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THE LAKE SUPERIOR WATERSHED IS MOSTLY A HIGHLAND, GENERALLY The Rijer ca 4 | River .
1,200 FEET (366 METERS) TO 2,000 FEET (610 METERS) ABOVE MEAN SEA Ggseados o - - N e Casca?:ai » S ‘ The
LEVEL. IT EXTENDS FROM DULUTH TO THE CANADIAN BORDER.—Both 48°00" 48°00 . Gageaay
maximum and minimum altitudes for Minnesota occur in the watershed; 2,301 ft bl 48°00’
(701 m) at Eagle Mountain, about 12 mi (19 km) northwest of Grand Marais, and 602 i i F i B
ft (184 m), the normal level of Lake Superior. Total relief is nearly 1,700 ft (518 Hinkley Sandsftone anid Fonsl du.Lae FoqnaMnl £ B Z Z’p
m). The North Shore area (Duluth to the Canadian border) has a southeastward Predominantly quflrizose and arkosic "t \) Hat P&t
slope that is especially precipitous adjacent to Lake Superior. sandstone and interbedded shale “
Conforming to this topography, the drainage includes a series of 17
southeastward-flowing streams averaging 23 mi (36 km) in length, with an average
gradient from headwaters to mouth of about 57 ft/mi(10.8 m/km).  The streams are
deeply entrenched and characterized by swift flows, many rapids and waterfalls, and & :
especially steep gradients in the lower 3 to 5 mi (4.8 to 8.0 km) before entering Lake <] Volcanic rocks, undivided
Stperor. g Includes basalt, andesite, and minor felsite; contains interbeds of
The Pigeon River drains the extreme northern part of the watershed and forms the >;:_-. 2 conglomerate and sandstone ! Hovland
international border between the United States and Canada. More than half of the 91°00 8 ) ~ -
610 mi 2 (1580 km *) drainage basin of the Pigeon River lies in Canada. I £ ) 89 o R 5] A
The Nemadji River and tributaries drain the Nemadiji Basin, the southern detached Z A 3 90°00" g 2 - - T ~‘g————— ° Marr Island J1N 100
partofthe watershed. Topographically, the Nemadiji Basin is roughly spoon shaped ‘aﬁ av— S g “ﬁ»éﬁ' 90°00’ b
with maximum total relief in Minnesota of about 800 ft (244 m). More than half of e ’E % Duluth Complex Mafic intrusive rocks Rl = "~ Red Cliff Red Cliff 90°00°
: ; : % : e — g ed Cli
Z]e? (;xrx;prr:‘l:c;;lr;:tell;‘;aii-glll(B%is;n) long river flows northeastward through Wisconsin W_jﬁé@ [7=8F . and Marais N Multiple intrusions of gabbroic - g =l '
g perior. 7 anorthosite, troctolite, gabbro, S 1 amnd Wtate P cuni Mharid
Terrace Point anorthosite, and felsic rocks ’E‘
o Terrace Point
EXPLANATION WATER USE IN 19 pen /o Black Point 7 _
(MILLION GALLON®) oY o3 Sy
] ) o 90°30°
Altitude of land surface, in feet (meters) North Shore Volcanic Group ‘%
above mean sea level Ground water Surface water Total Includes lavas ranging in composition from olivine basalt to latite and ‘,},}/’ " Lutsen
i 1 = _ _ local rhyolite, contains interbeds of conglomerate and related clas-
Public supply’ | L % ks f cong ' BEDROCK IN THE WATERSHED IS A COMPLEX OF PRECAMBRIAN VOLCANIC
B . Domestic 6 5,130 5,136 AND METAMORPHOSED SEDIMENTARY ROCKS EXTENSIVELY INTRUDED
800-1000 1000-1200 1200-1400 (population 110,355) f o BY DIKES AND SILLS AND OVERLAIN BY SANDSTONE IN PART OF THE
(183-244) (244-305)  (305-366)  (366-427) Industrial o 2,080 S0 >: 3 NEMADJI BASIN.—Bedrock in the North Shore area is predominantly a very thick
. 2 g & successior.’: of southeastward-dipping lava flows, the North §hore Volcanic Group,
/ Rural supply — —_ —_ 'E I 9 Slate and graywacke that overlie the metamorphosed sedimentary rocks exposed in the extreme northem
3 To — Dorviestic 322 0 322 8 = Includes Rove Formation and Thompson Formationl. Thompson part of the watershed.  This rock sequence is intruded by numerous dikes and sills
1400-1600 1600-1800 1800-2000 2000-2200 47°30’ d 47?,?6[" e:Harbor (population 11,735) [} £ Formation includes Logan intrusive rocks of middle Keweenawan and by the Duluth Complex, which forms the bedrock in much of the area. ptl'
(427 ) ( 9) (549-610) (610.671) : & é age 47°30' 47°30" In the Nemadiji Basin, the Hinckley Sandstone and Fond du Lac Formation overlie 47°30" Taconite Harbor
488 488-54 % Livestock 34 6 40 - . J metamorphosed sedimentary rocks, which form the bedrock surface in the . F 47°30"
Self supplied . — — _ northwestern part of the basin.  The sandstones, the bedrock surface in the central : 0 10 20 30 40 MILES
¢} — : Contact Q"’ part of the basin, are in fault contact with volcanic rocks, which form the bedrock s /00 Q, | ! I L ! | | | |
.6 \ Industrial 15 224,762 224,777 Dashed where approximately located:; O surface in the southeastern part of the basin. : B 910 I 7 T [ I I [ [
Watershed boundary Watershed total 377 231,948 232,325 queried where doubtful LY Wells completed in the several bedrock units range in depth from less than 10 ft (3 J @) 0 10 2 30 40 0 60 KILOMETERS
@ Q‘ (population 122,090) Q" ‘r:n) to 950 ft (290 m). Except for the Hinckley Sandstone and Fond du Lac Qs\
p _ = U 7’ Little Marais ormation, water is obtained from fractures in the bedrock, and well yields tend to be ; :
] Dor;ozr;ztn;r;fludi; 'Z:OM?:::)sr;tgagth ‘f’“"::sd ,f'°"} ssha"°‘.” Wi - Q/ small, generally only a few gallons per minute. The Hinckley Sandstone and Fond LS anls <
7 / Shclates e Sacrl 2 i A mady. . h SRl Fault Q du Lac Formation should yield moderate to large amounts of water, but few wells EXPLANATION
(ll 1 1 1 1 11[] ZIU 310 4l0 MILES % lligen City 0 ncludes thermoelectric power. U, upthrownside; D downihroiin side: 0 penetrate this aquifer and water-yielding characteristics are unknown. Q
[T T 1] I [ [ [ I s Shovel Point S Arrows showing relative movement Shapal Bl & liigen City 0 = E
0 10 20 30 40 50 60 KILOMETERS Palisade Head om Shovel Point S Qtx <
A A’ i > z
CHARACTERISTICS OF STREAMS [ o Sl Palisade Head Peat Moraine and ice-contact deposits &
Drainage Approximate | Average Line of section 7 "ver Bay Organic muck and peat with some mineral soils Till, unstratified clay, silt, sand, gravel and boulders, and stratified :
River name area main stem gradient Remarks e et e s e gpoed 8
(mi?) (mi) (ft/mi) Water table
| Beaver Bay = £ E
Pigeon 610 49 21 Falls 700 ft in lower 19 mi. T :
More than half of basin i 8 oo : S,
Q/ po— e ar.\ i as'_n In Donada Watershed boundary Predominantly stratified clay with some silt, sand, and ice-rafted Bedrock E
iile 39 35 Falls 800 ft in lower 8 mi. Q) A boulders. Qlcr indicates unconsolidated materials are generally Uneorisolidated d #ts absent or very thin 6
‘1‘ Devil Track = - 28 — : Split Rock Point Q, less than 6 ft (1.8 m) thick over bedrock neonsofida s el 4 i}
?’ r— = = = ST = The Fond du Lac Formation of Winchell, \l~ ‘]? E E
alls in lower 3 mi. 1899, and the Thomson Formation of
v Poplar! 114 32 8 | — Spur, 1894, as redefined by Schwartz, iy (l] e 2 30 40 MILES el z
Temperance 164 24 50 i 1 i 1942, are herein adopted l Castle Danger \/ j 1 i Jl I I | [ l [ : | I l : > é
Falls 240 ft in lower 1% mi. = - ge 0 10 2 30 40 50 60 KILOMETERS Castle Danger v Lake sand g Contact
Cross 91 19 60 . Eggag\(‘)}mem s ’ , Predominantly stratified medium to fine grained sand 3
" ’ Encampment Island
Caribou 23 12 60 —_ 92°00 ——
' Manitou 103 18 80 . i ’ Al Qo Contour shgwing thickngs of
7 ;%%( = , : Arons o groarid- il : . h / i / unconsolidated deposits
- & wo Harbors aptism 146 24 54 Falls 733 ft in lower 9 mi. S surface-water use e ey S = - ‘ Outwash Interval 50 ft (15.2m)
G v Beaver 131 21 50 | Falls 300 ft in lower 15 mi. s 47°00' : é’ ; 7900‘70 o B 4700 ¥ Twg Hartors Stratified sme ond gravk]
A Split Rock 40 15 76" | o - S ' Y e .o
ndary waf
Gooseberry 85 20 55 Falls 100 ft at mouth. Canoe area B o ot Watershed boundary
Stewart 33 20 - P :
i 50 @ F-Knife River Ground and end moraine
Knife 93 19 40 _ ; . ) Till, unstratified clay, silt, sand, and gravel and boulders. Qtr
Sucker 37 15 60 e Superior National Forest Stony:Point indicates unconsolidated materials are generally less than 6 ft
— - = = ° Sfinch Hiver (1.8m) thick over bedrock
= Community with municipal =|=
Lester 58 15 50 i water supply - . 3 al2
=Z|o
o o - = b p—r A o 3 3 3 g3 UNCONSOLIDATED GLACIAL SEDIMENTS IN THE LAKE SUPERIOR WATERSHED CONSIST
e ! g e NP 3 [ : £Z|z LARGELY OF RED TO BROWN SANDY AND STONEY TILL, OUTWASH AND ICE-CONTACT
isconsin. 4|0 60 MILES c°"'l facilty g T g % N o |® DEPOSITS OF SAND AND GRAVEL, AND RED SILTY TO CLAYEY GLACIAL LAKE
Measured from 7%- and 15-minute topographic maps. T T ' 8 2 < 5|23 s |& 92°00" DEPOSITS. THESE SEDIMENTS WERE LAID DOWN BY ADVANCES AND SUBSEQUENT
After Minnesota Department of Conservation, Division of Waters (1966) 60 80 KILOMETERS Water;;d"b :u:dary = 3 8 0 5 = | S A'FEET METERS 5 WASTING OF SEVERAL ICE SHEETS THAT MOVED SOUTHWESTWARD AND WESTWARD OUT
SRR DULYTH cere e o e e v
m?kjggl}v]?%guggo@%g%gc ggggMgElé%lEsTRé([lNléO“ﬁR GENERATION, Rural domestic and stock use was only a fraction of 1 percent of total water e \ | \ l a Q\ 1950 —595 . lakeshore in the northem part. - ’ , =y olthe drea, Eipeckity along e
J > ISCELLANEOUS use. Wells and springs are the principal sources, with some stock wateri ‘ 1750 |—535 P> ¢ Lo Sl L e L o . )
r= LAKE SUPERIOR PROVIDES A NEARLY LIMITLESS SUPPLY OF SOFT WATER MANUFACTURING AND OTHER USES, ACCOUNTED FOR ALMOST 98 lakes and streams. " g fom \ \ // N B Y A, & i Baszr.l, e b e s beac{l sa . roplr ikl anq ! ﬁ” o
) ; - 1550 [—475 -, 0 30 60 90 120 150 180 northeast-southwest oriented bedrock valley to a depth in excess of 400 ft (123 m).  These deposits thin to
Q WITH DISSOLVED SOLIDS OF ONLY 50 TO 60 mg/L MILLIGRAMS PER PERCENT OF THE 232,325 MILLION GALLONS (879 X 10° LITERS) OF Water use is largely confined to populated areas in a narrow strip along the Lake 7 Y e T T T T T T less than 50 ft (15 m) in thickness on the valley flanks in the northwest and southeast parts of the basin
/ LITER.—Five of the seven municipal water systems in the watershed take water from WATER WITHDRAWN IN THE WATERSHED IN 1973.—Nearly all the industrial Superior shore, the Duluth area, and farming areas in the northwestern and < ol Ml < sof Numerous wetlands, associated with high water table and hummocKy topography of glacialterrain occur
92°30" '\ 7 the lake. The water requires only minimum treatment for human use. However, water was taken from Lake Superior and subsequently returned to the lake. Water for west-central part of the Nemadiji Basin. Much of the remainder of the watershed is / TS0 [=d5 / in the watershed. M‘;"V of the wetlands contain shallow peat deposits Y
1IN~ J the discovery of submicroscopic asbestoslike fibers in the lake water is presently domestic and commercial purposes supplied by the seven municipal systems in the within the Superior National Forest, the Boundary Waters Canoe Area, and 92°30 a 950 (—295 92°30’ 7 e Wells completed in various types of unconsolidated deposits range in dépth from less than 10 ft (3 m) in
(1975) threatening itsuse for drinking (Cook and others, 1974; Fairless, 1973). The watershed was 2 percent of total water use.  Lake Superior is the principal source for numerous state and county forests where water use is principally for nonwithdrawal ~- J —235 '\ J h i ji Basi !
! : 3 ; 3 by pirn bl A . A 750 INA - o the North Shore area to 315 ft (96 m) in the Nemadji Basin.  Yields are generally only a few gallons per
problem is under study by the U.S. Environmental Protection Agency. municipal water, most of which is returned to the lake by waste-treatment facilities in recreational pursuits. minute and are used principally for domestic supplies.
Ground water in the watershed is available in small to moderate amounts and the the four largest communities. 550 [~ 175 I ez 40} = -
quality ranges from very good to saline. Ground water supplies small municipal 350 ‘ 350 —115 g 2
systems at Taconite Harbor and Grand Portage. Diagrammatic geologic section along the Fourth principal meridian ; 8 —8 & 8
Z2zZ n<
o3 A North Shore Volcanic Group 0 S
MUNICIPAL SUPPLIES . . i'é X Duluth Gabbro 5%
| | § 5 . oo 30 O Glacial drift, North Shore area Zuw
MUNICIPAL WASTE DISPOSAL SYSTEMS Water use Water source Water system Rep;esTlntatlve watelr qu)ahty o o 5 . 9 z 5 _1'3_ Glacial drift, Nemadji Basin 6 E_O
, o milligrams per liter s ‘S 9 & & S Hinckley Sandstone and o 90730’ " o— 90°00°
46°30 Municipality Sanitary sewer Treatment Tertiary Final disposal Population (1970) % c 46°30" g :é & ,E é .g = 46°30’ gé Fond du Lac Formation QE 2= ’RtL-M : ; BRG] s oo
d commenced commenced treatment ® - w ° Y o g < o = S S T <% & 2 B'feer MeTeRs 46°30° I %= = = 2SIV sout rowr Lae 89°30"
2] (=] _ Q S = - = ® : T
2y~ Duluth 1883 1940 Lake Superior 100,578" 2 =% :", 2 2% § g 2 > o o |38 sE |2 § HEE - = 5 S Q Q 5 U%) § = | _[—1400 —425 S 20 Specific capacity= W 3§ o F o SNES o g 77 e <
— — sS3 K 2 c 2 ; 3 | = £ . raw _ Q ; & : = !
il ) Grand Marais 1933 1940-60 Under Lake Superior 1,301 Municipality 2 g E2 i 2 g 2 3% g7 Aquifer or = $ | 2 E §. 1S 3 §% < = = S | © % o 3 | | 5 “ | 1200 —365 z. Qs ndown 4 T a 48°00 =5 % A F—48°00
Z, : o 23| ES 2% > o Eg surface 3=_| « |3z |8 |gc8 85 & 9 » | 2] 82 ; i | /\ = B i m = Z.7 89°30"
e} construction 2= 8 g § ¢ s ° 2o & 2 e STy 5 28 g g(° g5 = 5 = § . g |os @ ! 1000 —305 7)) o2 wus S R \ Hat Bt
7 Qw) Silver Bay 1953 1953 Under Lake Superior 3,504 E S = ; = £2 p g 85 supply Sot| 3 g = ] "é.";’ = = £ g’ & B % % 8 800 |— 245 CZ> as “’g [" - = > 5 X (10“ & Ao
§ construction g 2 E 2 E e g2 o S § E 3 g8 (82 3 Zé 2 g a §18°| 5 600 —185 Q 10 i a-b = o
£ -~ = s £ 8= S o c o ES oo™+ = £ = = ; 33O % 7 B (=% o 7
Two Harbors 1894 1959 Under Lake Superior 4,437 & < < 3 2= e 3 |18 |88 =5 8= e T 40,158 g = j % Gh o BN s ;
92°30’ construction ;- = S 5 ) ] 200 — 85 91200 %2 % D et -
= - — - = Diagrammatic geologic section Nemadji Basin e (S ey Juee = —— 2
Bt 015! Dot 'S This population also served by three additional waste-disposal facilities . 92°30° o TN Dt | SN K 90°00°
prosuaiigies ot i | ouside of basin Beaver Bay 362 - 13 13 36 99 | Lake Superior s e | s | = | == 302 | 1974 | 002 | <005 | <5 | 14| 57 | 40 g 5 10 MILES ' Y el R\ N5 o0 8 A = 7Z
e ata from Minnesota Pollution Control A 1974). j i L L eology interpreted from prelimi S - W - | -
AT e an CoNed Aganag|1aa) I()uluth | 1 1950 | 4520 | 6470 | 17,700 | 123 | Lake Superior — = | = | = = [70000 | 1968 | 005 | <002 | — | 1 | 60 | 50 R RIS, Bl S = R é r T Minneacis s e, Dlg#end To 200 600 S = e
includes Proctor 1 15 KILOMETERS Harbors sheets (R. H. Rust, University of 1 et e
; sL 4 WELL DEPTH, IN FEET BELOW LAND SURFACE L 3 90°30°
LAKE SUPERIOR WATER QUALITY AT MUNICIPAL INTAKE CITY OF DULUTH Grand Marais 1200 | — | 83 53 145 | 121 | Lake Superior = |= | =] =] = 403 | 1973 | 08 | <01 | <5 | 2 | 57 | 42 RESTICHE, PRAESoTION .2 isbgad oy S ol e T S e
: : —Ti - e B B IR O R =TT T T =T — 1 DATUM IS MEAN SEA LEVEL o ke RO 8505 SPECIFIC CAPACITIES THROUGHOUT THE WATERSHED ARE GREATEST IN g EQmr: " N
Temperature (°C) Sulfate (mg/L) Chloride (mg/L) Dlss.olved solids HRetea graywacke o WELLS LESS THAN 100 FEET (30 METERS) DEEP.—The glacial drift and the 4 Nl Y o ?
— residue (mg/L) CaCO, (mg/L) ! . upper part of the bedrock are more permeable and consequently yield larger s, :’” 4 SR, ...
Range Mean Number of Range Median | Nurnberof Range Median [“Number of | Range | Median | Number of Bange Madian | Namber of Silver Bay 3,504 — 243 243 666 190 Lake Superior — — — — — 2,000 1974 15 .08 <5 2 51 40 quantities of water to wells than the deep bedrock. " 2 i 2 B ?. ) (0]
samples samples samples samples samples Two Harbors 4,437 100 301 401 1,000 186 Lake Superior = — — = P 3,600 1972 26 03 — 2 — 57 GROUND—WATER QU ALITY YT <l o 0 10 20 30 40 50 MILES
g : X e S ¢
Jan. to Dec. 1962' 1.1-16.7 5.9 49 2-4 49 2 ) 49 46-65 56 49 42-45 44 49 Taconite Harbor 100 - 21 21 5.8 58 | North Shore 488 2 502 22 0.8 154 | 1974 | .07 .02 27 |15 —_ 95 1 —j BvAS 4 g 1°00 < I T l] = [ [ l [ l I l [ [ I'
Aug. 1969 to 0-160 | 49 250 130570 | 3.68 206 | 001-330 | 136 205 B e . 43004500 | 44.56 206 Volcanic Group 91°3‘.]~'f o ) e . Q 4 9 4 L 6o 7 80 KILOMETERS
Sept. 1973 Total 110,355 | 2,050 | 5,136.1 |*7,186.1 | 19,563.8 840 - Y
"Inf tion fi REPRESEN igen Ci
nc?t;m; I;:Iurtzvai\:\av:e(fl ;;‘;) Gas Department *Does not include 1,750 million gallons pumped from shallow horizontal wells on i S A S ©
% . . Minnesota Point for the city of Superior, Wis. £ e 2 Lol
° o £ EXPLANATION = P = I e Bay
8E 2 g 3 c3 | 3 E 2 E 3 8 2 s . AR <
Q = 2 S & 5 > 6 —~ ‘S = 2 = @ = PN o ver Bay
. S 132 _|3 | 85 |85 25 [3.|85- | 22| €3] 8. |&-| B3~ | 25| 85 | s5 | &5 |8+ —1000— I Su9E% - «
Map Geologic Date L8| EL | T oS c < S ogd [ &J E= 29 o & Jd @ J o c & 23 oJ 2 . . 3( 2
. — ey | SE132% | 5 2 g, L) 32 35| g% £9 8 £ T &% - 2y BE =% ES | 8% Line of equal water-table altitude S S 2 v >
) : p 552 £ £ | F 8= |3 £ : £ 2E : £ s 2 8o 2 £ g E SE E &E| 28 BAE EE|2E Interval: 200 feet North Shore area, 100 feet Nemadii Basin. | o
WATER BUDGET o g = = @ 2 3 2 ke 5 g 8 2 2 2 S g 3 3 g 8 Datum is mean sea level «
© fa) (= o © g fa) g =) k] = = a astle Danger
6 o 4] ‘Encampment Island
- Watershed boundary & 91°30° . B
Pine County 9 450
: QUALITY OF GROUND WATER IN THE LAKE SUPERIOR WATERSHED IS 1 Hinckley and Fond du Lac F i :
. . Mountaing, Lake i 12-21-74 5 164 77 0 ? 1 ; 2 ! Harbors
e ol W o o e B HIGHLY VARIABLE, RANGING FROM GOOD TO SALINE IN THE BEDROCK I Y S L5, | [ 140 | [ 44 ] 1 ] o7 [ 006 [ 000 [ 19 62 3 | 24 | 73 | 039 002 | 018 ot 1400 a ©
S| s EXPLANATION G A e N e, 89°30" AQUIFERS, BUT IS MORE CONSISTENT AND GENERALLY GOOD IN Eartian County @ § 8 o
a0 ===l Ay : GLACIAL AQUIFERS.—The numerous and irregular interflow zones of the North 2 | Lake clays 3-19-75 341 | 81 | 125 0 110 37 6 9 .00 29 1 78 3.7 120 62 02 09 @ 1300 & S 1-a00 7
12 3= 3 5 BN ST N & Cincrs e R = Shore Volcanic Group and the fracture hydraulic conductivity of other crystalline . . : ~ £ | ﬁ
0 48°00" < 3 »y ~ rocks create a large number of independent artesian flow systems in the bedrock S Slate and graywichs 12-22-74 05 5.0 264 0 6 51 4 £ 09 38 2 18 L 210 09 04 10 g g =
Map identification number ; R e 89°30 aquifers. In places, low hydraulic conductivity and a tendency for downdip 4 | Lake sands 12-22-74 3 101 | 7.7 79 0 1.0 13 3.0 .00 20 5.8 25 5 74 .05 .00 01 & 5 9 z
Dissolved-solids range (mg/L) i~ SP entrapment lead to a long residence time of water in the rock and a consequent St. Louis C ) = 3 = 350 ﬁ
represented by each circle [ ] S - buildup of dissolved materials in the water. Variable flow rates through the y et ULUTH < ‘i -g =
o ) B o ez L numerous flow systems, as well as differences in chemical environment and solubility 5 Lake clays 3-20-75 3 253 7.8 254 0 9.1 15 9 2.2 .00 33 24 29 1.9 180 09 01 09 ki) E i) i w
W0, Ot e e WS of rock materials, cause large differences in water quality. 6 North Shore Volcanic Gri >2,000 8 1,400 . ' ] & > w § 3 C>)
0 N G PN Dissolved-solids concentrations in water from the bedrock ranges from 65 to 20n Y i ' -5 — — / 19 — - ot 360 - 520 = 890 1.0 w0 T * > - 300 @
E {3 * .. 91°00 T'( L I 50,000 mg/L. Dominant ions in the saline water are normally sodium, chloride, and 7 | Duluth Gabbro 3-20-75 152 | 7.9 | 138 18 13 2.5 .00 28 8.5 14 1.1 110 10 | .00 03 2 ' 5
3 . i 7° N = o sulfate, with calcium replacing sodium in areas of calcium-rich rocks. Dominant i : = E : 2 < »
S 2 % y e 9 £ > » ions 8 North Shore Volcanic G 3-21- 161 : i
) il QRGP Borand Marote in the less-mineralized ground water are calcium, magnesium, bicarbonate, and e i=th = 6 8.2 152 0 -9 14 14 4 .00 83 23 49 8 30 23 01 33 = i
[ 1000-10,000 : e Turacepons carbonate. High sodium and chloride in water from well 2, finished in glacial drift at Lake County E 250 E
" ) 5 i % Bk s the top of the Hinckley Sandstone and Fond du Lac Formation, indicates that saline ;
3 G5 500-1000 R yug A 90°30 water occurs in some areas in the upper part of the sandstone where the aquifer is 8 | Neflt Shore Voldanic firoup 3-21-76 | 3 1,230 | 97 12 25 540 170 A 15 .00 130 4 320 15 330 .08 .00 73 = Z
" L?: g D > NP > Cutsen confined by glacial lake clays. 10 North Shore Volcanic Group 3-22-75 5 134 7.9 130 0 25 9.5 3 .2 .01 28 10 6.9 8 110 .08 .01 .06 uf wi
4 Owing to the fact that glacial aquifers are more shallow and permeable than th. i 5 S
0 60 MILES permeable than the 11 | North Shore Volcanic Grou 0 953 . 10 210 _ 200
9230’ s ey -1 F | 0-500 S rome 'S bedrock aquifers and are composed of rock material of generally low solubility, they - - 2 Ll 3 370 12 - i " 14 270 1.6 178 0 - _E_ E
30 )-Jq _‘1“- 0 20 40 60 80 KILOMETERS (& 0 contain water of good quality, with dissolved-solids concentrations generally less than 12 Glacial deposits 3-22-75 5 155 | 8.1 158 0 1.0 1 4 A .00 33 13 4.1 1.2 140 .35 .01 .03 = F
_S-- @ T e vacor \ 300 mg/L. Dominant ions are calcium, magnesium and bicarbonate. The highest 13 Duluth Gabbro By 1 >2,000 | 7.3 37 1,390 83 22 B ) 170 — 760 — 230 50 oy oy < 2
30— =630 o f @ dissolved solids concentrations occur in the southern North Shore area and the - - 150
_T\r___! = L i Crfti)s§ ll':a:':ls.m circle mgx;icattedwell g = af © central Nemadji Basin where lake deposits provide a source for calcium and 14 | Nonh Shore Veicanc Group 32575 | 5 %3, 41 i 0 & 29 4 6 01 33 3.6 95 1.1 97 14 03 11
- EXPLANATION o} EXPLANATION o N 1 . |®  EXP nished in unconsolidated aquifer. i bicarbonate. 15 North Shore Volcanic Grou 4-16= 48 21 420
mg@?/' e ww 12 M 9233—0‘ M 92]3; M LA;;A“ON Open circle indicates well finished A R Fluoride concentration in ground water in the watershed is generally below the 3 No b Shore Vol ' 5 d il = . i 2 = o4 i 2 = g = i EXPLANATION
Line of equal average Line of equal average ool e in consolidated or bedrock aquifer M) recommended limit in drinking water of 1.7 mg/L (U.S. Public Health Service, e ot i i 0 e | Bo 167 0 100 4 1.2 4 00 45 18 49 1.7 190 09 07 42 :
annual precipitation, 1941-70 annual runoff, water years 1941-70 — evapotrag.s pir:t\i,:rr\agle941—70 5 0 10 20 30 40 50 MILES 1962). In some small areas, however, especially in the North Shore Volcanic 17 Duluth Gabbro 7-7-11 | — 65 - 73 = 2.1 75| < .1 <44 -~ 8.0 7.8 <1 <1 52 2.1 .08 TS REGIONAL GROUND-WATER MOVEMENT IN THE NEMADJI BASIN IS E > Contact
Interval 2 inches (50.8mm) Interval 2 inches (50.8mm) Intersal 2 inches (50.8mm) —_— e— . I_rl, R | I I ! I | l | L I II Group, these limits are exceeded. High fluoride is generally accompanied by high Cook Coun DONIWARD AT THE VIS AliD UPYWARD TN THE ARER-GE JEE < E Dashed where approximately located;
—_—— Watershed boundary 0 10 20 0 boron, which complexes with the fluoride ion. ounty RIVERS.—Ground-weater recharge is through glacial drift into the Hinckle o g 2 g ’
Wokcraad b 40 50 60 70 80 KILOMETERS v Glacial drift z queried where doubtful
ndary % 18 North Shore Volcanic Group 6-12-63 | — >50,000 | — 20 i 46,000 71 . _ 2 11,200 B 17,000 ol 28,000 14 — i Sandstone and Fond du Lac Formation, slates and graywackes, and lava (=
53 - $ . flows. Ground-water discharge from the bedrock units moves upward through the ——
28 inches (711mm) 13 Inches (330mm) 5 oL L 19 North Shore Volcanic Group 4-19-75 2 214 | 93 47 18 71 9.8 29 .6 .00 11 0 56 4 27 14 .03 15 glacial deposits on its path to the river. 1 Esiilt
es i , 4o . ; -
PRECIPITATION = RUNOFF i + CHANGE IN STORAGE + UNDEF?FLOW T S s il ; Ny oS5 sl ok o 20 | North Shore Volcanic Group 6-10-65 | — 1,260 | — 32 L 700 |. 64 23 <44 | — 136 0 343 — 340 04 | <.02 = The arrows show the generalized direction of movement. - Downward movement Showing relative movement
oot} icasaed) = s + EVAPOTRANSPIRATION ) v : denotes areas of ground-water recharge; upward, denotes areas of discharge. .
b il mea (assumed) (estimated) (remainder) 3N : 21 North Shore Volcanic Group 3-26-75 5 95 | 8.0 64 0 4.9 1 1.8 .0 .01 3.2 0 29 3 8 15 09 24 ll':lmckley Sandstone and T, S
e unast = ; ond du Lac Formation Water tahle
Average annual, 1941-70 (Data Average annual, from stream- Long-term gains in ground- The difference between ground- Obtained by difference ] P T 22 Glacial deposits 3-26-75 5 129 | 7.9 125 0 8. 8.3 1.6 .2 .02 25 12 5.8 1.0 110 19 .02 .03 E _" ‘;(;03}:
from Earl Kuehnast, Minne- gaging records for water water, surface-water, and water flow into and out of the iti-wates buddet 23 North Shore Volcanic Group 4-17-75 2 2400 | 7.5 16 0 1,400 61 1.0 8.9 -00 610 8.9 300 1.2 1,600 09 .10 1.2 ; : ;
sota State Climatologist, years 1941-70 where avail- soil-moisture storage are as- watershed is estimated to be Sk ; - g Line of equal hydraulic potential
writien commun, 1074) Zhle- ‘Additional shorfer term sumod §is BalsAcad by et L R e 24 | Slate and graywacke 3-29-75 | 35 422 | 81 214 0 34 130 1.1 4 .00 61 34 34 3.1 290 13 .06 19 LS Interval is 50 ft; datum is
:cords were correlated to long-term losses A i Volcanic rocks, 5 mean sea level
e same period i
M::"'“' RANGE IN QUALITY OF WATER BY AQUIFER WATER OF GOOD QUALITY IS AVAILABLE FROM EACH OF THE SIX PRINCIPAL AQUIFERS IN THE lacustrine silts and is probably discharged from the underlying Hinckley Sandstone and Fond du Lac undeided g o
THE AVERAGE ANNUAL WATER BUDGET. 194170, INDICATES THAT ABOUT 35 PERCENT OF G, grodnd ok s T ol ) . . 2 AakieER — WATERSHED, AS SHOWN BY RANGE AND MEDIAN VALUES OF CHEMICAL Formation. A Point of known hydraulic potential
s s ) , Gro water moving into or ou of the watershe tl'lro‘ugh aqurfers, is negligible. A small s IDE TOTAL HARDNESS IRON MANGANESE NITRATE pH POTASIUM DISSOLVED SODIUM SULFATE CONSTITUENTS.—Chemical constituents in water from each of the aquifers are generally within limits Locally, iron and manganese can be a problem in each of the aquifers, but concentrations are generally 0 8 16 Number is potential expressed
THE ANNUAL PRECIPITATION ON THE WATERSHED RUNS OFF AS STREAMFLOW AND 65 amount of underflow is moving eastward out of the Nemadii Basin into Wisconsin. A small t . (cn (Fe) (Mn) (NO: inki i i i imi i i i i i i i 600 i
Sy L i 4 ; - all amount of A 3) (K) SOLIDS (Na) (SO4) recommended for drinking water by the U.S. Public Health Service (1962). However, high values, below the 0.3 and 0.05 mg/L limit, respectively. Neither constituent is deleterious to health. ~Nitrate is —1 in feet above mean sea level
PERCENT IS LOST TO EVAPOTRANSPIRATION.—Distribution of precipitation (D. G. Baker and E. L. underflow may also be entering the Nemadji Basin from the northwest, where data indicate that th ‘ i i i indi in i i i i i ination, i i
" v ; : R eSS - at the [T i | [ [ [ ] I [ | 1 T- 3 1 [— 1 =1 T T el | T | 1 | T 1 1 T 1510 especially of hardness, chloride, sodium, and sulfate, indicate saline water is present in parts of each low in each of the aquifers and, except for possible local contamination, is not a problem. Slate and graywacke ——gp
Kuehnast, written commun., 1975) is based on a large number of data points and is the most accurate ground-water divide may encompass a larger area than the topographic divide. ~This underflow tends to 5 5 5 5 4 5 4 4 ! 4 I AL A B bedrock aquifer and in glacial drift in the Nemadiji Basin. The saline water in the drift is in the area of 560 . 90 persent of 218 hedvock walls Incated larsly along tie Lake = irect
budget item. Runoff, howeuver, is difficult to measure because of the multiplicity of streams that discharge balance that leaving the basin across the Wisconsin border.  Although some underflow is probably moving o an: [ A 1,\1 1°> 5 4 = . ! . i SURACRE Khis ok Within THo: psgH.  SHAIRE DS e ’ Ehocii ok oo s mment
to Lake Superior as well as the numerous springs along the shore that have not been measured. Runoff into Lake Superior from the North Shore area, the amount is considered insignificant because of the low b o ean 5 Hef H fo— el ==\ o— fe A :je_vgl: reﬂ)ect an ipward vertical gradient (area:of griund water T 160
was estimated from long-term discharge records for the Baptism, Pigeon, and Poplar Rivers, numerous permeability of the aquifers. P 520 d::ptharge as water-level altitudes tend to increase with well . 0 5 10 MILES
hort- tr A distributi ipitation. irati i ; : 31 — = | L 1 | |
short-term records on other streams, and distribution of precipitation ﬁvapqtransprratron, the r.er'nm.nder needed to balance the budget equation, was determined by North Shore 46,000 21 28,000 31 i6 24 116 2 24 8 12 — 13 14000 30 480 87 percent of 52 glacial drift wells in the Nemadji Basin plot within o T T
subtracting runoff from precipitation. Volcanic Group ® AV | —e—] ¥ \ - thisrange. Static water levels show increased depth with depth i 1 . 10 15 KILOMETERS
: f—o—i f——A> -— A i et : : i
p€8 of well, indicating a downward vertical gradient (area of 140 VERTICAL EXAGGERATION X83
80 i ' = 6 14 o id - ” . 440 ground-water recharge) =1
Average monthly air temperatures —] Chiohge gro]un DR A% Duluth Gabbro 1700 2000 5 10 3010 10 300 13 830 L - I o, -
Duluth WSO and other intrusives . E 6 slate and graywacke wells in the Nemadji Basin plot within this
E ulu 4 Well at Cloguet 20 @, e ot fo— N> A — ] —o——| o Fo— A/ fo— A, & 400 . range. Static water levels show increased depth with depth of 120 0
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< .2 W pr : 2 2 2 2 2 2 s ground-water fecharge
§ g ] > % =X *;:;‘::x f_:’;d:;:’r'r":g‘;‘: — et OO & , /\/\io | 4 ! 2 e 2 2 2 s « Dissolved solids ~ 360 0 9 j s
o 7] zZ0n f [ 1 — H po——rf = +1 & 85 percent of glacial drift wells in North Shore area plot within this 1 P
< :; g e ‘;‘F 9 5 9 pEhf B 3 320 range. Both static water levels and well depths are shallow =i r PRESENT AND POTENTIAL DEVELOPMENT OF GROUND WATER
g4 g 4 B z3 Glacial drift b 1o ° gso ¥ 9 8 7 7 o -~ © 9 EE |- = R (gi';ﬂ:\c:iv-vw;:::a:;alwt::g:z:d et G S bl oo 1 @ Reportad yid Pisoent derigpmant
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b3 North S:o ren o 8 » a 0 12 24 36 0 8 16 0612 — Un:ons:h 0.5 to 60 Slightly developed for domestic and stock use throughout | Aquifer will support additional development for small
area - — jo — S - — ater area wh fficiently thick and saturated. Wat t lies of 10 gal/min (0.63 L/ 1
e e e et o - " o2 20 R 4 e B i | Al ICH Db i | o sl plimi s U i
s Minimum =9 ~ Ir = gravel drilled wells as much as 150 ft (45.7 m) deep. Wells individual aquifers. Greatest potential in areas mapped
E = e H | | | | | | | | |1 | | | || | | | | o4 I = 160 = - — (38 wells) completed with screen or open end. Yields less than 10 as outwash and ice-contact deposits and where deposits
i § a E é 010 20 30 40 0 100 200" 300 400 0 2 s ) Y 0PSOt e L1 | | | | | | | || | | | | | | | | L | [ | | 1 | | | | 23 e L = gal/min (0.63 L/s) in 68 percent of reported wells. Aquifer are greater than 6 ft (1.8 m) thick.
t 1~ +2 S s 106 2 ;' 2000 : ] 5o 5 . .75 100 4 8 12 166 7 8 9 100 1 2 3 4 0 200 400 600 8000 50 100 150 2000 50 100 150 200 w, | | 120 L. - - 40 under water-table conditions. Depth to water in wells less
s =0 RuniofiBaptism: River:near Beaver Bify MILLIGRAMS PER LITER 2= 5 than 30 ft (9.1 m) in 93 percent of wells. A supply with
Puwe +1 +03 =3 — 40 Based on 73 complete and partial analyses by the U.S. Geological Survey, (Except pH) 2 7] average yield of 5000 gal/min (315 L/s) obtained from
50 = Lake Superior average levels wy s | U.S. Forest Service, Minnesota Department of Health, and private laboratories 2] L . ) - infiltration system on Minnesota Point.
tg‘;’: 0 . 0 gga 1000 | 30 e o - - 20
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P4 E< a o — 1 2 | A | | A | | | =l North Shore 1to 100 Slightly to moderately developed through springs and | Aquifer will support additional development for small
b Z o0l o THE HYDROLOGIC SYSTEM CHAN 0, e b Volcanic shallow to very deep wells, chiefly along Lake Superior water supplies of 15 gal/min (0.95 L/s) or less. Difficult t
3 z § 500 — % FROM YEAR TO YEAR IN RESPOI?ES ?gAsgg:%%Ngl\{g 0 SPECIFIC CONDU CTS::Z CE. IN MICROMHOS e 0 LT Fi g 1y A Group 6 shore. Remainder of area undeveloped. Nearly all wells obtain water and w?all de;nhé maysb:re:zsessilv:uoa::
- ! = for domestic and stock use. Well yields highly variabl i i i ial i
3, 3 [ St v v e ™ B @ a0~ & E PRECIPITATION AND TEMPERATURE.—Water stored as snow and PER CENTIMETER AT 25° CELSIUS 020 4060 0 4 80 120 0 2040 60 0 2040 ron (166 wels) | wits 88 percent reportedty yieiing s than 16 galimin |  aquifor but scatierod iformation Indicates. simier
%g 2ol ) v the ground Duluth WSO | — %E w300 — 8 & ice dun’ngswintfr is rele;se: asa r;s;;ltcz‘ warmer air temperatures in DEPTH TO STATIC WATER LEVEL, IN FEET 10105, Ligt, Rt il arfetiurs condifiare slong e sk ol Tl tlentl.ca es similar
w s 7 spring. upplemente v rainfall, this water increases runoff, 1 DISSOLVED-SOLIDS CONC lakeshore. Depth to water less than 40 ft (12.2 m) in 80
52 . &= 2 ¥ . SU MA Y AN CO C USIONS - NCENTRATIONS IN GROUND WATER CAN BE A PIPER PLOT OF 24 REPRESENTATIVE CHEMICAL ;
S w0 250 o3 E A= : E (e lintgs grouic i Essmons, and yike berandamibns /i M R D NCL ESTIMATED WITH REASONABLE ACCURACY FROM SPECIFIC ANALYSES ILLUSTRATES THE HETEROGENEITY OF GROUND-WATER RECHARGE AND DISCHARGE AREAS IN THE WATERSHED iy i e Gt
EZ = Al el g the summer growing:season, mostof fie CONDUCTANCE, WHERE IT IS LESS THAN 1,000 MICROMHOS PER GROUND-WATER QUALITY IN THE WATERSHED AND CAN BE DETERMINED BY VERTICAL HEAD GRADIENTS AND ARE ;
0 0 Q 4 2 recipitation is lost to evapotranspirat Streamfl tained : .
8 g z = = ;)ro mlpswface-water Lot D " sptle s]:)n_ dm (iw ;s su’s ' ":;e, CENTIMETER AT 25 DEGREES CELSIUS.—The curve defines the: specific INDICATES CALCIUM MAGNESIUM BICARBONATE AND INDICATED BY A PLOT OF DEPTH TO STATIC WATER LEVEL VERSUS WELL gutl,:"; 0.25 to 45 Shghtly developed for domestic and stock use. Water | Aquifer will s_upport addition?l development for small
12 , = - 3 100 3 3 o eter fear oot i ol 2t s andl wotiands dechne.  Witer RELATIVE AbEQUACY OF WATER SOURCES conductance and dissolved-solids relationship. I the example, a measured specific SODIUM CHLORIDE SULFATE WATER AS THE DEPTH.—Most bedrock wells in the North Shore area are along the lakeshore and andiother " e e e | e wipwes . 10 gL e s Lia) on e
Total monthly precipitation Zz 8 (&} irg i avatlabile for > d g e;an tewe a’r: B ejcth"e' h ater conductance of 500 umho correlates on the curve to 300 mg/L dissolved DOMINANT TYPES. penetrate volcanic rocks. Shallow static water levels and flowing wells along the i : e m::‘ ot /min"(vg_sz t‘;:;‘i’nefs °::‘:’:“ e T ';e: insufficient to evaluate potential.
Duluth WSO :,— 2 z ;emg eralures ¢ ’o m%?n groun (—jwa rretcr:aargg i et{a i R, solids. The dissolved-solids and specific conductance relationship becomes lakeshore indicate a discharge zone for water confined in the sedimentary and sives (33 wells) * el ? ] i i
g g ] p neg;i’gible T‘l::i)so;;el;:)gd oflr.:::h (;t'a;,ezr:] d sez:t;;'owmn;;:lr:;x:?ecggrt?:; —_— Considerat ater Sround watet nonlinear because of high sodium and chloride where values of specific conductance weathered zones between individual flows of the southeastward-dipping volcanic Saieand EGOE Vsl milisiiionsd. Ooours ol In esiveme orihery | Aquifer wil & additional davel Py »
» 5] . A onsideration B 3 P 3 N dit Ri 4 . - are over 1 OOO }Lth rocks. - - 2 quifer will support aaditiona evelopment for smal
o« 40 is again stored as snow and ice. Lake Superior aptism, oplar: Pigeon, emaaji ! ver ?n . 2 Small inland lakes and Unconsolidated North Shore Volcanic Duluth Gabbro and Hinckley S ’ 3 . - 5 ) F 5 2 = 5 graywacke 12 part of area. Water obtained from shallow to deep wells water supplies of 10 gal/min (0.63 L/s) or less.
@ E § 1 g P Sl BrolERilvers majod ributaies Other major streams Large inland lakes s i Scifes i e o Slate and graywacke inckley Sandstone z-.Jnd In areas where calqum and bicarbonate are the dommant ions, har.dne.ss also can ' Most wells completed in glacnldnff, slqtg, and gras_lwac.ke in the Nemadji Basin are 15 osile] as much as 325 ft (99.1 m) deep. All wells completed open Remotsnass of squifer preciudss sppreciahls
5 4 2 a0 - 8 PoF & Mot duply. of Bdeauatn — iy " 1 N P es Fond du Lac Formation be correlated to specific conductance. However, sodium and chloride ions, which in recharge 02{303 on and near the basin divide, especially in the northem part. ~ Static hole. development.
g 200 2 . . 8 2 ‘moderats . undant quanti equate flow in lower reaches Adequate flow except near [ | Adequate flow except Adequate quantity Good quality Availabla overia larae Adequat | b are present in much of the ground water of the watershed, greatly increases specific water levels decrease with depth, indicating a downward vertical gradient. U T 2160 " : ; — —
; § 20 4 1] il quality, principal needs are: MiRifiiin: theatimant e Adequate quality headwaters ] near headwaters Adequate quality Rapid recharge from pre- area of North Shogre :\:::;Iaa;: Mpply may be conductance and interferes with the linear relationship of specific conductance and Glacial drift wells dispersed throughout the North Shore area show an inconsistent n::tr;? I i s'f:;'yw:(::fﬁgufﬁ;ﬂ:";?::s?:,dvs\::f:r u:;;?nlzn?;:: A?:::tz :t’nlrl:lp:/ur E? ;:I/;.n?:‘(t:)o;: :./:;!Z‘:Ilzzsm:z; ::::dser::!
z - , 7 05 Quantity quired Adequate quality Adequate quality cipitation Sthhsm ; Adesuats:quality hardness. Thus, specific conductance above 1,000 umho cannot be used as a water-level to well-depth relationship and indicate only shallow flow systems that sand and 10 shallow dug and driven wells and drilled wellsasmuch as |  to- large supplies up to several hundred gallons per
§ z , - 04 Municipal | Minimum available surface water sup- Excellent quality Shallow wells and water allow water evels‘ reliable indication of hardness in the watershed. have local recharge and discharge areas. gravel 300 ft (91.4 m) deep. Wells completed with screen or open minute may be available where sufficiently permeable.
z , , ’ o ply of 1 ft¥/s (0.03 m?/s) or wells table (27 wells) end. Yields less than 15 gal/min (0.95 L/s) in 70 percent of Data insufficient to accurately map individual aquifers.
s g b - indusrtrial yielding 250 gal/min (16 L/s) — reported wells. Depth to water increases with well depth Greatest potential is in areas mapped as outwash,
E < siiopl . . . Treat . g i . ) (most wells located in recharge area on periphery of moraine and ice-contact deposits, and lake sands. Lake
Q —100 E . 0 pply Quality Asbestiform particles in Treatment required Treatment required Treatment required reatment requu-eq Inad§quate quar.mty Most deposits too thin to Variable quality ranging Generally inadequate Generally inadequate | Requires deep wells in much basin.) Deepest water level reported, 130 ft (39.6 m). deposits in central part probably have low potential for
T % g » 10 g o Dissolved-solids concentration less water may prove to be a Color commonly high Color commonly high Color commonly high Color commonly high 1 Quality may be-lnadequate yield adequate supply fré)m tgood to in- supply supply of ared WELL DEPTH, IN METERS BELOW LAND SURFACE Aquifer under water-table conditions on periphery and development.
; 28" (oo o e > gk AR g et v || T o oress || conetly o vt o @ w m w  w @ ow  m e S o
2 s - ' =2 4 Difficult to obtain supply e Hinckley 7t015 Slightly developed for domestic and stock use in central | Aquifer will support additional development for small
g ; o 50 g g e | i ] : > = S N . may be necessary . CONCLUSIONS % DULTH GBRO AND OTHER INTRUSIVE ROCKS d (52 wells) Nemadiji Basin San:f:one - eva;‘o‘fsl:a“s‘i;.‘ ;Illa‘ze‘; :ﬂt:;nzed "t;'%r:"r‘nsvd;tt; to d(:ep walter sup_pl‘igs of 15 gal/min (0.95 L/s) or less. Moderate
& o > are: e B Ex:erl‘leirt‘ q?:l:liift]\t/ny Ad:ﬁ::: ::ﬁ‘ah:ity Ad::::: 23::“\/ ::equa:: ﬂo“ll'ty ::equa:e qualntnty | Suitable for stock use | Adequate supply Gerlnerally adequate sup- Generally adequate supply| Generally adequate supply Adequate supply b = l::;g;;r;::gﬁf;—:fif;g&u&m Fond du Lac open hole. Data insufficient to characterize yiélrzh are\g tr:a:tm:ew:v:ilua‘:): ul;:tr: l ::‘usr::i;?;eg:tllotrc\)s ZZ;;?:L‘?SZ
r4 . equa uali equate quali | i : . : : i B . . AR
0 ) Rural, Quantity I I S 9 unity | Adequate quality Av%iYable over large area Adequate quality Adequate quality Adequate quality 1. Bedrock in the watershed is a complex of Precambrian volcanic and 7. During periods of little or no precipitation, flow is generally sustained at a higher Formation || {5/welis) g:g:;';o:; i:ar:‘z'c:%cf"i:':::; Aquifer under artesian |  maximum potential yields.
omestic, o ’ Treatment required for Available only to riparian lands Aviilable only to ricarian |ands Aviitable only't6 riparian Available:ohlv to ribar : " » . of North Shore Basin metamorphosed sedimentary rock extensively intruded by dikes and sills and level in streams in the northern third of the North Shore area and in the Nemadji GLACIAL DRIFT, NORTH SHORE AREA 2
1971 1972 1973 e : of Minimum of 5 gal/min (0.3 L/s) h y-to:ripa Y pa able only to riparian vailble only to riparian lands | | Many deposits too thin or Shallow water levels o < Raci . : ) A - " : 30 Slate and 5t0 10 Sligh i ; : ; -
& | Z l = | R | stock Quality A d: meiﬂc i Treatment required for domestic Treatment required for domes- T s s Treatment required for m;permeable lt 0. yisld s %ﬁrlj‘llr;;r;zacg g: ttl}:: Sgrr?hag)}:gfa“:ezybsuatneisctgggé 401;)h fet ?I];(glzzﬁngi?\?g(lncelg :; 8 gxz;??int}ﬁa%:;uﬁe;eesat cgoi‘gir:;atiiri}:)etda; severe problem in the watershed (82 wells) gr:v:v:::ke ) ':a:‘;f;::::mja:: g:::i:?:::isst::::;edl:;"r;:nwh:'r': A?':’:':r' :‘v::":::‘:’?r:oa:;?’ﬁ:a:o%gv:; :rg:ﬁ:tssfor e
ir temperature, snow, precipitation, and T s. i . . sbestiform particles in 7 reatment required for Treat i | adequate supply : 2 . i N - 5 . . 3 « i k " 2 20 7 ’ :
Depal?tment o Commper ee|,p\'Nelazae:nB u:;l::orttal:;\ gs: :-ia;: Ifxz :’J :a supply Dissolved-solids concentration less WHtSF i}y pFr’ove iy e use ) tic use ) 11 usg ':2"1:22 L::unred for domestic use Bl Troatment for: hardiness, Vafnable qualléy rtangl_ng Difficult to obtain supply Difficult to obtain supply Requires deep wells in much a buried bedrock valley in the Nemadji Ba§1n. Sandy to Clayey, red to gray ftill because of low population, steep gradients and deep valleys of many streams, and Range in depth 9-202 ft (3-62m) :er:t;;:‘:?niggigg;‘:: ::L:::&::::::;g:’:: 'I:(::ztzzig
from U.S. Department of Commerce, Lake Survey Center than 1,000 mg/L health hazard Color commonly high Color commonly high Golor Sihmonty Hih | Flow or quantity misy be st S AT .a';:?emuatgoo o in- of ares covers much'of the watersheq; but ex'tenswe clayey lake sec.:hme.nts and some lake z'md }vetland storage of flood waters. Du.luth has sheet runoff problems and 10 Median depth 45 ft (14m) (3 wells) water accurately.
rssdeguats b Difficult to obtain suppl outwash and ice-contact deposits occur in the watershed, especially in the Nemadji flooding in low areas adjacent to Lake Superior. :
may be necessary ain supply . 4 > . ) . Volcanic No data Undeveloped. No data available. Aquifer may yield small supplies of 5 gal/min (0.
For an average farm, needs are: Abundant ausetity FIT : Ad - Basin. 9. Peak flows on most rivers and streams in the watershed generally occur in April or o roeks available vy PP 9 (0.32 L/s) or
' S ?‘ pri Adequate owl_m ower reaches hequate flow except near Adequate flow except Adequate quantity Adequate quality Adequate quality Adequate quality 2. Sand and gravel zones in the glacial drift, interflow horizons in the North Shore May as a result of runoff from snowmelt and precipitation. fensfromh ugper part
N Quantity q quate quality o eeadav:aters ’ near headwaters Adequate quality Rapid recharge from pre- Adequate quantity may be Volcanic Group, and the Hinckley Sandstone and Fond du Lac Formation are the 10. Industrial use accounted for nearly 98 percent of the 232,325 M/gal (879 X 10°m®) - (13 wells)
Minimum aavaulable surface water sup- quate quality Adequate quality cipitation available with properly most favorable sources of ground water. Although highly variable, yields of from of water used in the watershed in 1973. Municipal, rural, domestic, and stock use = Range in depth 31-600 ft (9-183m) THE CONFIGURATION OF THE WATER TABLE AND MOVEMENT OF GROUND WATER ARE CONTROLLED
ply of 1 ft¥/s (0.03 m¥/s) during grow- constructed well 5 to 50 gal/min (0.32 to 3.15 L/s) to individual wells are possible in many areas from accounted for 2 percent of the water used. Nearly all the water for municipal and g = ; . BY TOPOGRAPHY AND GEOLOGY.—Th blei bdued repli
SELECTED REFERENCES Irrigation ing season or wells yielding 250 each of the unconsolidated and bedrock units. Ground water is only slightly industrial use was withdrawn from and returmned to Lake Superior. w Megipe dequt 114 RiRee moves regionally toward Lake Superi.o_rin fhﬁalﬁle;:t‘il: Sef:Z:esgreauiutripomcﬁyo{oﬁizpr?gx hsst)}eag;o l;:c; lgg:::
supply gal/min (16 L/s) developed throughout the watershed, and each of the aquifers has potential for 11. Good quality calcium magnesium bicarbonate type water is 1l il o 3 i i 4 ’
" " . = . . . ok . ) . generally available (57 wells) surface-water bodies, where it is discharged. Ground water moves northward to the Pi River in the ext:
) _ Quality Available only to riparian Available only to riparian lands Restr.lcted to riparian [ands Restricted to riparian Restricted to riparian Flow or depth probably in- [} Generally inadequate Generally inadequate Generally inadequate Generally inadequate Deep wells required in much additional development. Yields throughout the watershed are greatest in wells from each of the aquifers in the watershed. However, saline sodium chloride & Range in depth 13-362 ft (4-110m) no'rfthem part of the area and toward ,gre Nemadii River and its tributaries in the Nerglz‘;?i Bl::i:'am e
Cook, P. M,, Glass, G. E., and Tucker, J. H., 1974, Asbestiform amphibole minerals, U.S. Dept. of Commerce, National Oceanic and Atmospheric Administration Suitability of water quality for irriga- nnde which have little potential for lands lands adequate supply supply supply supply Ofzarea less than 100 ft (30 m) deep. sulfate type water, with as much as 40,000 mg/L dissolved solids, is present in parts s Median depth 114 ft (35m) Ground-water movement in the North Shore area is mainly through shallow unconfined and sem}conﬁned flow
detection and measurement of high concentrations in municipal water supplies: Environmental Data Service, 1971-73, Climatological Data, Minnesota: U.S. Dept. tion as indicated by classification of irrigation in lower two-thirds 3. Moderate yields of several hundred gallons per minute may be available from sand of the bedrock aquifers. 2 systems in unconsolidated glacial deposits and in joints, fractures, and other nings in the upper part of th
CONVERSION TABLE .Science: v. 185, p. 853-855. of Commerce. Wilcox (1955) of river and gravel deposits that are saturated and sufficiently thick in small parts of the 12. Highly variable water quality in bedrock aquifers, especially in the North Shore z 10 e bedrock. T shatlow flas systen, wiic Kifing the pn"ncipalsou’r iy ofgrounzp:;ategin e tte,fsh ezais i?i h’e
Fairless, Billy, 1973, Asbestos fiber concentrations in the drinking water of communities U.S. Dept. of Commerce, NOAA-National Ocean Survey, Lake Survey Center, - - % North Shore area and especially in the northwestern Nemadiji Basin. _Yields from Volcanic Group, is a result of the numerous individual flow systems in the rock with :{ HINCKLEY SANDSTONE AND FOND DU LAC FORMATION (8 wells) comaplex hesduse of AR condu’ctiuity 73t o i 7 -t e ci}schag e;;
1 i Hrud = 25,4 - {rhiilineienss using the western arm of Lake Superior as a potable water source: U.S. 1971-73, Monthly bulletin of lake levels: U.S. Dept. of Commerce. Adequate depth and quality of water Adequate depth Adequate depth | Adequate depth Adequate depth Adequate depth | Adequate quality the Hinckley Sandstone and Fond du Lac Formation in the Nemadji Basin may be differences in residence time of water in the various flow systems, and differences in 0 = = Range in depth 108-450 ft (33-137m) water to streams and lakes and through numerous springs at the base of the slope along the Lake Superior sh;gre
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