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S:cTIS.M |
INTRODUCTION

(1,!) Purpose of Investigation

The City of Superior is the county seat of Douglas County, situated
at the head of Lake Superior in northeastern Wisconsin. The city has a
(1970) population of about 32,000 and serves as a regfonal center for
several thousand more people in northwestern Wisgonsin. 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 Tower Great Lakes.

Superiors' geologic setting gives it the finest harbor on the Great
Lakes and makes it a natural connecting Yink 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 worid which are accessible to deep water
shipping. The geologic framework of the city determines port development,
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.

-



(1,2) Location of Superior Aren

.The Superior area of this report is bounded by meridians 92° and
92° 15" west 1ong1tude and parallels 46° 37' 30" and 46° 47' 30" north
Iatitudq{ <i"he 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 ﬁhe
Duluth-Superior Harbor and Vicinity quadrangle, The U. S. Army Corps of

headeHeardiig Clnevd | 1Bt ausd viodlnA

Engineerg«take Survey Chart 996 depicty the harbor.

The city 11mits enclose a triangularly shaped ‘area of about 44 square

i (et Moartin,qusS, ¢ \apTev'EﬂII.)

miles at the western end of the Lake Superior 1ow1anqk a red clay plain
1aid down under post-glacial lakes which filled this part of the Lake
Superior basin 10,000 years ago. Superior is built on the smoothly
undulating surface of the plain which slopes northw;ﬁgzio a line of bluffs
along the St. Louis River,* St. Louis Bay, Superior and Allouez Bays.
(Figure—t+}

The harbor consists df an outer 1agbon, Superior-Allouez Bays paralleling
the shore of Lake Superior and an inner lagoon, St. Louis Bay, at right |
angles to the lake shore, Lake-head barrier spits, Minnesota Point énd
Wisconsin Point protect the outer lagoon from the lake, while an older se£ 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. Louis River. {Figure-l) __

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

*Appendix A 1ists derivations of local place names.
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24
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.

(13) Climate

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 commonly 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 operatfons.

An average of about 77 inches of snow falls annuaily; 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,

although average depths are usually somewhat less than this.
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([,‘-I) History of Development
J

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 (0jibwa) 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. Louis River, on Pokegama .Bay, 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 Sﬁperiér
Entry.

The area passed from French to British sovereignty in 1763 and became
American at the conclusion of the Revolutionary War in 1783. In 1793 Jean
Baptiste Cadotte of the (British) Nerthwest Fur Coﬁpany established a stockade

and fur trading port, Fort St. Louis, at the base of Connors Point, perhaps



(Localdy T Pppemdin &) B¢
displacing a Hudson's Bay Company post therq& The base of the noint was
1e§s 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

. OV OANIG
of Superior depended on nationaljdevelopments 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 statégon May 29, 1848 and during the winter of
1853-54 the legislature created Douglas County, from a portion of La Pointe
Cqunty,naminé it for Senator Stephen A, Douglas of I1linois. Start of

- construction of the canal Tocks 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 ciaim land on both
sides of the Superior Entry and both sides of the mouth of the Nemadji River
in 1853 and 1854. Shortly after this thé 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
stil) be traced on city mapsZ .2, auy Plate ) |

After an initial boom the population of Superior declined to less than a
thousand and remained Tow until the early 1880's., Fishing, timbering, and
saw milling, the fueling of steamers and down lake shipment of fish?}#tmber

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

* Malin, 1965, pp- H3I- 487 yeurews Stale booudanies :lu&ﬂl"u‘a-gs‘alﬁrq ?)flj'mc'\r

C{€£w.\ C‘hbk..\ \Qt(ué\itkq Iraouu AM‘ h""ﬁ?a%om u}:n-& W\mmfsd‘ku. A \‘LL&. LQW\A‘kt/Y\T l\;,\_n

. - A . »
?‘m\-‘-& ST Lf)ms{at‘ll.l +D ‘\RA :{"&‘Lis é’-n.(_g_ S‘f‘,[._;yﬂs QLW m‘Omﬁt _L‘:(ILA.._JJ. L&-{J L'{JC;{‘V(['AL\\‘;SA:L,
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Pokegama and St. Louis Rivers and on the sites of“west and South Superior,
whewever there were dense stands of White and Norway Pine, together with
some fir or birch. The logs were rafted to the vicinity of Quebec Pier
and to Howards Bay where they cbu?d be boomed in sheltered waters.

nearTha Caty saww \irg
Logging,dec]ined in importance during the 1880's and ,largely ceased usuv1umq

Mmﬂbf the twentieth century,

The railroad reached Superior in 1881 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¥e 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 a!png St. Louis-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.

(LS) 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 Leith (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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Merrili (1936) and Loy (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.

(Lg) Well and Locality Numbering 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 (Plateswé:%I and increasing in number first southward and then in
east-west traverses, ending with well 211 in th 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 by a smaller circle.

Localities from which surface samples were taken are indicatedfgény
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.

Localities which are ﬁotablé from a geological and/or historical stand-
point are indicated by double circ1es whose numbering system is similar to
those of other localities andrwells. Appendix B identifies the notable

Tocalities.

[N
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Section 2 M

SUBSURFACE GEOLOGY

(24” 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

Favre Z. .
evident on BZ#%e-¥, These mineral deposits and the rocks which enclose them

{Fiepted?
are Precambrian in age,and are part of the Canadian Shield. Rocks of

-

Paleozoic and of Mesozoic age are not known near the city and Eﬁé,youngest
geologic events recorded are those of the Quaternary time period. Although

the Quaternary time interval is only perhaps a million years long, the comp]ex

ThuT ateirmrtd
climatic changes during—it determined the kind and rate of erosional and
eolagic

depositional processes active in the area and determined the immediateﬁsetting
of the city.

During the P]eistocene epoch of the Quaternary continental glaciers
developed four separate times, spreading outward fr°“%?gﬁﬁﬂflgféfﬂuﬁfﬂﬁﬁiivi?cn
the Hudson's Bay region to cover the Lake Superior reg1og{ The latest of
these ice advances, known as the Wisconsin Glacial Stage, is responsible for
deposits of drift which 1ie deep beneath Superior. The Recent is the post- )
glacial time interval, beginning perhaps 10,000 or 11,000 yearsJ&ﬂ&HVpresengf
during which lakes formed in the Lake Superior basin hnd7the majority of
sef1meg§§ry deposits and landforms in the city of Super1or were deve]oped;«»-1'?i“-
AN\$¢%he geologic time scale and the general stratigraph1c succession of the
Superior area is shown in Figure éﬂ Representative sequences of rocks as

penetrated in bore holes in the area are shown in Figure 3.
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Figure ,2(

Geologic Time Scale and Stratigraphic Succession

Age of Rocks

Rock VUnits

Late Cenozoic
25,000 (1)

Western Upper Michigan

Superior and Vieinity and Bayfield Peninsula

[

Post Glacial Lake and Stream Deposits (Recent)
Glacial and Meltwater Deposits {Pleistocene)

years
Mesozolc Missing due to non-depbsition or erosion
Paleozoic Missing due to erosion
. :
5 Chequamegon Sandstone
L]
G
o Devils Island Sandstone
Lo
Q
Fond du Lac Formation o Orienta Sandstone
(sandstone and shale) 2
: 0
g | Freda Sandstome
2
Late o ) Nonesuch Shale
Precambrian Missing (?) o {copper-bearing)
1.1 billion =
years g Copper Harbor Conglomerate

Duluth Complex
{Gabbro and related
intrusive rocks)

North Shore Lava Group
(Basaltic fissure flows)

Mellen Gabbro Body
{Gabbro and related
intrusive rocks)

Portage Lake Lava Group

and un~named lava group

of northern Wisconsin
(copper-bearing basaltic
fissure flows)

Middle

Precambrian
1.7 billion
years

Thompson Formation
(slate and graywacke).

Granitic intrusive rocks
of the Penokean Orogeny
and older metaigneous and
metasedimentary rocks
including Ironwood Iron
Formation

Sources:

Goldich and others (1961), Hamblin (1961), Morey (1967),

Thwaites (1912), Tyler and others {(1940), Wright (1969).
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{2.2) Consolidated Rocks of Precambrian Age

_ Interpretation of subsurface geology in the Superior area is based

wedee vottl TNategsd dulled & vamous engimeeniug puvposes
onhdriller's logs, ,core ho]ei, 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 BOO feef

of Quaternary deposits.

(Q;Qaf) ‘Thompson Formation (Middle Precambrian)

In the type area near F&nd 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,

(ﬁ,l.l) North Shore Volcanic Group (Late Precambrian)

The North Shore Lava Group is unconformable with the underlying Thompson
formation as can be seen along the center line of sections 17 and zgfgéufiéﬁ
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 interflow sandstones and conglomerates (cf. Schwartz, 1949;



(2.2:3)

P
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 .
affer pendlealing T ved sand s heuss | Tl

Group within perhaps one thousand to two thousand feet of the surface; ““14”1 @“““T

No holes have encountered the Group beneath Superior to date.

Duluth Complex (Late Precambrian)

The Duluth Complex of gabbros and related anorthosites {plagioclase
feldspar-rich gabbros), troctolites {olivene-rich gabbros) and felsites is
a sheet-1ike body several miles thick intruded into the base of the North
Shore Lava Group. Layered olivene-rich gabbros crop out in the West Duluth

7 1/2 minute quadrang1e and are encountered by bore ho}mk{ﬁ;muifu_zﬁmhél \\\\

.22 23, 26 _27“ 28, 29 33 Plagioclase feldspar-rich gabbros crop out in

I S [ S i T o M RT L
the Du1uth 7 1/2 minute quadrang]e and are encountered by boreholesyg 5, 66

and 211_a1ong the northeer side of Superior 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

‘ . nd Tand sow ; 1971
Continent Gravity High (Mooney, and Others, 1970) Gravity studies suggest
that the Complex probably extends southward far enough to be present under

Superior although it has not been penetrated by drilling.

*Logs of these and other wells used in this report are listed in
Appendix C.
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e (2,2,:.1) Bayfield Group {Late Precambrian)

in fhe 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

The RoyHeld Grove
sequenced Recent study by Meyers (1971) indicates that the Bayfield Group
sandstones were derived from older sediments and deposited on an alluvial
b}ain by low gradient, meandering streams.

The best available subsurface description of the Bayfield Group rocks
in the Superior area is from Ng&ﬂ&?fg;ﬂm138 where a 57§ foot deep well was
drilled into them in 1937. The log of this well (number 180, Appendix C)
is shown in Figuretg. To the southwest of Superior, in the vicinity of
Fond du Lac, Minnesota are exposures of several hundred feet of Bayfield
Group conglomerates, sandstones, and shales which have been described,

ez: measures and mapped by Thwaites (1912) and Morey (1967). Morey has proposed
to name these rocks the Fond du Lac formation. The thinner-bedded more
shaley upper part of this sequence, Thwaites' "Amnicon Formation," may
underlie Superior where older reports (Thﬁéites, 1912; and Weidman and
Schultz, 1915) refer to the presence of considerable shale beneath the citys
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 centur% sandstones of the Bayfield Group were
quarried at two principal sites near Superior. The Duluth Brownstone
Company operated a quarry in lots 1 and ZKZSN_]SN along the St. Louis River

near Fond du Lac. This quarry was originally opened in 1869. Stone from
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it was loaded on scows and towed to Duluth or Superior for processing.

yChapTey TLL)
Buck]ey (1898} 1ists the following test results for stone from this
quarry: T o B —
Bﬁy weight: 146:i§]ft3 (2 samples)
Specific gravity: 2.62; 2.65 (2 samples)
Porosity: 10.4; 11,5% (2 samples)
Ultimate strength in unconfined combression: .
. bed - 4668; 5931 psi (2 samples)
edge - 6052 psi (1 sample)
Modulus of elasticity: |
bed - 80,600 psi (1 sample)
edge - 90,900 psi (1 sample)

‘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-124)

The Acadian Brownstone Quarry at Amnicon Fallspsupplied over a million
cubic feet of stone between about 1886 and 1897, including that used for the
foundation of the 01d Main Building, University of Wisconsin-Superior and a
number of other public buildings and churches in Superior. As far as is

e ST v shean Svpensy
known, neither of these two quarr1esnwere in operation on a large scale
during the twentieth century. ”
(2.3) Bedrock Surface Topography , s
y Te q00 7(-“/1 ”"'7/
Lake Superior occupies a depress1on}carved out of the Bayfield and Oronto

Group sedimentary rocks by stream and ice erosion during Cenozoic time. In
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‘ezj_ thejwestern end of the Takgja major depression paratlels the northerly
spore (cf. Figure 1, and Farrand, 196922_ This north shore depressiogj
_J'staﬁds out clearly on the bedrock surface topography map of the Superior
area (Pléte éﬁ 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

R ahwzhunsﬁﬁe Froon Toteredote Hapusey 3
of 27th Street West in Duluth {izj:t*{¢ A el et it *Hﬁ ! 4

Gabbro bedrock forms the northerly 1im;%'of the north shore depreséion
in Duluth except in the vicinity of the base of Minnesota Point where the
North Shore Lava Group is present. The Fond du Lac sandstone subcrops
: @i; ' beneath the entire city of Superior, forming the southerly 1imb of the
depression. The sandstone is unconformable on top of the gabbro but the
inferred contact shown in Plate 2 may be fault-controlled, at Jeast in part.
Many early reports on the western Lake Superior region have visualized the
existence of a steeply dipping fault controlling the Duluth escarpment (cf.
for examplesy, Merrill (1936), and Martin (1965), B

QO' aMGravityfstudy by Thiel (1956) and by the Geclogy Department of the
University of Wisconsin-Superior have not been able to confirm the existence
of maj?r faulting in the Superior area so the inferred contact shown in

Plate 2 is visualized as sedimentary in nature,

(Z.L{) Overburden Thickness

About 600 feet of Quaternary age sedimentary deposits are present along



(2.5.1)

the axis of the north shore depression between Superior and Duluth
(Flatetés. Elsewhere under Superior 200 or 300 feet of overburden is
present. A belt of thicker sedimentary cover follows the valley of the
Pokegama River and is present along an axis marked by Dutchman's Creek,

1t is highly improbable that bedrock will be encountered by an engineering

A Tha Liscaihs ia {ﬁo-r“r\bu o% -E\M.S‘-’P% o et o
operation within 150 feet of the surfacejalithough the presence of boulders

'S}M\_sloﬁ“c
in the lower part of the stratigraphic sequence may s&gg¥gt such an
encountersi] AL,RL, &) e A e )(LJ';

(QNS) Unconsolidated Rocks of Quaternary Age

Quaternary stratigraphic relationships are shown schematically in
Figure A, which illustrates ten of the most common stratigraphic seguences

encountered in bore holes in Superior and vicinity. Mgt olidv

I L BT A e

Figuresgg’and,zfshow that in the Superior area glacial drift is overlain
by red clay followed by sénds and gravels 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 arfﬂi*'

deposition continued today.

Glacial 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 Figuref?. This Figure also
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demonstrates that 25 to 50 féet of drift is present except toward the
bottom of the north shorgﬁdez;fssion between Superior and Duluth where
upward of 200 feet is known. Limited deep well control suggests that
thicker accumulations of drift fewh northwesterly trending belts more
than 100 feet thick under West Superior and the Pokegama River VaT]ey.L?“7£ q;)
These thicker drift accumulations are Smwegoa#elly 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 importan{ source of groundwater, (Secttou T ).
Eastward beyond the inferred limit of the bouldery/gravelly deposits the
drift ranges from silty or sandy clay to an argillaceous sand containing
a little gravel and few boulders and is probably relatively less often

an aquifer.

Red Clay T U
St1ff,wlake-dep051ted briek red or gray¥sh clay overlies the drift
and is more orhgééé_grada;jggg}_g{thwjgi Along the foot of the Duluth z

— e .

escarpment and beneath Superior south of a 1ine between Oliver and Itasca ff%ég'ﬁ)
almost the entire succession above the drift is clay containing scattered
pebbles and cobbles and small quantities of silt or fine sand. Both |
il1ite and montmorillonite have been identified*%n the clays and considerable
calcareous and other rock-flour is also present - the ground up debris of

a1l the rock types disturbed during glacial times. South of Superior clays
are well developed to elevations of at least 900 feet (Figure“§3‘but very
Jittle clay is found above an e]egation of 700 feet along the Duluth
escarpment. As shown in Figure ﬁ’both a Jower red clay (I) and an upper

" 'X-m\.t Q_,un,(l.{ 51¢ of-.- | sqmp\f; fdf-aux_'“u- At 16 [ive stulﬁ& ’oifu_wl )
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red clay (II) unit are present. 1In the present state of knowledge there

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

to the south of Superior where the clays are thickest.

Loamy Brown Sand and Gravel

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

1imit Tine between Oliver and Itasca (Plate 3 ) the lower red clay (I) is

-over?ain‘by brown, pporly 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
cgpfgjH§M59§r§gﬁ§gqqm§qd/qr gravel (Loca]ities 50, 51, 56, 57 ). Cross
beddiné is common on a variety of scales with the lamination inclined toward
the north shore depression or the Lake. Considerable interlayering of

coarser and finer material takes b]ace‘ét the very top of the unif*hnd a

silty layer separates its top from the overlying red clay in Localities
56, 57 . Grain size determinations mmmw&w
for sands f‘romm are given in %MT g

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,
107, ). The top of the unit occurs at fower elevations under the easterly
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 axis of the north shore depression JREOESAME> The

gravelly material near 0liver is apparently about 10-15 feet thick, but has ;o
not been drilled sufficiently to establish its true thickness range or (2'

' — — TR
extent, Othec saud and Gravel recownee s o discusced v Q'PPMV"‘ = » )”{,'
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(" (2.54) Red Clay 11

Pantalt

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

thick red clay layer. This clay is typica}ly 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 dq1omite 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 conmon
along the eastern, southern and southwestern margins of the Superior area.
They repyesent coarser materials winnowed from the clay during the fall in
lake Tevel 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 was
the tate Precambrian sand-shaje'éequence (Bayfield and Oronto Group sediments)
ﬁf the Superior basin and rock flour resulting from abrasion of particles
during ice transport, Prominent déve]opment‘of clays to an elevation of about
700 feet on the Duluth escarpment may indicate flooding of the plain to at

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

lake.
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(2.t) Lake Levels

Although much remains to be learned about the histdry 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

. (Locatiiies 1,2,3)
Lake Duluth at an elevation of about ]070-]080hmarks the most persistent water
level recorded in the western end of the Lake Superior basin, although higher
Tevels, 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-15H. 5
Prominent deposits of sand and gravel occur at many places along this contou&yﬂ%qv&
This beach is particu]af}y 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 Minnesota (Bray, 1962; Wright, 1969), As ice retreat
permitted drainage through lower elevation outlets farther east the Brule river
becaﬁe separated from the St. Croix by a divide at an elevation of about 1022 feet
in the vicinity of Solon Springs in Douglas County. wheﬁ 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 formepr
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 considerafions in the Lake Superior
basin Farrand believes there to be subsequent beach deve1op;ents at about 860,
710, 650, 450 (Lake Minong, the first full lake in the Superior basin 9200 B.P.),
375 (lLake Houghton, the lowest lake stage 8500 B.P.), 610 (Lake 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'DUIch although they may be discernable. It seems probable on the basis
of the stratigraphy of the Quaternary sediments in the Superior area that prior
to the Minonémand Houghton low water stages there was a final period of high -
water which was responsible for red clay II, the surface clgy of the Superior
area.l §ince 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 dehosits - 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 Lake Superior at an
elevation of 600 feet. Since 1957 the level of the lake has varied only about

/ - L]
a foot from this direction. Water levels are lowest in March or April and

e




highest in August. Winds blowing consistentIY‘from a2 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 week., Changes in atmospheric pressure accompanying the passage

of weather fronts over the Lake sometimes generate sieches, which are rapid,

‘general rises in lake level.

28
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original configuration of the lake floor (Piate,4fi 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 identified on P1ate:§{

Low water Take stages following clay deposition allowed deep incision
Jf the major drainages into thé%gia;ﬁgurféce and the deve}opment of an -
asymmetrically dendritic tributary drainag%‘pattern. Many partially drained
depfessions remain to be fully integrated iﬁto the through going drainage
systeni. 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 requlate run off and proVides,yearmround
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 fn 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
spring floods.

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 $t. Louis valley to become aggraded with sandy

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




~

30

creating bluffs along St. Louis Bay and A11ouéi Bay. The wave eroded shore
p1atform 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

frém Sample Locality 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 large 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
5Ex 6 x 7 feet, Appendix D lists measurements of others recovered in 1968.
Boulders recovered during dredging operations in the Superior Front Channel are
disposed of in the 21st Street S1ip along the west side of Rices Point.

The 1ithology, size, and number of thesg 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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(3,2)Harbor Stratigraphy
Stratigraphic sequences in Superior Bay and barrier spit stratigraphy
!
is shown {respectively) in quures?*”f Examination of these sequences in

MF\ P§
conijunction with Plate %;will give an understanding of the subsurface geology

of'the harbor area. From P1ate'5 it can be.seen that the uppermost red clay (II)“h
dips smoothly below water level in the vicinity of Howards Bay and is found

beneath harbor sands on Connors Point and fﬁe outer end of Rices Point (Figur‘eQ ).

Red CIay 11 is eroded, under Superior Bay form1ngf%ééﬁﬁﬁgrshore platform beneath
the harbor::ainnesota and Wisconsin Points, from opposite the Gate eastward 44asy
beyond Allouez Bay. From Platel 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
] o @OMAJLﬁféuAu.3;*ﬁ*~tv g
~ glactal drift next above bedrock (Holes L& The top of the loamy 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 IT s thin (10-20 feet},
but is relatively steeply inclined into the nprth shore depression, hence is
preserved under Connors and Rices Points,
Incision of the St. Louis River drainage at the time of low lake stages
(Farrandg, (1969), Houghton Stage, e]evation 375 feet, 8500 B.P.) carried the
channel of the river beneath red clay II and eliminated it from beneath 5t.

: Eio 008 Wand £ aud Shpaies /,FA;wf::
Louis Bay (where it occurs on the crest of the bluffs} 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 T _
(oe mgi:aw.mf—e 7 [ Frepets

occurs at depth beneath St. Louis Bay under both Conngrs and Rices Points,

ind westward where Holes 87, 88, 89 encounter it at a depth of perhaps 150 feet

a}ohg 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 thesdppés sfivfere 4f red clay I has been eroded and

aﬁﬁVZHﬁZEﬁiy%is overlapped by several tens of feet of harbor sands which also o

extend farther shoreward along the inner side of the Duluth waterfront

Qred Sequrrrts], Fidanet. 5]
(Figure Fa). In West Duluth, as under Billings Park in Superior, the surface of
the clay plain is red c?iy I1, which is underlain by the brown Toamy to gravelly
mws-ubwwmgm i, S
sandy unity This unit is poorly developed along the northerly side of the Bay
although it can be 1dent1f1eq;§'1ayer of several feet of sandy to gravelly
16 +o I¥”

material beneath #5taA% feet of red clay (Holes 58, 59, 61, 62, 63, 64).

Along the southerly side of the Bay this unit forms the lower two th1rds of he
Cosvnsiauiases 7, Fpra &

banks, extending 15 to 20 feet above modern water level, Erosion of this unitp

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

action during smoothing of the Bay shores in Nippissing high water time (E]eyation

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

which now 1ie unconformably above it in the north shore depression. With

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

contact although such identification is theoretically possible 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

(Eugrve 7)
flowing down the Duluth escarpmen§ by erosion of the gravelly deposits of the



sandy unit in the vicinity of Oliver, and by ice rafting and, in the case of
thé Points, by along shore drift, mainly from the north shore. The Highiand
(Levexet) 929 osrd Wnghth (464
moraine,and related deposits along the crest of the Du]uth 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 t?ay plain has considerabie gravel in it and on it,
apparently as a very thin layer at the surface: Material from this thin
layer and derived from Bayfield Group sedimenta:;:iocks to the southwest
presently forms 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,
F1gure ‘0 and !} compare stream and bank deposit grain size with that of the
dredgé spoil banks which sample material from the harbor floor, Grain size
distribution,ai%%?éﬁgza'for these samples are given in Tables and .
Modern harbor sedimentation involves 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 subsequent ice rafting contributes to sedimentation throughout the

harbor. Blacle saud oild u ps alouq The Supevior e.m-g.‘ s, obWisecoumstn ot

\na\o\\‘ Mm.\\.\kt\ ok TW‘-S C’W“i\\/\ ‘oé\\&ﬂt Aeﬂm& “%ﬂsu; T, @-A-SC‘*“-—'&“T M-.r_\’c;lcs,
Hau&u&»«r e shnu‘.c& be ngTed Thdd small covce trXtous 'b woueve slothe Samde’
peeur eviryist (3 3) ‘Barrier Spftt§tratvgraphy

dﬁﬁ?ﬁ«n and

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 andhﬁéceds'at right angles to the

shore ~ resulting in movement of sand down drift. The spit constantly changes

Y
~ in response to wind, wave, and current activity and its stability isﬂdependent

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 @gps¥ drift or cause loss of sand to deep water

beyond normal seasonal wave depth, or otherwise deny sand to the dunes orposes
threatens the stability of the entire barrier. Quarrying of sand for constructionp
or well drawdown of the water table under the vegetation also threaten barrier
stability. Even under natural conditions the barrier is a fragile structure
subjeét to periodic disruption through blow-outs and wash-overs during unusually
severe climatic conditions and by long term 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 Q) began its development during the rise in Lake Tevel between the time

of the lowest lake stages (Farrandé Houghton Stages 8500 B.P.) and the time

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

rising waters déveloped a transgressive blanket of sands which aggraded the St.
Louis and other drainages and covered the uppermost red clay (II). Addit{onal
sandy material was added to the blanket during smoothing 6f the shores of St.
Louis Bay and development of the bluffs and shore platform between Central Park

and Dutchmans Creek during the Nippissing high water stage and by river and
stream runoff, {e? Mactia,iauS;Mevr 1] 1036, ol especial [n,; Loy 1453 Lo STl
V‘eug;gssy Point, the innermost of the barrier spits, developed during Nippissing
time at the inner limit of strong wave aetiOn 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 fhe 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 Hest Superior. Howards Bay was probably kept open originally through
stream drdinage 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 rpepresent 50-75 foot thick accumulations of sand
contafning a few percent gravel {c.f. Figure ¥ and Table ). Continuing .
rise Bf 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 permitted without full study of

the probable consequences.
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(4. The Harbor in its Natural State, 1861

As noted previcusly,
A The harbor consists of an outer lagoon, Superior-Allouez Bay, paralleling

the shore of Lake Superior and an inner estuarine 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 eariier set
of barrier spits, Rices Point and Connors Point separate the two lagoons
(c.f. Figure | ).

In historic time a single inlet from Lake Superior to Superior Bay allowed
discharge from tﬁe St. Louis and Nemadji Rivers into the lake. The natural
ih1ét; the Superior Entry, was about 2000 feet wide with an irregular deep

Coonmres T 05 Arung Covmps 3 Sasinetns
channel less than 500 feet wide (Plate ? f‘rom/\Meade-Heard‘ing Chart of 1861},
Average shoal depth in the channel was about 8 or 9 feet except during Spring
high water when if reached a maximum of about 14 or 15 feet and during north
east storms when it decreased to perhaps 3 or 4 feet (Ensign, 1898). The

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

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

Points, A sghoal 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. Louis 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 smoothed by sediment deposition. The natural shore line 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
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developed into the 2ist AVenue West Slip. Grassy Point bounds the westerly
end of St. Louis 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 (Kilchiis Meadow, for example). > égf
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 easte;ﬁgvijq$ of Clough Island to about a mile and a half
west‘bf Grassy Point (P1étE" ). Development of this channel probably took
p]acé during the Algoma low water stage 3200 years B.P. (Farrand, 1969},
preceded estuary development, and represents a shortening of the course of the
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 (I1). |
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. Louis extends from Clough Island for about 9 miles farther
upstream to the rapids at the Duluth escarpment above Fond du Lac 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. 1In water less than

10 feet deep sand was the natural surficial bottom material along the margins

-7

i

Tornr e
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 deep muds (511t and clay} accumulated on the bottom surface as
they did in the protected waters of Allouez Bay, Spirit Lake, and the various
tributary bays. Close to shore the muds give way to organic rich sediments,
A number of islands consxst1ng of a “boggy formation" supporting a growth
(eb Stews « V-Tag lse e {Fapee T )
of bushes and small treesﬁwere found in the northerly portion of Superior Ba%,

\
following the development of the Duluth Ship Canal in 1870. These were gradually
detached from their substratum by current action and ice drift. The last

g & Y‘r\a*r[;nu‘ 2vnAsulo.
floated out into the Lake in 1885 (Darling, 1898). Similar islandsAin Allouez
Bay are presently being gradually destroyed by the slowly rising Take waters

i
(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
avd vt oveattovnal activihes

in 1892-96 and modern development workp 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

(‘S‘f—ﬁ'uav-?'-—-_ra'—f\offﬂ A

extending a considerable distance outward from shorei 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 scme years there was an

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

would close this opening with grave1 This was known as The Little Portage "
\A)m{,au,c\ (1326 Fud waspmm o\L1 m{;rm‘x ua:te,{. ”J.ﬂ._ \cu_e w\,\kw
Siegr Do Lo wj:mtém ?a—'w. g,k)’h{.-k)- QM-‘ w‘t&rfimk qubrv‘:.
oA Quue 27 1 7%

qy



s

BERR AT PO BVt
(L{,Z) Hl{(‘oﬂ-l e_{- E‘T‘D&WiuPM'CWT

During 1823-25 Lake 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 settied 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
1igﬁthoué€;cgtilgitf red brick imported from Cleveland, Ohio, was erected
above this monument in 1855-58 and continuedrin use until 1878 {Aguar, 1971).
The remains of the tower are still visible today rising above the pine forest
north 6f‘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 lighthouse 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 sghoql along the natural channel of the St. Louis

River between the dock and the Entnyﬁ%ﬁﬁﬂ%ﬁ@%%?, although the channel of the

(Plate * ) for easy navigation to and

river remained tooc narrow usiREEgNg
beyond Connors Point and the use of tugs was required, especially by sailing

vessels.



Construction of the Lake Superior and Mississippt 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
west :‘:& of Rices Point after being worked through the Superior Entry and

up the channel across Superior Bay {Aguar, 1971, p. 85. 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
Raflroad and under federal control following imp]emen%ation of the River and

or muecs Spvuce STeetow

Harbor Act of March 3, 1871. A sheet pile dike was erected from ﬁ1ces 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
M(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 échﬁiz\?s:er economically popular after it was bu11t
Water pressures generated by4d1fférences 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 1ittle 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
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end of Superior bay, development of a channel along the northerly end of
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 Lac led to removal of
shoals from the upper St. Loufs River in the late 1880's and to aiteration of
some ¢f the meanders and marshy islands between Rices Point and Spirt Lake.

Such alterations haye 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-
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 West Superior with Rices Point.
Portions of this sand deposit havé been bo;rowed for highway construction purposes
in recent years, The St. Paul and Duluth Raiiroad (now part of the Soo Line)
buiit 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 Tst Avenue and the space between and behind was unfilled
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with sand to create docks and eliminate marshy ground. The extensive elevator,
coal dock, and ship yard system along St. Louis Bay - Howards Bay and

Connors Point was originally established between about 1885 and 18%5 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 shfp‘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 elimina@jon of a
marshy, sandy island to the east of the mouth of the Nemadji (c.f.’5f§22”? ).
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 (1966-67). Comparable modifications of the elevator
systems have also taken place. ~Changing 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 abandomnment or near abandon-
ment of some port facilities. A project (of the ‘teens and '20's) to develop
full §ca1e port facilities on Wisconsin Point, serviced by a belt 1ine 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
1ighthouse during 1876 (Rardon, n.d.) and remains a problem today. Any activities
which threaten vegetation on the Points tend to create éerious problems which
require expensive remedial measures to correct. A "double post and board fence

of a total length of 1216 feet filled in with:brush and stone to catch the sand"
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was built across a low, narrow part of Minnesota Point known é; "The Openingﬂ
Gilostealesin e il 1925
about a mile and a half to two miles north of the Entry, to prevent the lake
from cutting through into the bay during storms (Corps of Engineers, 1892,
provto c‘vul?malﬂ!‘hat_ TotoTw Sl Carual
pp. 299, and 2137). As early as August 31, 1867,it was proposed to cut
through the Point in this vicinity to form a second entry to Superior Bay.
‘The width of the Point was stated to be only about 200 feet from Lake shore to

Fine ]
The recurved natural end of Wisconsin Point (c¢c.f. Plate } was partially

bay shore here (Ensign,1898).

removed in 1892-1896 to open up the Allouez Bay Channel. Spoil from this -

dredging was deposited on the western side of the Nemadji River extending as

far as present Hog Island, Spoil was also deposited on the shoreward side of

the Northern Pacific Railroad trestle which had been built in 1881 a few hundred

feet offshore of the clay bluffs below East End, extending eastward to Itasca

and westward to Connors Point. Hog Island is a product of relocation of sandy

spoil at the time the (now abandoned) Great Northern ore dock was built to

handle manganiferous iron ore from the Cuyuna Range during the First World War.

. Barkers Island and additions to the fill behind the railroad trestly are the

product of the development and improvement 6f the Superior Front Channel, which

replaced the natural channel across Superior Bay at the turn of the century.

The natural channel has been gradually in filled, although it is still discernable

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

ments in the Superior and the Duluth portions of the harbor were consolidated

by the river and harbor act of June 3, 1896 (Corps of Engineers, 1832, pp. 13-14).
New piers of concrete on stone filled cribs founded on piles were completed

in the Duluth Ship Canal in 1901 and the Superior Entry was widened to 500 feet

and all-concrete piers completed in 1909, The Duluth Harbor Basin was originally

completed in 1915 and the Superior Harbor Basin in 1919-20. Dredgings from the



Superior Harbor Basin have been added to the ends of both Minnesota and
Wisconsin Points. Hearding Istand, éatka Beacﬁ*ﬁnd other additions to the
qortherIy end of Minnesota Point reflect improvements of the Duluth Harbor
Basin ﬁnd other elements of the dredged basin system in northerly Superior
Bay from the early 1930's onward. Dredge 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 fi1l during port development and excess sandy material was disposed
of in Lake Superior off the Superior Entry and elsewhere, -
In recent years the harbor sand% have been exploited for constructfon
materials (Borrow areas indicated onﬂall 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 incised St. Louis
drainage makes more sand available in the Minnesota portion of the Bay and
Hroustrr()
throughout St. Louis Bay. ;iind1scr1m1nant 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 in the Bays are indicated by the need for rip rap along most of the
Superior Bay shore, the Wisconsin Point side of Allouez Eéy, and lbca1 areas of
private or commercial rip rap in St. Louis 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 Wisconsin where the easily eroded sands beneath Red Clay II are

Long™ LouX
exposed to,wave attack.

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

will also have serious effects both in the St. Louis estuary and a?ong the
b s coutmued for (oing Pewocﬁ‘»
exposed clay banks east of Wisconsin Po1nt along Lake Superiora
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Larson (1949) has reviewed the history of the timber industry in the
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 Larson {pp. 247-264) Tumbermen
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. Louis drainage, and to a lesser extent the
northerly half of Superior Bay.

Five to 15 feet or more of sawdust and Tumber 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
sTashings accumulated ciose to the former shore line both above and below water
Jevel and in places the terrain is still spoken of as "organic" half a century
after the end of production. Mill wastes are offen 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 Highway 35 in the vicinity of the 2ist Avenue West Siip.
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
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northeasterly winds, to become an important constituent of organic accumulations
in the bays along the sbuther%y 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,
1imestone, 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

-t

industries. Holes 71 and 81 report (respectively)} fly ash and general lumber

and steel mill wastes. Slag was dumped in Spirit Lake & a tzmew

wnol™
ooe it couldﬁbe utilized for cement manufacture

and construction fi11, as it was more recently., Winter (1971) has reviewed
water quality and trophic conditions of Lake Superior (Wisconsin Waters)
including portions of the harbor. Cunmmech™ u.ul\—o-mﬁ..a.lmsiu Bade "l\u._.
. ’ ! -
Wb"\‘w.l }) Lo"[;\‘aw s.ﬁ-lu.u.eg&& shwm \m.. S&A.sc}\ir ﬁ\--a\u. \_Lm.,
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Section §
SURFICIAL ARD FOUNDATION GEOLOGY

(5.1) General Conditions

Tﬁe surficial geology of the Superior area is outlined on P'lateéf’ which
ﬂlustrafes the widespread distribution of wetlands on the low relief clay
uplaﬁd 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 'sti'ppl.ed for -
easy reference.
A zone of rapid shoreline erosion eastward from sample localities 26 and %\r}
27 (35 and 36-49N-13W) should also be noted. In this area the upland is a \)3}'1 o
wia i inelodes, ﬁw' 4
gently undulating clay surface with sparse to dense cover,#f/hazel, aspen, ;v“'ﬁ

S 7. 9

birch, dogwood, willow, currant, spruce, pine, white cedar and locally map'!ej, r””ﬁl
The clay bluff averages perhaps 40 feet in height above a narrow (0-25 foot) ,.—\‘93;4‘,\?"’
Y
£%

sandy to locally bouldery beach which slopes gently toward offshore shallows,
M -cwm

@vered—m-t:] turbid water,gﬁhaﬁ:g—t»-a—mmm%urmg calm per1ods>extends

several hundred feet offshore"’ and during and after pro]onged periods of

severe weather may extend thousands of yards offshore. The high mobility of
the clays when wet and the ex1stence of several sets of high angle joints

fa, Ahay ot "—'H’“"

contribute to the rapid collapse of the banks,{[_nder Wattackjoften
X558k Careful

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

overridmg- the sandy beach completely, x&d

to be minimized,

(§:2) Wetlands

Wetlands occur most extensively on the non urbanized portions of the
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red clay upland surface. Three wetlands occupy shallow 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

decomposition. A general review of the characteristics of Wisconsin wetland .

o o ¢ ) T uTue plailm wilhd

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

Superior is in the order of 5 to 10 feetg;%pdl§o1e 130 is the only bore

encountering more than a foot or two of such ﬁgcumulations. These wetlands
alTheusly crprpuvewedt sbdvvage maybe vizceccory «

pose no special construction problems, Wetland areas are usually covered

with a second growth woods of poplar and a dense undergrowth of wii}ows,

a1deﬁs 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 bdrning'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 localities south of Howards
Bay. Another wet section between Water and Second Streetsi&bounded by Hughitt
and Baxter Avenues wasﬂﬁ&teé}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 Hammond 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
» G.:w.a..s.-})\g{\\am cdae ok ek 'ozj \lq\fl‘&‘h{.[!le Fﬁe:\*\,\ (PlaXey)
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was the native surface material. Immunerable other areas such as portions of

e:t the University of Wisconsin-Superior campus along the former Tine of Grand
Or diTenes,

Avenue have been filled, leveled and natural waters diverted into drainsa

(5.3) Lake Marshes

Marshy areas at Lake level are developed locally throughout the Superior
region especially along the southern and eastern margins of Allouez Bay.
These 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

o B P

within_the natura] 1evee system especia11y near the mouth Reg1ona1 subsidence \\]
|
!

e —_ P

//ggcumented for the last century {Moore, 1948) is f]ooding sites close to the

€i“ 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 filood prone area by the

U. S. Army Corps of Engineers (c.f. Plate!40“ Flooding is frequent during the’//j

Spring breakup when extensive ice jams develop after severe w1nters. .

et T

(5, ) Slope Stability

awd beavy et shpple paliewr
A heavy dashed 1inehout?ines areas subject to slope stability problems

(Plate 5 ). 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 plastic flow of c]ays; by slippage along pre-existing high

angle joints, and by development of rotational shear surfaces as the bank



becomes oversteepened or overloaded. Failure along preexistin% jjjn}s‘ 559 most

common in areas of active erosion of the toe of the sIopetguchAas-exists

along the St. Louis Bay and River shores where the Nemadj{:meanders against the

valley walls of its flood plain, and along Lake Superiorngh%—eaﬂﬂotnbe-dis=—“
Slope iNSTab /il pay ulso beo problem

:l.eueaﬂon level areas.such as the Burlington Northern taconite storage
()36 At asrd yotalioual sh.?:

facil§£ydwhereﬁfailure occurred under excessive surface loading.

Several prominent s1ip 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 Lake Superior
between the Point and the village of Port Wing. Because of the regional
subsidence at a rate of about T-foot/century (Moore, 1948) which tilts the lake
against this shcre}no ultimate solution to this problem is possib?e,égzz;;;gp
interim measures such as gr@ins 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.

(5.5) 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
(B]atnik) 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

&6
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clay can readily be estimated from data on Plate 2. 1In the Connors Point

vicinity TDnger piles are bottomed in the hard brown sandy beds beneath the
sewntes Sibyer 8 F.o,wc_S)

red clay. Qhese sands are missing from the stratagraphic sequence beneath ][:nf:z
—— (a5 mSeprenceF Figune § ,

the waterfront to the east of the Nemadji Riveqnand are also m1ssing south

of the "inferred 1imit" 1ine shown on Plate 3 . No important thickness of -

sands have been encountered beneath the surficial clay of the plain in 3;4¢va"

/

Sar

West Duluth although up to about 20 feet of sand beneath perhaps 10-15 feet w

(53)5qh5{ ézibv:v"') a‘.zd\"‘ /)F""
of clay is present in some wells, the remainder of the section being clay o
(o‘sr'mSa‘ seuvee HrFigae. 5 ) \ £

lying above glacial drift. Two horizons of drift separated by clay are ofJ}ﬂ

reported in Well 59, with the highest horizon about 10 feet thick, lying &

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. Louis and Superior Bays are

founded on harbor S%Zg?'xglcgegﬁngqgﬁlﬁﬁgzﬁglze red clay at depths up to

several tens of feetd, It seems probable that the red clay present here is

red clay I - as is inferred from the dashed contour on Plate 3 . The

engineering properties of this clay are similar to those of red clay II.

Strat'lgrapmc relationships from the base of iﬁg{;gwfefiiﬂa%d’ t{o?ﬁi_ bas) '}Lf

of Minnescta Point are summar1zed in Figure SA In this area the youngest E;

red clay has been removed and complex interrelationships exist between c]ay, Aw*wfwj

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

argiltaceous sands and gravels and sometimes boulders, Iying directly on gabbro

bedrock in West Duluth or on basalts from the base of Minnesota Point eastward.

Hells 65, 66, and 211 are representative, a]thoqgh a greater th1cknessﬁzand and

Sequurce () Fgures
gravel may: be encountered locally, Because of the high fine material content
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these sand-gravel accumulations do pot normally conduct troublesome amounts
L THaT aonals M({wd

of water, /' Little if any water)is transmitted by red clay II or red clay I
and no true water table exists in areas underlain entiré1y by red clay and
drift. Small amounts of water may be encountered in the loamy sand-gravel
unit beneath red_c1ay II, although this layer is sufficiently impermeable
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 "gquick sand® and should be entered cautiously.

(& t) Engineering Properties of Clays I and II .-

ﬂ'EnIt_‘;i'nea'-zrw‘ng 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 Bur?ington Northern Taconite Storage Facility in
A110uez, the Murphy 0i1 Company refinery and the vicinity of Howards Bay.
Because of the visual sigilg:j}y of the clays throughout the area and theirrmﬁ .
common origin it is probable that the range of properties (1) shown in f/</1; LK,/ |
Table ] and the representative values {2) of these properties are of the{
corréct order of’magnitude, However, even within short distances, the//;
stiffness of the cTayé ﬁay vary considerably within this range and specific

tests are required for particular engineering purposes.

(13}7} Clay Products

The major source of brick and tile clay products during the development

of modern Superior was the Nemadji Brick and Tile Company dpened in 1882 at

aelygened 1

the foot of 13th Street and the Nemadji River and later moved to the foot of
17th Street and the River {Localities 17 and 18). A smal) brickyard was operated

along Tower Bay S1ip early in the history of West Superior. The West Superior
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TABLE /
Engineering Properties of Clays I and II
Dry Wet Average Liguid Plasticity Internal | Cohesion Unconfined
Density 4 Density 3 Water Limit Index Friction 2 Compression,
{1bs./ft. 1bs./ft. Content (%) (2)- (%) Angle (°)1 {1bs./ft.%)| Strength
: | (1bs.7%n.2)
(1) 53-101 113-125 24-77 51-~85 27-39 10-20 250 "~ 500-6500
(2) 75 120 40 65 35 15 250 2750

i <l

Le



Brick Company (Locality 9) operated in the vicinity of the West Superior Iron
and Steel Company plant (Locality 10) starting about 1888 and the Seager and
Guinniss Brick Company (Locality 12) oﬁggigéé~on-native ctays 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 c1a§ sample "from the City of Superior" was tested by Ries (1906,

p. 167-168) who notes the sample showed & tendency to crack badly in air drying,
and that the presence of many scattered lime "pebbleg” 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 take CTay§.for'suitabi?ity as iron ore pellet binders in taconite
processing (Miska, 1969). Results were negative on the samples taken but a
previous study (R.I. 7206) indicated satisfactory results from some Minnesota

clays, indicating the desirability for additional examination of Wisconsin clays.

Sectisn €
WASTE DISPOSAL SITES™ PoTEmTIAL

(¢.1) Solid Waste Disposal

Solid waste disposal sites in Superior used during the last half century

eQ



are shown on Plate Y . The geology of sites -7 is nearly identical - a
native red clay suﬁstratum overTain by a foot orlis of peaty materials, The
thickness of the clay substratum is at Teast 20 feet in the northerly sites
and probably exceeds 50 feet in the southerly sites, the poor permeability

of the clay tends to prevent downward passage of lechates and favors entrance

£ -

to surface runoff waters. « &Jaliasd o ol ‘7/ At

The sanitary land fill on the base of Wisconsin Point is on a sand
substratum which is gradually 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)._cfeating an artificial mound which is scheduled to become a recreational

site in the future, The continued regional subsidence {s gradually altering

1and-water relationships on the Point, probably necessitatinéjhrotective

__,__—--———~——-_._‘_<

structures to prevent wave erosion of the Tand fill (?th1n a few years) unless
‘—'_'_-—..

et e

present trends are reversed. Artificial deepening of Lake Superior will also

., —
— - e e e

are required to prevent wave redistribution of solid wastes. Careful study

I e T

to determine the native, (”& rate of changes 1n~the—geometry of the Point -
e

————

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 geologically

possible approach to new disposal sites, in conjunction with extraction of sand

4
and gravel would be to first mine the 10-15 foot thick gravelly beds beneath
5 to 15 feet of surficial red clays in the shaded area (Plate Y ) north of
Oliver, then use the excavation for disposal, covering the wastes with the

already mined clay., The low permeability of the deeper loamy sands and silts

&l

s
'

Lo 2L

accelerate erosion, shortening the time interval before protective structuresﬁbé ok
/ A A T S e A
)",#’
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here would minimize spreading of the lechates although permitting downward flow,
favoring the breakdown of the wastes. Water tables information is lacking in
this area although the zone 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 30540 foot relief above the 5t. Louis River of the present
surface.

Study by auger holes would be required to establish the water table configura-
tion,; to evaluate the sand-gravel potential and the character, porosity, permeability
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-154 indicated its usefulness for highway sub base and gave grade sizes as

indicated below in Table 2.

TABLE 2,
Sieve _ Percent
No. _Passing
4 100
10 83
40 40“
60 21
100 10
200 4 .

Sandy layers intercolated with gravel layers sémp?ed in localities 56 and 57 have
.]Q'p’gwei& 4
been noted in Tables , but the gravel content has not been evaluated owing to the

very limited exposures presently available.

Proper restoration practices would be required to insure return to the area to
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Jater use as a very attractive residential, recreational, or commercial location.

(é‘,?.') Liquid Waste Disposal

During the past quarter of a century the practice of injecting liquid
industrial waétes 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 benéath 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 v
portion of these rocks is locally an aquifer in conjunction with the overlying ;
glacial drift. Contamination of this aguifer by vertical movement qf;f1uids
along high angle fractures such as those mapped in the Fond du La;?;t;; 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 1imit" 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

S Ling Lt pn The
these beds along the;western margin of the city. Inquiry as to meore specific

conditions can be made of the Wisconsin Ge01og{i;q;gﬁizﬁ;uﬁzgresentative 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 largé a drain field is installed in it.

It is possible that 1imited 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. Louis Rivers,

as well as providing household water Jocally along the St. Louis and any program

of waste injection would require careful study before implementation,




&Y

(T* Septic systems should not be used for disposa] of high volumes of wastes
B “on either Minnesota or Wisconsin Point since the sands here are readily
permeable and in full connection with the waters of both the Take and the

bays to the west of them,
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gecT(dM 7
WATER SUPPLY

[7,1) Surface Water

*

Early residents of East End, Central Park and Connors Point first
obtained water directly from Superior Bay'éﬁa;1ater obtained it from wells
drilled 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 S1ip, and in 1886 a new
pump station was constructed at the foot of Winter Street and Hill Avenue
fo 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 Light and Fuel Company, and the Supefior 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
East First Street in 1891 and water was pumped from Lake Superior 2000 feet
off Minnesota Point. Cloudy water from this source caused development of a
well field in an area about 1500 x 200 feet ;ZZE%;ZE 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 enough iron derived from'the black
sands present to cause discoloration and slime deposits andzgziia;e filtered

and aerated to remove this nuisance.
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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 bf the
system is about 18.5 million ga11%ﬁper 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 ..
the lake bottom off of the Twin Ports which will not suffer periodic influxes
pfﬁcloudy water owing to the Targe 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

vaters containing §undny man-related wastes from both the Duluth Ship Canal
and the Superior Entry. The suspended materials form a turbid cloud in the
water which aftér severe weather conditions may be visible at the surface and
at other times settles gradually toward the bottom, but which is seidom
completely 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.



TABLE

67

Chemical Analyses of Superior Public Water Supply

Alkalinity
Total (CaCO3)
Calctum (Ca)
Chlorides (C1)
Fluorides (F)
Hardness (Total)
Iron (Fe)
Magnesium (Mg)
Manganese (Mn)
Nitrites (N)
Nitrates (N)
Sodium (Na)
Sulfates (504)
Total Solids
PH (Su) Lab

pH {Su) Field
HZS

Well Field Lake (Cloquet Pipeline)

50 40

17 13
4 1

0.1 0.05 -
54 44

0.89 0.16
2 3

0.06 0.04

<0.003 0.021

<0.5 0.24
2 1
3 4

60 62

7.5 7.3

7.0 7.3



(7 Z) Ground Water

Six ground water aquifers, exclusive of the Minnesota-Wisconsin Point
sands are illustrated on Figure!Z 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 1 ),
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 confirms 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.

é]acia? drift overlies bedrock throughout the Superior area. The lower
portigns of the drift generally contain sand/gravel deposits within the
"inferred 1imit" line of Plate J . These deposits are excellent 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 supplies water to home owners within the
city limits in 29-49N-14W and adjacent areas (Wells 87, 88, 89 and vicinity),

in South Superior (Well 165) and to most other home owners, farms, and businesses

&¥




| Figue 2 .
C Schematic Representative Geologic Cross Section
Superior, Wisconsin, Identifying Six Aquifer Types
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outside of the city limits. Owing to fhe rise of the bedyock and drift to
higher elevations south of Superior this aquifer system is artesian in
character {c.f. descriptions in Weidman and Schultz, 1915, pp. 316-317.),
”a1thodgh 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 Il are present at
shallow depth northward of the "inferred 1imit"™ 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 8% and 187, limited production has been obtained
frbm this source, and it is probable that such production might be realized
north of the "inferred 1imit" line (P]ate&) in the vicinity of the St. Louis
River and the various bays along its southerly shore where seasonal springs
caused by interception of downward moving water by thin c¢lay horizons are
known in a few Tocalities. There is good potential for dug wells in this
area and one such Qe]1 presently (1973) supplies domestic water in the
vicinity of well 87. Provision should be made for adequate storage capacity
to handle anticipated géeds 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

70
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of organic matter in them may reduce water quality. Water produced from
alluvium is apt to be of generally higher quality than that produced
directly ffom 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 sha]lowq% e
alluvial aquifers makes this water preferred to that from the deep artesian?
aquifer for agricultural uses. No production from the shallow aquifers is

presently known, probably because of the steepness of river banks and lack

of fhod plain in the St. Louis estuary and the probiems of flooding, coupled

with high, unstable banks along the Nemadji. t
o
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APPENDIX B A

Devwatiouw of Lozal Ploce (awes

“Geographit names are derived from Chippewa words, or commemorate
historic figures great and small. Nemadji-Chippewa, meaning left hand;
Pokegama-Chippewa-meaning bay or lake at one side of a river; St. Louis-
French for Louis 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 Jocal names are identified by Flower {1890, p. 192-196).

The name Itasca was coined in 1832 by W, T. Boutwell and H. R.
Schoolcraft who believed Itasca Lake, 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 thé Dutch Vorbeck brothers who
fished and farmed there in the late 19th Century (Bardon, n.d.).

The name Superior (Lac Superieur) was given to the Lake by the French
1ﬁ 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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Locatity

1.

2.

10.
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APPENDIX B

Notable lLocalities

Description

Lake Duluth sea cliff, head of 9th Ave. West,
tawson (1899, p. 219).

Lake Duluth beach, between 6 and 8th Ave. West at

elevation 1077, Lawson (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 (1839, p. 220).

First lighthouse (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 fire wood.

Upper Town Dock (19th Century).
Conan's Dock {19th and early 20th Century).

Approximate site of Fort St. Louis stockade and for
trading post - late 18th 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 shallow depth line,

West Superior Iron and Steel Company founded 1888 and
continued in intermittent operation into early 20th
Century (1916). Produced cast jron pipes and plates for
whaleback lake steamers built in Superior in this era.
Coking ovens to supply the steel company and for shipment
to Montana for use in copper smelting were established
(1888) at the western end of dock facilities north of
this locaiity.



15,
16.
17.

Description

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
east of Nemadji 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.
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APPENDIX C
Well Records

Wells indicated as "Test hole" were drilled to obtain specific
information about the stratigraphy and engineering properties of the
rocks penetrated; wells indicated as "Hater well" were drilled to
obtain water and logged by the driller for that purpose.

Thickness Depth
(Feet) (Feet)

3: Test hole

Gravel, loamy and clay 5 0

Clay 17 5

Basement (basalt) - 22
2: Test hole

Water 20 0

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



10:

1:

Test hole

Water ‘

Sand, fine, with peat
Sand, fine

Test hole

sand and gravel, loamy with wood
Loam, silty, clayey

Clay, loamy .

Bed rock

Test hole

Sand, fine

Loam, sandy clay

Sand with cinders 5
Wood chips

Sand with cinders
Sand, fine

Gravel

Clay

Gabbro

Test hole

Fi1l: c¢lay, brick, cinders

Fitl: coal and wood

Wood

Peat and muck

sand, brown, coarse, with gravel and
few wood chips

Sand, brown, fine with lenses of heavy
sand and traces of wood below 55 ft.

Sand, brown, very fine loamy with small
amount of o.m.
Clay, brown rather stiff to medium

Test hole

Water

Mud and sand

Sand, coarse, and gravel

Test hole

Water

Sand and mud

Sand and gravel with small boulders
below 40 ft,

Thickness
(Feet)

15
10
26

wad
1 oMo

14
34

Depth
(Feet)

15
25
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12y

13:

14;

15:

16:

17+

Test hole
Water
Sand and gravel

Test hole

Water

Silt, with wood fragments
Sand, well sorted

Test hole
Water
Sand, well sorted

Test hole

Fill: Silty sand, cinders, a little
gravel wood, brick

Peat, a 1ittle 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

Clay, red brown, soft

Clay, gray brown, with a 1ittle gravel

Clay, red brown, with a few sand lenses,
soft

Clay, red brown, soft _

Sand, brown, silty, with a 1ittle gravel
and a few boulders, very dense -

Silt, brown, very dense

Sand, gray brown, clayey with some gravel
and boulders, very stiff

Test hole

Fi11: 1loamy sand and gravel, cinders,
wood

Peat

Sand and gravel with sandy loam

Sand, fine
Sand, loamy
Clay, soft

Test hole

Loam, sandy and gravel
Sand and gravel

Sand, fine

Clay, soft

Gabbro

Thicknesé
(Feet)

22
3]

12

40
13

14
10

10

Depth
(Feet)

109

g0



18:

19:

2a:

21:

22:

Thickness Depth
(Feet) (Feet)

Test hole
Fii1 5 0
Sand, loamy, peaty, soft 9 5
Sand, with o.m,, soft 5 14
Sand 19 19

27 38
Test hole
Sand, black, loamy, soft 9 0
Clay, very soft 5 9
Sand, loamy ] 14
Clay 9 15
Sand, fine ' 13 25
Clay : 23 38
Clay, silty 14 61
Sand, fine with some gravel, hard 36 75
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
Sand, silty 50 30
Gabbro : - 80
Test hole
Peat, sand, and gravel P4 0
Clay, soft 18 2
Clay 12 20
Sand, fine, loamy, hard : 9 32
Sand, loamy, hard N 10 41
Gabbro 10 51
Test hole :
Finl 2 0
Silt, loamy 16 2
Loam, silty, very soft 22 18
Clay 2 40
Siit, loamy 2 42
Clay, soft 38 44
Clay, silty 4 82
Ti1l, loamy, hard 5 - 86
Sand and gravel, loamy 19 91
Gabbro 4 110

-t
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23:

24

25:

262

27:

Test hole

Sand, loamy, gravel, and boulders
Peat

Clay loam, silty, and fine sand, soft
Loam, sand

Clay '

Sand and gravel, loamy, hard

Gabbro

Test hole

Sand and gravel _

Loam, silty, organic

Clay loam, silty, peaty

Peat

Clay

Sand, loamy, very fine, hard

Loam, silty, very firm

Clay

Clay loam, silty, firm

Loamy sand with boulders, hard

Test hole

Water

Muck

Sand, fine with seams of peat and clay
very soft '

Sand, fine, hard

Muck

Sand, fine, very firm

Sand, very fine, hard

Clay, firm

Test hole

Peat

Muck

Sand, loamy, very soft
Clay, silty, very soft
Clay

Loam, silty, very firm
Sand and gravel, hard
Gabbro

Test- hole .
Sand, gravel, and wood
Gabbro

Thickness
(Feet)

15
5
30

N

Depth
(Feet)

0
15
20
50
52
63
71

10
14
18
52
79
82
110
122

10

18
35
40
52
102

14

24
40

115
161

~NO

F2



29:

30:

31

32:

Test hole

Sand, clay, and gravel

Peat and loam

Sand and gravel

Loam, silty, very firm, hard
Sand, fine, loamy, hard

Ti11, fine sandy, loamy, hard
Boulders

Sand and gravel

Gabbro

Test hole

Sand

Sand, fine, loamy, hard

Loam, silty, firm to very firm
Clay and boulders

Sand, gravel and boulders
Sand, fine

Gabbro

Test hole

Peat

Clay, very soft, organic

Loam, silty, fine sand, very soft
Clay, organic, very soft

Sand, loamy, soft

Clay

Clay, hard

Test hole

Peat, muck, wood

Sand, fine, soft

Ciay, soft

Sand, fine, very firm to hard

Test hole

Clay, loam

Clay, silty

Sand, very fine to silty lToam
Boulders and clay

Gabbro

Thickness
(Feet)

el

et
WMWY

—

Depth
{Feet)

15
17
30
35

57
61

¥3



~

33:

34:

36:

37:

38:

39:

Test hole

Clay, with silt

Clay

Sand, fine, very firm
Loam, silty, very firm
Clay

Clay, silty

Loam, silty, firm

Sand, fine, loamy, hard
Gabbro

Test hole
Water
Muck
Loam
Sand

Test hole

Water

Muck

Sand, fine, loamy
Sand, fine

Sand, with some gravel
Sand, fine

Test hole

Fill1: silty sand and sand

Sand, brown, fine to medium, depse to
very dense, with varying gravel

Sand, brown, fine, with a 1ittle gravel,

very dense

Test hole
Sand, brown, medium, loamy

Test hole

Sand, brown, with 20% o.m, and silt

Peat and muck

Sand, brown, medium, dense with trace
of gravel

Test hole

Hater

Silt

Sand, well sorted

Thickness
(Feet)

SN N —

37
33

75

Y

Depth
(Feet)



40:

43

42:

43:

44:

45;

Test hole

Water

Silt and muck
Sand, brown, fine

Test hole
Water

Silt, inorganic
Sand, silty

Test hole
Water

Silt, sandy
Sand, silty

Test hole

Fill, cinders and wood

Sand, fine to medium

Sand, fine to coarse and fine to medium
gravel

Clay, brown, soft

Sand, brown, very fine, dense

Clay, brown, silty, soft

Sitt, brown, clayey, dense

Clay, brown, very silty

Sand, brown, very fine, dense

Test hole

Fill: cinders, wood and trash

Sand, fine to medium -

Sand, fine to coarse and fine to
medium gravel

Clay, red, soft to firm

Sand, brown, very fine, dense

$ilt, brown, clayey, very dense

Test hole

Fi1l; 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)

TS

Depth
(Feet)

121

12
20

53
77
119



46:

47

- 48:

49:

50:

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

Test hole
Water

Silt, peaty
Silt

Test hole
Water

Silt, peaty
Peat

Sand, silty

Test hole

Water

Muck . :

Clay 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

Test hole

Water

Muck

Loam, brown sandy, fine with sand
lenses

Loam, gray brown, silty, clayey

Clay, brown, very soft

Sand, brown, medium

Sand, brown, fine

Loam, brown, silty, with lenses
of fine sand !

Sand, brown, fine

Thickness
(Feet)

20
6

1
N

4)
42
61

8

-
Ly I LW~ W WD~

Depth
(Feet)

20

26
37

48

131
192

14
22

12
20

14
25

74

¥e



_51:

52:

53:

b4:

55:

Test hole

Water

Muck

Sand, brown, medium

€Clay, brown, soft

Sand, brown, medium, with a Tittle
fine gravel

Sandy loam, brown, very fine

Test hole

Fi11 and muck

Sand, brown, fine

Muck, brown, silty

Sand, brown, fine with wood at 15 ft.

Silt, brown and silty clay with some
wood

Sand, brown, very fine

Clay, red brown, rather soft

Test hole

Clay, soft

Sand, loamy, very fine-

Sand, fine, firm

Sand, very fine, loamy, hard

Clay, firm

Loam, silty clayey

toam, fine sand, very fine sand, hard
Sand, loamy, fine

Test hole

Clay, soft

Clay

Sand, loamy, very fine, hard
Clay

Loam, silty clay, firm

Loam, silty, hard

Test hole

Water '

Clay, gray brown, with trace of o.m.

Clay, brown, very soft

Sand, brown, medium, with a little
gravel and o.m.

Clay, brown, with trace of o.m.

Loam, brown, silty

Sand, brown, fine, with lenses of silty
loam and trace of decayed wood

Loam, brown, fine sandy with trace of o.m.

Thickness
(Feet)

10

Depth
(Feet)

19
24
38

47

oo

12

33
44

14
18
24
73
102
107
163

28
35
45
118
122

28
48
57
71
76

¥7



56:

57:

58:

59:

60:

61:

Test hole
Water

" Loam, dark brown, organic, very soft

Cilay, brown, very soft

Loam, brown, sandy, coarse with some
fine gravel

Sand, brown, medium

Loam, brown, silty

Test hole
Water

Mud and sand
Sand and mud

Test hole

Clay, soft

Sand, fine

Loam, silty

Clay to silty clay
Sand to fine sand

Test hole

Sand and gravel

Clay

Sand, fine, firm

Till, silty loam, soft

Ciay, soft

Clay

Loam, silty, clay

Loam, silty, clayey, firm to hard -

Test hole

Fill

Clay

Clay, firm

[oam, silty

Clay, soft

Clay

Clay, firm

Ciay, silty, firm
Loam, silty, clayey, hard
Ti11, silty, loamy

Test hole _
Clay, red brown, rather stiff
Sand, brown, fine grained

Silt, brown, with layers of clay and sand

Clay, red brown, very soft

Clay, brown, with layers of gray clay,

medium to rather stiff

Clay, brown, with layers of silt, stiff

Thickness
{Feet)

Depth
(Feet)

g%

L LN



62:

63:

64:

65:

66:

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 :

Test hole

Clay

Sand, fine, firm

Clay, very soft

£lay, soft

Clay

Clay, firm _
Ti11, silty, loamy, very firm, hard

Test hole

Clay

Loam, sandy

Sand and gravel, loamy

Clay, soft

Clay

Clay, silty

Ti1l, very fine silty loamy, hard

Test hole

Clay

Clay, silty

Ti11, fire sandy loamy, hard

- Sand, loamy, fine, hard

Gabbro

Test hole

Clay, sandy

Loam, very finely sandy, firm
Sand and grave}

Gabbro

Thickness
{Feet)

14
49

26

12

21
17
31
26
33

P e

Depth
(Feet)

0
12
10

24
28

77

N PO

89



_Thickness Depth

67:

68:

70:

71:

(Feet) (Feet)
Test hole
Fill 8 )]
Ash 4 8
Clay, loam, red brown, with a little 4 12
sand and gravel
Sand, brown, silty with traces of N 16
decayed wood ‘
Loam, brown, silty 13 27
Sand, brown, silty, very fine 7 40
Clay, red brown, medium stiff 44 47
Test hole
Fil1l:; brown sand and gravel 3 0
Loam, brown with lpoamy sand lenses 9 3 ’
and trace of wood _
Sand, brown, fine, with layers of 12 12
silty loam
Clay, red brown, soft 7 24
Test hole
Wood 6 0
Peat 3 6
Sand, brown, medium, loamy 8 9
Sand, brown, medium 10 17
Loam, brown, silty 4 27
Test hole .
Peat, with some wood below water level 14 0
Sand, brown, loamy, with wood chips 3 14
Loam, brown, silty with some o.m. 14 17
below 27'
Test hole
Fill 3 0
Sand, brown, loose 6 3
Sand, gray, loose, with o.m. 8 9
Sand, brown, fine, loose 8 17
Sand, brown, fine, silty, loose s 25
$ilt, gray, with trace of sand, loose 26 27
Silt, gray, with trace of clay 10 53
Clay, brown, silty, soft 39 63
Sand, brown, with trace of silt 11 102
Si1t and sand layers alternating, brown, 2 113

firm



72:.

74:

Test hole
Hater

Silt, inorganic
Sand, silty

Test hole

Wood

Sand, brown, medium with a few lenses
of loamy sand

Test hole
Peat above 5 ft. and wood below
Sand, brown, medium with trace of o.m,

Loam, brown, silty

Test hole

Hater

Peat, brown, fibrous, very soft

Silt, gray, sandy, very loose

Sand, gray, with trace of silt

Sand, gray, alternating layers with
silty, fine sand

Silt, gray, with some fine sand
seams

Clay, brown, very soft

Silt, gray, firm, with fine sandy
layers

Clay, brown, silty, stiff .

$ilt, brown, firm, with alternating
layers of silty fine sand

Sand, brown, with trace of siit, firm

Test hole

Water S
Muck, dark brown with peat and wood
Muck, brown, silty with wood

Sand, brown, medium

{oam, brown, silty with trace of o.m.
Sand, brown, well graded

f.oam, brown, silty with layers of silty

clay and wood

Sand, brown, fine loamy, with layers of

sand and trace of wood
Loam, brown, silty with lenses of fine
sandy loam

Thickness
(Fget)

-9
15
3

13
18

B

MO NS

38

27
16

13

Depth
(Feet)

113
119

128

14
33
39
48
57
70

93



77:

78:

79:

80;

81:

82:

83:

84:

85:

Test hole

Water

Sand, silty
Silt, inorganic

Test hole

Water

Silt, peaty

Peat, siity

Ciay

Silt

Sand, well sorted

Test hole
Hater
Sand and mud

Test hole
Water
Sand and mud

Test hole
Slag

Sand, brown, medium w/coal dust

Peat and decayed wood

Test hole
Water

Sand

Sand and mud

Test hole

Water '

Silt, sandy to peaty

Sand, well graded to silty

Test hole

Water

Peat _

Sand, well sorted to silty

Water well
Sand

Sand, dirty
Silt

Clay, red
Hard pan
Clay

. Hard pan

Sand, muddy
Sand

Thickness
(Feet)

Oy ON P

10
26
84
65
23
12
95
15

Depth
(Feet)

W o

MR oOYO [ RV N

Mo

10

120
185
208

220

315
330

G



86:

87:

“88:

89:

90;

Water well
Clay, red

Clay, blue

Hard pan red
Sandstone, soft
Sandstone, fine

Water well
Clay
Sand, dirty

Silt or quicksand

Clay, red
Clay, blue
Clay, red
Hard pan
Sand, muddy
Sandstone

Water well
Clay, red
Sand, dry
Silt

Clay, red
Hard pan
Sandstone

Water well
Clay, red

Sand, dry

Sand, quick
Clay, red

Hard pan
Sandstone, soft
Sandstone

Test hole

Clay, red brown with thin inclusions of
o.m, at 9 ft., rather stiff to stiff

Clay, brown, silty, stiff

Sand, brown, fine grained, very dense

Silt, light brown, with lenses of sand,

very dense

Thickness
(Feet)

160
140
105

375

3

Depth
(Feet)

160
300
405
410

12

158
200
260 A

330
344

17
32
116
295
314

18
35
125
254
270
280



Thickness, Depth

97:

92:

93:

94:

95:

(Feet) (Feet)

Test hole

Sand, brown, fine, silty, firm 7 0

Sand, brown, fine, firm 7 7

Sand, brown, silty, firm, with clay 10 14
seams

Silt and clay, firm 4 24

Sand, brown, fine, 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

Si1t, brown, sandy, dense 6 67

Sand, brown, fine, very dense 17 73

Test hole

Water 4 0

Muck, brown w1th a little peat 8 g

C1ay, brown, silty, soft 2 12

Sand, brown, medium 9 14

Loam, brown, silty with layers of 53 23
fine sandy Toam

Test hole

Overburden 627 1]

Sandstone 150 627

Test hole

Clay, red brown, stiff 6 0

Sand, light brown, fine, Toamy 5 6

Sand, Tight brown, fine 7 11

Clay loam, red brown, silty w1th 4 18
lenses of silty sand

Sand, 1ight brown, fine, loamy 6 22

Sand, light brown, fine loamy with 23 28
lenses of silty and sandy loam

Test hole

Clay, red, stiff 11 0

Sand, brown, fine, firm 3 1

Sand, brown, very fine with trace of 20 14
s11t f1rm

Sand, gray, silty, with thin seams of 2 34
red clay

Sand, brown, fine, with some silt 8 36

$ilt, brown, with trace of sand, firm 8 44

Sand, brown, fine, silty, firm 4 52

Sand, brown, fine, silty, dense 4 56

Sand, gray, fine, silty, dense 6 4



97:

98:

99:

100:

101:

102:

Test hole
Hater

Peat

Sand, silty
Silt, inorganic

Test hole

‘Water

Sil1t, inorganic
Sand, silty
Sand, well sorted

Test hole
Water

Silt, inorganic
Sand, silty

Test hole

Water

$ilt, organic

Silt, inorganic, with.cinders
Clay

Sand, silty

Test hole

Fi11: loam, brown with wood

Loam, silty, brown with wood and
sand lenses

Sand, brown, fine

Loam, brown, with fine sand and
lenses of silty loam

Test hole

Water

Loam, brown, silty with peat at
15-20

Sand, brown, medium to coarse with
some gravel and wood

Test hole

Muck, wood, and sand

Sand, fine to coarse, with gravel
Clay, red, soft

Sand, brown, very fine, dense
Silt, brown, clayey, dense

Thickness
(Feet)

7
2
15
2

2O

17
36
26
90

Depth
(Feet)

BO~NS

4qs



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
Sitt, brown, dense 129 5]
Clay, red, stiff 20 180
104: Test hole - .

Water 21 0
Silt, sandy ' ] 2]
Sand, silty 5 22

105: Test hole
Hater 26 0
Sand, silty » 3 26

106: Test hole
Hater 26 0
Silt, inorganic 3 26

107: Test hole
Fi11: fine to coarse sand 10 0
Muck, sand, decayed wood 13 10
Sand, fine to coarse, with fine gravel 30 23
Clay, red, soft 14 53
Silt, brown, dense 53 67

108: Test hole

Water . 13 0
Silt, peaty 3 13
Silt, with cinders 2 16
Clay, red, sandy 5 18
Sand, silty 6 23
109: Water well
Fill: cinders 3 0
Gravel, sandy 4 3
Clay, 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
Clay, red with fine sand 149 346
Clay, red, with find sand, hard 32 495
Gravel, very coarse, with small 16 527
boulders L
Clay, red 7 543

Rock - 550



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, with very fine 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
o.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, medium, loamy, very dense 6 42
ioam, brown, silty, with lenses and 42 48
layers of fine sandy Toam and
toamy sand
113: Test hole '
Clay, sand, and muck 21 0
Clay, red, stiff 21 21
Sand, brown, very fine, dense 42 42
Silt, brown, sandy, very dense 15 84
114: Test hole
Fill: broken concrete, cinders 4 0
Fill: brown fine sand 4 4
Clay, red, firm 29 8
Sand, brown, very fine, dense 61 37
Silt, brown, sandy, dense 53 98
115: Test hole
Water 15 0
Clay, red 1 15
Sand, well sorted 4 26

116: Test hole
Water ' 25 0
Sand, clayey ' 3 25



n7:

118:

19:

120:

12%1:

122:

123:

Test hole
Hater

Sand and mud
Sand

Sand and gravel
Clay

Test hole
Water
Clay, red

Test hole
Water
Silt, sandy
Clay, red

Test hole

Fill: trash dump

Clay, red, stiff

Sand, brown, very fine, dense
Silt, brown, sandy, dense

Test hole

Fill: cinders, clay, broken concrete
Clay, red, stiff

Sand, brown, very fine, dense

S$i1t, brown, clayey, dense

Sand, brown, very fine, silty, dense
Si1t, brown, dense

Water well

Clay, red and hard pan

Hard pan, sandy

Hard pan

Hard pan with large boulders
Brownstone

Water well

Clay, red

Silt, sandy

Clay, red

Silt

Clay, red

Silt, dirty, sandy

Hard pan and small rocks
Sandstone

Thickness
(Feet)

Depth
{Feet)

19
36
38

350

93



Thickness Depth .

(Feet) {Feet)
124: Test hole
Sand, red, fine to medium, very wore 4 0
Clay, red, stiff 26 4
125: Test hole
Fitl: lower 3 ft. wood 10 ' 0
Sand, brown, fine 25 10
Clay, red . 15 35
Loam, brown, silty, with lenses of 30 50
sandy loam
126: Test hole
Water _ 8 0
Sand and mud 1N 8
Sand 13 19
Sand and gravel 1 32
Clay _ 7 33
127: Test hole
Water 9 0
Sand and mud 22 9
Sand, gravel, and small boulders 3 31
Clay 6 34
128: Test hole
Clay, red, with trace of fine gravel 46 0
Silt, brown, with some fine sand 5 46
129: Test hole
Fi11: black silty sand and clay 4 0
Clay, red brown, with few laminations 16 4
of brown silt -
Silt, brown, with sand lenses, very 4 20
dense
Sand, brown, silty, very dense 4 24
Sand, brown, very fine 5 28
Sand, brown, very fine, very dense 28 33
130: Test hole _ _
Cinders and clay 3 0
Peat 6 3

Clay, red, water soaked 12 9



131:

132:

133:

134:

135:

136:

137:

138:

Test hole

Topsoil: lean clay with black and
dark brown color

Clay, red brown, stiff

Sand, brown, s11ty. very dense

Si1t, tan and light brown, with lenses

of clay, very dense

Test hole

Kater

Sand and mud

Gravel and boulders packed solid

Test hole

Water

Sand and gravel w1th one 12" and
one 2' x 18" x 3" boulder

Test hole

Water

Mud and fine sand

Gravel, fine

Grave], coarse and small boulders
Sand

Test hole
Water

Sand and mud
Sand and gravel
Gravel, coarse
Gravel

Test hole
Water

Sand and mud
Sand and gravel
Gravel, coarse

Hater well

Sand, coarse with a little fine gravel
Sand, medium with a little fine gravel
Sand, coarse, with a 1ittle fine gravel
Grave?, very fine and medium sand
Clay, red

Test hole
Water
Si1t, inorganic

- Thickness

(Feet)

Depth
(Feet)

39
44

16
30

{00



138:

140:

141:

142:

143:

144:

145:

Test hole
Water _
Sand and mud
Sand and gravel
Clay

Test hole
Water
Silt, sandy

Water well

Fill

Sand, dirty

Cl ay, red

Sand, dirty

Sand, clean, fine
Sand, clean

Sand, clean, coarse

Test hole

Sand and gravel, loose

Clay, red, soft .

Clay, red,stiff

Clay, red, medium

Clay, red, stiff, with trace of gravel
Clay, red, stiff with silt seams
Sand, brown, fine, dense

Test hole

Topsoil

Clay, red, stiff

Clay, red, medium

Silt, dense, brown

Sand, silt, clay, gravel mix, brown
very dense

Test hole
Topsoil, black
Clay, red, medium
Clay, red, stiff
Clay, red, medium

Water well
Clay, red
Hard pan and boulders
Sandstone

Thickness
(Feet)

150
110
15

Depth
(Feet)

36
36

260

jol



146:

147:

148:

149:

150:

151:

152:

Test hole
Clay, red brown, medium to stiff

Clay, red, with silt lenses, sand

layer 53-54, rather stiff clay
Sand, red brown, silty with a
1ittle gravel

Water well
Clay, red
Sand, dirty
Gravel

Test hole

Peat

Clay, red brown, soft to medium
Clay, red brown, stiff

Clay, brown and gray, soft
Clay, brown and gray, stiff
Clay, brown, with some gravel

Test hole
Water
Sand and mud

Test hole
Water

Silt, inorganic
Sand, silty

Test hole

Hater

Silt, inorganic

Peat, sandy

Sand

Sand, gravelly

Sand, w/wood fragments
Clay

Test hole
Water

Sand

Sand and gravel
Gravel, coarse
Clay

Thickness
(Feet)

50
65

10

85
17

38

17
10
16

25
15

Depth
(Feet)

50
115

85
102

40
48
65
75

1672



-

153:

154:

165:

156:
157:

158:
159:

160:

161:

Test hole
Water

Sand

Sand and gravel
Clay

Test hole
Water
Clay, sandy toward bottom

Test hole

Fill

Clay, brown, organic, with wood

Sand, brown, fine

Clay, dark gray, rather stiff

Clay, red brown, medium

Loam, brown, c]ayey, with lenses of
sandy loam, very stiff

- Clay, red brown and gray, rather

stiff

Test hole

Clay, red brown

Loam, brown with Tenses of silty
Toam and sand

Test hole
Water

Si1t, inorganic
Sand, silty

Water well
Overburden
Sandstone

Test hole
Clay, red brown w/inclusions of gray
clay below 42 feet

Test hole
Hater
Sitt, dark
Sand

Clay, red

Test hole
Clay, red brown

; Thickness

(Feet)

25
22
6
9

26
4

10
24

14
10

33

125
175

80

f[X3

Depth
(Feet)

125

oou;mo



lod

Thickness Depth

(Feet) {Feet)
162: WHater well
01d well 140 0
Hard pan 32 140
Sandstone 6 172
163: Hater 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 b
Clay, red 140 150
Hard -pan 10 290
Gravel 5 300
165: Water well
Ciay, red 130 0
Hard pan 46 130
Sand, muddy 9 176
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, bilue 20 40
Clay, red 40 60
Hard pan and boulders 67 100
Sandstone 49 167
168: Water well
Clay, red 120 0
Hard pan 100 120
Sandstone 20 220
169: Water well
Clay, red 140 0
Hard pan 24 140

Sandstone 71 164



175:

17:

172:

173:

174:

175:

176:

177

Water well

Soil

Clay

Clay and rotten sandstone
Sandstone

Water well
Clay, red
Clay, blue
Clay, red
Sandstone, loose
Sandstone

Test hole

Sand, red, silty, loose

Clay, red, soft

Clay, red and gray, with trace of
silt

Water well
Clay

Hard pan
Sandstone

Water well

. Clay

Clay, blue

Clay, red

Hard pan and Toose sandstone
Sandstone

Water well
€lay, red
Hard pan

Sandstone

Water well
Clay, red
Hard pan

Sandstone

Water well
Clay, red

Hard pan, sandy
Sandstone, soft
Sandstone, red

Thickness
(Feet)

3
152
21
174

85
15
65

8
37

165
15

80
15
60

65

135
65
31

120

120
28
34
43

leS

170

135
200

120
138

120
148
182



178:

179:

180:

181:

182:

183:

Hater well
Ciay

Hard pan
Sandstone

Water well
Clay, red

Hard pan and boulders

Water gravel

Water well

Fitl

Clay, red

Sand, red, quick
Clay, red

Clay, red and stones

Sand rock

Shale, sandy
Sand rock

Shale

Sand rock

Shale, red sandy
Sand rock

Sand rock, hard

Water well
Clay, red

Clay, blue
Clay, red

Hard pan
Sandstone, soft
Sandstone

Water well
Clay, red

Hard pan
Sandstone, soft
Sandstone, firm

Water well
Clay, red
Clay, blue
Clay, red
Hard pan
Sand, dirty
Sand, clean
Gravel

Thickness
(Feet)

135
20

80

Depth
(Feet)

0
135
155

80
135

105
148
169
173

YA



184:

185:

186:

187:

188:

189:

180:

Water well
Clay, red
Hard pan

Sandstone

Water well
Clay, red
Hard pan, red
Sandstone

Water well
Clay, red
Clay, blue
Clay, red
Hard pan
Gravel

Hater well
Clay, red

Sand and gravel
Clay, blue
Clay, red
Clay, blue
Clay, red
Clay, green, gummy
Hard pan
Gravel, clean
Sand, clean

Hater well
Clay

Hard pan
Sandstone

Hater well
Clay

Hard pan
Sand

Water well
Clay, red
Hard pan, red
Sandstone

Thickness
(Feet)

232
47
51

140
105
20

80
25
30
17

2

19
18
15
37
22
106
17
18
8
13

180
85

125
20

ns
16

o7

Depth
{Feet)

232
279

140
245

80
105 .-
135
152

19
38
83
90
112
218
235
253
258

180
265

125
145

118
175



/ot

Thickness Depth

(Feet) (Feet)
191: Test hole
Fill 7 0
Sand, medium to coarse with trace 5 7
of gravel
Silt, red, sandy, loose 10 12
Sand, firm 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 .-
L Clay, biue ' 20 65
r Clay, red - 20 85
Hard pan 25 105
Gravel, dirty 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 g0
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
Clay, red 150 0
Sand, muddy 29 150
Clay 7 179
Hard pan 43 250

Sandstone 27 293



198:

199:

200:

201:

202:

203:

204:

205:

Water well
Clay

Hard pan
Sandstone

Water well
Clay, red
Hard pan

Sandstone

Test hole

Clay, red, stiff w/trace of gravel
Clay, red, medium

Clay, red and gray, stiff

Clay, red and gray, with silt seams

Water well
Clay, red
Clay, blue
Clay, red
Hard pan

Sandstone

Hater well
Clay

Hard pan
Sandstone

Water well
Clay, red
Sandstone

Water well
£ ay, red
Hard pan red
Sandstone

Water well

Clay, red

Clay, blue

Clay, red

Hard pan
Sandstone, rotten
Sandstone

Thickness
(Feet)

log

Depth
(Feet)

84
151

130
14]

10 '
14 .
22

50
60
85
138

116

85
100
135
153
163



206:

207:

208:

209:

210:

21

Hater well

Clay, red

Clay, blue

Clay, red

Hard pan
Sandstone, rotten
Sandstone

Hater well

Clay, red

Clay, blue

Clay, red

Hard pan

Clay, sandy

Sandstone, rotten
Sandstone, clean, hard

HWater well
Clay

Hard pan
Sandstone

Water well
Clay

Hard pan
Sandstone

Test hole

Clay, red, very stiff
Clay, red and gray, stiff
Sil1t, clayey, very stiff
Clay, red and gray, stiff
Silt, gray, firm

Clay, red and gray, stiff
Silt, gray, firm

Test hole

Clay loam and sandy loam with some
gravel and lenses of water-bearing
sand directly over bedrock (gabbro)

Thickness
(Feet)

81

7
14
30

Depth
(Feet)

8]
88
102
132
138

105
115
145
210
232
258

90
130

105
154

28
35
43
53
63

110



S
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APPENDIX 2 D

Boulders Recovered From Cloquet Water Line Trench
' Superior Bay, 1968

Zenith Dredae Company

Coordinates Measured Rocks (ft.)

27 + 25 to 27 + 50 3x3x3 4.5x 2.5x 3 2.5% 2 x 3
3x3x2.5 bx 2,5x 2 4.5x 2x 3
2.5 x 3 x 2.5 1 x3.5x3
3.5x 2.5x 2 3 x3x2

25 + 75 to 26 + 00 3.5x2x 2 4 x 3x2 -
5x3.5x3 3x2x2

23+ 50 to 23+ 75 b5 x4 x 3 4 x 3.5 x 3.5 I x3x1.5
4,5 x 3 x 2 3 x3.5x2

18 + 00 to 17 + 41 3.5 x2x 2 6x5x7 4 x 3 x 2
4 x3x2 4 x 3.5x 2 2.5 x 2.5 x1
3.5x 2x 2.5 3 x3.5x2.5 2.5 x 2.5 x1
2.5x 2.5x 2 3x3x4 I x3x2
3x3x1.5

Data from Job 6802, work sheets from derrick boat "Adele" courtesy of

Mr. Keith Yetter, Zenith Dredge Company. Disposal in 21st Avenue West
Siip, 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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