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In the T mining the Regional Copper-

'1 t <j s neces sa ry to exam'i ne 11 lTd ni ng-r'e1ated 1and

uses in t area to t fu re land use, i and confl;

In the I\rea or 29 ~)06 tares of land support some

type of activ"j on of n ral ore and taconi

(Figure-2). t-ion kpil ;, reservoirs, processing

s bas"; sportat<ion y'ou cover a wide . 1

of "I t'j n Iron to tt in the Study

(1" I OJaale by many mining companies to

ex ex on or n m-j nes anel

ti reserves of iron ore and taconi

but-do COnS"1 20 billion metr; tons of iron

oY'e and taeon -j te

197"7 t."

cally recoverable today (Marsden

From the 1880~ until la 1950s, the Vermilion and Mesabi Iron Ranges

v'Jer-e mined exclus-ively for na.tural or high grade iron ore. The a.dvent

of taconite' mi~ing in Mi brought more mines and new technology

1 Natural are is defined as 11 hematitic and geothitic iron rich rna
terial that can be mined beneficiated to a saleable product by
simple rnethpds~ i.e., crustling and sizing II (~1arsden 1977)

Taconite or'e is defined as "magnetite taconite ore and oxid-jzed banded
iron~fonnation ore. Commercia'j'ly the term "taconite lf is often used to
mean any magne te-bearing iron-formation that can be economically mined
and processed by f'ine gr-j hlg and magnetic separation to yield a saleable
i ron ore concentrate or 11 II (t(1arsden 1977)



Table

L/:.ND USE

~'la ter

Land use comparison.

ST. LOUIS COUNTY
% of total land

8.0

L.~.J(E COUNTY
% of total land

15 ~ 9

REGIONAL COPPER­
NICKEL STUDY AREA

% of total land

8.4

S\;'J'amps./Bogs 1. 1 . 0.3 18.2

Open Pasture/Vacant 4~2 0.4 5.8

Forest

Farmland

l.t-
81.4

1.8

Q') e;.
V4-"-'

0.1

59.6

2.1

Rural Residential

Urban Residential

Transportation

0.9

1 4

1

0.1

99.9
a

0.2

0.5

07
b

100.6

l.0

0.7

3.6

0.1

99.5

SOURCE: Barton-Ashman Assoc. Draft EIS--Reserve ytlning Company, 1975, ang Land Use
of the Regional Copper-Nickel Study Area, Socia-Economic 'studies~-1977.

aDue to rounding, the percentages and totals do not equal 100.
b The calculation of these figures does not include ali tailir.t'gs basins~;

stockpiles and mine structures. "_ '.'" ,..

",., f



the Study Area Though were as many as 50 operating natural

ore mines in what is now the Study Area, at one time, they cover a rela-

tively small amount of land campa to ve ive taconite

operations now in the Study Mining and~producing has

come more profitable than ore mining. Today, ar'e on-ly a

handful of natural iron ore

Study Area..

ons 11 hipping ore Qut of the

Da for exploring sible mini ated land use were

gathered sources. i vers-i of Minnesota 11 n,

Issue II 1 by lliam the\AJay, was the

sou nil supplied the most current 1i ngs

and descriptions of natural ore exhaus , i nacti ve and

active mines. The Universi

the Bulletin in June, 1977.

of 11 publish an update of

The Minnesota Department of Nat.ural Resources U~DNR), ~linerals Division,

at the Hibbing and St. Paul ces~ supp'lied "information as did MDNR-

ReclamatiDn; George \~heaton, a University of t'1innesota geo"logical re-

search associat~; and Marvin Lamppa, an iron range historian.

Natural Iron Ore Resources

Available ore resources 2 in the Study Area include 33 million metric tons

of natural iron are. These reserves are actually insignificant to future

2 Reserves are defined as "knovln identified deposits of mineral-bearing
rock from which the mineral or~inerals can be extracted profitably with
existing technology and present economic conditions. Resources are
defined to include not only reserves but also other mineral deposits that
may eventually become available--either known deposits that are not economically
or technologically recoverable at present, or unknown deposits rich or lean,
f~~fe~a~ ~§~~~!erred to exist but have not yet been discovered (Meineke-



Table EsttWD :reserve[-] of natural are. Natural ore reserves based on
information [:corn the State of Hlnneso covering 1976-·1977 reserves.
Only iron are reported a mines or mine groups aD the tax roll,

510, 2.0L~ me trJc tOllS of reserves are :i.neluded 0

RAJ1GE

15

16

17

18

.;..

l'-fINE

Donora
Embarrass
Headolv Reserve
0-47 ReseTve
Stephen~-;, Perkins Perl<.ins Annex'
U ~ S• S < Reserve 0

Subtotal

, OL}] ReseT-vc j) Roy
Corsica
J & L if/IS
J & L #47 Reserve
l1cKinley

Subtotal

AubuIll, Great tern
Cloquet and i-liJ.nex
Rouchle8u and
SE:.curity

Subtotal

Brunt

Subtotal

TOTAL

c·
I

RESERVES
trle tons

9,252,'144
1,566,222
1,008,000
1,152,888
1,6£,8,888
1,658,666

16,287,108

4,[+1.9,777
431~111

922,666
1,526,2.22
2.

9,525,331

3,506,666
1,196 4LI 4

953,777
S16,4 /.j.L'r_

6,173,331

1,533,333

33,516,441•

SOURCE: State of HinnesoLa, Office of Ore Estimation, Eveleth,
Minnesota, 1977.



ore production because s 'j es I to use taconi

in the stopl-making It 'is dOll however, that mining com-

panies controlling reserves would ell or exchange for' uses

other than mining

Exhausted Mines

1977) ( '1 e 2) '. C
I

In 1870, a representa ve Syndi a mining company

from Michigan, drove near townsite of present-

day Babbitt with hand ac:k This established first

i ron ore mi ne on ion or Ran The venture

was eventually'condemned ore and ha (Lamppa 1976). l:

By 1884, shipmen~s were

Breitung, Towe~, Arms

e from seven mines: the Stone,

and ~1ontant on the Venni 1i on Range

(Lamppa 1976). Within vlere at twe1ve m'j nes -j n

the Study Area, includi 1 -running operations such as the. Biwabik,

Chandler, Canton, Minnewas, and

active~ihto the 1960s. Today,

io mines. Some of these mines remained

are 76 mines that were mined for

natural iron ore at one time or another in the Study Area (Treathewey

1974) (Figure 3). An exhausted mine has been mined until all reserves

are depleted. The mines in this case have no available natural ore,

but many of them are mined today for taconite are.

Leases

There are 29 state and priva leases for taconite reserves in

exhausted natural iron ore mines (Treathewey 1974). A number of

companies sti~l hold natural ore leases for fifteen of the mines

designated as exhausted (Appendix A).
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Abandoned and
_ .•,~--~~.-~---~_._---~••~-'-"-_.~-_.<.~

p on buildings and land were often oned VJhen a

rni ne exhausted. erld on rrrin(~s are

are 1

01' 1ea.

to deter-; ora

by

(e.g , odl

(.

but operat"i ons

1 Plant south~

east of tt or ri Pioneer Mine in y). The

Longyear mi ne s-j has r'econ to i ori

"i nal wor'k i ng This -j
I is ign as fl/li nnes

Inventory H-i to1"-j c Si a

s park in 1974. All su ons re=

ition aile The last ship=

ment from n 1 mi ne -is not

"yet exhau ted.

I ve nes

Inactive mines are defined as mines still containing iron ore.

Owner~s and operator's have halted extraction from such mines to

await a more profi ble time or means of extraction to mine the

rel1l§i.ning or'e There are 43 inactive mines vrithin the Study

Area {Treath~wey 1974). The Embarrass Mine, for example, con­

tains approximately 1.75 million metric tons of natural iron

ore, but it is water filled to its top edges. The possibility

still exists, however, to drain the pit and extract the remain-

ing ore (Appendix B).

Flooded Pits

Flooding is a conrnon consequence for many exhausted and inactive

mines. The pits are flooded by underground springs and run~off
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from Bi wa bi k I Y'on on. F~looded !rits are

stae th fish. Three

are the Knox 19

la wa s -j 1<I pi

Th ci of Aurora

uses the via

called~ for their ci supply. city of eth is

planning to small near r ci

limits to enhance su y.

also dewa

processing.

Reclamation

pi to add to r reservo"j rs i

Waste rock stockpil ancill

left revegeta t. es to

speed the s no_J lwi rd ng

compan"i es and amation Division. se of i ing

and settling, building cons on on VJclS rock s 1es

has not been fea i b"l in st. Many houses built on stock-

pi)es in Hibbing foundation cracks and shifting.

In most cases, exhausted Ilrines, abandoned mincing facilites, and

sU~founding land have not been reclaimed to any recreational

or economic~l value, but are often leased by other mining com-

panies for use as dumps or other related facilites.

Present Natural Ore Operations

Natural iron ore operations are relatively small in comparison

to neighboring taconite mining facilities. Shipments are still
..

made from tfle Gross~Nelson, Gauntry, McKinley, Rouchleau, and

Weltan Reserve mines. Active natural ore mines within the

/
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s cov 2HL'12 res or only three

t \tli trd n eL These

mines are not c new toe i1es but are 'ing 1i

rock d esc lea.st one min

i company, Pit ~I c rna kpile shipments from

exhausted or ina ti fo-i hl. Fi gure 2

include wa.s rock iles ~ and mine

dumps. Very s measu 'I c~

arnount 9h ore should

be consi tu¥'es.

'j on

No. must and washed before

1eav'! I e are only lTIinor

;,"

activ'} Thi ore is

then sh'j red 1 Du'! Two Ha V/here

',t is slri

TACON IrE OPFRAT I S

s 'j for pr'ocess i n9.

dominant source of iron are. Approximately 65 per-

cent of the land devoted to mining-related ac vities in the Study Area

is used for taconite extraction, stockpiles, tailings basins, reservoirs,

crushers, and concentration facilities. Knowledge of taconite opera-

tions and resources is essenti 1 to calculate present and future land

use in the Study Area.

J::.•



Tclble Total taconite ore reserves of the Mesabi by range unit.

RANGE

12

13

ttl II.Q)
J-I
<: 15
:>.

v'O 16;:l
J,.J
tf) 17

18

TOTAL

TACONITE RESERVES

c'

'981,397,333

3,435,128,889

5,521,702,222

339 302,222

2,1+29, 000, 000

8,540, 20l} ,lt44

28,510,379,560

CJ)
bn 19 1 596,961,333
~co
~ 20 785,920,888
~
0 21 1,680,OLt O,OOOH

H

'14 22 3,976,177,778
r" ,.0

co 23 1., 92/{, ,080, 000(J)

CD
?: 2!f 1,831,804,444
\~-l

0 25 1,895,235,556.
H

"
CJ) 26 0'"d ·Z_,_~_w_.=

r::
·.4
m
S
~ TOTAl, 13,777,105,780

SOURCE: State of Minnesota Office of Ore Estimation,
Eveleth, Minnesota. 1977.



Table [/ Es area de"voted to taconite mining by ac and
! company within the Study Area.

ARRA

Erie--Hoyt Lakes
Operation

Erie-Dunka

U S. Steel-Minntac
a

Eveleth Taconite
Expans'ion Company

ACTIVITY

Reservoir
Bas:Ln

Hines
Stoclcpiles
Plant
Related

Mtne

Relate.d Land

ERIE TOTAL .

Reservoir
Bas:Ln

Hines
Stockpiles
Plant
Re1a tei!. Land

U.s. STEEL TOT~~

Tailings Basin
Mine.
Stockpiles
Plant
Realted Land

1619.1+
680.0

1165 9
708.5

64 8
1668.0

6

22667
129.5

1

6991.0

40Lt • 9
LtOL~ .9
2.75 a
291.0
81.0

987.9

2.445.0

161.9
275.0

"939,,;3
81.0

664.0

EV. TAC. & EXP.. TOTAL 2121.5

Reserve Mining Company Mine
Stockpiles
l)lant
Related Land

RESERVE TOTAL

1473.7
809.7
81.0

2433.2

4793.1



Table (contd )

ACTIVITY hectares

Inland Steel Company
Hinorca

Reservoir
Tailings Basin
tUne
S
Plan
Related Land

421 0
L}85.8
518.2

1036JI
81 0

.5

3336.0

SOURCE: Di.rec t
Study 1977.

Land Use f1J~QB Regional. Copper-~Nickel

BCalculations for u.s. Steel's M~nntac plant included only
activities or of activities on land within the Study Area.

bRelated is defined as the
pit areas used for storage or t

;,

\

land around
tation, or vacant land.

and
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Methodol

Info ite reserves, operations, and ex-

ion was supplied in pl 'l'jshed by min-jng companies

aer"j a1 photo i on check; dire comrnuwi Co

tion with mini cornpan -j Study

Area., the "Uni vers i iring

Oi rectory Is ue II and !viDNR -j n Hi bbi ng. 1'1any

facts and an cr'] pts

of the ni and ous environmental

impact pub1is bvJ e ni and Reserve Mining.

Production

In 1975 Erie' u. s , and leth Taconite) and

Expansion Company .) produced a combined total of 23.7

s of i Taconite reserves in

the Study Area3 hold approxima y 28.5 billion metric tons of

merchantable ore, as compared to 13.7 billion metric tons in the

rem~ai nder of the 1'·1e5 ab i Iron (Table 3)0

~rocessing taconite to extract iron from the hard rock consumes

more acres than the open pit extraction process. Inland Steel)

Erie Mining, U. S. Steel, and Eveleth Taconite have processing

facilities covering approximately 14,000 square hectares (Table 4).

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

3 The official topper-Nickel Study Area covers only the two eastern sec­
tions of range 18, west. The entire range 18, west, was used to cal­
culate taconite reserves.



Reserve Mining Company shi to their -i ng

Crus , mines, roads railro 5, and switching

yards crisscross; acent to Reserve1s Mi 1

mine cover 3,300 square

(Figure 4).

thout 5i

Eriels Hinsdale ion Ho,yt La.kes covers rnare 1and

than any other mining r'iJ on in Study Ar·ea. e a-Iso

ships crude taconi over 15 miles by rail from their Dunka pit

operation near Babbi le plant. Eveleth Taconi

and Expansion Company' pOl ant and ilin bo. sin a.l"e

just south of Study r Evel Taconi has

maintenance buildi just no Evel The taconi

from the Thunderbird Mine

to the processing plant.

is shipped by rail six miles

vJater Use and

Water consumption is i ral to taconite production. Reserve

Mining has alleviated their supply problem by drawing water

fronl:Laker Superior for processing at-their Silver Bay facilities.

Eveleth Taconite and Expansion Company use the St. Louis River

as their water source. Erie Mining and U. S. Steel are located on

the Laurentian Divide which enables them to mine and process in

the same area because of water flow. These locations, however,

do result in a water supply problem solved by the use of con-

structed reservoirs. Erie pumps \t/ater from Colby and ~Jhitewater

"Lakes to sma-~ller reservoirs at the Hinsdale operation. U. S.

Steel has a reservoir and also dewaters the Stephens Mine for its

\'/ater supply (Jer'r"Y Johnson, ~lDNR 1975).
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"i s us dlJY"l ti on to VIa h aVJay non-ore

particles. Taili or 1i by--product taconite

of 'in Study a by pump; the

'j'l i into a in is a, 1 area encompas

dike. In general, tail

ings basins are con 35 to 40 1i

1\1 680,J are he , V'Jhi le

on 's sin covers only 162

square res. Only e I and U. S. have

'1-1 -j ns in e expres interest

ina from their

ta 1i in Ll'l irna 1y consume 4,200

s ute 4-). dumping

La

a'i s'j

"11 n dumpin9 at a nearby

Total mini

Land Use

operations also include land used for the plant

bUil~ings themselves, transportation, and vacant land adja­

cent to mines or the plant. Most of the mining companies

6wn or lease land around their present operations or have

land available for land exchange.

TRANSPORTAT I ON

Methodology
.,
;j

Mi ni ng compa~ny tran sportat i on \'las camp i 1ed pt~ i rna ri 1y from Mi nnes ota

Department of Transportation and United States Geological Survey
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maps. Aerial photo i tion followed by field-checking

in the Study Area was also used.

ilroads
,.
I

Mining company transportation lace the entire Mesabi

Iron Range. There are five major railroads running through

the Study Area. These are: the Duluth Miss and Iron Range

Railroad (OM and IR), heavi es t or'e-carry'j ng ra i 1road in the

Study Area; the Duluth, Winni Railroad, primarily a grain

carT; er; Burlington Northern; and tvJO pri va te 1i nes owned by

Erie and Reserve. Inland, U. S. Steel and Eveleth Taconite

use the OM and IR to transpo ore out the Mesabi Iron

Range area. ,;.['1"1 e and have extensive road and rail

arteries for transport from mine-to-plant and plant-to-shipping

ports .on Lake Superior (Figure 5).

Roads

MinJng company roads are usually restricted, for example, the

restricted road from the Hinsdale operation to the Dunka Pit.

Thrs:road is the shortest route from the Hoyt Lakes area to the

Babbitt are~ but is for Erie use only. Abandoned company roads

to pits and stockpiles are often blocked by gates or piles of

waste rock.

TACONITE EXTRACTION POTENTIAL

After 80 years of iron mining, the landscape of the Mesabi Iron Range

is chat'acteri zea by man-made canyons and mounta ins as the consequence,

for the most part, of natural high-grade iron ore mining. The advent
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of taconite mining in 19 brought the for rwi ni n~J operat-j ons to

consume an even larger percent of the land than had previously been

devoted to mining. Today

sprawl along the Biwabik Iron

mine

on "Ii

and expans -j ve

on

expansion As was shown in Tabl 3 taconi reserves vii n the Study

Area are twice that of the rest

Method9 lo SLY_

I r'on

To project the availab-i-lity of e ite, Dr. Ralph

Marsden, a geo10gi vrith Uni vers-j uth,

conducted a study iron ore reserves in the Mesabi Iron

Range (r'lla.rsden 1 ) .

1t i rna t~e Pit Li TIl; t

Marsden used calculations reserves to predict an Ultimate

Pit Limit (Figure 6). He defines the Ultimate Pit Limit (UPL)

"-as lithe break·-even cost situation with all available funds

. after recognit-ion of all production costs used for stripping"

(Marsden 1977). Constant 1974 dollars were used in the

;, ,calculations.

Data used to calculate the UPL ranged from reliable to scanty

with ore test results dating back as far as 30 years. Dif-

ferent methods of testing in different laboratories over

the years also added to the questionable reliability of the

data. Since the data used by Marsden was the most reliable

data a~ailable, the calculations are accepted as an esti-
~

mation of iron ore reserves. To show the varying levels of
.. ~

reliability of input data, a "Probabilistic Gr'ade-Quality Matrix"



in t"lrnation. lcul ions and estima-

tions were initially throU9h tIle Un-; Bureau

of nes Mineral 1i tern. ca 1eu"

ton a1'1 rna "i a'~ t can be produced

at a break-even or on a table basis using cost and

mineral value in ion avail le to the evaluator for

1974" (i'1a 1 ) ~

Ore tlassi cati

Fot" ca1cld on "i ron ore in

grouped by as iron ore material content. The classi

ficati 1) ral Iron Ore; 2) te TacOlri te

Ore; 3) n Ore' 4) te

Tacord to

6) S-j -, iceous ne cite Ore; and 7) OXIBIF

(Oxidi Banded Iron Fon-nat-jon Ore). Ore from a1'j of

these groups is t in the Stu~y Area .

..
are Reserve tima

;,S.inc;e the major' factor 'in determining the UPL for material

that can be economically mined is the quantity of stripping

that can be removed to meet a no-profit, no-loss situation,

the only tonnages included in the taconite ore reserve es-

timate are related directly to the cost of producing

taconite pellets. The taconite production costs used

were calculated as a range de average taken from data

submitted~to the Minnesota Department of Revenue from seven

taconite plants across the range. The amount of stripping



Table , aSunnnary of Hesab:l R.:.mge iron ore reserves by o:re class and range UIn_t.

HAGNETITE ~ ~--11AGNETITE -BOTTOM HAGNETITE

_H._A_N_G_E_S__--l TA_g21!IIE ORE TAcorQl_~_J::~AN 0L\f~_______ TA~C01~}- TF~EAt~ ()RE
SILICEOUS

____TACOI:'l.L

12

13

14

15

16

17

18

Subtotal

20

21

22

23

24

25

26

c·
645.86 \

2,120.52

3,228.77

281.52

1,780.87 180086

6,735062 230.93

~]7~012 .1,342.27__

19,063.28 1,754-.06

868.42.', 13.8!f
,-

381.48 56.17

1,122.80 11051

2" Ilf 1. 051

518.74

110 53

1.1/[5.53

1,256.06

271.6

12.0

306.36

1.,31.lf'(

3,898

Subtotal

TOTPJ.J

2,366.:H

24,096.28

81.52

1,835.58

589.96

3,

SOURCE: Dr. R.H. Harsden, 1977. Iron ore reserves of the Nesabi Range,

Minnesota, A Minerals Availability Report, 1977.

a
Data recorded in millions of metric tons.



SILICEOUS HAGNETITE
ORE

3.35,,52

1,314.60

2.,248.41

SILICEOIJS }lAGNETITE
TACONITE l,£1\J\j

C
I

57.77

505.69

NATURAL ORE
NINES PLUS

50 000 TONS

9 52

. 1.52

TOTAL

3,435~ 12

5,521.69

355.58

8~546.37

3,898.53 44.5

I. ,

.~/' .~~.

2. ,L~85 • 83

352.64

236.68

1,834.66

1,405.33

1,831.80

1,895.23

33.48

5.60

52.75

10.25

5.90

7.91

7,,71

9.54

28,535 83

1,511 66

838.86

1,690.29

3,982.08

1,839.66

o

3,898.53

o

44.5

7,892.78

10,378.61

108.70

142.28

13,708.16

42,243.99



to the U u "j s pp-ing cost

I~ summary the es i1la, iron are reserve tonnage for the

d A 4. 11·'StlLY rea 15 ~) by ore c1 ass i on.

Designated i reserv shown~by location and com-

pany as campi 1ed by \~i 1'1 i am

of Minnesota Bull

Prediction

the~l/ey in r-iguY'e 7 (University

Directory Issue 1974).

r~arsden that mini up the UPL in the Study Area may

be met by obs les. mining nears the UPL, pits will

become deeper due to slope of the are deposits.

Hau"1 cos and quantities of pping be removed may increase.

The avail il°i'tv, ,J dump arc~as become a problem as mining moves

into densely-populated areas. This is also complicated by the oc-

currence of Bottom Taconi Ore, which prohibi stockpiling in

existing pits due to the

°in the future.

"ibi"lity of mining the Bottom Taconite

Tonnages along the Biwabik Iron Formation may be reclassified from

iro~ ore resources to are reserves before all the currently esti-

mated iron are reserves are mined. The possibility also exists

that ore included in this estimate may not be mined due to envi-

ronmental concerns or costs. Proposed mine pits can also expand

4 The official Copper-Nickel Study Area covers only the two eastern sec­
tions of range 18, west. The entire range 18, west, was used to cal­
culate taconit~ reserves.

_J
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beyond the UPL s by rs when and if economics allow

production at higher strippi as or if technological advances

present methods

es t-j rna

ore materials not i
C'
I

uded in th<is

Areas along the B on tare currently being

mined 11 a.lmost future R '/977). The

MDNR expects that in d re, when all available ore has

been removed by open pit round mining may become a

via.ble means of ore tIre B-j i kIron Format-; on

neath the Virg~nia 'jon. avera <11 recaver'y of tacon i ore

by u methods \twcd d "J ess 35 percent (Yardl

TACONI INDUSTRY EXPANS S
---_._~--,-"._.----,--_._-----------"""'""-,~-=~-~

~ethodology

It is essential to examine oj 0 n p"1 an s for the t acon i t e i ndus try i n

the Stu~~ Area to predict future land use. Companies may undergo expan-

sian at their present operations or on land that they control away from

their op~rations. For purposes of expansion prediction, any location

listed as a taconite reserve (Figure 7) or land controlled by mining con-

cerns may be considered as devoted exclusively to mining in the future.

I nformat i on for m-j n -j ng company expans ion plans was taken from transcri pts

from the Reserve M-ining Company hearings and published plans by individu-

al mining companies. The MDNR-Hibbing was also used as a source.

Devel~ment Scenario

Mining'c~mpanies are developing plans for expansion or new production

facilities. Some of these plans are speculative and others are more



Ta.ble {( Exi::; and possj.blc in t canite produ tion

ex!s

COHPANY

u.s. Steel (incl Phase

Hanna (Butler & Nationa.l)

Hibbing Taconite

PROBABLE
DATE

exis

Co
I

ex:Ls

PHODUCTION
(millions of metric tons)

9.6

9 4

4.8

Eveleth Taconite &

Inland**

Hibbing Taconite

Hibbing Tcrconite

Hanna

Hanna

existing

1979

1980

1980

1981--82

1983-84

5 3

2.3

1.0

0.5

1.0

2.5

u. S Steel- (Phase IV)

Jones and Laughlin

Hanna

Hibbing Taconite

Ogleba~-:f~orton

Hanna
.;:.

Erte (Biwabik)*

Inland

1985--87

1985-87

1982-87

1988-92

1995-2000

1980-2000

3 7

2.3

L~ .5

4.5

2 3

EXISTING 56.6

ADDITIONAL 36.2

SOURCE: Di:i"ect Testimony and Hearing Transcripts from Rehearing on

Certificate of Need for 11P&L/UPA, 1977.

*CuNi staff assump~ion that this operation may be feasible after 1990.
**Companies "lrTith taconite processing facilities in the Study Area.



def"j ni i on by company, the probab1

date of operation, and possible production amou

By 1995-2000, annual

(Regional Copper-Nickel

p uction could reach 12.8 million metric
e­
I

and Minnesota Energy Agency 1977).

. Thi S pl"'ojecti on is bas on 'imony and pts (1977)

provi by ives mining company operating

in northeastern Minnesota.

approximately 63.8 million c

pr'oducti on

(Table 6).

bilities are, today,

sion Plans

Figure 8 i '11 u approx'j on of operation

cribed in the t scenario. Hanna Mining Company
I',.

O\'lns 161 hecla. res of su along Biwabik Iron Formation

in the Study Area, but not own any taconite reserves in

the area. The figures quoted for Hanna in the development

scenario do not include any plans for taconite production in

th~ ~tudy P.,rea at th is t-j me. I-I"i bbi ng Tacowi te does not own any

sur~face area alon9 the Biv1fabik Formation -in the Study A'('ea.

Li~e_ Hanna, the expansion figures quoted for Hibbing Taconite

in the deve10pment scenario do not include plans for taconite

production in the Study Area.

Jones and Laughlin Steel ~orat·ion

Jones and Laughlin (J &L) currently operate a natural

ore-producing facility at McKinley and have been pro-

posing a large taconite project just north of Gilbert
.­
:,

and McKinley. This proposed fac;'lity will cover ap­

proximately 3,903 square hectares (Figure 2). The
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proposed Jones and Lau lin

,1 ~ L for at least fi

eet h ch cu sed by

1977) and no

def-j ni plans annou nera 1

Division at Hibbi
c'

ee ~ major development

for Jones and Laughlin -j n the next 25 rs ( neke 1977).

erve Mini

Reserve Mining Company no p-, ans for ion from

their present Peter Mitchell Mine Pit south

of'Babbi on, and it is to con-

tain ample reserves in

Figure 2, are 2

pit to support s kpil
~

ties. Reserve slrips all

the pit. As is shown in

s are res u ing the

pl , and ns ion faclli-

i or'e extracted from the

Peter Mitchell mine to Silver Bay for processing.

J:rie ~1ining C~~

Erie Mining Company owns considerable acreage in the Study

'Area. The final environmental impact statement for a land

~~change in preparation for Erie to construct a reservoir

is nOvl u~,dergoing final revievJal. Lake Forest Enterpr"ises,

Incorporated, a land agent for Erie Minnig Company, has re-

quested a land-far-land exchange for acreage in the Superior

National Forest. Erie needs the lands for a clearwater reser-

voir to supplement existing water supplies in times of in-

sufficient precipitation. Erie presently draws \l/ater for

process -j ng from Colby Lake, but the \vater 1evel in Colby is

not sufficient at all times to supply Erie with the great
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amount of needed for proces ing taconi the Hoyt

I? operation. 5 The proposal calls for damming a portion

of the Upper Partri Riv and holding from the

Patridge River, Colvin, , and ~Cranb Cr'eeks and

Bannor Brook. When

, the \Ala ter

taconite plant requires supplemental

let out of the reservoir to flow

downstream to Colby La it YJi 11 pumped to the

plant si The Hati Service is expected to

recommend that Erie all to go ahead with the land

exchange. This exchange will enable the Forest Service

to consolidate many res of National Forest lands.

Erie is then to proceed \~Ii th neces s a r'y steps

tm'Jards' construction of the reservoir. The MDNR,

however, has indicated that the reservoir may cause manage-

ment problems with future land uses in the area (Meineke

f978) .

Pickands-Mather, managing agents for Erie Mining Company,

has apparently abandoned previously-announced plans to

:.'mine taconite reserves beneath the city of Bivv'abik.

These plans, which included the relocation of Biwabik

by 1980 to a new s; approximately three miles south

of the present townsite, were reportedly abandoned

due to dim market projections for taconite. The

Regional Copper-Nickel Study staff continues, however,

to include a Biwabik operation in future taconite de-
:;,

velopment scenarios.



Eveleth Taconite

Clnlpbay rton, manasri t for Eve-leth laconi , oVJnS

275 hectares of su area along the Biwabik Iron

Formation in Study This figUre includes the

area now mined as Thunderbird Mine near Evel

Oglebcty~Norton million metric tons of pro-

duced are for 1980 to accou for adjustments ir

Forbes operation

i,ted St.ates -j on

u. S. Steel has their expansion possibi"lities "in terms

of phases. fae;li at Mountain Iron

is nO\\I oper-:ati ng a t Phas(~ III capac i ty . Phase I I I expan-

sian sh6uld begin in 1 and i expected to boost u. s.

Steel's taconite production by one-third (U. S. Steel 1978).

Only one-half of U. S.

the Study Area.

l's Minntac operation lies within

:1 n1an~~ teeLlompany

In"land Steel's ~1'inorca operation northeast of Virginia is
;..

expected to double taconite production from the present

2.4 million metric tons between 1980 and 2000.

CONCLUSION

For the purpose of estimating future expansion areas for non~mining

surface development, the calculated Ultimate Pit Limit line south of

the Bi\tJab-j k Iron ~Formation and. the Northern Limi ts of the Ore Forma-

tion may prove to be the most reliable boundaries. Roughly 2,672 square

hectares are included between the northern limits and the Ultimate Pit
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Limit. Added was rock stockpiles, new or expanded

and other facilities would necessi te land consumption ou ide of

boundaries. A rational one one-half miles north and south of the

boundar-i es has been proposed by the Coppe
. (

"I (~ Study sta to accom~

modate expansion of su ilities (Figure 9). This will cover a

tota"l76,356'5 to 506 square hectares presently

consumed by mining in Study The pos -1 bi 1"1 ty s that min-

ing may never reach this maximum ion level; or mining may extend

beyond the boundar"ies of this arbitar'y exc"lus'ion area

R-NICKEL RESOURCES
f'1ethodo 1oqy
_.~_._-------.",.-~~.-

The Study Area is known con in si ificant quantities of copper-nickel

on 1977). The Regional Copper-Nickel

Study has produced two major produ ing to copper-nickel resource

estimates in the Study Area. The Regional Copper-Nickel Study, through

the effort~ of the Minnesota Geological Survey and the MDNR, Minerals

Division,. have pr"oducecl new maps a.nd reports compiling all prior re-

source data. Reports, maps and other recent inves gations have been

put toget~er as a final report for the MONR. The MDNR, Minerals

Division, has al~o produced a report on the mineral resources and po­

tential of the Study Area. This report is based on data from about

500 drill holes which v-Jas collected by the t1inerals Division for th-is

purpose. Data for these reports was also made availab-Ie by individual

mining companies.

Location

In the Study Area, the major portion of known mineralization occurs in

the II basa"' zone, II or lower most severa 1 hundred feet of the Du 1uth Comp 1ex.



20

The Duluth Complex is thou of s "i ntrus ions -i nto

and beneath the

ial Mineralization

Data available from

tests on th~ Spru

International Ni

also ind-ic

1 Company (INCa) bulk sample

the presence of recoverable

grades of silver, gold, platinum ladium in varying quantities.

Cobalt was also found this was not mentioned as a recoverable

metal by INCa in 1975. ~Ji til a SO percent recovery of caba1t through

smelting and with

to recover.

cUrrent market price, cobalt should be economical

Other resources _q'ccurr'i ng in economi -Iy i ting quantities include

vanadium, chromium um;nUIll, graphi , and as tos. Titanium and copper'~

nickel occur together in the

part of the Study Area. Graphi

area of T.57N, R.14W.

COPPER-NICKEL RESERVES

Hen ultramatic rocks in the south central

is also abundant in the Water Hen Creek

;:.

Figure iD shows the results of the MDNR-Minerals Divisionis mineral resource

study. Tne percentages of 0.25 percent copper and> 0.5 percent copper

illustrate the copper mineralization with regard to thickness and distance

above the basal contact. Tonnage estimates were made using data from 324

of the 500 drill holes used in the study. A standard polygon method was

implemented to calculate the area of influence of each hole. (See Meineke-

Listerud Report
J

for a more detailed explanation of this methodology.) The
;,

estimate of mat~rial > 0.5 percent copper in units> 15.24 meters thick

four billion metric tons. Material found to be > 0.25 percent copper
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persis from the top of the core to the base of the complex or at least 30.48

meters. Mater-ial at > O. copper tima at over 900 million

metr; c ton s. Th e tonn age es t -j ma for ma ial > 10 percent titanium and

-j onArnax [\1inera1i--- mates

American Metals Climax~ Inc releas information a public

meeting in August, 1977, that indic significantly higher grade minerali

zation existing -in the area. AMAX estimated 293-333 million metric

tons averaging about 0.8 t copper and 0.2 percent nickel as their

underground potential. They also reported discovery of 2.8 to·5.3 million

metric tons of semi-massive sulfi about three percent copper and

0.6 percent nick~). Tonnage estimates in R report are based on cer-

tain assumptions and are therefore, insu as conservative estimates. Data

presented in the MDNR report shows that basal zone mineralization is not the

only mine0alization that occurs in the Duluth Complex. The mineralized zones

that are. known to occur above the basal zone may and should be explored for _

possible extraction.

;,

Plans and Activities

Should extraction of any of the local mineralization occur, land on and around

the Duluth Complex may be used for mining-related activities. The type and

extent of mines and facilities fat the extraction of known copper-nickel

or any of the economically interesting mineralization near the Duluth Complex

will depend on environmental, economic, and management factors. Few companies

have made comprehensive mining and production plans available to the public.
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INca

INca has published plans for a plant a stockpile, an open pit and

a tailings basin COy ng imately 2, re llectares

(INCa 1975). Since blication of

pended operations in Minnesota.

A~1AX

(,

'plans, INCa sus

AJ~AX has conducted extensive exploration "in Sect"ions 29 and 32~

T.60N" R.12vL At present, A~1AX is discussing operat-ing plans

and feasibility s.tud·ies publicly \tJithin their corporation and

have released a conceptual plan for a copper-nickel operation

covering app~oximately 372

Leases

uar'e hectares.

As of May, 1978, Duval Corporation and Exxon Corporation are the only con

cer'ns still holding federal prospecting permits. More federal prospecting

permi~s.are pending for fIJllAX, Exxon, Erie Lloyd K. Johnson, Ei"leen Scully,

Paul Beaird and Leon F. Scully, INCO, and Hanna. INCa has been granted two

federal: leases for their Spruce Road site. AMAX, Exxon, and Duval are

prospecting al~o under state leases. A number of the companies mentioned

also control non-public land and mineral rights in the potential copper-

nickel mining area.

CONCLUSION

A great d~al of marketable mineral resources lie beneath the surface of the
"

Regional Copper::"'Nickel Study 'Area. Enough taconite and natural iron ore

material ex'ist so that mining at the present economy and sca'le could possibly
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continue for at least 50 years ( ) . Projec

taconite operations could conceivably cover a 1 76 square hee res

if allowed to expand to the Ultima Pit Limit.

C'
\

Copper-nickel and titanium mining could consume at least another 9,312 square

hectares or 1.7 percent of area in the Study Area. This figure

does not include any mini 1 uses such as plants, stockpiles,

reservoirs. Combined iron ore, ite, and copper-nickel mining land

use could consume 85 c !~es or 14 rcent of the land area in

the Regional Copper~Nickel Study

percent.

as compared the present-day six



A. Exhausted mines and

DATES
Olt' SHIPHENT

e.s of leases within the S Areao

l.EASE

Aad 1904---1928 See 31,T.58,R.17

Adriatic

Ajax

Alberta

Allan

1906-1918

1899~1953

1907-~1913

1913'~-19

Sec..l,T 58,R.16

Sec.16 T.58,R.17

S\v'-N1tl & NH-SH, Sec < 32, T. 59, R. 17

tacon::Lte

tac.ontte

Alpena Hine W. .1955-1960

AnllS trong Bay 1923-Explora tion Sec.7 &. S~-SW,Sec.8,T.62,Ro14

Arne 1965~1969 SW-NW SE~NW,Lot 3,Seco4,T.58,R.15

Belgrade 1908-1923
" '

Sec 9,T.58,R.16 taconite

Bi\vabik 1893-1955 Lot 4 &. SH--NI;\T Sec. 2 & Lot 1 &.
SE~· NE Sec. 3, T.. 58 , IL 16

taconi.te

Burns 189.5-1951

Canton 1893~1954

Cass 1903--1955

Chandler No. 1891-19L}2
;-

:

Chandler So.
"

1888~ 191~2

Lots 6,7,12 & parts of 11,13,14,
Sec 4, T. 57 , R. 17

SW-NE & SE-mv,Sec.2,T.58,R.16

~m-SE,Sec.28,T.63,R.12

SE-SE,Sec.28,T.63,R.12

taconite

taconite

Consolida ted
Vermilion &
Extension

Coons

Duluth

FJ.ba Mine

Emmett

Ernie

1916-1920

194(}-1970

1893-1951

1898-1926

1897~1956

1953-1958

S~~N1~,S\v-NE & NvJ-SE, Sec . .5, T. 62, R. 14

NE-m~,SE-NW,Sec.16,T.58,R.16

Lot 2,Sec.3,T.58,R.16

W£-SE & S~-SE,Sec013,T.58,R.17

w~-sw & SW-NW,Sec.8,T.58,R.16

taconite

taconite

taconite



(cont'd )

DATES
IPl'fENT

1911~1953

:F'ayal No ~ 1

LOC.ATION

Lot 1,See 6 T.58, 17

Lot 4,Sec 5 & Lot 1 Sec.6 T.57,R.17

taconite

taconite

F'ranklin natural ore

Genoa Fee 189 1

Genoa--Sparta 1896~1956 ,Sec.34,T~58,R.17

Gilbert Sliver, Sec 23,T.58,R.17 taconi·te

Hanna l>line 1909- Sec:.2 & Sec. 3, T 58, R. 18 taconite

H:Lggins No. 1

Holland

Hudson

Jean

/.

Julia

Knox

laBelle

Larkin

Lone Jack

Malta and
Malta Annex

Mariska

1'1ayas

McComber

1'1eadov7

H.e.adow Extn.

1914-1957

1905-:,.

1916-1919

1895-1955

1909-1955

1902-1920

1906-19L~8

1895-1962

1899-1937

1907-1963

1906-1938

1917-,,1919

1910~1963

1958~1961

1905-1974

Sec i+ ,.'1'.58, IL 16

NE-SE,Sec.31,T.58 R~17

Si'l~NE & N\,,-SE, Sec 9, T 58, R. 17.

N~-NE,Sec.24,T.58,R.17

NE-NE,Sec.4,T.58,R.17

SW-~1,Sec.9,T.S8,R.17

W!2-NW,Se.C 35, T.58,R.17

W~-SE,Sec.24,T,S8,R.17

NW-SW,Sec.lS,T.S9,R.14

Lots 3 & 4,Sec.13 & Lots 2,3,4,
Sec e 14., T. 62, R. 14

Lots 3 & 4,Sec.3,T.58,R.lS

SW-SE & SE-SW,Sec.34 T.59,R.15

NE-SW &. E. 15A, NW-~S\'J,Sec. 4, T. 58, R.'l7

taconite

taconite

taconite

natural ore

taconite

taconite

" natural ore

taconite

taconite

taconite



Appendix A (contid.)

DATES
SIIIPHENT LOCATION LEA.SE

[11.11 1958- La 4 & 5~Sec 6,T.58,R.17 taconite

}linnewas 1893-1966 & Sec.16,T.58 RI7

Narrow Extension 1927~1 Lots 2 & 3,Sece4 T. ;n.. 17

l100se 1926-1967 ;Sec.8,T.58,R~17

Ohio

Anondaga

1895~1962

. 1907-1913

Sec. 9,1'.58 Ee17

NW-SW,Sec.4,T.S8,R.17 natural ore

Ordean 1916-1919

Pacific 1937-1958 Sec.23 T.59, 15 taconite

Park Lot No. 1

Perkins

Pllot

Pilot .Annex

Prindle

Reed

Ruddy

St. James

Savoy

Section 30

1899-J9i7

1909--1919

1951-~1956

191L:-1960

1940--19 lt 1

1911-1955

1916-1963

1899~1916

1910--1923

512A,SE-SE,Sec.31,T.58,R.17

NE-SW, Sec. 26, T. , R. 15

SW & SW~SE,Sec.2,T.58,R.18

l'ffi-'SE, Sec. 9, 'I'. 58, R. 17

NW-S\v,Sec.3,T 58,R.16

Lots 1,2,3,5,6,SH-~NE,SE-NW& Nvl-SE,
Sec.30,T.63,R.l1

natural ore

natural ore

natural ore

natural are

taconite

Sibley 1899-195l~

Sidney 1937-1960

Siphon 1907-:,1929
:;.
~

Sliver 1909-1917

Snively 1905-1955

Sparta 1897-1906

Svl-1:':[\~ [" NH-S1>l,Sec.26 & Lot 1,Sec.27,
T.63,R.12

N~-SE,Sec.32,T.59,R.17

NE\,Sec.ll,T.59,R.14

Lot 1,Sec 6,T.58~,R.17

W~-NE,Sec~3,T.58,R.18

Sec 3L~, T. 58 , R. 17

natural are

taconite

taconite



Appendix A (cont'd.)

DATES
SIIIPI1ENT LOCATION

Sull:Lvan N1.J<~NE Sec d l-f T • .5 8 17 na.tural are

1966~·1963 Lot 12,Sec.6,T.58,R.15

Unton

Victoria

Sec 9,1 58 R.17

Sec..9,T 58 R.17 natural ore

Vivian

"Jeed

''''neeling

'Vlilllams

Zenith

1913-191t 7

1915-1918

1931--1956

1895-,1955

1907~·1963

18

SW-SE~Sec.20,T.59 R.14

NE=NW,Sec~25,T.59,R.15

Lot 4 & SW~NW Sec 1 & SE-NE Sec 2
T.58~R.16

Lots 2 & 3 Sec 2,T~58 Rol6

SE-SW Sec.9,T.58,Ro17

taconite

taconite

taconite'

SOURCE:, University of Hinnesota, 'Btll1etin, Minin.g
~~n. Tretheway. Minnesota. 1974.



B. Inactive Mines and Types of Leases Within the Study Area.

taconite

taconite

LEASE
.AV:t~ILABLE ORE
(m.e t ric tons)

5,589

2,297,147

1,533,294

L.l 31,077

716,808

1,749,891

23,Lf17

149,900

62,136

141,333

19,090

44,4.6A
,., f

144,853

70,800
.,. 48,177

75,081

774,053

~W-SEli

Sec ..

R.17

of

R.

8ec.21 T059 R.IL~

,8ec.4, T.58~R.17

,Sec.25,T.58,R.17

58

Siil-NE

LOCATION

S\·l-rm

~,Sec.36,T.58,R.18

~i-Nw,Sec.10,T.58,R.18

LDt 2~Sec.3,T.58 R.IS

SH-N'vJ. Sec. 5

Sec

Lots 1 & 2,8ec.31,T.58 R.I7

S~J-NE,8ec.l,T.

S~-W~, Sec.27,S~-NE,NE-SE,

8ec.28, T.59,R.15

Lot 4 5,6,NE-SW Sec.5 Lot 1,10,11
Sec.6,T.58,R.15

Lot 5"Sec.1,T.5S', 16
Lot 6,Sec.6 T.58~R.15

,SW-NE,wJ-SE SecalO,T.58,R.

S~-NE,NE-SH SW-SW,Seco18,T.58,
R" 16

Lot 2,Sec.6,T.57 R.17

. NE-8~1

11
!

13- 957

05-

2- 61

]'-

19'07-1922

1907- 3

1903-1

1908-1969

1904-1973

1901-1969

1893-1953

1901-196

1906-1969

1910-1918

1928-1957

no

OF

" 2

En

E!Ilbarras s

Br~w.~t

Fo~~yler

''Y''''\DOnora

Iroquois

Gilbert

Hull-Nelson

~Uice

Gra.ll.am

Leonidas

Hobart

Hector

.Corsica



Appendix B (contlcl.)

HINE OF LOCATION
AVAlLABn-ORE
(metric tons) LEASE

Lincoln 19 ~M-SE~S~-SW~Sec 4,SE-SE,Sec.5)T.58,
R.17

20,151

[cfadrid 1912-1922 SE- N'VL Sec. 8 .T • 5 8 R. 17 29,586

Ellen 192L~-1962

NE-NTvJ,Sec.l0;;T.58,R.16
375,005 taconite

~ }liller~lvlorla\:ll{. 1905-1953 SE-SH;; Sec .l+, unknoT..nl

T.58,R.15

l'linorca 1902-1953 Lots 3 & 4,Sec.4 SE-NE,Lots 1 & 2,
SecoS,To58qRo17

2,149

""! r 'J "}

!"'llssaoe Q ' 93-- 9 Sec.8~T.58 R.I 454,664

Honica 1909-1915 Sec..9"'I.58.Ro 24,658 taconite

IT0 '01 1913-1938 Lot 8,Sec.4 'I.57 R.17 16,000

S~c.7,T.57 R.17

SW-r~~,Secu26,T.59,R.15

taconite

9,066

68,068

93,422

20,811~ SvJ-SW , Sec. 3,.Lots 3,,4
SE-tlli,NE-SE Sec.4,T.58,~.19

NE-SW Sec.9,T 58,R.17.

1892-1956

8-1962

1 1

189L,-1963

P'2r}c.ins jJffifte:{

Nonnan

}fo un tain Iron

Pearsall

Petit 1902- 9 NIy-I'1'H, Sec.. 25 T. 58, R. 17 121,925

Pioneer

s
Security

Sliver

1888-19

10-1969

1961-1965

1908-1960

SV~2,Sec¢27,T.63,R.12

S'iJ-NTJ, Sec 25 ~ T. 58 ,R:17

'SH-S~\l? Sec. 5, NW- N1-J l' Sec. 8, S. 800 ft.
SE-SE,Sec.6,T.57,R.17

Lot 2,Sec.5,T.58~,R.

-5,544,156

302,888

705,879

6,685

,\, .....-

J



endix B (cantid.)

LEASE
AVAIL6iliLE ORE
(metric tons)LOCATION

DATES
Of;' ~L1TP1~fFN'"ra.... -'.I.. _ ,\. ""-1,__"'" _

825,372

2,923,683

Sec.31:.T.58,
Sec.6,T.5TR.17

Sec 23, S~-NE-S\fl,
S~-SW)Sec.24 ,NYJ-SW,Sec.25~

SE Sec.26,T.59,R.15

)1903-1972

,;-
1894-1965

s

;4acoo

1903- 62

"'1906-1964

,Sec.7,T.57,R.17

sw- Sec.2 SE-SW,S~-SE,Sec.3,

~~J-l~~,Sec 11,T.58,R.18

55,208

37,414

'Lw"orth No~ 2 '1) 1953-1956

Dills

th NO': 1 ~ "I" ~ " " t:;"1.";))0- 1...)'

i~ ~l' 0 I",,')_ 1 a-,u,,- .:J..J

SE-SW,Sec.21,T.59,R.14

SW-NE,Nw-SE Sec.21,T.59,R.14

,Sec.17,NE-NE Sec.18,T.58,R.16

5,706

12,793

35,775 taconite

v.;fiss tar r-~ 918-1960 NE-m'1~SeCa17,T.58 R.16 2,808 taconite

'"J- 3 ,Sec.4, ,Sec.9,T.58,R.17 103>244

SOURCE: Minnesota Bulletin, Mining Directory Issue
Minnesota, 1974.

tes of operat~on indicate life of mtne but'do not necessarily indicate that the shipments
were made consecutively from date of op~ning to~ate of last shipment. '\'1 r



Barr Engineering Company. 1975. Altern ive tailings disposal sites
for the Reserve ~1ining Company EIS, Draft Envi)~onrnenta-l Impact
Statement for Reserve t1; wi ng Company I s Pro'posed On Land Ta. i l-i ngs
Disposal Plan. Appendix A.

Edl ~f$olf,-'-\~ ,1978. ,/Fed-e~-01 mi nero. l/·+ease'\?nd permi/t/.~·nrnat·i on~\

/.
/ Bureau\.qf. L~}Jd" Nanagenie!2t, Eastern Sta"b"Z~)tf~ce, Si 1v~4r-i ng,

-' ~1ary1ancL::~ '--.~~/

"'---'-.
./ "

Goodermote, D. L. 1977':\ Federa 1)11 (nera1 ovmer's hfiJ:"\jTli nera1 'I e5l.$/i-rrg-l
//r:egu 1at ions (/and rnfnera1 fa tu s ,j\tti ng manager 5/ Bureau of

( Land MilnagE'nlent, La KE'--States Off-i c~',LSu 1uth , nne-soti! . .

He'i nz, J. ~L ~'i 1977 0 SUt"Tfate and sLlbsurfac~ m'lneY'shi1'~ i nfonn3'd:j on .
. ~1~nagerl Bureau of Land t'~anagernent, Lg ke Sta tes,.Q!Jj·ce, 0[1-1 uth ,
. M1nnesota..

Is1e , / C'.l977 .Se~~r·ed mi ne ra:fri 9hts .map~,i.~!>I//ofD~;;yr:l4---~
-----/ T-itles, St. Louis\~9unty, Duluth;/I'l-innesota: -

International Nickel Company, Inc. 1975. Description of operating
concepts ~equired to establish preoperational monitoring for
INCQ' s proposed Spruce Road project. 46 pp.

Lake Forest Enterprises, Inc. 1977. Final environmental statement
for proposed land-far-land exchange. Duluth, Minnesota: 1-45.

Lamppa, Marvin. Director of the Interpretative Program, IRRR,
Eveleth, Minnesota. 1976.

Listerud, W.H. and D.G. Meineke. 1977. Mineral resources of a
portion of the Duluth Complex and adjacent rocks in St. Louis and
Lak~ counties in northeastern Minnesota. Minnesota Department

··of Natural::.Resour:ces, Minerals Exploration Section, Hibbing,
Minnesota, Report 93. 73 pp.

Marsden, R.W. 1977a. Iron ore reserves of the Mesabi Range,
Minnesota, a minerals availability system report. Duluth,
Minnesota. 55 pp.

Marsden, R.W. 1977b. Estimation of ultimate pit limit and oxidized
Biwabik formation lines. Geological Survey Office, U. of M., .
Duluth, Minnesota.

Meineke, D.G. 1976. Future taconite mlnlng map. Minnesota
Department ot Natural Resources, Mineral Exploration Division,
Hibbing, Min~esota.
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