

fine sandy loam 

C 93: Test hole 
Overburden 627 0 
Sandstone 150 627 

94: Test hole 
Clay, red brown, stiff 6 0 
Sand, 1 i ght brown, fi ne, loamy 5 6 
Sand, light broNn, fine 7 11 
Clay loam, red broNn, silty with 4 18 

lenses of silt;y sand 
Sand, light brown, fine, loamY 6 22 
Sand, light brown, fine loamy with 23 28 

lenses of silty and sandy loam 

95: Test hole 
Clay, red, stiff 11 0 
Sand, brown, fine, firm 3 11 
Sand, brown, very fine with trace of 20 14 

silt, firm 
Sand, gray, silty, with thin seams of 2 34 

red clay 
Sand, brown, fine, with some silt 8 36 
Silt, brown, with trace of sand, firm 8 44 
Sand, brown, fi ne, silty, fi rm 4 52 
Sand, brown, fine, silty, dense 4 56 
Sand, gray, fine, silty, dense 6 4 

,. 



C Thickness Depth 
(Feet) (Feet) 

96: Test hole 
Water 7 0 
Peat 2 7 
Sand, silty 15 9 
Silt, inorganic 2 24 

97: Test hole 
Water 10 0 
Silt, inorganic 7 10 
Sand, silty 5 17 
Sand, well sorted 4 22 

.-
98: Test hole 

Water 5 0 
Sil t, i norgani c 8 5 
Sand, silty 14 13 

99: Test hole 
~Iater 13 0 
Silt, organic 3 13 
Silt, inorganic, with.cinders 2 16 

C 
Clay 4 18 
Sand, silty 7 22 

100: Test hole 
Fi 11 : loam, brown with wood 5 0 
loam, silty, brown wi th wood and 19 5 

sand lenses 
Sand, brown, fine 14 24 
L.oam, brOl~n, with fine sand and 33 38 

1 enses of silty loam 

101 : Test hole 
Water 5 0 
loam, brown, silty with peat at 25 5 

15-20 
Sand, br0l1n, medi um to coarse with 20 30 

some gravel and wood 

102: Test hole 
Muck, wood, and sand 3 0 
Sand, fine to coarse, with gravel 17 3 
Clay, red, soft 36 20 
Sand, brown, verY fine, dense 26 56 
S i1 t, brown, clayey. dense 90 82 



C 
Thickness Depth 

(Feet) (feet) 

103: Test hole 
Muck, wood, sand 9 0 
Sand, fine to coarse with fine to 30 9 

coarse gravel 
Clay, red, firm 12 39 
Silt, brown, dense 129 51 
Clay, red, stiff 20 180 

104: Test hole 
Water 21 0 
Sf.lt, sandy 1 21 
Sand, silty 5 22 

.'" 105: Test hole 
Water 26 0 
Sand, silty 3 26 

106: Test hole 
Water 26 0 
Si 1 t, i norgani c 3 26 

107: Test hole 
Fill : fine to coarse sand 10 0 

( Muck, sand, decayed wood 13 10 
Sand, fine to coarse, with fine gravel 30 23 
Cl ay. red, soft 14 53 
Silt, brown, dense 53 67 

108: Test hole 
Water 13 0 
Silt, peaty 3 13 
Silt, with cinders 2 16 
Cl ay, red, sandy 5 18 
Sand, s11 ty 6 23 

109: Water well 
Fi 11 : cinders 3 0 
Gravel, sandy 4 3 
Cl ay, red, soft 40 7 
Clay, red, with a trace of gravel 53 47 
Clay, red, with fine sand with 35 100 

boulders at 135 
Clay, red, with occasional boulders 135 135 
Clay, red, with fine sand 15 270 
Clay, red 61 285 
C1 ay, red with fi ne sand 149 346 
Clay, red, with find sand, hard 32 495 
Gravel, very coarse, 11ith small 16 527 

C 
boul ders 

Clay, red 7 543 
Rock 550 



C 
Thickness Depth 

(Feet) (Feet) 

110: Test hole 
Clay, red brown 10 0 
Loam, with very fine sand 3 10 
Clay, red brown, medium 3 13 
Loam. brown, wi th very fi ne sand 45 16 

111 : Test hole 
Fill : sand, soft clay over peat 10 0 
Clay, brown, silty 22 10 
Clay, red brown, rather stiff 9 32 

112: Test hole 
Slabs 6 0 
Clay, red, soft, with sand and layers of 13 6 .' 

a.m. between 6 and 9 ft. 
Clay, red brown, with some wood and 9 19 

a layer of black clay at 20 ft. 
Clay, red brown, medium 4 28 
Loam, brown, silty, verY dense 10 32 
Sand, brown, medi urn, loamy, very dense 6 42 
l.oam, brown, s i1 ty, with 1 enses and 42 48 

1 ayers of fi ne sandy loam and 

( 
loall1Y sand 

113: Test hole 
Clay. sand, and muck 21 0 
Clay, red, stiff 21 21 
Sand, broVln, verY fine, dense 42 42 
Silt, brown, sandy. very dense 15 84 

114: Test hole 
Fill : broken concrete, cinders 4 0 
Fill : brown fi ne sand 4 4 
Clay, red, finn 29 8 
Sand, brown, very fine, dense 61 37 
Silt, brown, sandy, dense 53 98 

115: res t hole 
~iater 15 0 
Clay, red 11 15 
Sand, ~/el1 sorted 4 26 

116: Test hole 
Hater 25 0 
Sand, clayey 3 25 

( 



C 
Thickness Depth 

(Feet) (Feet) 

117: Test hole 
Water 7 0 
Sand and mud 12 7 
Sand 17 19 
Sand and gravel 2 36 
Clay 2 38 

118: Test hole 
Water 19 0 
Clay, red 10 19 

119: Test hole 
Water 18 0 .', 
Silt, sandy 2 18 
Clay, red 9 22 

120: Test hole 
Fill : trash dump 9 0 
Clay, red, stiff 19 9 
Sand. brown. very fine. dense 62 28 
Sil t, brown, sandy. dense 61 90 

(, 
121 : Test hole 

Fi 11 : cinders. clay, broken concrete 4 0 
Clay, red, stiff 6 4 
Sand, brown, very fine. dense 25 10 
Silt, brown. clayey. dense 13 35 
Sand, brown, very fi ne. silty, dense 37 48 
Silt, brown, dense 25 85 

122: Hater well 
Cl ay, red and ha rd pan 75 0 
Hard pan, sandy 75 75 
Hard pan 50 150 
Hard pan with large boulders 150 200 
Brownstone 261 350 

123: Water well 
Clay, red 25 0 
Silt. sandy 43 27 
Clay, red 35 70 
Silt 25 105 
Clay, red 25 130 
Silt, dirty, sandy 32 155 
Hard pan and small rocks 82 187 
Sandstone 331 269 



( 

( 
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124: Test hole 
Sand, red, fine to medium, very wore 
Clay, red, stiff 

125: Test hole 
Fill: lower 3 ft. wood 
Sand, brown, fine 
Clay, red 
l.oam, brown, silty, with 1 enses of 

sanQY loam 

126: Test hole 
Hater 
Sand and mud 
Sand 
Sand and gravel 
Clay 

127: Test hole 
Hater 
Sand and mud 
Sand, gravel, and small boulders 
Clay 

128: Test hole 
Clay, red, with trace of fine gravel 
Silt, brown, with some fine sand 

129: Test hole 
Fill: black silty sand and clay 
Clay, red brown, with few laminations 

of brown s i1 t 
Silt, brown, with sand lenses, very 

dense 
Sand, brown, silty, very dense 
Sand, brown, very fine 
Sand, brown, very fine, very dense 

130: Test hole 
Cinders and clay 
Peat 
C1 ay, red, water soaked 

Thickness 
(Fee~) 

4 
26 

10 
25 
15 
30 

8 
11 
13 

1 
7 

9 
22 

3 
6 

46 
5 

4 
16 

4 

4 
5 

28 

3 
6 

12 

Depth : 
(Feet) 

o 
4 

o 
10 
35 
50 

o 
8 

19 
32 
33 

o 
9 

31 
34 

o 
46 

o 
4 

20 

24 
28 
33 

o 
3 
9 

... 
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131: Test hole 
Topsoil: lean clay with black and 

dark brown color 
Clay, red brown, stiff 
Sand, brown, s i 1 ty, very dense 
Silt, tan and light brown, with lenses 

of c1 ay, very dense 

132: Test hole 
Water 
Sand and mud 
Gravel and boulders packed solid 

133: Test hole 
Water 
Sand and gravel with Qne 12" and 

one 2' x 18" x 3" boulder 

134: Test hole 
11ater 
Mud and fine sand 
Gravel, fine 
Gravel, coarse and small boulders 
Sand 

135: Test hole 
Water 
Sand and mud 
Sand and gravel 
Gravel, coarse 
Gravel 

136: Test hole 
Water 
Sand and mud 
Sand and gra ve 1 
Gravel, coarse 

137: Water well 
Sand, coarse with a little fine gravel 
Sand, medium with a little fine gravel 
Sand, coarse, with a little fine gravel 
Gravel, very fine and medium sand 
Clay, red 

138: Test hole 
Water 
Silt, inorganic 

Thickness 
(Feet) 

2 

37 
5 
7 

16 
14 
o 

22 
5 

22 
6 
2 
5 
5 

8 
21 
2 
2 
7 

9 
21 
3 
3 

30 
5 
5 

10 

21 
9 

Depth 
(Feet) 

o 
2 

39 
44 

o 
16 
30 

o 
27 

o 
22 
28 
30 
35 

o 
8 

29 
31 
33 

o 
9 

30 
33 

o 
30 
35 
40 
50 

o 
21 

Joe 

.. " 
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C Thickness Depth 
(Feet) (Feet) 

139: Test hole 
Water 7 0 
Sand and mud 29 7 
Sand and gravel 3 36 
Clay 0 36 

140: Test hole 
Water 26 0 
Silt, sandy 3 26 

141: Water well 
Fill 10 0 
Sand, dirty 17 10 .-, 
Clay, red 21 27 
Sand, dirty 15 48 
Sand, clean, fine 11 63 
Sand, clean 4 74 
Sand, clean, coarse 8 70 

142: Test hole 
Sand and gravel, loose 3 0 
Cl ay, red, soft 3 3 

C Clay, red,stiff 5 6 
Clay, red, medium 31 11 
Clay, red, stiff, with trace of gravel 25 42 
Clay, red, stiff with silt seams 2 67 
Sand, brown, fine, dense 11 69 

143: Test hole 
Topsoi 1 1 0 
Clay, red, stiff 7 1 
Clay, red, medium 32 8 
Silt, dense, brown 4 40 
Sand, silt, clay, gravel mix, brown 20 44 

verY dense 

144: Test hole 
Topsoil, black 1 0 
Clay, red, medium 2 1 
Cl ay, red, stiff 20 3 
Clay, red, medium 17 23 

145: Water well 
Clay, red 150 0 
Hard pan and boulders 110 150 
Sandstone 15 260 



101.-

Thickness Depth 

C (Feet) (Feet) 

146: Test hole 
Clay. red brown. medium to stiff 50 0 
Clay. red. with silt lenses. sand 65 50 

layer 53-54. rather stiff clay 
Sand. red brown. silty with a 10 115 

1 ittle gravel 

147: Water well 
Clay. red 85 0 
Sand. dirty 17 85 
Gravel 6 102 .... " 

148: Test hole 
Peat 2 0 
Clay. red brown: soft to medium 38 2 
Cl ay. red brown, s ti ff 8 40 
Clay. brown and gray. soft 17 48 
Clay. brown and gray, stiff 10 65 
Clay. brown, with some gravel 16 75 

149: Test hole 
Water 25 0 

C Sand and mud 15 25 

150: Test hole 
Water 25 0 
Silt. inorganic 3 25 
Sand. silty 2 28 

151 : Test hole 
Water 20 0 
Silt. inorganic 3 20 
Peat. sandy 5 23 
Sand 12 28 
Sand. gravelly 3 40 
Sand. w/wood fragments 10 43 
Clay 4 53 

152: Test hole 
Water 22 0 
Sand 12 22 
Sand and 9ravel 14 34 
Gravel, coarse 3 48 
Clay 10 51 

c 
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(~ 
Thickness Depth 

(Feet) (Feet) 

153 : Test hole 
Water 25 0 
Sand 22 25 
Sand and gravel 6 47 
Clay 9 53 

154 : Test hole 
Water 26 0 
Clay, sandy toward bottom 4 26 

155: Test hole 
Fill 6 0 
Clay, brown, organic, with wood 10 6 
Sand, brown, fine 24 16 ." 
Clay, dark gray, rather stiff 3 40 
Clay, red brown, medium 14 43 
toam, brown, clayey, with lenses of 10 57 

sandy loam, very stiff 
Clay, red brown and gray, rather 33 67 

stiff 

156: Test hole 
Clay, red brown 53 0 

C loam, brown with lenses of silty 18 53 
loam and sand 

157 : Test hole 
Water 20 0 
Si lt, i norgani c 7 20 
Sand, silty 2 27 

158: Water well 
Overburden 125 0 
Sandstone 175 125 

159 : Test hole 
Clay. red brown w/inclusions of gray 90 0 

clay below 42 feet 

160: Test hole 
Water 5 0 
Silt, dark 3 5 
Sand 20 8 
Clay, red 5 28 

161 : Test hole 
Clay, red brown 45 0 

C 



(> 
Thickness Depth 

(Feet) ( Feet) 

162: Water well 
Old well 140 0 
Hard pan 32 140 
Sandstone 6 172 

163: Water well 
Clay. red 135 0 
Hard pan 40 135 
Gravel 4 175 

164: Water' well 
Clay. red 20 0 
Sand and gravel 20 20 
Clay and silt 110 40 ." 
Clay. red 140 150 
Hard 'pan 10 290 
Gravel 5 300 

165: Water well 
Clay. red 130 0 
Hard pan 46 130 
Sand. muddy 9 176 

C 
Hard pan 91 185 
Sandstone 34 276 

166: Water well 
Clay 100 0 
Hard pan 20 100 
Sand 3 120 

167: Water well 
Clay, red 40 0 
Clay. blue 20 40 
Clay. red 40 60 
Hard pan and boulders 67 100 
Sandstone 49 167 

168: Hater well 
Clay. red 120 0 
Hard pan 100 120 
Sandstone 20 220 

169 : I'later well 
Clay. red 140 0 
Hard pan 24 140 
Sandstone 71 164 

C 



C Thickness Depth 
(Feet) (Feet) 

170: Water well 
Soil 3 0 
Clay 152 3 
Clay and rotten sandstone 21 155 
Sandstone 174 176 

171: Water well 
Clay, red 95 0 
Clay, blue 15 95 
Clay, red 65 110 
Sandstone, loose 8 175 
Sandstone 37 183 

..... 

172: Test hole 
Sand, red, silty, loose 6 0 
Clay, red, soft 16 6 
Clay, red and gray, with trace of 6 22 

silt 

1 '73: Water well 

(, 
Clay 165 0 
Hard pan 20 165 
Sandstone 15 185 

174: I-Iater well 
Clay 80 0 
Clay, blue 15 80 
Clay, red 60 95 
Hard pan and loose sandstone 15 155 
Sandstone 65 170 

175: Water well 
Clay, red 135 0 
Hard pan 65 135 
Sandstone 31 200 

176: Water well 
Clay, red 120 0 
Hard pan 18 120 
Sandstone 5 138 

177 : ~later well 
Clay, red 120 0 
Hard pan, sandy 28 120 
Sandstone, soft 34 148 
Sandstone, red 43 182 

(. 



Thickness Depth 
( (Feet) (Feet) 

178: Water well 
Clay 135 0 
Hard pan 20 135 
Sandstone 155 

179: Water well 
Clay, red 80 0 
Hard pan and boulders 55 80 
Water gravel 4 135 

180: Water well 
Fill 4 0 
Clay, red 50 4 
Sand, red, quick 11 54 
Clay, red 70 65 

",'c_ 

Clay, red and stones 20 135 
, Sand rock 125 155 

Sha 1 e, sandy 5 280 
Sand rock 10 285 
Shale 10 295 
Sand rock 120 305 
Shale, red sandy 25 425 
Sand rock 45 450 

C Sand rock, hard 80 495 

181 : 14ater well 
Clay, red 97 0 
Clay, blue 23 97 
Clay, red 27 120 
Hard pan 23 147 
Sandstone, soft 8 170 
Sandstone 322 178 

182: Water well 
Clay, red 167 0 
Hard pan 15 167 
Sandstone, soft 5 182 
Sandstone, firm 15 187 

183: Water well 
Clay, red 80 0 
Clay, blue 8 80 
Clay, red 17 88 
Hard pan 43 105 
Sand, di rty 21 148 
Sand, clean 4 169 
Gravel 2 173 
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C 
Thickness Depth 

(Feet) (Feet) 

184: Water well 
Clay, red 232 0 
Hard pan 47 232 
Sandstone 51 279 

185: Water well 
Clay, red 140 0 
Hard pan, red 105 140 
Sandstone 20 245 

186: Water well 
Clay, red 80 0 
Clay, blue 25 80 
Clay, red 30 105 W" 

Hard pan 17 135 
Gravel 2 152 

187: l'later we 11 
Clay, red 19 0 
Sand and gravel 18 19 
Clay, blue 15 38 
Clay, red 37 53 
Clay, blue 22 90 

( Clay, red 106 112 
Cl ay, green, gummy 17 218 
Hard pan 18 235 
Gravel, clean 8 253 
Sand, clean 13 258 

188: Water well 
Clay 180 0 
Hard pan 85 180 
Sandstone 5 265 

189: Water well 
Clay 125 0 
Hard pan 20 125 
Sand 3 145 

190: Water well 
Clay, red 118 0 
Hard pan, red 57 118 
Sandstone 16 175 

( 



C Thickness Depth 
(Feet) (Feet) 

191: Test hole 
Fill 7 0 
Sand, medium to coarse with trace 5 7 

of gravel 
Sil t, red, sandy, loose 10 12 
Sand, fi rm brown 5 22 
Clay, brown, silty, with some wood 40 27 
Sand, brown, silty, with gravel, 5 67 

firm 
Clay, brown, soft 5 77 

192: Water well 
Clay, red 65 0 ." 
Clay, blue 20 65 
Cl ay, red 20 85 
Hard pan 25 105 
Gravel, di rty 4 130 
Sandstone, loose 3 134 
Sandstone 7 137 

193: Water well 
Clay, red 150 0 

( Hard pan and rotten sandstone 25 150 
Sandstone 30 175 

194: Water well 
Clay, red 115 0 
Hard pan, red 8 115 
Sandstone, soft 7 123 
Sandstone, fine 50 130 

195: Water well 
Clay, red 60 0 
Clay, blue 30 60 
Clay, red 15 90 
Hard pan 52 105 
Sandstone 43 157 

196: Water well 
Clay, red 80 0 
Hard pan, red 36 80 
Sandstone 55 116 

197: Water well 
C1 ay, red 150 0 
Sand, muddy 29 150 
Clay . 71 179 

C 
Hard pan 43 250 
Sandstone 27 293 



( 
Thickness Depth 

(Feet) (Feet) 

198: Water well 
Clay 84 0 
Hard pan 67 84 
Sandstone 45 151 

199: Water well 
Clay, red 130 0 
Hard pan 11 130 
Sandstone 20 141 

200: Test hole 
Clay, red, stiff w/trace of gravel 10 0 
Clay, red, medium 4 10 
Cl ay, red and gray, sti ff 8 14 ., 
Clay, red and gray, with silt seams 6 22 

201: Water well 
Cl ay, red 50 0 
Clay, blue 10 50 
Clay, red 15 60 
Hard pan 53 85 
Sandstone 62 138 

C 202: Water well 
Clay 84 0 
Hard pan 55 84 
Sandstone 139 

203: Water well 
Clay, red 123 0 
Sandstone 57 123 

204: Water well 
Clay, red 96 0 
Hard pan red 20 96 
Sandstone 42 116 

205: Water well 
Clay, red 85 0 
Clay, blue 15 85 
Clay, red 35 100 
Hard pan 18 135 
Sandstone, rotten 10 153 
Sandstone 37 163 

( . 
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C 
Thickness Depth 

(Feet) (Feet) 

206: ~Jater well 
Clay, red 81 0 
Clay, blue 7 81 
Clay, red 14 88 
Hard pan 30 102 
Sandstone, rotten 6 132 
Sandstone 9 138 

207: ~Jater well 
Clay, red 105 0 
Clay, blue 10 105 
Clay, red 30 115 
Hard pan 65 145 
Clay, sandy 22 210 .', 

Sandstone, rotten 26 232 
Sandstone, clean, hard 18 258 

208: Water well 
Clay 90 0 
Hard pan 40 90 
Sandstone 130 

209: Water well 
( Clay 105 0 

Hard pan 49 105 
Sandstone 47 154 

210: Test hole 
Clay, red, very stiff 9 0 
Clay, red and gray, stiff 19 9 
Silt, clayey, very stiff 7 28 
Clay, red and gray, stiff 8 35 
Silt, gray, firm 10 43 
Clay, red and gray, stiff 10 53 
Silt, gray, firm 9 63 

211 : Test hole 
Clay loam and sandy loam with some 9 0 

gravel and lenses of water-bearing 
sand directly over bedrock (gabbro) 

( 
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APPENDIXj'D 

Boulders Recovered From Cloquet I~ater Line Trench 
Superi or Bay, 1968 

Zenith Dredqe. Company 

Coordinates ----
27 +- 25 to 27 + 50 

25 + 75 to 26 +- 00 

23 :t 50 to 23 .. 75 

3 x 3 x 3 
3 x 3 x 2.5 
2.5 x 3 x 2.5 
3.5 x 2.5 x 2 

3.5 x 2 x 2 
5 x 3.5 x 3 

5.5 x 4 x 3 
4.5x3x2 

4.5x2.5x3 
5x2.5x2 
1 x 3.5 x 3 
3 x 3 x 2 

4 x 3 x 2 
3 x 2 x 2 

4 x 3.5 x 3.5 
3 x 3.5 x 2 

2.5x2x3 
4.5x2x3 

3 x 3 x 1.5 

III 

18 + 00 to 17 + 41 3.5x2x2 
4 x 3 x 2 
3.5 x 2 x 2.5 
2.5x2.5x2 
3 x 3 x 1.5 

6 x 5 x 7 
4x3.5x2 
3 x 3.5 x 2.5 
3 x 3 x 4 

4 x 3 x 2 
2.5x2.Sxl 
2.Sx2.Sxl 
3 x 3 x 2 

Data from Job 6802, work sheets from derrick boat "Adele" courtesy of 
Mr. Keith Yetter, Zenith Dredge Company. Disposal in 21st Avenue West 
Slip, Duluth. No lithologic identification beyond "crystalline;" probably 
mainly diabasic and gabbroic material from North Shore together with 
granitic and gneissic rocks from more northerly parts of Canadian Shield. 
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