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TTansmi tted hei'ewi th is the. Inter-Ago1cy Task For·~e Rc::por=. en E:ise M2ta l 
Mining Impacts which you directed to be pTepaTed last ... Jcmuary in a11.tici~ 

pation of a possi.oJ.e base metal mining operation in ;,finncsota, Jn :i·o:.1.r 
Teques t you as Led that an InteT-Agency Task Fence be created of affected 
state agencies and the Minerals Subcommittee of the }\;atu1'2l Reso·d~ces 
Advisory Cotmcil oe expanded to 11 research the capa.city of the Sta.te of 
I·linnesota to deal with the many ramifications of the entire coppeT-11icke1 
mining inocess: exr_r:iloration> mining, concentTation~ extraction a.nd pToduct 
tTanspoTt<~tion. it In addition, you Tequestecl the task fo-:cce to t!consj.de:c the 
sufficiency of mine safety legislation, the mat.tel' of severed mineral rights, 
and the r-eclarnation of ex-pended mining land, 11 and 11 th at the adeqm'cr of the 
cuTrent leasing p:roceduxes be gi V811 consid2ration. 11 

I believe thG.t this l'epo-rt is a ve1:y sig11ificant -:resource dounnent to SeTYe 
the state in co1Tq:rehensively planning fc>I' the many cnviT;nmental) economic, 
social and legaJ iwpacts of such an industT)l. It can serve as a guide fo-r 
legislati ve a.nd 2~dministTati ve actions of state ) a guide to 
industTy proposing to develop base metal operations in ~~nnesota, and a guide 
foT further research rnd study in this hi12:hJy complex a.nd diveTsified 
subject area, 

Because of ti1e lack of sufficient time. available for the conduct of the study 
and preparation of the report, the vast rnmibe1' of V<-~riabl es Khich. require 
careful considenn::ion, anci. the complex inter-relationships> it has been 
impossible for these th·o bodies to adec;.uately explore all potentirrl impacts. 
Ho\·:ever> they \\'ere able to arriveat a numbeT of conclusions and specific 
recommendations which merit careful consideTation and evaluation, 

I believe this document represents a tremendous effort on the part of many con­
cerned and dedic2.ted citizens of the state c.n.d state employees who spent :riany 
hours and days of bs.ckground :cesearch, meetings ~·-md delibe::ration. You wi1 l 
note the nc.mes of the people ·1,,'ho ser\'ed on the Inter-Agency Task. FoTce and the 
l,1inerals Subconrni ttee on page i of the report. I 1-;cJuld particularly like to 
recogni ~::.e my staff 1::embers i:r1 the Di vision o:f ifaters J Soils anc I1linerals 1d10 
spent r.nny days and nights researching b2ckg1'otmd information a.'1.d preparing it 
for the study grovp, writing sections of the repoTt for consideration and 
deliberation, aJ1d typing the report and putting it. togetheT. 

A;:: /,\ 1 II i r, T F ;, 1 11/ E S. i R \' i C ;: S \'1 l T [ RS, S C.1 I L S, A 1 J D ,',',I ~i t R /, l S t .4. t~ D S A r~ D F 0 R E ST R "( 
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Governor 1·:endell R. Anderson 

I am immediately fon;arding copies of this report to the Environmental 
Qualit;- C01mcil for their revie\"' and deliberation and hope that e2~rly action 
can be taken on the many reco1mnendations in the Teport for appropriate 
1egislative a_nd administrative action. 

RLH 

Very truly yours, 

Herbst J Commissio~1er 

Department of Natural Resources 
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PREFACE 

On January 27, 1972} the Governor requested Cormnissioner Robert L. Herbst 

of the Department of Katural Resources to consider base metal mining and proces-

sing in ~'!innesota and to research the capacity of the state to deal ,.;ith the 

many ramifications of the entire copper-nickel mining process. To accomplish 

this task the GoyernoT requested that an Inter-Agenc;' Task FoTce of representa-

tives from the Department of Natural Resources, Pollution Control Agency, State 

Planning Agency, Department of Economic De\'e lop111ent, Department of Heal th·' and 

Department of Labor and Industry be esta.blished, He a1so requested that the 

~iinerals Subcommittee of the .\'atural Resources Advisory Council, plus represen-· 

tatives of citizens' groups, mining companies and local government be organized 

to act as advisory to the Task Force. The Governor fli.rthe:_' directed that the 

findings be made avai1able prioT to the 1973 1egislative session, for consid2ra·~ 

tion by the Environmental Quality Council. 

This study is designed to provide background infori1ation concerning dis-

covery, mining and processing of base metals Kithin the state. Subject matter 

includes: state mineral policy, mineral potential, metal markets, exploration 

techniques, methods and processes used in mining, benefici;:;_tion, extraction 

and refining, environmental considerations during the various mining phases, 

p6tential economic impact, and socio-economic attitudes relating to northern 

Minnesota. 

Using the available data, the study summarizes existing statutory and regu-

latory pm;ers of the state, the ·various agencies responsible, and considers the 

adequacy of existing controls. Specific areas of consideration include: envir-

onmental protection, mine health and safety, mineland reclaDation, mineral leas-

ing procedures, and problems of se-..:ered mineral m·;nership. From this, the 

present statutory authority has been evaluated, and recor:1rnendations for improve-

ments are made for appropriate legislative and admi~istrati\·e action. 
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The scope of the study intends to give an overall perspective on the cur­

rent status of a potenti2,l base metal industry in the State of :.linnesota> and 

to outline the capabili t;: of the state agencies to cor.Jprehensively plan for 

the legal, environmental, social and economic effects of such an industr;·. 

The text is sub di Yided into t\';o major parts: The first portion presents 

a srnn1nary and recommendations; the second includes supporting background 

material on h'hich the conclusions v;ere based \·:ith appendices to provide 

further detail in certain chapters that required extensive data collection. 





srnr.L-\RY A\D RECO\f,fE\DATIO\ 

i-1innesota is possibly on the threshold of a new T:1ajor industry; that 

of copper-nickel and associated r.1ineral development. The deYelopment of 

such an industry could hm'e a substantial environmental, econoi;-iic and social 

impact on this ,state and its citi:ens foT this and l'.lany future generations. 

The potential for such a development does exist in the state and ex­

ploration to determine the mineral resource availability is presently being 

conducted by the industry on both public and private lands throughout sig­

nificant areas of Xorthern ~linnesota. No base metal mineral development has 

been anno1u1ced to date as a result of this expJoration but it would appear 

that the potential definitely exists and that it is only a matter of time before 

a development is announced. Therefore, now is the time to make an assessment 

S--1 

of these potential impacts, both positive and negative.! to deterr:1ine the apprcpriate 

course of action for the state. 

Recognizing the i1nportance of this matter and the concern expressed b;.' 

some of the citi:::ens of the state (particularly the concern of potential 

environ;:iental impacts)} Governor lmderson requested the creation of an Inter­

Agency Task Force and an expansion of the Minerals Subcommittee of the Natural 

Resources AdvisoTy Council to 111'esearch the capacity of the State of f.!innesota 

to deal with the many ramifications of the entire copper-nickel mining process: 

exploration) mining, concentration, extraction and product transportation". 

In the conduct of this study, the two groups have accumulated a vast 

amount of data, have attenpted to assess and evaluate this data, and have at-

tempted to briefly appraise the rapidly changing technology associated with 

the industTy. HoweYer, due to the sig11ificant magnitude of the study, the 

vast number of variables and unknown data considerations~ the request of a 



comprehensi\'e study within the a\cailable tiDe frame cannot be completed in 

the necessary detail to evaluate all implications of a base-metal industry 

in ~Hnnesota. This study should be considered as a prelioinary l'epo1t in 

that it has only ta~en a superficial look at the major impact parameters 

and it is the conclusion of the Task Force and Subcommittee that there is a 

need for continuing evaluation of potential impacts (environmental, social, 

economic) of a base metal industry including a more detailed analysis of the 

current and expanding technology to control these impacts. 

RECQ>!)fE1\DA TI ON: The_ phe,,6 ent I n:te./L -Ag c.1112y T CV:i Q fo,7_c_c_ and :tlie_ 1
1·Llnc2A.o):./j 

Sub12o;m1LUe.e. o 6 tfi.12 1\ltlDJJl.at Rc_,.soufLC.C.i) Adv{,sohy Cow1c.a .0/wu.J: . .'.d be Ae­

:f.i:U.1u2d to 120 iUi1me. ,tc c1..pphcu~0 c.. and c0s,s c>S.5 hnpads c0,),S o cicitc_d wltfi cl 

ba.-s e-m e;tcct J...;idu./.i t'ty. 

STATE !"1INERAL POLICY 

An important consideration of possible base metal development is a review 
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of the legislative direction provided to date in our laws. The exi~ting state 

policy, which is contained in the numerous laws associated with mineral resources, 

provides for the exploration, development, mining and processing of copper~nickel 

ores. There are nurneTous la\'.'S to effectuate this policy which generally provide 

a basis for regulating the impacts associated 1~ith the industry (some inadequa­

cies exist which are noted later in the report). 

Policy statements contained in the ~lineland Reclamation Act of 1969 give 

consideration to oost of the elements of policy set forth elsewhere in the 

statutes in relation to more specialized subjects. 1 

i01innesota Statutes 1971; Sections 93.44 and 93.47, Subd. 2. 



The policy and regulatory authority of the state as related to mining 

provides for reclamation of lands subjected to nining of metallic minerals, 

control of adverse environmental effects, preservation of natural resources, 

and wise land utilization Khile simultaneously pro:noting: orderly development 

of mining; Kise mining pracitices; and the beneficial aspects of mining. 

Furthermore, due cons idera ti on shall be given to employment, the <level opmen t 

of state-o\med minerals and the economic benefits to mineral operators, land 

oh11er s, local conmmni ties and the state. 

The legislature, through the political process, has developed a direction 

for the state which generally encourages the development of a mining industry 

in the state under appropriate regulation to minimize any negative impacts. 

There is considerable special legislation unique to this industry which has 

been enacted from time to time in such diverse areas as water supply, eminent 

domain powers, laxatlon, highways, etc. which should be continuously re-evaluated 

in light of today's needs and concerns. 

One policy area of particular concern to many citizens of the state is 

the relationship of mining and the Boundary Waters Canoe ATea (B\\'CA). A state 

policy has clearly evolved from a series of legislative and administrative 

actions which Kould preclude any mineral exploitation in the B\\'CA except in time 

of a national emergency. 

POTE:\TIAL FOR BASE ~1ETAL DEPOSITS 

S-3 

There are two geologic formations in ~orthern ~1innesota that are considered 

favorable host rocks for potential base metal deposits, the Duluth Gabbro Complex 

and an ancient series of metavolcanic rock cormnonly referred to as "Greenstone" 

or 11 GTeenstone Bel ts". The generalized location of these t1..-o foTmations is 

shown in Figure 2a. 

The Duluth Complex is a mafic intrusive formation containing low grade 

copper and nickel sulfides. The most intensely mineralized area presently 
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knohn is located in a zone, near the base of the Complex extending from Ho;:t 

Lakes alDost to the edge of the Boundary \·;aters Canoe Area (See Figure 2d). 

Based on prelimina.ry data .. this formation is considered to be the largest 

kno\m nickel sulfide resource in the United States .1 At an average grade of 

0. 85 percent combined copper and nickel, the ~1innesota Geologic.al Survey 

estimates that a minimum of 6.5 billion tons of crude ore is contained in 

the Duluth Co;:-iplex, Assrnning 100 percent l'ecovery of copper and nickel and 

a price of 50 cents per pound (gross under-estimate), this material could 

be valued at approximately $55 billion. Although no plans have been received 

to date, it is apparent that one or more mining companies will ultimateJy re-

quest permits required for developing ~ining operations in this area. 

The Greenstone Belts are in many cases continuous belts extending doKn 

into Minnesota from Canada. As shoKn in Figure 2b this fonnation is a major 

source of Canada 1 s 1nineral wealth. From this data and knowledge of the 

similar geologic environments, it can be asserted that economic ore deposits 

will eventually.be discovered. These deposits can be expected to contai11 one 

or more of the fol lov1ing base metals and precious metals: copper, zinc, leacl > 

nickel, gold and silver. 

It must be emphasized that these two formations are distinctly different 

in geologic character and thus have to be evaluated independently in attempting 

to assess potential impacts associated with their development. 

BASE ~1ETAL ~·1ARKETS 

At the present time, there is an oversupply of copper, nickel, and zinc 

on the world market. Hoh·ever, the projected demand is expected to substantially 

exceed supply over the long term.and this surplus will be conswned. 

1 }'. G ' ~ 1 ' . . .._in gs ton , , . .'-\. . , et . a • , ~-\'a i l ab i1 it:: of U . S . Pr in~ a r y \ l ck e 1 Re sources , 
Informa.tion Circular 8469, U. S. Bureau of '.-fines, 197 a·. 
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As derived from the U.S. Bureau of '.1\ines> Table 3.22 shrn·;s the present 

and projected supply-demand relationships for base metals in the lJnited States 

if the historical rate of growth in de~and continues. 1 There is a gro~ing 

concern for the nation's reliance on imports for materials vjtal to the economy. 

As can be seen fyom the table, our self-sufficiency for these strategic base 

metals is in jeopardy for many years to come. In the near future, it is antic-

ipated that base metal extraction facility capacities ,.,·i 11 lag behind pro-

duction and will be the limiting factor in meeting domestic demands. This 

problem should be alleviated as technology ir.1proves. 

Recycling has often been cited as a solution to the potential shortage. 

U.S. Bureau of ~·lines statistics indicate that approximate1y 25 90 of the annual 

domestic constITTption of copper is obtained from old or obsolete scrap. Oak 

Ridge l\ational Laboratory estimates that potentially 75?0 of copper produced 

J_s recyclable; this figure includes industrial scrap and obsolete scrap, all 

of which cannot be entirely reclaimed with the present level of technology. 

Even with total recycling, it is anticipated that futt12°e demands could not be 

met. The gap beth:een domestic supply and demand cou1d be narroh·ed even mors 

substantially through more efficient and less \\·aste~ul use of metals including 

extension of the product lifetime. In the absence of a policy of thrift in the 

use of minerals and energy which slows the rate of growth in demand, we conclude 

that the U.S. will have to accelerate its current exploration and mining program 

in order to remain even partially self-sufficient. 

1various other agencies haYe projected figures that may differ si·gnificantly from 
those shO\rn here. Hm·:ever, most studies derive sir:lilar results--domestic supplies 
will continue to lag behind domestic demands. 



Table 3. 22 SWinuary of Projected U. S. Supply-Demand Relationships 

U.S. PRI~·1ARY U.S. PRIH~,~y 

YEAR DE>L-\\Dl PRODUCTIO.\;-
Hill ion Short Tons 1-.li 11 ion Short Tons 

1970 1.6 1. 7 

COPPER 1985 2.9 N.A. 

2000 s .'l • 'T 2.4 

1\1il lion Pounds Million PoLmds 

1970 311. 4 30.6 

NICKEL 1985 492.2 60.0 

2000 770. 0 84.9 

l'hllion Short Tons b1illion Short Tons 

1970 1. 3 0.5 

ZINC 1985 1. 8 0.5 

2000 3.1 0.5 

1u.s. Primary Demand refers to the projected requirement for the metal as 
derived solely from domestic mine production. 

2u.s. Primary Production refers to the projected supply of the metal that 
can be derived strictly from mine production based on historical trends. 
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RECO\f\lENDAT Io:~: 

~10DELS OF POTENTIAL 1\!INERAL DEVELOP'.'·lENT 

Current information pertaining to potential mineraJ operations in 

:Hnnesota is very limited and has not been delineated in sufficient detail 

to allow complete evaluation of their possible implications. Therefore, in 

order to make preliminary evaluations) two models have been prepared. Tables 

5. 2 and 5. S outline the basic assumptions for the Greens tone and Gab bro >rode ls 

respectively. Although these models will probably not fit any specific opera-

tion, they provide a first approximation of future development. 

Based upon the knowledge of the geologic formations to date, sever-a) 

conclusions can be drawn concerning future development. Due to the location 

of the known mineralized zones in the Gabbro, the majority of operations will 

in all probability be underground except for t}1e possibility of limited open 

pit mining along the contact. The majority of the gree11stone operations 

(if and when any ore bodies are discovered) \\·ill also be underground, unless 

a deposit is discovered in an area \·.'here the overlmH1en is extremely shallow. 

Due to the rapidly increasing costs of mining and processing, existing 

technology is in a peTiod of rapid change. It is impossible at this time 

to identify specific techniques that could be used for developing Minnesota's 



1. Time from discovery 
to production 

') 
.:.. . Ore Grade* 

3. Current value of 
contained metal per 
ton of crude ore** 

Table 5.2 

Summary of Greenstone >!ini:.~ ~fodel 

Ave. 10 yrs. 
Range 3 - 36 yrs. 

Cu (?o) >~i (96) Pb (9c.) Zn (S0) Ag ( o ~(!_~2:'.)_ 
Ave . --r. 93 ---:-14 0 J. -3":85 .8d 

Range 0-4.3 0-2.7 0-.84 0-14.11 0-4.85 

Ave. $41. 86/ton 
Range $20.33/ton - $101.20/ton 

4. ~1 iine Production Ave. 
Tons per day 
--1,.36-S--

Tons pcT year 
-~·s,ooo·--

Range 150 - 9,000 54,soo - 3;000,000 

5. Number of Employees Ave. 280 
Range 132 - 985 

6. Mining Underground with possible open pit \';here 
overburden is shallow. 

7. Maj or ~,lining Method Cut and fi 11 

8. Individual ~1ine Life 20 yTs. 

9. District Life 50 yrs. 

10. Concentration Selective flotation 

11. Extraction Concentrates shipped to custom smelters 

*To simplify calculations, the follrn\·ing values are used 
Cu 1. 95% 
Zn 3.85% 
Others are considered to be only a trace 

**The most current metal prices are used 
Cu so. 505/lb. Pb $ 0.15/lb. 
Ki s 1. 53/lb. A(J (' 1.75/oz. C> y 

Zn so. 18/lb. Au $64.20/oz. 
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Au (o:/ton) --·-:-or-· 
0-.186 



Table S.5 

Smnmary of Gabbro '.'·line >1odel 

1. Time from discovery 
to production 

2. Ore l~rade 

3. Current value of contained 
metal per ton of crude ore* 

4. Mine Production 

5. Number of Employees 

6. Mining 

7. Mine Method 

8, Individual Mine Life 

0. District Life -:::; . 
10. Concentration 

11. Extrac'tion 

1. Large lm·,7-grade deposits 

2. Large-tonnage operation 

\\11en kno'.·;n existing ore deposits 
become. economic 

g5 combined Cu-:,ii (. 8% Cu fr . 2% Ni) 

$1!~.00/ton 

20,000 tons/day 
7,300,000 tons/year 

2 _, 800 (data from \\l1i te Pine) 
(for a mine, concentrator, 
smelter and refinery) 

Predominantly underground with 
some open pit near the contact 

Block caving, room & pillar, cut & fill 

25 to 50 years 

Greater than 100 years 

Selective Flotation 

If no co,ppeT smelting capacity is 
available, a copper smelter (tradi­
tion2.l, continuous_. or flash) 1wuld 
have to be built. Nickel concentrate 
shipped to custom smelter. 

for ConstTuction 
----------· 

3. Could require extraction facility 

4. Pyrometallurgy only presently feasible method 

5. Minimum size extraction facility 300,000 tons per year 

6. Grade of concentrate - 25% Cu 

7. Grade of oTe - l°c> combined Cu-'.~i (. 890 Cu & . 296 Ni) 

*The most current metal prices are used: Cu $0.505/lb. 
Ni Sl.53/lb. 
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resources. 

Extraction and refining facilites are only slightly resource oriented. 

At the outset of development, such facilities probably would not be located 

within the State. As the number of discoveries and operations increase, the 

probability of a company desiring to locate a facility of this type in 

Minnesota would also increase. At this time, a site could be selected many 

miles from existing operations. For example, Magma Copper Company in Arizona 

is presently shipping copper concentrates to White Pine in Michigan. 

RECOMMENDATION: The. Ve.pa.Jt.tment 06 Natwutl Re6ouJteU .t>hould eon:U.nu.e. 

.W e. 6 6 o MA :to cu; .6 e6.6 po:te.n.tia.l minvuil de.v e.1.o pme.J'it .6 o :that en vhto n­

me.ntal, -0ocio..t and e.eonomie -UnpU.c.atiorv5 ean be. e.valu.ate.d a.nd upda.:te.d 

by :the. InteJt-Age.ney Ta..6k FoJz.ee. and :the. UlneJtal.6 Subc.ommU:te.e.. 

ENVIRONMENT AL IMPACT OF BASE ~·tETAL MINING 

Specific determinations of potential environmental impacts associated 

with base metal mining and processing are extremely difficult to evaluate in 

any detail because the environmental setting varies significantly throughout 

Northern Minnesota. The specific techniques of mining and processing are 

extremelyvariable and unknown, and numerous other parameters reqµire certain 

assumptions which cannot be detailed with certaintyJuntil an actual operation 

is proposed. In addition, because of the different geologic environments 

between the Greenstone and Gabbro formations impacts associated with any 

individual operation may vary significantly. Because of this potential for 

tremendously varied environmental impacts, there -is a need to establish a 

strong pre-operational monitoring program in each area as deposits are dis­

covered. To date, the only area that is known to contain significant mineral 
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r~sources, is located between Ely and Hoyt Lakes in the Gabbro formation 
\ 

(See Chapter 2, Figure 2d). 

RECOMMENDATION: A p.!te-ope/z.a.Uona.l envi.ri...on.men,tal moni.tofl.htg pJtogJW.Jn 

.6hould be U.ta.bffi fte.d -iJt :the. imne..cli.a.te nLltuJte f;oJt :the aJLea. foc_a,t.e_d 

be.-twee.n Ely a.nd Hoy:t La.ku in :the. GabbJto 6oJtma.tion. Con&idvw..tlon 

.6hould ilia be given :to u.ta.bwh<..ng ft .o.ta.nda.Jtd aJLe.a., a.wa.y f;Jtom mi.nin.g 

opvw..tlon6, :that c.ould be. moni:toJted :th.Jtoughocd: mining 6oJt c.ompa!La.:Uve 

Although the following is not a co~lete list and is very general in 

scope, the primary environmental considerations of a potential base metal 

industry are as follows: 

Exploration 

In general, there are no lasting or irreversible impacts associated 

with this phase. Only about one in 1,000-2,000 prospects would be expected 

·to develop into an operating mine. 

Underground Mining 

1. Surface and groundwater discharge and fluctuations resulting 

from mine dewatering throughout the life of the mine. 

2. Potential subsidence considerations both during and after the 

mine has been closed. 

3. Health and safety of the miner during both the developmental 

and operational phases. 

4. Erosion~ sedimentation and water quality of runoff from the 

various stockpiles. 

Open Pit Mining 

1. The open pit mine is considered an irreversible impact; as such 
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this specific land use must be a major consideration (See Table 6.5). 



2. Surface and groundwater discharge (water quality) and fluctuation 

resulting from mine dewatering throughout the life of the mine. 

3. Slope stability in regards to safety during and after the mining 

operation. 

4. Erosion, sedimentation and runoff from the various stockpiles. 

Beneficiation 

1. Land use in terms of tailings disposal sites. 

2. Tailings disposal during actual operations (See Tables 6.3 and 

6.4) •' 

3. Water discharges throughout the mine life and water quality of run-

off after the operation has ceased. 

4. Appropriation of water during operations (See Table 6.2). 

5. Alteration of natural drainage systems. 

Extraction 

1. Water pollution for hydrometallurgical processes. 

2. Air pollution for pyrometallurgical processes (See Table 6.6). 

Refining 

No major environmental problems are expected. 

From preliminary evaluations, power demands associated with a base metal 

operation will be relatively small and presumably will not require a new power 

facility. 

In most areas of potential new operations, no new townsites will be required 

in that present townsites exist in relatively close proximity. 

In many cases there are other impacts that would require major consideration, 

however, these are unpredictable without a specific proposed project. Likewise, 
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so~ of the above operations will not necessarily occur in Minnesota and 

thus their corresponding impacts will be non-existant. For example, mining 

may be either open pit or underground depending upon the specific instance 

and extraction and refining facilities may not be located in Minnesota; 

especially in initial operations. 

The existing statutory authority for environmental protection falls 

into five catagories. 1) The water resources section includes: water use and 

.appropriations, water quality, alteration of water courses, and drainage and 

diversion for mining purposes. Should mining development be considered in 

the Gabbro complex of Northeastern Minnesota, part of the surface area will 
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be subject to jurisdiction under the Shipstead-Newton-Nolan Act and the Little 

Shipstead-Newton-Nolan Act. 2) Air quality includes authority to adopt "standards 

of air quality" and provides regulations "for the prevention, abatement, or 

control of air pollution". 3) .Noise pollution includes authority to adopt 

standards for maximum levels of noise. 4) Solid waste authority provides for 

~he disposal of materials that might give rise to water or air pollution and also 

land reclamation. Finally, 5) regulation for land .use is provided primarily 

through local county zoning ordinances. In addition, there are provisions 

for some specific types of land use regulation such as mineland reclamation, 

floodplain and shoreland management and state mineral leasing regulations. 

In general, with the exception of land use and mineland reclamation, 

sufficient statutory authority presently exists to control environmental impacts 

of mining. This is not to mean that adequate rules and regulations have been 

developed to control a potential industry of this magnitude. Because of time 

limitations existing regulations have not been reviewed in detail. 



\ RECOMMENDATION: The 1 n.teJt-Agenc.y TM k FoJtc.e. and J.Une!ULl6 Subc.ommittee 

.t>houtd c.on.duet a moJte det.a11.e.d analy.o-i-6 06 e.wling !:da.te agenc.y .oto.Jtdatr..cl5, 

Ju.Liu and Jteg uta:Uo n..o wLth lte..-6 p ec;t ;t.o en vhr..o mnen.ta.l ,£mpaet.6 o 6 po .ten:ti..a.l 

bMe me.t.ai. opeJl.CltioJU and de.6,[uenc.ie..o .ohould be. ident,lfiied 6oJt c.oMeetive 

actfon. by appMp!Ua:te .o;t.a;te agenc.ie..o. 

RECOMMENDATION: The State .t>hould inJ.)ti . .a.te.. an oveJr.aU land Me.. pJtogJUtm 

wh,ic.h will gcLide £.and Me in. .the .o:ta:te and pJtovide ,the. bM e a.u.thoJtUy fioJt 

implementation of; a. p!togJtam c.on.o-i-6.ten.t wl:th po:te.n;tial 6ede!Utl ltmd Me 

.teg-Llla.:tfo n. 

RECOMMENDATION: ~ S;t.a;te .oLtlng a.ut:ho!tily .6 hould be e..o.ta.bw hed I po.6.6ibly 

in c.onju.nc.:Uon wlt.h a. poweJL plant -0,i,Ung a.u:tho!U.t.y, Jtec.ommen.ded by .the 

Powe:Jt Plant S,{.t,lng TMk. FoJtc.e 06 ,the Envi!tonmen.ta.l Quaiity Cou.nc.il .tha:t 

wUL c.on.oideJL loc.ation.o 6oJt a. 6u:twte .6meUeJt i6 and when one h, p!top0-0ed. 

Currently there are at least 12 state, federal and local agencies, of which 

6 are state agencies, that could have some jurisdiction over one or more phases 

of base metal mine development. 

RECOMMENDATION: Ef;f;o!tU .6hould be made .to pMvide noJt betteJt c.ooJtcllna;tfon 

and en6oJtc.emen:t .tlvtou.ghou..t .the..oe a.genele..o -00 t.ha.:t oveJr.aU enviJtonmen-ta.l 

-Unpaet-6 06 po.ten:tµil indu.o:tlc)_u can be eva.lua.:ted c.omplet.ee.y Jta.the.Jt ,than 

on a. piec.emeal ba.ai.6 • 

Recommendations pertaining to land reclamation are made in Chapter 7 which deals 

specifically with this subject. 

S-17 



MINEL.A8D RECLA.\11\.TION 

Land reclamation is a procedure which must be initiated at the onset 

of an operation to plan for appropriate land use and resource protection 

during and after completion of mining. The current statutory authority, 

enacted in 1969, is inadequate in that it does not provide for a comprehen­

sive~program capable of reclaiming and restoring an area disturbed by mining, 

nor is it compatible with Federal legislation expected for passage in 1973. 

Most of the proposed Federal legislation provides for establishment 

of Federal guidelines for mine reclamation and the opportunity for States 

to establish and implement State plans. Effective control would be pro­

vided through a permit system which requires that a reclamation plan be 

submitted with each permit application. 

The existing State regulatory authority for mineland reclamation provides 

control only for specific practices in areas close to certain highways and 

built-up portions of established communities, or in cases of possible pol-

_ lution problems. 

To be adequate, regulatory authorization must provide for (1) planning 

for reclamation prior to mine development, (2) the ability of the regulating 

agency to hold the operatorfinanciallyresponsible for inadequate reclama-

tion efforts, (3) a research program directed towards the development of 

compatible landscaping techniques and the re-establishing of biological prod­

uctivity on mined lands, and (4) an effective program for reclaiming previously 

exhausted mine properties. 

RECOMMENDATION: A good mine.land Jtecia.ma.tion enno4t muJ.>-t be pfunned pJU.oJt 

.to a.n.d c.ontinu.ed .tlvtouglwut a. mi..rU.ng ope!UtU.on and mLIA-t be c.a.JlJLi..ed or.Lt, M 
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po.Jit ot) .t.he. bu.,bine.-0-0 06 mining. Le.g~fuilon -0houl~ be. pJte.pMe.d and e.nacte.d 

that wLti p!tovide_ moJte. e.nf;e.c;ti__ve_ guideJ..ine.-O ~OJt Jte.c.fa.ma..tlon On me.ta£. mine.-O; 

p!1J;vide. 6oJt e.\)aluati.on :t.o de.teJLmine. :the. ne.e.d 6oJt and po.Mible. in.c.lu-0ion 

o 6 indl.L6t.Jtial mineJLal nU.ning (gJtave.l, quaJULying, e.:tc... ) unde.Jt fund Jte.cl.ama­

tion Jte.gulation.J.i; and 6-ino..J:hJ, -Oe.Jtve. M an e.n.a.bling ac..t {JoJt pJte.pa!ting a 

"S.t.a.:te. Plan" whe.n arid ·is fie.deJc.a.l le.g~fuilon ~ pMJ.>e.d. 

The Department of Natural Resources is currently preparing a bill for 

introduction into the 1973 legislative session to effectuate this recommenda-

tion. 

POTE:t\TTIAL ECONOMIC IMPACT OF A BASE METAL MINING INDUSTRY 

Besides contributing to the national economy, base metal mining is a 

significant asset to all levels of the economic enviroTuuent. Studies of base 

metal operation in other states and in Canada show that substantial economic 

benefit is particularly derived by the loca_l mining community. 

Greenstone and Gabbro areas of Minnesota occur in or close to an area 

of the state that already supports mining operations. Thus many of the 

supplies necessary to support a new copper mining operation should be avail-

able from manufacturers and distributors. Unemployment rates.of 9.7% and 13% 

for St. Louis County .and Ely, respectively, indicate that the area already has 

a population complex capable of providing the necessary labor force.1 

Ely is especially hard pressed apd, it must be recognized, that the Ely area 

1This does not infer that the entire unemployed work force is capable of filling 
positions in the mining industry, however, it does indicate that there is a 
sufficient work force available to meet the needs of a mining operation. 
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wi,p probably be the first to develop a copper-nickel mining operation. 

Aside from administrative personnel and perhaps a temporary training crew 

there is little reason to doubt that local residents will provide most of 

the work force necessary. There is always the problem of unemployment if 

and when a mining operation is terminated. However, considering the estimated 

6.5 billion tons (conservative figure) of mineral resources in the gabbro, 

the district life is expected to exceed 100.years. Pending the discovery of 

new reserves the district life could be considerably extended. If, for any 

reason in the near or distant future, mining is terminated then there will 

be an unemployment problem. This is the risk assumed with the advent of 

many new industries. 

In addition to a number of already existing establishments the region 

would be an ideal location for new companies engaged in the manufacture of 

mining equipment and machinery and satellite industries to serve the needs 

of the mining industry and mining community. Furthermore, if and when an 

extraction facility is constructed in Northern Minnesota, the opportunit.y 

would present itself for the introduction of various fabricating industries 

which would utilize the final refined metal product. 

It is doubtful that any new townsites will be developed as a result 

of new mining operations because existing townsites are located in relatively 

close proximity. 

Speculation has evolved regarding the increased burden on the community 

to support expanded services such as schools, police protection; sewer and 

water facilities, etc. However, as exemplified by mining areas in other 

states and communities on the iron range, the mining companies assimilate 

a considerable part of the tax burden and in some cases provide tax relief. 
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S~ ·~cifically, White Pine Copper Co. in Ontonagon County, .Michigan pays about 

74% of township taxes and 36% of county taxes. Iron mining communities in 

Northern Minnesota currently receive similar benefits from the various mining 

companies. 

Where expanded services are required due to the increased labor force 

related to the mining industry, the companies involved in that district have 

historically carried the additional financial burden. For example, when new 

. schools were required because of the taconite industry, legislation was 

enacted authorizing the issuance of bonds with the levy for their retirement 

coming primarily from the mining industry. 

Although the state (primarily its trust funds and local units of 

government) has received substantial monetary benefit to date from rentals 

derived from the leasing of state owned mineral lands for exploration, the 

amount is minor compared to the revenue that will be obtained through royalties 

and taxes once mining is initiated. The same situation also exists for the 

.federal and privately-owned mineral rights, although this public benefit might 

not be as direct. 

RECOMMENDATION: A moJc..e. det.a.Ue.d e.c.on.omi.c.. a.naly.o)A .ohould be undeJtt.a.k.e.n 

by .t.he. 1 nt.Vt-Ag e.n.c.y TM k. F ofl.C. e a.n.d .t.he. l.U.neJtal6 Subc.o mmli.te.e. .t.o e6Wna:te. 

po.t.e.ntia.l e.c.ononU.c. .oUu.a.LWno pfl)_oJc.., dU!Ung a.n.d a.fi;t,Vt a. bMe. mdai. mlnin.g 

ope!UtU..on in a.ny loc.a1.dy. The a.nai..y.o-iA .ohould ~o a..o.oeM :the age pM6Ue. 

06 employable. people in mine.Jc.al po;t,entia.l a.Jc..e.M a.nd .t.he outmi.gfUt.ti_on. 

c.WCJte.n;t,iy o c.c.U!UU.ng in NoJdheJtn UUin.e..o o.t.a. 
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SOCIO-ECONOMIC ATTITUDES AS RELl\.TED TO BASE METAL MINING 

A recent opinion survey concerning economic and environmental issues in 

Northern Minnesota was taken in selected cities in Northern Minnesota, South­

ern Minnesota, and the Twin Cities area. As may be expected, some of the 

opinions varied significantly between Northern and Southern Minnesota. 

Of the residents polled in Northern Minnesota, a clear majority, par­

ticularly in the Ely area, was in favor of promoting the exploration for 

and mining of base metals. A majority of the populace contended that un­

employment, welfare, and other economic problems should be considered prior 

to environmental impacts. The local residents indicated approval of current 

environmental regulations and are generally opposed to relaxing these con­

trols strictly for the purpose of encouraging industry and employment. In 

summary, the people are environmentally oriented but do not intend to let 

extreme environmental regulations inhibit their economic advancement. 

It is interesting to note that in Southern Minnesota and the Twin Cities, 

the respondents also favored expansion of the mining industry though only by 

a very slight margin. Southern Minnesota residents (including Twin Cities) 

for the most part, recognize the economic plight of Northern Minnesota but 

feel that the long range preservation of natural and wilderness areas and 

other environmental concerns are more important than the current economic 

problems. 

Overall, the people responded in agreement to the contention that it is 

possible to have more industry in Northern Minnesota in conjunction with the 

necessary environmental protection regulations. 

BASE METAL LEASING PROCEDURES 

The State of Minnesota has been endowed with vast holdings of mineral 

rights acquired by various means. The responsibility of managing these 

mineral rights is vested with the Department of Natural Resources. The 
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authority and guidelines for this management are set forth in Chapter 93 

of Minnesota Statutes. Mineral rights are not sold but development is 

permitted under a leasing system. Rental and royalty payments are defined 

with the state's trust funds and the local taxing.districts as the principal 

benefactors. 

Final approval of the adoption of rules and regulations authorizing 

prospecting, leasing and mining of non-ferrous minerals is vested with the 

Executive (founcil as well as the awarding of any leases. On July 15, 1966, 

the Department of Natural Resources held a public hearing on "Rules and 

Regulations Covering Permits to Prospect for and Leases to Mine Copper, Nickel 

and Associated Minerals". The Executive Council approved the rules and · 

regulations on November 8, 1966. The major items included are: 

provisions for public and negotiated lease sales, pidding 

procedures and the actual lease form. The lease form contains 

the basis for royalty and rental payments; safety provisions; 

environmental considerations; reserves 'the state's right to 

lease iron ore, taconite and sell timber; requires the lessee 

to submit monthly and annual reports, exploration data and mine 

samples; provides for state inspection; requires the lessee to 

pay damages and taxes; the lessee's right to terminate and the 

lessor's right to cancel. 

Under the copper-nickel rules and regulations adopted, the following 

procedures have been developed in connection with the public sale of leases 

as follows: 

1. Sale Preliminary Area Determined 

A. Proposed & requested sites evaluated 
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B. Tentative boundaries set 

C. Historic, Scientific, Recreation sites identified and omitted 

2. Sale Area Reviewed 

A. All agencies of DNR 

B. Other interested state agencies 

C. Other interested groups 

D. Boards of involved counties 

3. Sale Developed 

A. Unit book & maps prepared 

B. Legal notice published 

C. Press releases 

D. Prospective bidders informed 

4. Sale Conducted 

A. Bid opening with Executive Council 

B. Recess to study and evaluate high bids 

C. Reconvene & awardin~ rejecting·or tabling of leases by 

Executive Council 

The first copper-nickel lease sale was held on December 20, 1966. 

Subsequent sales were held on August 15, 1968, December 11, 1968, July 30, 

1970 and December 14, 1971. Of the 1.9 million acres of state-owned lands 

offered for lease, 908 leases covering 362,909 acres have been leased. Of 

this total, four leases covering 840 acres were negotiated. All leases 

were awarded with the Executive Council's approval. As of January 1, 1973, 

117 leases covering 51,111 acres were still in effect (See Table 10-1). 
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Table 10.1 - Status of Leases at Various Times 

Gab bro 
No. of 
Leases Acreage 

228 

197 

161 

143 

101 

79 

63 

39 

33 

Jan. 
1968 

73,231 

59,860 

49,136 

46,037 

26,403 

18,748 

15,800 

10, 181 

9,087 

Jan. 
1969 

Greens tone 
No. of 
Leases 

367 

368 

339 

336 

308 

301 

261 

134 

84 

Acreage 

146,316 

146,316 

134,158 

146,823 

136,733 

134,073 

122,279 

65, 721 

42,024 

Jan. 
1970 

Total 
No. of 
Leases 

595 

565 

500 

479 

409 

380 

324 

173 

117 

Jan. 
1971 

Acreage 

219,547 

206,176 

183,294 

192,860 

163,136 

152,821 

138,079 

75,902 

51,111 

Jan. 
1972 
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The majority of the leases issued are terminated after the lessee has 

prospected and evaluated them to his satisfaction. The graph in Table 10. 1 

shows the gradual decline of the number of leases in effect, partially 

offset by intermittent sales. Until the total area has at least received 

a preliminary evaluation, it is desirable to maintain 150-350 (depending on 

the specific area) state exploration leases in effect. The statistics indicate 

that a lease sale is presently needed to fulfill the responsibility of proper 

resource management and assist land use planning. 

Although the public is informed through means of legal published notices 

and press releases of the lease sales, and their comments are invited at the 

Executive Council meetings, the only formal public involvement occurred prior 

to the initial lease sale and prior to and during the 1971 sale. In this 

most recent instance certain interest groups objected to the lack of public 

involvement prior to the selection of mining units to be offered, the need 

for additional time between the opening of bids and the awarding of leases, 

·too large an area offered for lease and what they feel is a lack of depart­

mental concern and study of the recreational and environmental impacts on 

the area involved. 

Criticism al so came from t_he industry in that they would prefer a 

royalty based on net smelter return. Also, the concern was expressed about 

the excluding of lands for leasing other than those in recognized wilderness 

and recreation areas such as the BWCA, State Parks, etc., particularly when 

the lands have anomalous portions. 

RECOMMENDATION: To pMvide. an 0 n-going pMgJtam w/Uc.h .6 eJWe..-6 M a bMi-6 

6ofL good mi..neri..a.l ff..UollJLC.e. mana..ge.me.nt an.d ne.e.de.d bac.hg!Ww1d innoJtma.tlon 

6olt pMpe.Jc.. land c.we. plan1ung, c.onUnue. .t.he. bMic. p.twee.dwte..-6 60lt &.&e. .'.fe.t:a.£. 

Le.a,,~ing wlth .t.he. 6oUowing mocli_n~M: 

1 f VNR pu.6Ucly anno w1ee. .lt6 hite.nt to hold a eo ppeJt-nieke.l le.Me. uile. 
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a;t f.ea,o:t 90 datp, p!Uo!L :to .the_ -OClle.. 

2) VNR :to fLe_que.J.>.t :the. Exe.c.c.dive. Cowtc.il :to fLe.c.V->-O 6ofL a pe.Jliod o 6 n.o.t 

f.e.M :than. 1 5 darfS bei:we.e.n. the o pe.1uJtg o 6 bi~ and :the. ml.)aJLding o 6 

f.e.M e/.> • 

RECOMMENDATION: The. Inte.JL-Age.nc.y TMk. FofLc.e. an.d :the. /.UneJLCll6 Sub-Commi.t:te.e. 

o 6 the. Na.tll'T.£tl R~ollfLc.~ Adv,{)., ofLy Cow1c.il c.o n:tinue. peJL-lodic.a.£ fLe.vie.w o 6 the. 

-0:ta.te. c.oppe.JL-nic.k.e.f. le.Ming pfLoc.e_dwuz_ 6ofL po.Mible. fLe.vi-Oion. 

MINE HEALTH AND SAFETY 

Mineral mining, quarrying and processing in Minnesota include granite, 

quartzite, clay, pure silica sand, sand and gravel and peat as well as iron. 

But, in Minnesota, mining generally has meant iron mining. Iron mining 

(relatively speaking) has had an enviable health and safety record. In the 

not too distant future copper-nickel ores may be mined in Minnesota. The 

prospects are that this will involve underground operations, operations 

which tend to be more hazardous from a health and safety standpoint than 

above-ground or open pit operations. Minnesota should accept responsibility 

for the occupational health and safety of workers in its mineral industries. 

An Occupational Safety and Health Plan for Minnesota proposes legislation 

which will coordinate the State program with that of the U. S. Department 

of Labor as mandated by the Federal Occupational Safety and Health Act of 

1970. The proposed plan excludes those occupational activities that fall 

under the jursidiction of the U. S. Department of Interior. However, the 

Federal Metal and Nonmetallic Mine Safety Act of 1966 encourages cooperative 

action on the part of the states. The State Occupational Safety and Health 

Plan calls for a developmental program, and at an appropriate time in that 
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development, responsibility for employees in Minnesota's mineral industries 

should be considered for inclusion. Meanwhile, a study project should be 

undertaken to investigate the conditions whereby Minnesota can become an 

agreement state with the U. S. Department of Interior, with the findings 

and recommendations of the study project serving as a guide for the timing 

and establishment of programs to provide for the occupational safety and 

health of workers in the mineral industries. 

RECOMMENDATION: Le.g.Lllati..on bcv.s e.d on the. St0vte. Oc.c.upational. Safie.:ty 

and He.a.lth Plan. .6hould be. pM.6 e.d an.d .6u..ppo!de.d to give. p!totec.:tlon 

.to Minne.J.> o:to. '.6 woJt/<.. 6011 ... c.e. and to .6 e.Jtve. M a nuc.leU.6 6oJt a p!LogJtam 

to pMte.c.t .the .. :Safi ety and he.a.Uh o 6 WoJtk.eJv!i in the. m{nvz.ai {1uiMtJt,{.u. 

RECOM~1ENDATION: A .6tu..dy p!Lo j e.c.t .ohou.ld be. unde.Jt:to.k.en to inve.J.>tigate. 

:the. c.oncUt .. lon.o fioJt lvU..nnuo:to. to bec.ome. an agJte.eme.nt .ota:t.e. M .ope.uf,,{_ed 

by the. Fe.dvc..o.1. Me:tal. and Nonme.ta.J!Uc. ,\U..ne. Safie.ty Ac.t. 

PROBLEMS OF SEVERED MINERAL OWNERSHIP 

"Severed Minerals" is the general term applied to mineral interests 

which are owned separately and apart from the surface ownership of the land. 

Throughout much of the state's history, it has been a common practice, when 

selling real estate property, for owners to retain the mineral rights, there­

by creating two owners·of a property--one for the surface and one for the 

minerals under the surface. 

Two basic problems have evolved from separating surface and mineral 

interests: 

1) Creation of a separate property ownership which becomes increasingly 

obscure and which cannot readily be determined from normal ownership records. 

2) An inequity of tax laws which permits the owner of a severed mineral 

estate to escape taxation unless drilling has established a proven value. 
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The Department of Natural Resources and a number of the northern counties 

have been concerned with this problem for many years and have made repeated 

attempts to resolve this situation since 1957. Passage of the "Mineral Regis­

tration Act'' in the 1969 legislature, represented the first step in a solution 

to these problems. 1 This law requires owners of severed mineral interests to 

register their interest in the county in which the lands are located by Janu­

ary 1, 1975 and to re-register every five years. However, there is little, if 

any, penalty for failure to register and no loss of rights; consequently there 

is very little incentive to register under the current act. 

To remedy the inadequacies of the present law, the Department of Natural 

Resources prepared a bill (See Appendix 12.1) which was submitted to the 1971 

legislature to amend existing laws to: 

1) Make registration of severed mineral rights mandatory 

2) Impose a minimum tax of $.SO per acre for severed mineral 

rights on which no value has been placed and otherwise 

taxed. (The province of Ontario in Canada, which has land 

ownership patterns and mineral characteristics similar to 

Minnesota, has imposed a tax of $.50 an acre since 1968, 

and $~10 an acre before that). 

3) Provide for forfeiture of severed mineral rights to the 

state, in trust for the local taxing districts, for fail­

ure to pay the imposed tax (as is the case with other real 

property rights) or for failure to register these rights. 
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The bill has been supported by the counties, the Department of Taxation and 

by most of the major environmental groups. It is proposed that an up-dated version 

lMinnesota Statutes 1971, Sections 93.52 - 93.55. 



of this bill will be submitted to the 1973 legislature for action. 

RECOMMENDATION: FofL .the pWtpMe. 06 pnovicUrfg a.dequa,te. and c.LVUte.n..t 

Jtec.ond.6 o 6 owne.JU> hip o 6 .6 e.v eJted mine.Jl.a.U, muc.h o 6' wluc.lt L5 a1Jr..e.ady 

lughty {/w.c.tionallzed, .the mine.Jtal Jteg,[.f)tJLMion law of; 7969 {Minn-

v., o .t.a S:tat.u:t.u 1 9 71 , S ec.ilo M 9 3 • 5 Z .to 9 3 . 5 8 ) .6 ho ui.d be am e.n.de.d M 

pM vide.d in S. F. 'Z 64 9 and H.F. · 316 6 o 6 .the. 19 71 JtegutaJL le.g,[.f)la:tive 

-0 v.,-0io n, :to c.o mp el Jteg ,.(/.) .tJw.tio 11 wi.t.lun. c. VLt.a.in .time. finiLU . F ail.Wte. 

.to Jte.g,[.f).te.lL wi.th.in a .6pe.c.i6ied peJtiod ofi time. .ohoutd Jte..ou.U in 6ofL-

6e-Ltu.Jte. o 6 .the. mine.Jtal e..o.tMe. .to .the. -6.tMe., in. :tJwl:,t fioJt .the. lac.al .taun.g 

<ti.-0.tfLic..t. 

RECOMMENDATION: FofL .the. pu.!tpMe of; e..umb1Min.g .the inequUy in .the. 

Jte.al pfLopeJL.ty .tax faJ..V.6 o-6 .the 1d.a:t.e. wluc.h e.xe.mp.U M:ve,,'1.e.d m.foe.Nll 

eJ.d£lte.6 nMm .taxMion. exc.e.p.t WheJte. .the. pfLope;d.y fut-6 be.en dJU.U.e.d and Cl 

maJtke:t.able. min.e.Jtal fLe..6e.Jtve. fuc.oveJte.d, Minn.v.,o.t.a S.tand.e..o 1971, Ch.ap.teJL '27'2, 

.ohoutd be. amended M pMvided in. S.F. '2649 and H.F. 3166 06 ;the. 197l 

Jtegul.M .teg,[.f)la;tive. .ov.,.6ion, .to hnpMe. a minJJnwn .t.ax on .oeve.Jte.d nu:.neJta.l.o. 

A1.; in .the. c.Me ofi pfLoven mine.Jtal fLe..6eJ1..Ve..f)' na.ilWLe. .to pay ;the pfLUc.Jtibe.d 

.tax ,f>houtd Jte.out.t in 6oJtf;utWLe. 06 .the nuJieJtal e.o.tMe .to ;the. .6.ta.Xe, ,{_n. 

bw.1.d 6 o Jr.. .the. lo c.o..l .t.axing fu:tuc..t. 
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CHAPTER 1: STATE MINERAL POLICY 

In considering the many implications of possible base metal explora-

tion, development and mining in Minnesota, it is important to explore and 

assess legislative directions which have been set forth for the State. While 

the time frame for preparation of this report precludes a complete examination 

of legislative history relative to our mineral resources, we have briefly 

examined our current laws. State rr.ineral policies are set forth in a series 

of statutes but, as is the case with many policies, they have never been 

consolidated into a single comprehensive state mineral policy. The majority 

of these laws relating to mineral resources deal with specific aspects such 

as the administration of minerals related to public lands, mineral taxes, 

water resources, powers of eminent domain, highways, etc. 

Policy statements contained in the Mineland Reclamation Act of 1969 give 

consideration to most of the elements of policy set forth elsewhere in the 

statutes in relation to more specialized subjects. The 1969 Mineland Reclamation 

Actl contains the following provisions: 

"93. 44 DECLAR.i\.TION OF POLICY. In recognition of the effects of 
mining upon the environment, it is hereby declared to be the 
policy of this state to provide for the reclamation of certain 
lands hereafter subjected to the mining of metallic minerals 
where such reclamation is necessary, both in the interest of 
the general welfare and as an exercise of the police power of 
the state, to control possible adverse environmental effects 
of mining, to preserve the natural resources, and to encourage 
the planning of future land utilization, while at the same 
time promoting the orderly development of mining, the encourage­
ment of good mining practices, and the recognition and identi­
fication of the beneficial a5pects of mining." 

lMinnesota Statutes 1971, Sections 93.44-93.51. 
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', 11 93.47, Subd. 2. In determining the extent and type of regula-
tion required, the commissioner shall give due consideration 
to the effects of mining upon the following: (a) environment; 
(b) the future utilization of the land upon completion of 
mining; and (c) the wise utilization and protection of the 
natural resources including but not limited to the control 
of erosion, the prevention of land or rock slides, and air and 
water pollution. The commissioner also shal 1 give due con­
sideration to (a) the future and economic effect of such regu­
lations upon the mine operators and land owners, the surround­
ing communities, and the state of Minnesota; (b) the effect 
upon employment in the state; (c) the' effect upon the future 
mining and devel~pment of metallic minerals owned by the state 
of Minnesota and others, and the revenues received therefrom; 
and (d) the practical problems of the mine operators and 
mineral owners." 

Notice that the reclamation act recognizes not only natural environ-

ment considerations, but also considerations relating to employment, the 

development of state-owned minerals and the economic benefits to mineral 

operators, landowners, local communities, and the state. 

Considerable legislative action has occurred regarding the adminis-

tration and regulation of publicly-owned minerals. 

The laws relating to minerals on public lands in the state date back 

as early as statehood. The majority of these laws are now contained in Chap-

ter 93 of the Minnesota Statutes and is the basis for the Department of 

Natural Resources current Copper-Nickel Rules and Regulations for the leasing 

of state-owned minerals for exploration and mining. 

In 1866 the legislature, in an act relating to certain public lands in 

the state, authorized mines and inhabitants to form mining districts, fix the 

boundaries, adopt a name and pass rules and regulations for the district neces-

sary for the location, holding, recording, and working of mines of mining claims. 

The act applied to the mining of 11gold, silver and other minerals". This law, 

along with an amendment to it in 1867, authorized limited staking of mineral 
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cla.tms on certain public lands in Minnesota until the enactment of an 1889 law, 

which established the basis for much of our present iron ore mining laws. 

Numerous changes to that basic 1889 law have occurred, usually in response 

to changes in demand for _the resource, new mineral finds, changes in mining 

technology, legal reasons, and changes in public attitudes. 

Minnesota Statutes, Chapter 93, contain~ the present basis for the 

administTation of state-owned or administered minerals lands, and embodies 

the numerous elements necessary for such administration such as the reserva­

tion of minerals to the state, mineral leasing provisions and procedures, the 

rights and duties of leaseholders, use of state lands for auxiliary land needs, 

rentals and royalties disposition and distribution, and the specific administra­

tive procedures for state mineral lands. The chapter is sprinkled with various 

citations of policy--all basically providing for the encouragement of exploring, 

mining and developing publicly-owned minerals but tempered by supporting statu­

tory sections controlling their actions as lessee. In addition to the statutory 

controls imposed under this chapter, a lessee is also required to conform to all 

other statutory requirements, the same as on private lands, regarding water per­

mit requirements, water and air pollution control requirements, taxes, land use 

controls, etc. 

One specific area of mineral policy that has been the expressed concern of 

numerous citizens is the policy regarding the Boundary Waters Canoe Area (BWCA) 

and possible mineral exploitation. Based upon a review of the many laws which 

have been enacted by the legislature regarding the BWCA and their historical 

development, it is clearly the intent of the legislature that this unique area 

be managed for its wilderness characteristics and free of mining except in times 
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of ·-, national emergency. This basic policy is consistent with the actions of 

the federal government, ,,·hi ch has been expressly set forth by Congress in the 

establishment of the B\\'CA. This state policy is presently being challenged 

by private individuals owning severed minerals within the BKCA. Court action 

on this matter is currently pending in U. S. District Court. (Izaak Walton 

League of America vs. George W. St. Clair, et al). The Department of Natural 

Resources, through the Attorney General's office, has successfully defended 

.this state policy to date, although the final court decision has not yet been 

rendered. 

\\~ile not as clear or as specifically delineated, the public policy and 

attitude towards mineral resource development on privately-owned lands is 

similar to that set forth for public lands. However, the control and regula­

tion on private lands is less extensive. 

The various laws that are applicable to and affect the mining industry 

are numerous and also reveal a similar expression of public policy. These 

various laws related to such diverse subjects as mine safety, highways, land 

and land rights, :lncluding eminent domain power, building restrictions and 

construction practices, employment, water resources, including mining relation­

ships to lakes and streams and their alteration, inspection, etc. Considerable 

special legislation unique to the industry has been enacted from time to time 

in these diverse areas which is generally designed to accommodate the industry 

subject to the controls deemed necessary by the legislature to regulate the 

industry. 
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CHAPTER 2: GEOLOGIC SETTING FOR BASE METAL DEPOSITS IN MINNESOTA 

Northern ~finnesota possesses one of this nation's greatest potentials 

for base metal deposits. Base metals composed of copper, nickel, and zinc 

combine with sulfur to produce the following minerals: 

Chalcopyrite (Cu Fe S2) - Copper sulfide 

Pentlandite (Ni, Fe) S -·N_ickel sulfide 

Sphalerite (Zn S) - Zinc sulfide 

There minerals are found in various concentrations in many types of rocks 

throughout the world. In Minnesota, a number of companies are exploring 

two geologic formations in an attempt to locate a sizeable concentration of 

these minerals. One of these geological formations is in the area that is 

essentially north and west of the Mesabi Range, which is underlain by very 

ancient early Precambrian volcanic rocks, including lava flows, sedimentary 

rocks and granitic rocks. The volcanic and associated sedimentary rocks are 

conunonly called "greenstone belts" because of the distinctive green color 

of most of the rocks. The other area is referred to as the Duluth Gabbro 

Complex, a large body of basic rocks of late Precrunbrian age that extends 

from Duluth in a great arc to the Arrowhead Country. 

Minnesota's greens tone belts (Figure 2a) are known by analogy with 

similar rocks in Onta~io, Quebec, Manitoba and Wisconsin to be favorable for 

the occurrence of deposits containing copper, zinc, lead, nickel, silver and 

gold. Figure 2b illustrates the active mining areas in the Canadian green­

stone belts and the continuity of these belts across the international border . 

. To date, no significant mineral deposits have been discovered in Minnesota's 

greenstone belts, but exploration is continuing, and it is probable that one 

or more valuable deposits will be found eventually. In a recent study it was 

2-1 



il.OCK 

I 
;•c~.so~ IMO.THI Fl<Hl\Oll.W 

2-2 

IRON FORMATION 

GREENSTONE BELTS 

DULUTH GABBRO COMPLEX 

DIABASIC GABBRO AND 
RELATED ROCKS 

!HOUSTON 

Figure 2a Minnesota Greenstone & Gabbro Formations 



i~--;;ab ~ ~~·v. 
& 

I '1'f =~ 

I 

I 
I 

···--···--

~~j 
Ill 

11111 . 

-··· 

0 

# 

~~ 
~ 

~~:)/' '-... 
....... 

~ 
,:z::;;, 

~ 

~Q-~.-4 ... d 
~vv 

d 
t:::;;; c::d7. 

LEGEND 

~ GRHNSTDNE DEL TS 

'(? DULUTH 9A00RO COMPLCX 

• BASE METAL DEPOSITS 

~ GOLD OEPOSITS 

ScC>lo t" • 60 Miles d&J} e lt) 
~~~~~~~~~~~~~~~~~~~~~~~-~~~-~~~- j ( I Figure ~ and the United States 

Greenstone Belts of Canada 

From: Brice, W. C., Possible Environmental Impact of Base Metal Mining in Minnesota, Minn. Dept. of Natural 

Resources, 1972. 

!lb 

11-11 

N 
I 

V-1 



determined statistically that one ore discovery should be made in Minnesota's 

greenstones eveTy ten years. HoweveT, because Minnesota greenstone belts 

have only recently and for the first time been explored, it is reasonable 

to assume that the discovery rate in these areas may be twice this amount 

for the next ten years. 1 Figure 2c illustrates the areas believed to be 

explorable and their rated potential in regards to the greatest probability 

of containing economic mineral deposits. 

In the Duluth Gabbro Complex (Figure 2a) copper-nickel mineralization 

was discovered about 25 years ago in an area adjacent to the South Kawishiwi 

River southeast of Ely and since 1965, a massive exploration effort has been 

carried out by a dozen major companies. Large volumes of low-grade and mar-

ginal material have been discovered; it is felt that eventually it will be 

economically feasible to mine these resources. Based on exploration to date, 

the United States Bureau of Mines lists the Duluth Gabbro Complex as this 

country's largest nickel sulfide resource2 as well as a significant domestic 

copper resource. 

The copper-nickel mineralization that has been discovered is in a zone 

at or near the base, or the western edge, of the Duluth Complex. Occurrences 

lThese results are based on a comparison study with Ontario which was se­
lected because of the similarity in geological environments. In order to 
use the data derived from Ontario for projection into ~finnesota, the rate 
of discovery in Ontario was adjusted by a correction factor. This factor 
was determined by comparison of the intensity of exploration in both areas, 
which was based on the acres pro2pected since 1966. Results indicate the 
intensity of exploration in Minnesota to be 10% of that in Ontario. Since 
1966, it was determined that an average of one economic deposit per year 
is discovered in Ontario. By taking 10% of Ontario's discovery rate would 
give Minnesota a 0.1 greenstone discovery rate per year, or one discovery 
every ten years. 

2Kingston, G.A., F.V. Carrillo, J.J. Gray, P. McLeroy, Availability of U.S. 
Primary Nickel Resources, Information Circular 8469, U.S. Bureau of ~1ines, 
1970. 
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are known to be located on the northern limb of the Complex in Cook County; 

in the area southeast of Ely, extending from Hoyt Lakes to Ely; and in the 

area betKeen Duluth and Hoyt Lakes. The segment between Hoyt Lakes and Ely 

(Figure 2d) apparently contains higher grade mineJ;alization and would almost 

certainly be considered for development first. Copper and nickel minerali-

zation in this area occurs discontinuously along the basal part of the Com-

pl ex as lenses and layers that dip moderately to the southeast. The sulfide 

minerals are disseminated irregularly in the rocks and local concentrations 

of these minerals constitute a potential ore body. The following discussion 

is a preliminary estimate of the copper-nickel resources in the Hoyt Lakes 

to Ely segment of the Duluth Complex. 

Using a cut-off grade, or lower mining limit, of 0.50 percent combined 

copper and nickel and including only units of rock having a minimum thick-

ness of 50 feet, the Minnesota Geological Survey estimates a minimum of 6.5 

billion tons of crude ore that has an average grade of 0.85 percent combined 

copper and nickel. Assuming 100 percent rec.overy of the metals (copper and 

nickel) and a price of 50 cents per pound for the metals (which is a gross 

under-estimate), this material would have a value of about $55 billion. Ex-

pressed in other terms, at the current rate of consumption of nickel, the 

nickel resources in the Duluth Complex would supply the world's needs for at 

least 20 years. Also, at the current rate of consumption of copper, the copper 

resources in the Duluth Complex would supply the world's needs for at least S 

years and the United States' needs for about 20 years.I 

1sims, P.K., "The Geology and Potential for Copper-Nickel Deposits in Northern 
Minnesota", Minnesota Geological Survey, from paper presented at Copper-Nickel 
Symposium, August 26, 1972. 
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If a lower cut-off of 0.25 percent combined copper and nickel is used 

as the basis for estimating the resources (and a minimum thickness of 100 

feet is used), the Minnesota Geological Survey estimates about 14 billion 

tons of mineralized material having an average gr~de of about 0.58 percent 

combined coppeT and nickel. Using the same assumptions for recovery as 

above, this material would have a value of about $80 billion. 1 

1sims, P.K., "The Geology and Potential for Copper-Nickel Deposits in Northern 
Minnesota", ~iinnesota Geological Survey, from paper presented at Copper-Nicke 1 
Symposium, August 26, 1972. 
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CHAPTER 3: BASE METAL ~1ARKET POTENTIAL 

An economic appraisal of the outlook foT base metals must first be 

considered before any mining operations are initiated. The most vital factors 

are supply-demand relationships, price fluctuations, and production capacities. 

With this in mind, a review was made as to the market potential of copper, 

nickel, zinc and sulfur as related to both domestic and world situations. 

Although several variations of supply-demand figures may be found in the 

literature, data and projections from 1970 Bureau of Mines reports were 

selected for use in the following discussion. 

COPPER1 

Copper is util:ized as a pure metal, alloyed with zinc to form brass, and 

alloyed with tin to foTJn bronze. Copper as a pure metal is used: as electri-

cal wiring for motors; transformers, generators and instTuments; as copper and 

brass tubing for plumbing and heat transfer; as sheet for roofing, gutters, 

decorative applications, ordinance, and coinage; in copper and alloy castings 

and forgings for bearings, bushings, jewelry and mechanical parts; and in 

chemicals for insecticides, pigments, and agriculture. The domestic demand for 

copper is distributed among the following industries: electrical equipment 

and supplies, 53%; construction, 16%; industrial machinery, 12%; transporta­

tion, 8%; ordinance, 6%; and miscellaneous uses, 5%. 2 

World copper production for 1970 was 6.6 million tons. U. S. production 

for the decade 1961-1970 increased 48% with a pronounced drop in 1967 and 1968 

due to the prolonged strike. HoweveT, domestic demand for primary copper 

1unless otherwise sµecified, the text, figures and tables were taken from: 
Schroeder, H.J., "Copper" Mineral Facts and Problems, interim report, U. S. 
Bureau of Mines, January 12~ 1972 

2First Annual ReuoTt of the Secretary of the Interior - the i'-lining and Minerals 
Policy Act of 1970 (P.L. 91-631), U. S. Department of Interior, U.S.G.P.O., 
March, 1972 
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during the last decade increased only 27%. 

Inputs into the U. S. copper supply for 1970 include 70% from primary mine 

production, 23% from old scrap and 7% from imports. Figure 3a shows supply­

demand relationships from 1970 and Table 3 .1 shO\':s figures for the decade 

1961-1970. 

The forecasted demand for copper in the year 2000 is expected to range 

from 5.5 to 11.3 million short tons. The most· probable demand figure is 7.1 

million tons. Gravitation toward the low of the forecast range could be 

effected through the increasing prevalence of economically and technologically 

preferred substitutes. 

Copper demands for the rest of the world are expected to range from 

16.8 million tons to 34.9 million tons in 2000. A summary of forecasted U. S. 

and World demand is included in Table 3.2. 

Based on the average 1970 price of copper ($0.582/lb.) the projected 

domestic reserves total to 81 million tons of recoverable copper. Arizona, 

Montana, Utah, New Mexico and Michigan accounted for over 90% of the total· 

reserves at an average grade of 0.86 percent copper. 

For the rest of the world, the copper reserves at 1970 prices are esti­

mated to be 259 million tons. Seventy-three percent of this total may be 

accounted for by Chile, U.S.S.R., Zambia, Peru, the Congo and Canada. The 

remaining 27% is divided among Australia, Peoples Republic of China, Finland, 

Iran, Japan, Mexico, the Philippines, Poland, Republic of South Africa, Sweden 

and Yugoslavia. Table 3.3 shows an assessment of world copper resources 

recoverable at various prices. 

1970 estimates of mine, smelter, and refin~ry capacities compared to pro­

duction for principal producing countries are included in Table 3.4. It is 

readily discernable that in most all instances, production closely approached 

capacities to the point of practical maximum limits of operation. 
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Figure 3a. COPPER 
(Supply-Demand Relationship-1970) 
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Table 3.1 - Copper Supply-Demand Relationships, 1961-1970 
(thousand short tons) 

1961 1962 1963 1964 1965 1966 1967 
World production - primary 

Mine production: 
United States-------------------- 1,165 1,228 1,213 1,247 1,352 1,429 954 
Rest of World-------------------- 3,575 3,647 3,736 3,865 3,967 4,056 4,270 
Total----------------------~--- 4, 740 4,875 4,949 5' 112 5,319 5,485 5,224 

Components of U.S. supply (primary 
and old scrap) 

Refined production:· 
Domestic mines------------------- i,181 1,214 1,219 1,259 1,336 1,353 847 
Old scrap------------------------ 164 172 163 186 214 242 190 
Imports of ore, blister, etc.---- 369 398 377 396 376 358 286 

Government stockpile releases------ 5 8 11 27 120 400 149 
Imports of refined----------------- 67 99 119 140 137 164 331 
Old scrap (unrefined)-------------- 247 244 259 288 299 293 293 
Industry stocks, Jan. 1------------ 554 510 537 527 467 498 602 

Total U.S. supply-------------- 2,587 2,645 2,685 2,823 2,949 3,308 2,608 
Distribution of U.S 0 supply 

In<lustry stocks, Dec. 31----------- 510 537 527 467 498 602 507 
Exports (refined)------------------ 429 337 311 316 325 273 159 
Industrial demand------------------ 1,648 1, 771 1,847 2,040 2,126 2,433 2,032 

U.S. demand pattern 
Electrical equipment--------------- 733 773 804 941 1,028 1,178 1, 113 
Construction materials------------- 320 363 390 420 415 410 277 
Industrial machinery-------- ... ------ 264 281 304 312 305 316 208 
Transportation equipment----------- 177 196 211 222 227 226 145 
Ordnance--------------------------- 72 70 46 43 45 182 188 
Other------------------------------ 82 88 92 102 106 121 101 

U.S. primary demand (industrial 
demand less old scrap)------------ 1,237 1,355 1,425 1,566 1,613 1,898 1, 549 

1968 1969 

1,205 1,545 
4,436 4,668 
5,641 6,213 

1,161 1,469 
231 284 
276 274 

400 131 
290 291 
507 563 

2,865 3,012 

563 5'1.1 
241 200 

2,061 2,271 

1 .• 046 1,193 
316 341 
239 254 
193 198 
164 172 
103 113 

1,540 1,696 

/ -

1970 

1, 720 
4,847 
6,567 

1,521 
278 
244 

132 
226 
Sill 

2,942 

645 
221 

2,076 

1, 101 
328 
2s+ 
173 
1:!-9 
104 

1, 572 

w 
j 
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Table 3.2 - Summary of Forecasted U. S. and World Copper Demand, 1970-2000 
(million short tons) 

Probable 
average annual 

2000 Prob ab le growth-rate 
1970 Forecast range 1985 2000 1970-2000 

Low High (percent) 

United States 
Primary------------------- 1.572 4.2 8.6 2.9 5.4 4.2 
Secondary----------------- .504 1. 3 2.7 .9 1. 7 4.2 

Total------------------- 2.076 5.5 11. 3 3.8 7.1 4.2 
Cumulative (primary)---- --- 78.1 122.3 32.0 91. 3 

Rest of World 
Primary------------------- 4.88 12.6 26.2 9.S 18.3 4.5 
Secondary----------------- 1.62 4.2 8.7 3.1 6.1 4.5 

Total------------------- 6.50 16.8 34.9 12.6 24.4 4.5 
Cumulative (primary)---- --- 239.2 379.3 101. 7 298.0 

World 
Primary------------------- 6.452 16.8 34.8 12.4 23.7 4.4 
Secondary----------------- 2.124 5.5 11. 4 4.0 7.8 4.4 

Total------------------- 8.576 22.3 46.2 16.4 31. 5 4.4 
Cumulative (primary)---- --- 317.3 501. 6 133.7 389.3 

V.l 
I 
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Table 3. 3 - Assessment of World Copper Resources 
Recover ab I e at Various Prices 
(million short tons of copper) 

North America: 
Canada------------------­
United States-----------­
Other--------------------

Total-----------------

South America: 
Chile--------------------
Peru---------------------
Other--------------------

Total-----------------

Europe: 
U.S.S.R.-----------------
Other-------------------­

Total-----------------

Africa: 
Congo (Kinshasa)--------­
Zambia------------------­
Other--------------------

Total-----------------

Asia: Total----------------

Oceania: Total-------------

Total for World--------

Price, constant 1970 dollars 
refined copper 

0.582 1/ 0.70 

30 
81 
11 

122 

56 
22 

1 
79 

35 
15 
50 

20 
27 

7 
54 

24 

11 

340 

35 
93 
13 

141 

64 
25 

1 
90 

40 
17 
57 

23 
31 

8 
62 

27 

13 

390 

1/ Average U.S. delivered price in 1970. 
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108 
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164 
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36 
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North America: 

Table 3.4 - World Copper Capacity and Production, 1970 
(thousand short tons copper) 

Mine Smelter Refinery 
Capacity Production Capacity Production Capacity Production 

Canada------------ 770 676 550 544 550 543 
United States----- 1,850 1,720 1,900 1,641 2,720 1/ 2,216 
Other------------- 90 77 70 65 80 - 60 

Total--------~-- 2,710 2,473 2,520 2,250 3,350 2,819 
South America: 

Chile------------- 880 756 900 726 880 509 
Peru-------------- 250 234 210 194 50 . 40 
Other------------- 20 16 4 4 4 4 

Total----------- 1,150 1,006 1,114 924 934 553 
Europe: 

U.S.S.R.---------- 660 630 660 630 750 700 
Other------------- 400 377 670 605 1,760 1,660 

Total----------- 1,060 1,007 1,330 1;235 2,510 2,360 
Africa: 

Congo (Kinshasa)-- 430 425 430 425 340 210 
Zambia------------ 840 754 860 754 700 636 
Other------------- 280 2tH 240 224 110 99 

Total----------- 1,550 1,420 1,530 1,403 1,150 945 
Asis: Total-------- 520 500 980 943 1,050 945 
Oceania: Tbtal----- 180 161 150 122 165 158 

Grand Total----- 7,170 6,567 7,624 6,877 9,159 7,780 
1/ Production at primary refineries consisting of 1,765 from primary material and 

451 from secondary material. 

C,N 
I 
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Projected world copper mine, smelter, and refinery capacities through 

1975 are shown in Table 3.5. Smelter capacities after 1971 are shown to be 

noticeably below mine capacity. 

Copper prices have b.een subjected to seveTe fluctuation on the London 

Metal Exchange (LME) and domestic markets. Table 3.6 below shows price 

1 
comparisons in cents per pound: 

Table 3.6 Copper Prices 

High Low Average 
Domestic - L~IE Domes tu· LME Domestic J__,f-,fE 

1967 38.1 75.8 36.0 43.3 38.6 51. 2 
1968 42.1 87.3 38.1 46.3 42.2 56.1 
1969 52.1 79.8 42.1 54.5 47.9 66.2 
1970 60.1 81. 5 53.1 45.9 58.2 63.0 
1971 53.0 58.7 50.0 44.6 52.1 48.5 

A breakdmm showing the cost components of producing copper at the market price 

for an open pit operation is as follows: 

50% - initial mining operations 

10% - ore beneficiation 

10% - smelting 

5% -- refining 

25% - markets and overhead (including profit) 

An underground operation should closely approach this breakdown except for an 

adjustment increasing the percentage relating to initial mining operations. 

Most economists pTedict that coppeT prices will continue to decline 

gradually but will not go much below 50 cents peT pound. It has been estimated 

that 45 cents per pound is the absolute minimum price that could maintain 

acceptable pTofitability foT ·che industry. Economists feel that this is due to 

1First Annual Report of the Secretary of the Interior - the Mining and Mi_nerals 
Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S.G.P.O., 
March, 1972. 
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Table 3.5 - Projected Korld Copper Capacity, 1970-1975 
(thousand short tons copper) 

1970 1971 1972 1973 1974 1975 
J\orth America: 

United States 
~·1ine--- - --- - ---- - --- 1,850 1,900 2,000 2,100 2,150 2,150 
Smelter------------- 1,900 1,930 1,940 2,000 2,050 2,100 
Refinery------------ 2, 720 2,860 2,860 2,900 2,900 2,950 

Other ?\or th America 
1, 1 in e - - - - - - - - - - - - - - - - 860 930 1,200 1,250 1,250 1,250 
Smelter------------- 620 620 670 760 770 770 
.Refinery-- -- - - - - -- - - 630 630 660 720 730 730 

South America: 
Mine - - - - - - - - - - ·- - - - - - 1,150 1,300 1,400 1,450 1,450 1,450 
Smelter------------- 1, 114 1,160 1, 210 1,300 1,300 1, 300 
Refinery-- -- -- - - - - -- 934 940 970 1,000 1,000 1,000 

Europe: 
Mine---------------- 1,060 1, llO 1,200 1,300 1,400 1,450 
Smelter------------- 1,330 1,380 1,430 1,570 1,650 1,740 
Refinery------------ 2 ,510 2,670 2,760 2,900 2' 980 3,030 

Africa: 
i\fine-- - - - - - - - - - - - - - - 1, 550 . 1,600 1,690 1,840 1,920 2,120 
Smelter------------- 1,530 1,620 1,640 1,690 1; TIO 1, 810 
Refinery-- -- - - - -- - -- - 1,150 1,260 1,260 1,260 1,300 1,300 

Asia: 
Mine---------------- ·520 550 640 700 890 900 
Smelter------------- 980 1,020 1,020 1,020 1,200 1,200 
Refinery------------ 1,050 1,060 1,090 1,160 1,390 1,590 

Oceania: 
Mine---------------- 180 190 340 360 400 420 
Smelter------------- 150 155 160 160 200 200 
Refinery------------ 165 165 165 170 210 210 

World Totals: 
t.1i n e- - - - - - - - - - - - - - 7' 170 7,580 8,470 9,000 9)460 9,740 
Smelter----------- 7,624 7,885 8,070 8,500 8,940 9,120 
Refinery---------- 9,159 9,585 9 '765 10,110 10 '510 10' 810 



pro :ction costs which have increased rapidly in the past few years. 

The current lag in copper prices is indicative of the surplus of copper. 

This stn-plus is predicted for the remainder of the 70's and early 80's, hm\·ever, 

as the surplus is consumed, it is speculated that current domestic reserves will 

be inadequate to compensate this nations' demands. 

NICKEL1 

Approximately 85% of the nickel consumed in the U. S. is in the form of 

alloyed metal. Most of the remaining is used in electroplating. The principal 

alloy forms in order of descending impox-tance, measured by weight, are: stain-

Jess steel, high-nickel alloys, alloy steel, heat Tesistant castings, electrical 

resistance alloys, grey iron castings, cupro-nickel, iron-nickel alloys, corro-

sion resistant alloys, cast bronzes and brasses, alloy steel castings, nodular 

Lco:u ca~t.Lngs, nickel, silver, and permanent magnets. Major end uses in 1970 

were: Consumer products, 16%; machinery and transportation, 14%; automotive 

products, 12%; electronic equipment, 9%; chemical processing plants, 8%; petro-

leum processing plants, 8%; other processing plants, 7%; aircraft, 6%; and 

energy conversion, architecture, marine applications, and coinage most of the 

. d 2 remain er. 

World mine production for nickel in 1970 totaled over 685,000 short tons. 

Of this total, Canada produced 44%. International Nickel Co. (INCO), by far the 

world's largest nickel producer, turned out 85% of the total Canadian nickel. 

During 1970, domestic nickel mine production totaled approximately 16,000 tons; 

only 2% of the world total. The sole domestic producer of primary nickel is 

The Hanna Mining Co. at Riddle, Oregon. In 1970, nearly two-thirds of the 

1unless otherwise specified, the text, figures, and tables \•:ere taken from: 
Reno, Horace T.,".:\'ickel", 1-Iineral Facts and Problems, interim Teport, U. S. 
Bureau of Mines, February To, 1972. 

2 
First Annual Report of the Secretary of the Interio:c 0--- the !,lining and i\linerals 
Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S.G.P.0., 

March, 1972. 
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wor _ - nickel production came from underground sulfide deposits, the other third 

came from open pit oxide deposits. 

Secondary nickel derived from obsolete consumer goods, and from industrial 

scrap, proved to be a significant element of supply. 

Inputs into domestic nickel consumption for 1970 i~1clude 75% from imports, 

24% from scrap and 1% from mine output. Figur.e 3b shows supply-demand relation­

ships for 1970 and Table 3.7 shows figures for the decade 1961-1970. 

Domestic demand for nickel in the year 2000 is predicted to reach 1100 

million pounds. A further breakdmm shows the components to be 770 million 

pounds from primary production and 330 million pounds from secondary sources. 

The rest of the world demand in 2000 is forecast to range between 1,500 to 2,175 

million pounds. Forecasts for domestic and world nickel demands for 1985 and 

2000 are summarized in Table 3.8. 

An assessment of nickel reserves recoverable at prices ranging from the 

1970 price of $1. 33 a pound to $2. 00 a polJnd is given in Table 3. 9. A study b;· 

the U. S. Bureau of ~lines indicated that the nickeliferous laterite deposits 

3-11 

at Riddle, Oregon will be exhausted in 15 years at the present rate of production. 

However, a Hanna Co. representative indicated that sufficient low-grade economic 

resources have been developed and 1vill substantially extend the life of the 

operation. Furthermore, the Bureau of ~tines lists ~tinnesota as having the 

largest potential nickel sulfide resources in the United States. 

Several low-grade laterite deposits in the tropical and subtTopical areas 

of the world are not included in Table 3. 8 but could prove to be significant. 

Similarly, the occurrence of nickel-bearing manganiferous nodules has been 

reported to exist on the ocean floor in many areas throughout the world. 

Research has revealed a large quantity of these nodules, and their economic 

potential as a nickel supply for the long term could prove significant. 
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Table 3. 7 - Nickel Supply Demand Relationships, 1961-1970 
(million pounds of nickel) 

World mine production 
Unitecl States---------------­
Rcst of World----------------

Total---------------------
Components of U.S. supply 

Domestic mincs--------------­
Sccond3ry-------------------­
Net Government releasc------­
Imports---------------------­
Industry stock, Jan. 3~------

TotJl U.S. supply---------
Distribution of U.S. supply 

Industry stock, Dec. 31-----­
Exports---------------------­
Industrial dcmand------------

U .S. demand pattern 
Industrial chemicals & 
petroleum rcfining---------­

F~hric~tcd metal products---­
Transportation 
Aircraft ~n<l parts---------­
Motor vehicles & equipment-­
Sh j p f, Boat building fr 

re r ~ii r:; - - - - - - - - - - - - - - - - - - - -

Total---------------------
Elcctrical equipmcnt--------­
Houschold appliances fr 

1961 

22.4 
773.6 
796.0 

22.4 
58.4 
20.1 

254.0 
22.7 

377 .6 

36.6 
14.3 

326.7 

29.6 
25.9 

28.2 
48.5 

10. 7 
87.4 
34.5 

1962 

22.4 
765 .6. 
788.0 

22.4 
62.5 
(6. 3) 

246.0 
36.6 

361. 2 

26.9 
16.0 

318.3 

30.8 
25.8 

29.2 
53.8 

11. 2 
94.2 
37.2 

1963 

22.9 
725.l 
748.0 

22.9 
83.3 
6.7 

238.0 
26.9 

377 .8 

34.4 
20.0 

323.4 

27.7 
25.1 

25.6 
50.9 

9.5 
86.0 
31. 7 

1964 

24.4 
793.5 
817.9 

24.4 
101. 8 

5.7 
258.0 
34.4 

424.3 

34.4 
23.9 

366.0 

32.S 
31.6 

28.9 
54.4 

10. 7 
94.0 
34.0 

1965 

27.0 
909.5 
936.5 

27.0 
102, 8 
32.6 

326.0 
34.4 

522.3 

28.1 
11. l 

483.6 

51. 7 
45.0 

47.8 
76.7 

18.2 
142.7 
56.9 

equipment------------------- 30.0 31.8 29.6 33. 7 49.8 
Ind u .s t r i a 1 ma ch inc ry- - - - - - - - - 3 8 . 0 41. 3 3 7 . 4 4 3 . 2 6 7 . 2 

·· ·h-'<ction nwtcrials------- 10.9 _ 10.2 9.9 13.5 19.6 
----------------------- 70.4 47.0 76.0 83.5 50.7 

lJ.S. nrimary Jcmand------------ 263.3 255.8 240.1 264.2 380.8 

1966 

26.5 
853.7 
880.2 

26.5 
126.1 
207.2 
282.0 

28 .1 
669.9 

62.6 
23.6 

583.7 

66:0 
57.4 

60.8 
72.9 

23.4 
157.1 
69.3 

57.9 
85.3 
27.5 
63.2 

457.6 

1967 1968 1969 1970 

29.2 30.3 31.2 30.6 
960.5 1,065.6 1,033.9 1,339.7 
989.7 1,095.9 1,065.1 1,370.3 

29. 2 
104.6 
46.6 

285.2 
89.0 

554.6 

69.1 
16.0 

469.5 

80.0 
80.6 

33.0 
47.7 

14.7 
95.4 
40.3 

36.7 
25.7 
22.0 
88.8 

364.9 

30.3 
73.l 
6.3 

287.4 
79.3 

476.4 

74.5 
13.0 

388.9 

67. 6 
49.0 

48.5 
44.0 

18.2 
llO. 7 
40.4 

36.3 
25.1 
20.6 
39. 2 

315.8 

31. 2 
142.0 

8.6 
251. 5 

74.S 
507.8 

63.9 
2.7 

441. 2 

101. 6 
36.7 

29.6 
46.6 

17.0 
93.2 
59.4 

26.8 
32.0 
31.7 
59.8 

299.2 

30.6 
129.4 1/ 

4.2 -
305.l 
63.9 

533.2 

112.0 
12.5 

408.7 

94.0 
39.0 

24.6 
49 .1 

12.2 
85.9 
53.1 

26.5 
30.3 
39.0 
40.9 

311. 4 
1/ 9.8 miDlon pounds exported; 22.3 million pound incrc_a_s--e---J-:n~s-t--o-c-k-·s~.~~~~~--~~~~~~~~~~-~~~~~~-
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United States 
Primary---------------­
Sccondary-------------­

Total--------------­
Cumulative (primary) 

Rest of World 
Primary------~--------­
Sccondary-------------­

Total--------------­
Curnulati vc (primary) 

World 
Primary---------------­
Sccondary-------------­

Total--------------­
Cumulati ve (primary) 

Table 3.8 - Summary .of Forecasted U. S. and World 
Nickel Demand, 1970-2000 

(mil lion pounds) 

2000 
Forecast range Prob ab le 

311.4 
97.3 

408.7 

923.6 
190 .0 

1,113.6 

1,235.0 
287.3 

1,522.3 

Low 

640.0 
255.0 
895.0 

13:523.0 

1,150.0 
3.)0. 0 

--i-:soo .o 
30,702.0 

1,790.0 
605.0 

2,395.0 
44,225.0 

High 

910.0 
385.0 

1,205.0 
16,455.0 

1,660.0 
515.0 

2,175.0 
37,469.0 

2,570.0 
900.0 

3,470.0 
53,924.0 

1985 2000 

492. 2 770 .0 
180.4 330.0 
672.6 1,100.0 

5,835.0 15,053.0 

1,224.9 1,600.0 
279. 2 4QO.O 

1,504.l 2,000.0 
15,858.0 36,8%.0 

1,711.7 2,370.0 
460.8 730.0 

2,172.5 3' 100. 0 
21,693.0 SJ ,954.0 

Prob ab le 
average annual 
growth-rate 

1970-2000 
(1crccnt) 

3.1 
4.2 
3.4 

1. 9 
2.5 
2.0 

2.2 
3.2 
2.4 

tN 
I 
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Table 3.9 - Assessment of World Nickel Resources 
Recoverable at Various Prices 

(million pounds of nickel) 

North America 
United States------------­
Canada-------------------­

Total------------------

Central A.merica and 
Caribbean Islands 

Cub a-·- - - - - - - - - - - - - - - - - - - - -
Dominican Repub lie- --- - - - - -
Guatemala----------------­
Puerto Rico---------------

Total------------------

Europe 
U.S.S.R.------------------

Asia 
Indonesia----------------­
Philippines--------------­

Total------------------

Oceania 

Price, constant 1970 doliars per pound 
of primary metal 

1.33 ]J 1.50 1.75 2.00 

400 
12,600 
13,000 

8,400 
1,800 
1,000 

11, 200 

20,000 

7,400 
9,000 

16,400 

450 
16,000 
16,450 

20,000 
1,800 
1,800 

23,600 

20,000 

10,000 
18,000 
28,000 

1,000 
20,000 
21,000 

32,000 
1,800 
1,900 

100 
35 '800 

20,000 

13,000 
30,000 
43,000 

1,100 
25,000 
26,100 

36,000 
1,800 
2,000 

200 
40,000 

20,000 

16,000 
60,000 
76,v()J 

Australia----------------- 1,000 2,000 4,000 4,000 
New Caledonia------------- 30,800 31,000 32,000 33,000 

Total------------------ 31,800 33,000 36,000 37,000 
Total for World 1/---------- 92,400 121,050 155,800 199,100 
1/ Yearend U.S. price--=-i-n~l-9_7_0~~--~~~~~~--~~~~-~~~~~~~~ 

2/ Excludes small qtiantities of reserves in Brail, Rhodesia, Republic of 
- South Africa, and Burma, and an unknown quantity of low-grade later-

ites that exist in tropical and semitropical areas of the world. Also 
excludes nickel associated with copper deposits in Botswana. 
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Tables 3.10 and 3.11 show production capacities for 1970 and the period 

1970-1975 respectiyely. For 1970 nickel production pushed the capacity limits 

in all parts of the world. In Canada, capacity is limited by mine output which 

at present is equalled by smelter capacity, however, planned expansions of 

smelter and refining capacity will lead and surpass scheduled increases in mine 

capacity. 

Other expansion plans are in the offing in Greece, U.S.S.R.) Australia, 

Philippines, Indonesia, Colwnbia, a11d Brazil. 

Nickel prices have been characterized by remarkable stability over the 

past 50 years, however, the real price was raised about 20 percent in the 

early 1950's, and again raised 10 percent late in the 1960's. TI1e quoted price 

was again raised 4% in 1970 to $1. 33 peT pound. 1,fany economists predicted a 

price stabilization or even a decline di.ie to the projected oversupply. However, 

on September 4, 1972, INCO announced an inci·ease of 20 cents a pound in its price 

of electrolytic nickel. rnco said that the incre2_se to $1. 53 per pound 

necessitated by rising production costs including wages and higher costs of all 

supplies and services. Table 3 .12 below shows producer prices per pound for the 

1 years 1967-1971. 

1 

1967 
1968 
1969 
1970 
1971 

Table 3.12 Nickel Prices 

Domestic and Fore~-gn~~~~ 
High Low Average 

$0.94 $0.85 1/4 $0.87 
1. 03 0.94 0.94 
1. 28 1. 03 1. 05 
1. 33 1. 28 1. 29 
1. 33 1. 33 1. 33 

First Annual Report of the Secretary of the Interior - the !'-lining and Minerals 
Policy Act of 1970 (P.L. 91-631), U.S. Department of the Interior, U.S.G.P.O., 
March, 1972. 
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Table 3 .10 - World Nickel Production and Capacity - 1970 
(thousand pounds - nickel content) 

North America 
United States-------------------­
Canada---------------------------

Total-------------------------

Central America & Caribbean Islands 
Cuba-----------------------------

Europe 
Poland---------------------------
U. S. S .R. -------------------------
Other 1/------------------------­

Total- -- - - --------- - - ------- - - -

Oceania 
Australia-----------------------­
New Caledonia--------------------

Total-------------------------

Other 2/---------------------------- ' 

Capacity 

30,638 
620,000 
650,638 

77,600 

3,300 
242,000 

30,000 
275,300 

62,000 
240,000 
302,000 

82,000 

Nickel 
Production 

30,638 
610,592 
641,230 

77,600 

3,300 
242,000 

29 '9 20 
275,220 

62,000 
232,286 
294,286 

82,036 

Grand total------------------- 1,387,538 1,370,372 
1/ Western Europe, principally Greece. 
2/ Includes Bra::i 1, \forocco, Rhodesia, Repub lie of South Africa, 

Burma, and Indonesia. 
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Table 3.11 - Projected World Nickel Production Capacity, 1970-1975 
(thousand pounds - nickel content) 

North America 
lJnitc<l States---------------------
Cana<la----------------------------

Central America & Caribbean Islands 
Ctilia------------------------------
Domi nican H.cpublic---------------­
Guntcmala--------~----------------

Europe------------------------------

Oceania-----------------------------

Other Y-- ----- -- ---- ----·- --- ------ -

1970 

30,638 
620,000 

77 '600 

275,300 

302,000 

82}000 

1971 

30 ·' 000 
670 ,,000 

60:000 
24:000 

295,000 

330,000 

90,000 

1972 

30,000 
700,000 

50,000 
50,000 

313,000 

350,000 

90,000 

1973 

30,000 
700,000 

40,000 
50,000 

323,000 

410,000 

90,000 

World total-------------------- 1,387,538 1,499,000 1,583,000 1,643,000 
1/ Includes Brazil, Morocco, Rhodesia, Republic of South Africa, Burma, and Indonesia. 

1974 

30,000 
710,000 

40,000 
60,000 
30,000 

333,000 

43.0 '000 

90,000 

1,723,000 

1975 

30,000 
720 '000 

40,000 
60,000 
60,000 

343,000 

430,000 

100 '000 

1,783,000 

w 
I 

!---' 
co 



Investment opportunities, to develop nickel deposits in Canada, Aus-

tralia and New Calddonia are enhanced by the stability of their goven1Tilents. 

Conversely, the Governments of many of the countries in tropical and sub-

tropical regions where the laterites occur are characterized by instability and 

inhibit long term investment in mineral deposits. 

zrncl 

Domestic uses for zinc are delineated as follows: zinc-base alloys 

(32%) principally for die castings; in galvanizing (27%) for corrosion pro-

tection of iTon and steel; in brass and bronze alloys (21%) for sheets, rods 

and strips; as rolled (3%) for battery cases, lithographic plates, and 

architectural applications; in zinc oxide (12%) principally for rubber, pig-

ment, sensitizing paper for photocopying and chemicals; and miscellaneous 

(5%) for zinc dust, other alloys, plant and animal nutrition, rayon, wood treat­

ing, and fungicides. 2 

World and domestic mine production figures for the decade 1961-1970 are 

shown in Table 3.13. Furthermore, domestic zinc supply-demand relationships 

for 1970 are shown in Figure 3c. 

Total zinc supply for the United States in 1970 consisted of: domestic 

mine production, 33%; secondary zinc recovered from old scrap, 79-:. 
0 ' 

imports of 

metal and compounds, 18%; zinc produced from imported ores, 32%; and industry 

stocks, 10%. 

The probable demand for zinc in the U. S. is forecasted to be 3.3 million 

tons in the year 2000. Of course, the demand for zinc will depend largely on 

the price relationship to alternate materials. Aluminwn and plastics are 

competitive with zinc in many applications. 

lunless otherwise specified, the test, figures and tables were taken from: 
Mc\!ahon, Albert D., "Zinc1

', Mineral Facts and Prob 1 ems·, interim report, 
U. S. Bureau of ~··1ines, February 1, 1972. 

2Firs t Annua 1 Report of the Secretary of the Interior-the Mining and ~1 !inerals 
Policy Act of 1970 (P.L. 91-631), U.S. Dept. of the Interior, U.S.G.P.O., 
J1larch, 19 72. 
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Table 3.13 - Zinc Supply Demand Relationships, 1961-1965 
(thousand short tons - zinc content) 

World production 
United States-----------­
Rest of Korld-----------­

Total---- -- -------- ---
Components of U.S. supply 

Domestic mines----------­
From scrap - old--------­
Net Government release--­
Imports, metal----------­
Imports, ore------------­
Imports, compounds------­
Industry stocks, Jan. I--

Total U.S. supply-----
Distribution of U.S. supply 

Industry stocks, Dec. 31-
Exports, metal----------­
ExpoTts, compounds------­
Industrial demand--------

U. S. demand pattern 
Metal 

Construction materials 
Galvanized products---­
Plumbing & heating 
fixtures-------------­
Total----------------­

Transportation equip-
ment-- - - - --- -- - - - - --- -

Electrical equipment---­
Industrial machinery---­
Other----- --- - - - - --- ----

Total metal----------­
Nonmetal (zinc oxide, 

Cl,SC4)---------------­
Construction materials, 

(paints, ceramics)----­
Transportation equipment 

(rubber)--------------­
Industrial chemicals· 

(chemicals & photocopy) 
Other-------------------­

Total nonmetal-------­
U. S. primary dernand-------­
U.S. demand for primary 

metal-------------------

1961 1962 1963 1964 1965 

464 505 529 575 611 
3,381 3,425 3,507 3>865 4,130 
-:..--~~--=--~-~~--------"--~~--_;_ 3,845 3,930 4,036 4,440 4,741 

464 
59 

505 
62 

529 
63 

575 611 
68 82 
76 192 

128 142 145 118 153 
416 467 373 357 428 

9 12 12 8 11 
256 244 225 145 140 

~~~-------~~~~~--~--~~· 

1,332 1,432 1,347 1,347 1,617 

244 
50 

2 
1,036 

203 

225 
36 

2 
1,169 

230 

145 
34 

2 
1,166 

229 

140 
27 

2 
1,178 

2:Sl 

142 160 160 161 
~~3~45~~~~3-9-0~~~-3-8-.9~-~~39·2 

244 275 
122 138 

91 103 
112 126 ------914 1,0-32 

122 

34 

61 

2 
25 

122 
977 

855 

137 

37 

71 

3 
26 

137 
1,107 

970 

274 
137 
103 
126 

1,029 

137 

37 

70 

3 
27 

137 
1, 103 

966 

277 
138 
104 
126 

1, 037 

141 

34 

75 

3 
29 

969 

179 
6 
2 

1,430 

280 

196 
476 

336 
168 
126 
154 

1, 260-

170 

36 

93 

12 
29 

170 
1,348 

1,178 
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Table 3.13 (con't.) - Zinc Supply-Demand Relationships, 1966-1970 
(thousand short tons - zinc content) 

World production 
United States-----------­
Rest of Korld-----------­

Total-----------------
Components of U.S. supply 

Domestic mines----------­
From scrap - old--------­
Net Government release--­
Imports, metal----------­
Imports, ore------------­
Imports, compounds------­
Industry stocks, Jan. 1--

Total U.S. supply-----
Distribution of U.S. supply 

Industry stocks, Dec. 31-
Exports, metal----------­
Exports, compounds------­
Industrial demand--------

U.S. demand pattern 
Metal 

Construction mateTials 
Galvanized products---­
Plumbing & heating 
fixtures-------------­
Total · ··- -----------­

Transportation equip-
ment- - - - - - - - - - - - - - - - - -

Electrical equipment---­
Industrial machinery---­
Other-------------------

Total metal 
Nonmetal (zinc oxide, 

Cl,SC4)---------------­
Construction materials 

(paints, ceramics)----­
Transportation equipment 

(rubber)--------------­
Industrial chemicals 

(chemicals & photocopy) 
Other-------------------­

Total nonmetal 
U.S. primary demand 
U.S. demand for primary---­

metal 

1966 1967 1968 1969 1970 

573 549 529 553 534 
5,527 
6,061 

4,388 4,769 4,970 5,274 
---:-=---:::-:-~~~~=-=--=-~~~~~~----,~· 

4,961 5,318 5,499 5,827 

573 
86 

101 
278 
521 

13 
179 

1, 751 

194 
1 
3 

1,553 

305 

213 
518 

366 
183 
137 
167 

1,371 

182 

36 

98 

22 
2'6 

182 
1,467 

1,285 

549 
80 
14 

222 
534 

13 
194 

1,606 

184 
17 

3 
1,402 

276 

192 
468 

330 
165 
124 
151 

1,238 

164 

31 

85 

529 
80 
38 

305 
543 

15 
184 

1,694 

167 
33 

3 
1, 491 

292 

204 
496 

351 
175 
131 
161 

1,314 

177 

30 

92 

5.53 
82 
18 

325 
602 

15 
167 

1,762 

168 
9 
3 

1,582 

310 

216 
526 

372 
186 
139 
171 

1, 394 

188 

30 

98 

534 
72 

1 
270 
526 

14 
168 

1,585 

205 
·O 
6 

1,374 

267 

186 

321 
160 
120 
147 

1,201 

173 

28 

90 

30 37 43 39 
18 18 17 16 
~~~~~~~~~~~·~~~ 

164 177 188 173 
1,322 1,411 1,500 1,302 

1,158 1,234 1,312 1,129 
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For the :rest of the world, the most probable predicted demand for 2000 

is 10 million tons. Table 3.14 illustrates the forecasts for the U. s. and the 

world. 

Based on the 1970 prices of zinc, U. S. Reserves are estimated to be 30 

rJillion tons. This figure has dropped nearly 4 million tons in the past two 

years due to the closure of a number of mines in 1970 and 1971. Extensive poten­

tial :reserves exist in the zinc producing areas of the U. S. and \rnuld surely 

be developed under the incentive of a growing demand accompanied by price 

increases. 

World reserves outside of the U. S. are estimated to be 101 million tons. 

Potential areas for the development of additional reserves are in Australia, 

Canada, Peoples Republic of China, Ireland, r.Iexico, ~Iorocco, Peru, Territory 

of South-West Africa, U.S,S.R., and Yugoslavia. Table .3.15 shows an assessment 

of world zinc resources estimated to be recoverable at various prices. 

Projection of world zinc production capacities through 1975 for the major 

producing countries are shO\m in Table 3.16. In 1970 the world zinc industry 

operated at near capacity and increased production over the last decade 
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reflected development of new resources and the enlargement of existing operations. 

In the U. S. mine and metal producing capacities are depressed due to the 

closing of mines, smelters> and refineries. Existing plants have the problem 

of outdated processes and equipment, sharply rising costs, and more costly 

raw material. 



Table 3.14 - Summarv of Forecasted lJ. S. and World 
Zinc DeJiiand, 1970-2000 

United States 
? .. ]et al 

Prirnary-----------­
Secondary---------­

Total----------­
Nonrr:etal 
Primary-----------­

Total U.S. 
Primary-----------­
Secondary---------­

Total----------­
CuJnulati ve (primary) 

Rest of World 
Metal 

Primary-----------­
Secondary---------­

Total-----------
Nonmetal 
Primary-----------­

Total Rest of i\'orld 
Primary-----------­
Secondary---------­

Total-----~----­

Cumulative (primary) 
World 
~fetal 

Primary-----------­
Secondary---~-----­

Total-----------
Nonmetal 
Primary-----------­

Tot al i·:or 1 d 
Primary-----------­
Secondary---------­

Total 
Cumulative (primary) 

1970 

(thousand short tons) 

2000 
Forecast range 

Low High 

1,129 1,800 3,400 
72 100 300 
·~~~~~-~-~~ 

1,201 1,900 3,700 

173 

1,302 
72 

1,374 

3,442 
400 

3,842 

500 

3,942 
400 

4,342 

200 

2,020 
100 

2,120 
49,000 

5,800 
400 

6,200 

700 

6,500 
400 

6,900 
152,600 

4,571 7,600 
472 500 -------

5,043 8,100 

673 

5,244 
4 '7 ') , ,__ 

5' 716 

920 

8,520 
500 

9,020 
201,600 

500 

3,900 
300 

4,200 
69,500 

8,800 
1,000 
9,800 

1,700 

10 '500 
1 000 

11, 500 
196 J 90.0 

12,200 
1,300 

13,500 

2,200 

14,400 
1 300 

15,700 
266,400 

PTobab le 
1985 2000 

1,600 
100 

1,700 

220 

1,820 
100 

1,920 
24,000 

5,200 
560 

5,760 

1,080 

6,280 
560 

6,840 
72 '500 

6,800 
660 

7,460 

1,300 

8,100 
660 

8,760 
96 500 

2,700 
200 

2_,900 

400 

3' 100 
200 

3,300 
61, 000 

7,900 
800 

8,700 

1,300 

9,200 
800 

10,000 
186,000 

10,600 
1 000 

11, 600 

1, 700 

12,300 
1,000 

13,300 
247,000 
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Prob ab le 
average-ann. 
growth-rate 

1970-2000 
(percent) 

2.9 
3.5 
3.0 

2.8 

2.9 
3.5 
3.0 

2.8 
2.3 
2.8 

3.2 

2.9 
2.3 
2.8 

2.8 
2.5 
2.8 

3.1 

2.9 
2.5 
2.9 



Table 3 .15 - Assessment of '\'orld Zinc Resources 
Recoverable at \'aTious P1-ices 

(million short tons, zinc content) 

. North America 
United States 

States east of ~1ississippi River--­
Arkansas, Kansas, ~\1issouri 

Okl~1oma, Texas-----------------­
Arizona, Colorado, Kew Mexico, 

South Dakota, Utah, \\'yoming-----­
California, Nevada----------------­
Idaho, ~iontana, Oregon, 1\Tashington-
Alaska-----------------------------
Total United States---------------

Canada---- ----------· -- -- -------------
~lexico----------------------~--------

Total North America--------------­
Central .l\rnerica-----------------------­
South America-------------------------­
Europe (free world)-------------------­
Europe ( cornmunis t) - - - - - - - - - -· - - - - - - - - - - -
Africa---------------------------------
Asia (free world)---------------------­
As i a ( conm1uni st) - - - - - - - - - - - - - - - - - - - .. - - ·-
Oceania- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Total outside North America-·------· 
Tot a 1 \\'or l d - - - - - - - - - - - - - - - - ·- - - - - - -

Price, constant 1970 cents per pound 
p~ime Western zinc, E. St. Louis 

Illinois 

20.00 

5.00 

3.00 
.32 

l. 65 
.03 

30.00 
31.00 
4.00 

68.00 
2.00 
8.00 

14.00 
14.00 
6.00 
7.00 
3.00 
9.00 

63.00 
131. 00 

23.0 28.0 

6.0 8.0 

5.0 6.0 
1.0 2.0 
4.0 5.0 
1.0 l. 0 

40.0 50.0 
55,0 75.0 
5.0 7.0 

~~~~~~·~~~~~~~. 

100 .0 132.0 
3.0 3.0 

10 .o 15.0 
20.0 25.0 
20.0 30.0 
10.0 15.0 
8.0 10 .o 
4.0 5.0 

18.0 25.0 
93.0 128.0 

J.93.0 260.0 

y Average U.S. price was 15.32 cents per pound in 1970. 
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Table 3.16 - Projected \\'orld Zinc Production Capacity, 1970-1975 

(thousand short tons - zinc content) 

1970 1971 1972 1973 1974 1975 
United States 

Mine------------ 650 600 600 600 600 600 
}.ie ta 1- - - - - - -- - - - - 1,160 900 775 700 700 700 

Canada 
~line------------ 1,500 1,600 1,600 1,700 1,700 1,700 
111etal----------- 51-.:..:::> 525 635 635 635 635 

?,1exico 
;\fine - - - - - - - - - - - - 300 300 300 300 300 300 

. Metal----------- 90 90 90 200 200 200 

Other North America 
'!. 
l 11lne- - - - - - - - - - - - - 25 25 25 25 25 25 

South America 
~line------------- 510 510 520 520 550 550 
Metal------------ 138 140 140 160 160 160 

West Europe 
[,line- - - - - - - - - - - - - 795 800 800 800 800 800 
~1et2. l - - - - - - -- - - - ~ - 1 77L. 

..l.. ' r l ._, 1,800 2,000 2,000 2,000 2,000 

East Europe 
~line------------- 1,280 1,250 1,300 1,300 1,300 1,300 
Metal---~---·-·---- l,41C 1,450 i,:;oo 1,500 1,500 1,500 

Africa 
;.1 in e - - - - - - - ·- - - - - - 406 450 450 500 500 500 
Metal------------ 190 200 240 240 240 240 

Asia (free world) 
li.line- - - - - - - - - - - - - 520 400 400 450 450 450 
t,!etal--- -- -- -- -· -- 880 1,000 1>100 1,200 1>200 1,200 

Asia (communist) 
Mine------------- 280 260 300 300 300 300 
Metal------------ 240 170 200 200 200 200 

Australia 
\line- - - - - - - - - - - - - 600 650 650 670 670 670 
\iet al- - - - - - - - - - - - 300 320 380 380 380 380 

\forld totals 
1"!ine- - - - - - - - - - - - - 6,866 6,845 6,945 7,165 7,195 7,195 
!'1et al-- - - - - - - - - - - 6,708 6,595 7,060 7,215 7,215 7,215 



Table 3.17 below shows price comparisons in cents per pound for the 

domestic market and the London Metal Exchange (UfE) 
1

: 

Table 3 .17 Zinc Prices ------
High Low Average 

Domestic u.fE Domestic UlE Domestic U1E ---·-- -----

1967 14.50 12.80 1.3. 50 11. 88 13. 85 12.37 
1968 13.50 12.17 13. 50 11. 67 13.50 11.99 
1969 15.50 14.04 13.84 12.10 14.65 12.96 
1970 15.50 13. 72 15.00 13. 00 15.32 13. 42 
1971 17.00 16.60 15.00 12.33 16.14 14.01 

The greatest uses for zinc, galvanizing and die casting, aTe subjected 

to substitutions by improved paint, aluminum and plastics when favored by a 

price advantage. 

'") 

SULFUR" 

Sulfur markets would not appear to be an important concern in base metal 

mining. However, sulfur is an importan-c marketable component of the OTP m.inerals 

as well as the gangue or nonvalucible associated minerals such as pyrite and 

pyrrhoti te. The following table lists the average pe:ccentage by \·:eight of 

sulfur in the minerals that may be mined in Minnesota: 

Mineral % Sulfur 

Chalcopyrite (Copper-Iron Sulfide) 35,0% 

Pentlandite (Nickel Iron Sulfide) 36.0% 

Sphalerite (Zinc sulfide) 33.0% 

Pyrite (Iron Sulfide) 53.4% 

Pyrrhotite (Iron Sulfide) 39.6% 

1
First Annual Report of the SecTetaTy of H.e Interior-the Mining and r·linerals 

Act of 19~0 (P.L. 91-63~~, U. S. DepaTtment of the Interior, U.S.G.P.O., 
March> 197'2. 

2Unless otherwise specified the text, figures and tables were taken from: 
~·1erKin, Roland h., 1'Sulfur", ~!ineral Facts and Problens, interim Teport, U.S. 
Bureau of ~-.fines, December 7, 1971. ---
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This sulfur would be produced as by-product sulfuric acid as a result of the 

treatment of smelter stack gas should a smelter be erected. 

~fost sulfur (90 percent) is converted to sulfuric acid prior to end use. 

Agricultural chemicals account for SO percent of demand. Together, plastic and 

synthetic products, paper products, paints, nonferrous metals production, and 

explosives account for an additional 24 percent of demand. Other uses are very 

widespread, as most products produced by industry require sulfur in one form or 

another during some stage of their manufacture. 1 

In 1970, domestic sulfur was produced at 149 operations; as native 

(Frasch) 2, 74 percent; recovered elemental, 15 percent; smelter acid, 6 percent; 

and pyrites and other forms, S percent. 

Figure 3d shows supply-demand relationships for 1970. 

Domestic demand is forecast to increase at an annual rate of 4 percent. 

Table 3.18 shows a swiunary o:f domestic and world demand projected to the year 

2000. 

An assessment of commercial sulfur resources in the U. S. and the rest of 

the world which would be available, with present technology, and at various 

price levels, is shown in Table 3.19. 

Sulfur production may be divided into three phases. Phase I is marked by 

a steady rate of production of primary sulfur by the Frasch process. During this 

period production was regulated by demand. Phase II, including the period up to 

the present, shows increased growth in production. The increase is attributed to 

significant contributions from recovery type or 11by-product 11 sources. The 

controlling factors during this period were consumption and energy demand. The 

increased demand for energy starting in the early 60's lead to exploitation of 

lFirst Annual ReDort of the Secretary of the InteTior-the ~\lining and ~ .. finerals 
Policy .-\ct of f970 (P.L. 91-631), U.S. DepartDent of the Interior, U.S.G.P.O., 
March, 1972. 
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? 
~A process for m1n1ng sulfur in v~ich super heated water is forced into the sulfur 
deposits for the purpose of melting the sulfur. The molten sulfur is then pumped 
to the surface. 



Figure 3d. SULFUR 
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United States 
Total-------------
Cumulative--------

Rest of World 
Total-------------
Cumulative------~-

World 
Total~------------
Cumulative--------

Table 3.18 - Summary of Porecasted U. S. and World 
Sulfur Demand, J970-2000 

(million long tons) 

2000 
1970 Forecast range Prob ab le 

Law I!igh- 1985 2000 

9 .1 23.0 37.0 16.5 30.0 
-- 456.8 611.1 190.5 536.4 

27.9 85.0 125.0 54.1 105.0 
-- 1,565.5 1,989.1 607.0 1,785.0 

37.0 108.0 162.0 70.6 135.0 
-- 2,022.3 2,600.2 797 .5 2,321.4 

Prob ab le 
average annual 
growth-rate 

1970-2000 
(percent) 

4 .1 

4.5 

4.4 

V-l 
I 

01 
0 



Table 3.19 - Assessment of World Sulfur Resources Recoverable at Various Prices 
(million long tons) 

North America 
United Statcs-----------­
Can3d~-------------------
~1cxi co-------------------
Othcr-------------------­

Total----------------­
South Amcric~-------------­
Europc 

U.S.S.R.-----------------
Poland-------------------
Francc------------------­
Spnin--------------------
Italy-------------------­
Gcrmany---------- ------- -
rinland----:-------------
Othcr--------------------

Total----------------­
Afri ca-- - --- - -- -- ··- ----- --­
A':..-;ia 

China--------------------
JDpan-------------------­
Nc8r East----------------
Othcr--------------------

Total----------------­
Oceania-------------------­

Total for World-------

Price, constant 1970 dollars ncr long ton OF sulfur 
~~~~~~~~-,-~~~--'-·~· ....J,__ ~'--~~~~~~~~~~~~---~~-

Mi ncd l} Recovered ']..J Total 
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Cane a' s sour gas fields Khich contained as much as S09s H2S from which the sulfur 

was recovered. Since 1969, and into the future, the demand for sulfur will 

continue to lag significantly behind production. Phase III illustrates the 

future period in '''hi ch the involuntary production of sulfur 1•,'ill be necessitated 

by imposed environmental quality regulations. There are two different environ-

mentally related sources of sulfur available,: 1) from desulfuri:ation of 

materials before their use; and 2) desuJ.furization of effluents after use or 

processing. Thus, sulfur production in the future will be largely regulated by 

energy demand through fossil fuel cor.1bustion power plants . 1 If anticipated, 

environmental-related production materializes, it will inevitably become the 

major source of supply, or even create an oversupply in itself. Table 3.20 

illustrates the cuTrent and projected production of sulfur from various sources. 

Since there is little hope of avoiding a surplus of sulfur the only alterna~ive 

to the problem appears to be incorporating sulfur into new and more diversified 

uses. 

Table 3.21 below shows average delivered prices of elemental sulfuT per 

long ton for 1967-1971:
2 

Table 3. 21 

1967 
1968 
1969 
1970 
1971 

* 

Sul fur Prices 

$33 
$40 
$27 
$23. 
$18-r. 

preliminary 

Unless pricing and production Testraints are initiated, the price of sulfur 

should continue to drop. 

1 
Raymon t, ~I.E. D. , 11Sul fur Sources and Us es -Past, Present and Future'; Cana di an 

~lining and :-.letallurgi.s:_al Bulletin, November, 1972. 
') 
.::.. 
First Annual Report of the Secretary of the Interior-the ;,lining and ~·1inerals 

Polic:· .~ct of 1970 (P.L. 91-631), u. s. Department of the Interio1-~U.s-:c;:-P:-o., 
March, 1972. 



Table 3.20 - Copro<luct Sulfur Production and Potential for 1970 and 2000 
(thousand long tons) 

1970 2000 
Pctcntial Forecast Potential 

Production __ C_~-P~~b i li ty Product i C::!1 C2pab i 1 i ty 

Coal--------------------- -- 9,233 10,700 21,430 
Petro 1 cum- - - - - - - - .~ - - - - - - -· 921 4,535 6:000 10,273 
N~tur~l gas-------------- 659 700 3,300 3,500 
Copper------------------- 533 2,009 4,680 5 ; l ~) l 
Zjnc--------------------- 291 391 160 179 
Lead--------------------- 27 90 90 104 
Other metaJ. sulfurs------ 36 60 70 80 

Total--------------- 2,467 17,018 25,000 40,757 

0-1 
I 
vi 
01 



The sale of sulfuric acid is not only limited by the demand, but also by 

the distance to market. Sulfuric acid is expensive to ship and store, so 

unless a nearby market is available, it would have to be produced and stor-ed as 

elemental sulfur. 

In ~,]innesota, the demand for sulfur and sulfuric acid is quite limited. 

However, exploration has shown substantial reserves of titaniferous magnetite, 

and more Tecently during copper-nickel exploration, titaniu..rn has been found 
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north of Duluth in the Duluth Gabbro Complex. If these deposits were to be mined, 

sulfuric acid wou1d be required for processing. 

cm.1:,1ENTS 

Table 3.21 summarizes the present supply-demand relationships for copper, 

nickel and zinc in the United States assuming the historical Tate of growth in 

demand continues. 

It is quite obvious that this nation's self-sufficiency in regard to base 

metals is in jeopardy. Unless issues relating to reclamation, waste disposal 

and pollution are resolved without excessive increases in operating costs, the 

competitive position of U. S. supplies will deteriorate sharply. Improved methods 

of recovering metals from what is now called waste should be effected in all 

phases of mineral processing. Furthermore, except for a fe\'.' dissipative uses. 

much of the metals (especially copper) used adds to a 11 reserve 11 that is ultimately 

recoverable. 

RECO.'.L'.fENVA T1 OU: 

MolLe e~ MueJit and lel>-6 wa.,ste.6td: U-·5 e. o 6 meta.Ls, ,[ncfudJ,ng ex.te.iui,[on o t) 

plwdu..c.X. U~e,t/_me 0J1d ,'le.c.yctLng, /;,hou,td be_ enc.01.L'La.giz.d to 0lcu,1 the fr.ate 06 gho~1Jth 

in dvncu-d. Funds /shou.ld be. /sought to p.1ov/ .. de 6oh he-6e.aJtd1 to e.~6e.c.lttcde th.{/.) 

he.c.cmme.ndo.Jj~O n; c.o ri-s.{_dc/i.o.:tfo n ,,5 hcu.J:.d b c. g.cv e.n :to u. .. :t.Lt.<..z).ng a pNL.-tlcni o 6 .:the. 

p!Le.6 c.11.t .J~nc.ome. .to IRRRC 6 ·wm mhieJ~o ... t .taxe..:,. 



Tab le 3. 22 Swnmary of Projected U. S. Supply-Demand Relationships 

U.S. PRD!.-\RY U.S. PRDL.\RY 
YEAR DE:.!Ai';D l PRODUC:TION2 

0!i llion Sho:rt Tons ~Hllion Short Tons 

1970 1.6 1. 7 

COPPER 1985 2.9 N.A. 

2000 5.4 2.4 

~lillion Pounds Million Pounds 

1970 311.4 30.6 

NICKEL 1985 492.2 60.0 

2000 770.0 84.9 

MilJion Short Tons Million Short Tons 

1970 1. 3 0.5 

ZINC 1985 1. 8 0.5 

2000 3.1 0.5 

1u.s. Primary Demand refers to the projected requirement for the metal as 
derived solely from domestic mine production. 

2u.s. Primary Production refers to the projected supply of the metal that 
can be derived strictly from mine production based on historical trends. 
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RE Cr~ 1 '.'.fE\:VA TI ON: 

The. 1:i-L1HUuu:'.. poLl__c.y e.nc.ou,.•w.g{ng explo)w.;t{_o n and deve.lo pm21i:t o 6 nu->tVIo~t 

ne.o owtc.e.,,;_, /s ho utd be_ c.orz.,thwe.d 6 o.·'L :the. ph.~s ent.. 
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CHAPTER 4: BASE >iETAL OPERATIO~S - SEQUE\'TIAL DEVELOP>!ENT 

TI1e lack of specific projects (as is the case Kith the Gabbro Formation) 

and ore discoveries (in the case of the Greenstone Formation) makes it diffi­

cult to take more than a cursory look at the potential environmental, social 

and economic implications a possible base metal industry may have on rHnnesota. 

To provide a study base, it was decided to consider each mining phase from 

exploration through termination in general. Then by establishing two models, 

one for the greenstone and one for the gabbro, an attempt is made to evaluate 

some of the major environmental and economic considerations in more detail. 

Table 6.1 (Enclosed in pocket) although specifically designed to outline 

environmental concerns, lists the possible phases that could be involved in 

a possible operation. Basic steps involved in any mining operation include: 

(1) exploration, to discover an ore body; (2) devPJopmPntJ to delineate and 

4-1 

prepare the deposit for mining; (3) opera.tions, including mining, beneficiation, 

extraction Qnrl refi n.ing; ( 4) termination, to re::10ve buildings, roadw:::rs, rai l·,·:D.y 

lines, etc., to revegetate these areas to conform with the surrounding environment, 

and to make safe, and where necessary inacc:essable, all pits, openings, and 

slopes; (5) establishing ancillary facilities (power plants, equipment suppliers, 

expansion of tovmsi tes, etc.). The mun.hers in the column headed "Possible Order 

of Development" present a possible sequence of events. For example, number 1 

is the first step, if this is successful and target areas are outlined, an ex­

ploration program will continue into step 2, if step 2 is successful step 3 is 

contemplated, and so on through all 9 steps. If any step in the exploration 

program proves unsuccessful all efforts 1dll terminate. \\nen step 5 is reached 

all the developmental phases labeled 5 must be considered as each is dependent 

on the others. Po~tions of the 5th step (as well as steps 7, 8, and 9), depend­

ing on the circumstances of a particular project, may be Lmnecessary. The 



second column titled 1'Alternatives or Optional Steps" denotes those phases 

which are sometir:ies unnecessary. Optional steps are labeled 11 0 11 (examples 

include extraction and refining). Phases denoted by "A" are alternatiYes, 

for example, mining can be performed by underground or open pit methods. 

The environmental portion of the table will be considered in Chapter 6. 

EXPLORATION 

This step in\'olves the prospecting for an ore occurrence and the initial 

steps of evaluation. Exploration can be subdivided into 4 stages as foJ.10\·;s: 

1. Regional Appraisal (selection of favorable regions) 

2. Detailed Reconnaissance (preliminary regional evaluation with selecti0n 
of target areas) 

3. Detailed Surface Appraisal of a Target Area (geologic, geochemical and 
geophysical surveys) 

4. Detailed 3-Dimensional Sampling and Target Eva1uation (:includes inih8J 
evaluation work) 

Figure 4a shows the relations between these stages, and basically the se-

quence tlnough which an exploration program proceeds. The philosophy of ex-

ploration is to start with a laTge area (covering perhaps thousands of square 

miles) \\'hich has a potential for mineralization. Then a.s the result of a step 

by step exploration programj eliminate large areas (\·:hi ch show no potential) until 

a few specific target areas remain. These can then be thoroughly explored to 

determine the presence or absence of ore. 

The methods and techniques used in exploration are detailed in Table 4.1. 

Geologic methods are utilized early in the program. These consist mainly 

of office work; studying published maps and geologic reports, observing aerial 

photographs, and usually evaluating non-geologic items, such as, potential mar-
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kets, economics, geography, weather conditions, and perhaps political situations. 



FIGURE 4a: EXPLORATION SEQUENCEl 

R E C 0 N N A I S S A N C E T A R G E T I N V E S T I G A T I 0 N 

/ ~ / 
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AT THIS Tnrn _J ~ 

REJECT: I I Normal Explorab.on Sequence -------
REGION ---

UNFAVORABLE +-------- Recycling After Temporary Rejection 

~ Key Exploration Decisions 

REJECT: ___ l 
NOT A MINERAL I 

DEPOSIT 

lBailly, Paul A., ''Mineral Exploration and Mine Developing Problems Related to Use and Managmcnt of Other 
f.(csourccs and to U. S. Public Land Laws, Especially the Mining Law of 1872n, presented to Public Lands 
I,;tw Conference, University of Idaho, October 10, 1966. 
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~IETHODS 
A\1) 

TECH>;IQUES 
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TABLE 4.1: EXPLORATION TECHSIQUESl 

Detection* Capability for Kon-Ferrous 
Useable Stages Metallic Deposits 
!---~-~~~-~~----~------~~~--~-----~--->-.I Direct Detection Indirect Detection 
'""Q rj ""Q '"Cl ""Q If-. ---------t------------------
() ti) 1° . () 0 1 C> ;J 11 
rl • ..-( 1-< c --< u ~ .Ll ' 

•rl -~ , . ..., c ....... :-:;j >--- .,..., ti) 11 High-;,* Loh· 

Discrimination DiscriLination ~ t_;] 812~15 2 Q' 

----------------16 .2-!~ ~ g a1~ 2 ~ Good Questionable Capability Capa~ility 
GEOLOGIC 

Office cor.milation 
Photogeologic study 
Aerial observation 
Outcrop exa~ination 
Geologic Dapping & 

investigations 
Geologic logging 
Boulder tracking 

GEOCHE\1ICAL 

x 
x 
x 

x 

Stream sediment sampling ·X 
~ater sampling X 
Rock sampling X 
Specialized sampling 
Assaying X 

GEOPHYSICS - AIRBOR~E 

Aeromagnetic surveys 
Electromagnetic 
Radiometric surveys 
Remote sensing surveys 

GEOPHYSICS - GROU,\D 
Gravity 
Hagnetic 
Radiometric 
Seismic 
Resistivity 
Self-Potential 
Induced polarization 
Down-hole electrical 

THREE-DJ\\E:\SIO>-..\L SX,!PLJNG 
A'\f) EVA LU . .\ TIO>! 

Trenching 
Rotary drilling 
Core drilling 
Tunnel/Shaft work 
}.\ineral dressing tests 
Eco~omic evaluation 

x 
x 
x 
x 

x 

x 

x 

x 

x 

x 
x 
x 

x 
x 

x 
x 
x 
x 
x 
x 
x 

x 

x 

x 

x 
x 
x 

x 
x 
x 
x 
x 
x 
x 

x 

x 
x 

x 

x 

x 
x 
x 
x 
x 
x 

--------{ 

1--------1 

t-------------{ 
!--------------{ 

----------i 

>---------1 

,_______ -------1 

1-------------1 

Not a detection method 
Not a detection method 

* Detection refers to the ability to detect a deposit if it is there. Indirect de­
tection refers to a geologi~al, che~ical or physical response showing a deposit nay 
be the cause of the response; this is in opposition to direct evidence of the pres­
ence of a deposit. 

** DiscriDinati on with regard to indirect methods refers to the ability to determine if 
a certain response (anoDaly) is due to a deposit or to another cause. 

lBailly, Paul A., rr:.!ineral Exploration and ~1 fine Developing Problems Related 
to Use and ~·fanagement of Other Resources and to U. S. Public Land Laws, 
Especially the \lining Lah· of 18 72 11

, presented to Public Lands Law Con­
ference, University of Idaho, October 10, 1966. 



\\'h 1.ch may effect exploTation or mining. At this point a large area with a 

potential for mineralization (based on the above studies) is chosen. 

Regional appraisal is usually follov:ed by a Teconnaissance program of 

airborne geophysical exploration in \·;hich the physical characteristics of 

the rock are measured (usually electrical and magnetic methods are used to 

search for metallic minerals). By studying such data, scientists can locate 

target areas thus eliminating laTge tTacts of land fTom further consideration. 

Target areas are further delineated by using geologic, geophysical 

(detailed aiTborne or ground reconnaissance), and geochemical survey techniques. 

Once again, areas with little or no potential are eliminated. Geochemical 

analysis of rock, soil, stream sediments and sometimes plants often yields 

trace quantities of metals. If anomalous o:r unusual quantities of elements 

are present, it is possible that they were derived from the tmderlying rock, 

thus increasing the pTobability of mineralization. 

If an exploration program reaches this stage the area of interest has 

usually been reduced from several thousand square miles to perhaps a square 

mile or two. At this point exploration costs can jump drastically because 

the rock itself m:ust be probed and analyzed to determine the presence of 

metal. The methods used to do this are drilling, trenching and digging 

exploration or test pits. Drilling is used to gain knowledge of the 

mineralogy of a format.ion plus some idea of its extent. Both trenching and 

test pits give an idea of the character of the rocks near the surface but, 

when used, generally preceed drilling. 

In some instances shafts and underground workings are constructed in 

the rock, often as part of a combined exploration and development program 
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to ")btain bulk samples for metallurgical tests. The evaluation work mainly 

consists of detailed drilling; where knowledge of the size, shape, grade 

and orientation of the mineral occurrence is determined. Initial exploration 

ends when enough ore reserves are proven to warrant consideration of mine 

development. The search for ore continues throughout the life of a mine as 

new reserves are constantly being sought. 

It is important to point out that at any point in the exploration stage 

.the project can be terminated, The reasons for halting a project can range 

from problems involving economics, politics, the absence of anomalous target 

areas, or simply the l2_ck of a mineral deposit. The chances of a property 

reaching the development stage are therefore very slim. Statistically the 

changes of an ore body being discovered in the greenstone belts of Canada are 

about 1 in 1,000-2,000, 

DEVELOPi·fENT 

This stage primarily involves the preraration of an ore body for produc­

tion. Before development can be initiated a feasibility study is usually 

conducted. Such a study takes into account the specific characteristics of 

the ore body and makes recommendations on the best method of mining, the size, 

lo ca ti on, and optimwn capacities of the mi 11, concentrator, work shops, stock­

pi les, tailings basins, reservoirs, pollution abatement systems etc. In gen­

eral a complete plan, or blueprint, of the operation is made including possible 

alternatives before any development work proceeds. 

Once this feasibility study is completed and approved, the actual work 

of development can begin. If the decision is to mine underground, the shafts 

and other necessary underground openings to reach the ore are begun. An 

underground haulage system is developed, and equipment to hoist men, supplies, 
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and ore to and from the surface is installed. Other necessary development 

steps include providing fresh air ventilation systems, work shop areas, explosive 

magazines, and ore crushing facilities, all of which can be underground. \ilien 

open pit methods are used the soil and rock which overlies the oTe body must be 

removed and stockpiled and the development of a haulage road network is required. 

In gen~ral it can be assumed that if two ore bodies of comparable size are 

mined, one open pit and the other underground, the only major difference 

will be that a greater amount of waste rock (overburden and lean ore) will be 

generated by the open pit mine. Depending on the underground method employed, 

some of the tailings generated at the concentrator could be returned to the 

mine, thus requiring a smaller tailings basin than the open pit. 

The development of operations other than those directly involved with the 

mining, such as construction of the beneficiation facilities, tailings basins, 

stockpiles, water reservoirs, railroads, access roads, administration offices, 

and shops proceed in the same fashion whether the mine is open pit or under­

ground. The only differences, as already indicated, would be in the size of 

some of these facilities. 

Development of tailings basins and water reservoirs usually require the 

construction of dams, and perhaps in some specific cases the di version of small 

rivers or streams. The construction of buildings (mills, shops, and offices), 

access roads, and railway lines may require the clearing of trees and brush, 

plus some earthmoving. Stockpiles usually require little development work 

other than the construction of haulage roads which link them to the mine. 
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MI?\ING 

This stage primarily involves the removal of ore from the ground and haulage 

to the primal)' crusher Khere concentration begins .. The most commonly used methods 

for mining base meta:s are open pit and underground. In Minnesota the majority 

of the mines would probably be underground due to the characteristics of the 

formations. Deposits in the greenstone may dictate rather small underground 

operations unless the ore zone is close to the surface permitting limited open 

pit mining during initial stages of development. ~1ereas deposits in the Duluth 

Gabbro formation may support larger scale underground mines and possibly some 

open pit mines near the base of the formation where the rock is shal1ow in 

depth and the stripping ratio small. 

Open pit mining consists of removal of overburden, drilling and blasting 

of the rock formations, loading by electric shovel and haulage to a primary 

crusher or waste dump. Methods used for underground mining are open to con­

siderable speculation at this time. Each mine usually employs a method 

adapted to resolve the peculiarities of a par~icular ore body. Some of the 

methods or variations of these methods that might be considered for utilization 

in Minnesota include: block caving, room and pillar and cut and fill. 

Block Caving: This method requires the removal of a layer of rock from beneath 

a large block of ore. With its support removed the ore block begins, under its 

own weight, to crumble and cave. The ore is removed periodically thus allowing 

cavihg to proceed. 

Prior~to the removal of the supporting rock layer, several large funnel­

shaped cuts are made in the rock below each block, these will collect the 

broken ore and alloK it to fl oh· downwards. Ore cars catch the broken material 



an~,remove it. Once caving is initiated only periodic temoval of broken ore is 

required thus only a small work force is actually necessary during mining. 

Development work however is quite extensive; tunnels for ore removal are 

driven, draw_ down points (funne I-shaped cuts) are prepared and the ore block 

must be undercut. Preparation times of up to six years may be required before 

any ore can be removed. Depending on the size of the ore body, this development 

work usually continues for many years; for while caving is occuring in one part 

of the mine, development must proceed elsewhere. Mining is usually accomplished 

by caving successive blocks of ore. Starting near the surface then proceeding 

to depth. 

Room and Pillar: TI1is method is used to best advantage in horizontal (or nearly 

horizontal) ore bodies in which the thickness is relatively narrow; usually 

where the ore is confined to a particular layer of rock in a bedded formation. 

The method is to remove ore in such a way as to form a regular pattern of rooms 

or lanes between which ore is left intact to provide roof· support. niese roof 

supports, or pillars, are sometimes removed when mining has progressed to a 

different area within the mine, and the roof is allowed to cave. Room and 
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pillar is probably one of the most mechanized of a11 types of mining, a great deal 

of new equipment has recently been designed to provide for rapid excavation of 

larger volumes of ore. 

Cut and Fi 11: This method is often used in narrrn·: ore bodies which are vertical, 

or inclined to a high degree. Mining progresses in an upward direction; as the 

ore is blasted down from the roof. The broken ore is r-emoved, and fi 11, usually 

the coarse tailings produced during beneficiation, is placed (usually hydraulically) 

in the mining area in order to build up the floor. In this manner the working 

area between the floor and roof is kept to a point where drilling can be easily 



accomplished. In order to provide for ore removal a chute around which fill 

is placed must be built after each layer of ore is removed. 

BENEFICIATION OF SULFIDE ORES 

Copper and nickel beneficiation consists of a series of mechanical steps 

that concentrate the contained metals by separating them from the unwanted 
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gangue minerals. :.10s t ores being mined to4ay are 1 ow grade disseminated deposits 

in which metallic sulfides occur as small grains or as inter-growths with other 

·minerals. To extract the desired mineral grains, they first must be released 

from the surrounding gangue minerals by crushing and grinding, after which the 

sulfides are separated by various concentration processes. The gangue minerals 

are disposed of as a thin slurD' of powdered rock in water called tailings, and 

the concentrate is dewate.red in preparation for metal extraction. 

~rushing and Grinding: The usual crushing procedure is as follows: The ore is 

crushed at the mine in jaw or gyratory crushers (jaw crushers are often used in 

underground opeTations because they can be installed underground, gyratory crush-

ers aTe usually used in conjunction with open pit mines) to a size suitable for trans­

portation and mi 11 handling. At the mi 11, the ore is crushed further by gyratory 

type cone crushers, followed by roll cTushers. The final stage is achieved by 

grinding. One of tho methods can be used: (a) sequential grinding in rod and 

bail mi 11s, or (b) autogeneous grinding. If at any time in the crushing or 

grinding steps the ore is not fine enough, the coarse portion is returned to a 

previous step. Screens are used to size the ore in the coarse stages, but are 

not effective in separating the material after fine grinding. ClassifieTs are 

used for separating the fine material. TI1e ground ore is sized by the speed with 

which is settles through a liquid medium. TheTe are two types of classifiers 



conm10nly in use, the hydraulic cyclone and the mechanical classifier. 

Concentrating: Following crushing and grinding, the ore is ready for con­

centration. In copper and nickel metallurgy, these operations are normally 

based on the surface characteristics or the magnetic susceptibility of the 

particles. The most ~idely used method is froth flotation. 

The operating pTinciple in flotation is the lifting action of soapy air 

bubbles rising through a column of pulp. Depending on the reagents added to 

the pulp, certain mineral particles adhere to the bubbles, and the remaining 

particles settle by gravity. The minerals that the bubbles llfloat 11 to the 

surface are ski1runed off in a froth, and the minerals that sink aTe rejected 

as underflow. The nrocess takes place progressively through a bank of cells 

to provide adequate opportunity for the floatable particles to contact bubbles. 

Both copper and nickel can be separated from the silicate gangue by this process. 
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A second method used for concentrating nickel sulfides is magnetic separation. 

This method is based on the fact that minerals differ in the degree to Khich they 

are attracted by a magnetic field. 

Dewate_~ng~ ConcentTates come from the flotation machines as a dilute slurry. 

Some or all this water must be removed before further treatment. Dewatering 

is usually done in two stages. Thickening settles the solids by gravity so 

that the overlying liquid can be decanted. Filtration then removes most of the 

remaining water. A thickener works on the same principle as a settling basin; 

it is a circular tank with a central feed well, a peripheral overflow rim, and 

a bottom-raking mechanism to remdve sludge concentrate. In the second step, 

filtration, solids are separated from fluid by causing the fluid to pass through 

a fine septrum (fabric) that will not allow the solids to pass through. 



TRAD ITIOX.\L PYRmfETALLURICAL EXTRACTION 

Most of the world's base metals are extracted from their ores and con­

centrates by pyrometal1urgical treatment. This process traditionally includes 

three sequential operations: roasting, smelting, and converting. The oper­

ations are briefly summarized as follows: 

A. Roasting: Sulfur is driven off as sulfur dioxide and the iron is 

oxidized. This step is necessary only when excessive amounts of sulfur 

are present. 

B. Smelting: The roaster product is melted with a siliceous flux, this 

combines with the gangue minerals and the oxidized iron to form a 

molten silicate slag. The major metals combine with sulfur to form 

the valuable matte. 

C. Converting: The sulfur from the meto.11ic sulfides is driven off and 

and the remaining iron is oxidized and fluxed. The silicate slag is 

removed, l~aving only the nearly pure metals. 

Roasting: Roasting is a process where sulfide concentrate containing an above 

average sulfur content is heated in air (which may be enriched with oxygen) to 

a tempeTature at which oxygen combines with, the sulfur to form sulfur dioxide 

and 'd th the metal to fonn metallic oxides. The amount of sulfur Temoved is 

regulated by the amount of oxygen and the furnace temperature. TI1is must be 

controlled because sufficient sulfur must remain to produce the desired grade 

of matte. There are three types of roasters. The multi-hearth roaster, the 

oldest, requires a relatively long roasting time, because of this it has large­

ly been replaced by fluid bed roasters. The third type, the sintering machine 

roaster, is used to agglomerate (bake fine particles to form larger lumps) the 
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concentrate for smelting in a blast furnace. 

Smelting: Sulfide concentrates and ores are smelted either in blast furnaces 

or reverberatory fur:naces. In the blast furnace, the ore is mixed with the. 

fuel and burned by blowing a.ir through the mass. Traditionally, this type of 

furnace was used for massive sulfide lw11p ore. Flotation concentrate replaced 

direct smelting ores as the rich deposits became exhausted. If used in the 

blast furnace, these concentrates must first be agglomerated to eliminate 

excessive dust losses. 

In reverberatory smelting, the ore and fuel are kept separate> and the 
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ore is melted by hot gases which pass over it. ~ith this furnace, fine con­

centrates can be used as feed with out sintering. Consequently, the reverbe-i'atory 

furnace has almost totally replaced the blast furnace. 

At the high temperature of a smelting furnace, copper, nickel and other pre­

cious metals have an affinity for sulfur. Therefore, these metals will combine 

with enough sulfur to convert all the copper and nickel to sulfides. Any sulfur 

remaining will combine with other metals, particularly iron, or be lost to the 

atmosphere. If there is a large excess of sulfur in the ore, some will have to 

be roasted off prior to smelting. This is done to eliminate dilution of the 

matte by large quantities of iron sulfide. If the matte is made too rich (not 

enough sulfur is retained), some of the copper will be J.ost to the slag. Generall)_} 

a matte of 45% to 60% metal is sought. 

Both blast and reververatory furnaces are used to produce a molten mass 

consisting of t\'.'o distinct layers; matte and slag. ~1atte is that portion of 

the melt which contains metallic sulfides of copper, iron, lead, nickel, and 

smal 1 amounts of other secondary metals. Slag· is the portion 1·:hich contains 



thP valueless rock, or gangue, portion of the concentrate feed. Because the 

metallic sulfides are much heavier, they sink to the bottom of the furnace, 

entering the matte layer. Both the matte and the slag must be removed period­

ically during the smelting to make room for the addition of new concentrate. 

Converting: ·A major objective is achieved in the reverberatory and blast 

furnaces: All of the rock and most of the iron is separated and removed from 

the metallic sulfides. ~latte (the complex homogeneous melt containing nickel, 

.copper, iron, and sulfur, and small amounts of other base eleme!lts) must be 

further processed in a converter. The converting process consists of oxidizing 

the sulfur and iron by blowing a strong blast of air through the molten matte. 

This produces metallic copper, nickel, and other precious metals. The sulfur 

is given off as sulfur dioxide, and the ferrous oxide combines with a silica 

flux to form a slag. \%en the last of the slag (h·hich forms as a layer above 

the molten metals) is skimmed off nearly pure metal is left. The final im­

purities must then be removed by refining. Unlike the roasters and smelting 

furnaces the converting stage is a noncontinuous or 11batch 11 process. A certain 

amount of matte from the smelter is charged into th2 converter, where the 

remaining sulfur is driven off. \\'hen the process is complete the converter 

must be completely emptied and then be refilled with a fresh charge of matte. 

Thus the converting process is probably the most inefficient of the stages. 

ALTER?\ATIVE EXTRACTION 0lETHODS 

A number of alternative extraction processes have been proposed to replace 

the traditional smelter. Several of these are very close to being available for 

operation on a commercial scale. These meth<Jds are discussed in detail in the 

environmental chapter. If an extraction facility 1rns to be built in l1finnesota, 
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it would probably include one or more of these alternative steps. 

REFI~ING 

To improve the quality of the metal, any Temaining impurities must be 

removed by refining. 

Three general methods of refining are utilized: 

A. Fire Refining: This process produces reactions similar to those 

which occur in the converter. Iron, lead, zinc, etc. are removed 

as a silicate slag, and sulfur, antimony, and arsenic are oxidized. 

B. Hydrometallurgical Refining: Commonly called electrolytic refining, 

it is divided into two types: Electrorefining and electrowinning. 

The basic difference between the two processes is: electrowinning 

has a net cell reaction (Ni3S2-?3Ni+2S), whereas, electrorefining 

has none (Cathode reaction Ni+++2e-). 

C. Vapometallurgical Refining: This process is based on a reaction of 

the metals with carbon monoxide at atmospheric pressure. 

In several cases, refining has already been discussed as part of a specific 

extraction method. If a refinery was required in Minnesota it \rnuld probably 

be an electrolytic type facility. 

ANCILLARY OPERATIONS 

Ancillary operations include all the support requirements of the new mine 

and its employees. They include prn·:er supplies and the required transport 

facilities, the various types of transportation equipment and accesses.• ex­

pansion of existing or new townsites and sateJ.li te industries. 
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TERMIX.\TION 

This is the final step in the mining process. It includes the removal 

of buildings, railToads:. po'.,·er lines, roadways, etc. which were built to 

aid in the mining activities. Also included in the termination is the 

reclamation of the mine site. These activities include revegetating tailings 

basins, lean ore and overburden stockpiles, roadways, building sites, etc. 

In the case of open pit mining reclamation usually includes pit slope stab­

ilization, 'd1ile termination activities in underground mines involve the 

filling of workings to avoid caving and surface subsidence. 
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CHAPTER 5: ~!OD ELS OF POTE\TIAL 0!I>:ER.'.\L DEVELOP~fE~<T 

Information pertaining to potential mineral operations in ~linnesota is 

very limited and has not been sufficiently delineated to allow more than a 

first approximation of t_he possible implications. In order to interpret these 

impacts a general model was prepared. 

As discussed in the previous chapters_; there are two distinct geologic 

environiilents favorable for base metal deposits, greenstone and gabbro. Thus 

·two models were developed. The models were constructed using hypothetical ore 

bodies and impacts were considered for all operational phases from exploration 

through refining. 

GREENSTONE MODEL 

In order to establish the models for base metal mining in Minnesota, an 

assessment was made of base metal-precious metal operations in Canada. Since 

the so called 11 greenstone belts 11 have been demonstrated to be continuous across 

the Minnesota-Ontario border, selected Canadian metal mines in Ontario, Quebec 

and Manitoba were studied in order to draw a parallel to ~1innesota' s geologic 

environment. 

The Canadian greenstone survey is summarized in Table 5.1. The results 

indicate- that a '1typical 11 oTe body is nonexistant; each mine is a unique 

situation. Therefore, 'the various parameters from the table were averaged 

to create a hypothetical ore body. 

Table 5.2 presents a summary of the greenstone mine model. From the table 

it can be seen that the ore body is fairly small but rather high in grade. 

Mining should produce rather small daily tonnages, and if the Canadian mines 

are any indication, mining will be underground. Some open pits could exist in 
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TABLE S. l 

GREENS.TONE OPERATIONS OF CANADA 

TONS PER TONS PER 9RADE - t.f OR OZ. REPORTED Til1E FROM DISCOVERY 
QUEBEC EMPW111EN'T DAY YEAR Cu Ni Pb Zn A.IL Au B:fSEI\.iJT~ TO PRODUCTION -------,-- -

- - ---

Mattagami L9.kc M. L. I 3 , 920 1 1, '+3 o . 8641 . 66 9.2 1.08 .012 I 16)696,232 I . I 
Orchan M. 1. 240 I 1,301 475,786 ! 1.1 9.7 1.02 .01 l 2.,501,495 

,J outcl Copper M. L. BO I 676 i 246)760 I .2.35 ! 387 ,000 
r 

Joutcl Copper M.·1. I I ·I .2 12.17 I 200,000 I i 
Kerr Addison M. L. ! 1 l 

t 
~ 

Quemont '!-line 317 ! 821 1 299 ,636 1 . 79 2.16 .84 .1.23 I 174,000 i 

I 
Normetal Mine 499 i 954 ! .339,694 j 1.94 6.0 I 706,000 I 

fake Dufault M. L. 163 I 1,300 i 419 171 ! 3.0 2.9 .9 .·016 

' 
2, 71L~,00'.) .. I 

:V.ianitou - R1.rv.uo M. L. ! 800 f ~273 ,200 l .38 2 • .3 4.27 .019 t 1,021,340 . I 
I 

Manitou - Barv.ue M. 1. ~ 200 I 88, 97011.11 .13 .01 1 99,262 I 
I ! 

Cambell Chibougamou M. L. 845 I 4,000 11,258,345 ! 1.88 .043 I 10,736,704 I Dev. ~5, Pro. 58 

Icon Sullivan Venture i 670 219 '764 ! ;2 .3 5 I 662,000 I Pro. D7 

685 

I 
s') r; 1 ""7 I 2 1 ,., Pat:L."10 Mining Corp. 2,307 _,11, l:j l ~--( .OJS I 5 ,396 ,000 

I 
Opemiska Copper Mine (Quebec) Ltd. 680 2,290 835,942 t 2,71 7,063,000 

l 
1,648 ,oco I Noranda M. L. I 1,800 654,000 I 2.3s .186 

I i 

ONTARIO 
J I I 

}la.ttabi Mines Ltd. 730 I 3,000 I 1,000 ,000 I .91 .84 7.6 3.13 I 12,900,000 I Dis. 68, Pro. 72, l.L yr. 
I 

Kam-Katia Porcupine ¥Jines Ltd. 326 I 2J317 
I 

846 ,000 i 1.03 3.0 I 1,830 ,000 

I 
p 

I l l (../1 

I 
N 
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TABLE 5.1 (co~tid) 

TONS PER TONS PER GRADE - 2lf OR OZ . REPORTED TIME FROM DISCOVERY 
ONTARIO (cont'd.) EMPLOYMENT DAY :tEAR Cu Ni Pb Zn [1g Au RE.SERVES TO PnODUCTION 

I I 
f - - - - - . ---

Ecstall Min5.ne Ltd. (Kidd Creek Mino) 93.5 9]000 1 7.08 4.s5 i 90)000,000 l Dis. 6J)Pro.67,L+-:;-r3. .3 ~ 000, 000 j L .3 .3 ~ 

t 
i 

Nor.:i.nda Mines Lt. (Gcco Mine) 4,000 I 1,.320' 000 i 2. 0,3 4.63 1.9 I 29,000,000 

Willroy 1'.J.ncs Ltd. I 1,300 I 477 ,ODO l 1.25 .12 3.6 1.62 ! 1,052,000 I 

i I J.64 No Report J Dis. 68, Pro. 71,3yrs. South g'ly Mine Ltd. 170 500 180,000 l 2.24 14.11 

' I Jamclo.nd Mine:::; Ltd. I 700 

I 
260,000 ~ 1.20 2.28 392,000 ·Dis. 59, Pro. 69,10--.rrs. 

Intcmation Nickel (Shcbandowan) ! 3,000 1,000 ,000 J Dis. 36, Pro. 72,JGyrs. 

' ; 
Copperfields Mining Corp. Ltd. 132 i 150 I 

ri 500' 1 O' 0.47 
f 

770,000 i I .>'-!-, i -.. 4 

NANITOBA ' ! 

I 
i 

A 

I Hudson Bay Mining & Smelting Co. Ltd. 2,700 I I I i 
Flin Flon I 1,740 I 622,30011. 8 3.8 .08 .05 I i Dis. 15 _, Pro. 30 ,15yrs. 

f l 
Schist Ls.ke ~ .300 ! 100,7001 4,3 5.9 1.0 .03 i I Pro .. 54 I 

~ 
I 

I . Dis.56, Dcv.57, Pro.60 Chisel fake f; 780 1 2t:;1, 500 I . s 10.3 .9 .03 1 

I ! 

Stall klkc f 500 I 179,200 I 4.3 .7 .6 .06 I Dis.56, Dov.57 7 Pro.64 

Anderson Lake t 1,000 I 365,00013 .8 • .3 .03 I I Dev. 64, Pro. 70 ,6y-r3. ! 

' 
Flexar Mi..10 I 330 l 120. 700 1 3 . 9 .4 .2 .04 i Pro. 69 

Osborne Lake ~ 900 I 319 :400 14.0 1.6 I i Pro. 68 

' 6.2 I 353,000 I Dis.63_, Dev.70, Pro.72 White I.ake I 450 I lt4;250 ~ 2 .22 1.12 
~ 

Ghost Lake 
f I i 1.42 11.6 1.14 261,000 ~ Dis. 56, DeY. 70, Pro.72 

t ' ~ 
Dickstonc Y.dnc 600 l 2.25::000 2.1 J.7 .4 .02 734.000 I Dis.56, Dev.66, Pro.70 

'I 

i 
, i 

I ~ t VI 

' 01 



TABLE 5.1 (cont 1 d) 

TONS PER TONS PER 
:HAID TQPc.8. (cant 1 d • ) ElZPLOYMENT 

Sherritt Gordon Hines Ltd. 

Lynn L:lke - 985 

Fox Hine 

Dumbarton Hines Ltd. 

DAY YEAR Cu 1----, ·-
d 

j I 1 
I ,., n ~ » 
~ "-,9u6 ~ 1,090,000 I .JS 

I 3,000 I 1,100,000~ 1.a~ 
.~ ~1 i I 700 I· 260 ,000 I .28 

I ;-1 . . 

GRADE - % OR OZ. 
Ni Pb Zn Ag 

.'77 

2.7 

.87 

Au 
REPORTED 
RfSERVES 

12,600?000 

13 ,100 ,000 

1,240,630 

TIME FROM DISCOVERY 
TO PRODUCTIO~T 

t.n 
I 

+:::.. 



1. Time from discovery 
to production 

2. Ore Grade* 

3. Current value of 
contained metal per 
ton of crude ore** 

Table S. 2 

Summary of Greenstone >Une ~·lodel 

Ave. 
Range 

Ave. 
Range 

Ave. 
Range 

10 yrs. 
3 - 36 yrs. 

Cu (°6) 
-1.93 

0-4.3 

Ni(%) 
--:-14-

0-2. 7 

S41.86/ton 

Pb(%) 
.04 

0-.84 

Zn (S'o) 
3.85 

0-14.11 

$20.33/ton - $101.20/ton 

.i\g (oz/ton) 
.88 

0-4.85 

4. Mine Production Ave. 
Range 

Tons per day 
1,365 

150 - 9,000 

Tons per year 
498,000 

54,500 - 3,000,000 

5. ~umber of Employees Ave. 280 
Range 132 - 985 

6. 1'.1ining Underground with possib 1e open pit where 
overburden is shallow. 

7. !,Iaj or Mining Method Cut and fi 11 

8. Individual 0line Life 20 yrs, 

9. District Life 50 yrs. 

10. Concentration Selective flotation 

11. Extraction Concentrates shipped to custom smelters 

* To simplify calculations, the following value; are used 
Cu 1.95% . 
Zn 3.85% 
Others are considered to be only a trace. 

**The most current meta.I prices are us'ed 
Cu SO.SOS/lb. Pb S 0.15/lb. 
Ni Sl.53/lb. Ag $ 1. 75/oz. 
Zn $0.18/lb. Au $64.20/oz. 

S-5 

Au(oz/ton) 
---:oT-

0-.186 



tl; initial phase providing the ore body is amenable to this mining method. 

The required employment for the mine and mill complex is estimated to 

be approximately 230 men. A graph (Figure Sa) was compiled to show how the 

hypothetical greenstone model compares with the producing Canadian mines. 

By plotting employment versus mill capacities a dominant zone showing the 

probable required employment is apparent. The greenstone model seems to 

compare favorably with the Canadian mines as it fits well in this probable 

employment zone. 

Little data is available on the mine life of a greenstone operation. 

However, from experience a reasonable mine life of 20 years can be assumed. 

After the first discovery in an area exploration intensity generally increases 

and more deposits are usually discovered. Thus a district life of about 50 

years may be assumed, Tab le 5. 3 outlines the Flin F lon mining district from 

its original discovery in 1915 ·to the present. The district now has 42 years 

of production and employs 2,700 men. 

It should be kept in mind that this model is not necessarily a projection 

of what may occur in ~1innesota, but is merely a means by which the impacts 

could be studied. 

GABBRO ~iODEL 

The problem of constructing a mine model for the Duluth Gabbro, is that 

no comparable ore formation in which mining has occurred exists. Since there 
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are no factual statistics available for construction of the model, many more 

assumptions, than v:ere made for the greens tone model, are requiTed. The first 

assumption made is that the indicated mineral resources are an accurate repre­

sentation of the occurrences within the Duluth Gabbro. Preliminary investigations 
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TABLE 5. 3 

HISTORY OF HUDSO\ BAY MD;I:.:G AND S'·1ELTL\G CO. LTD. 

FLI:\ FLON m:\I\G DISTRICT 

DISCO\'ERY DEVELOP;.fE\'T PRODUCTION TER\! I\A TIO>/ 

Flin Flon 1915 1930 

Schist Lake 1954 

Norths tar \line 1958 

Birch Lake 1957 1960 

Coronation 1960 1965 

Chisel Lake 1956 1957 1960 

Stoll Lake 1956 1957 1964 

Osborne Lake 1968 

Flexar Lake 1969 

Anderson Lake 1964 1970 

Ghost Lak~ 1956 1965 1972 

Dicks tone 1965 1966 1970 

White Lake 1963 1970 Planned for 
1972 

Wim 1968 Under 
deve lop1:tent 

Centennial ~'1ine 1970 

Rail Lake 1970 

Reed Lake 1970 



by , ~he }.1innesota Geo logical Survey rev ea 1 that the deposits associated with 

the gabbro are extremely large but rather low in grade. Because of these 

low grades, it can be assumed that only a large tonnage operation (something 

on the order of 20,000 to 30,000 tons per day) would prove economic. Since 

the mines 1·:ould be large operations, it is assumed that at some time in the 

future an extraction facility might be req~iTed to handle the concentrates. 

By preparing a list of existing extraction facilites and their annual feed 

·capacities (see Table 5 .4) it can be determined that a minimrnn sized smelter 

would require 300>000 tons of concentrate feed per year. By further assuming 

a concentrate grade of 25% copper and an ore grade of 1% it is found that a 

crude ore production of 20,000 tons/day (from one or more mines) is necessary 

to meet the smelter requirements. 

Mining methods which might be considered for possible utilization under­

ground include: room and pilla~, block caving, cut and fill or some variation 

of these methods. ~lost of the deposits in the gab bro would have to be mined 

by underground methods. However, in some areas near the base of the formation 

some open pit mining might be expected. Employment could vary greatly dep'2nding 

on the-mining method used, the mine life and district life, and the extent of 

ore processing (if an extraction facility is incJ.uded in the proposed complex, 

employment would be greater). 

Table 5.5 swnmarizes the gabbro model including the assumptions necessary 

for its construction. Like the model for the greens tone, the gabbro model 1·;as 
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not created with the idea that it is a projection of \·;hat will occur in i'-1innesota. 

It is felt though, that the model can be used to explore the impacts that mining 

could create. 



TABLE 5.4 

COPPER A~D COPPER->l"ICKEL S:--iELTERS 

United States and Canada 

Facility Location 

Falconbridge ~ickel Ontario 

Gaspe Copper Quebec 

Hudson Bay Mining & Smelting ~fani toba 

·International Ni eke l 
Copper Cliff 
Coniston 
Thompson 

Nor and a ~·lines 

Kennecott Copper Corp. 
:fovada ~\lines 
Chino \lines 
Ray i'-1ines 
Utah Copper 

Asarco 
Tocoma Washington 
Hayden Arizona 
El Paso Texas 

Phelps Dodge 
Douglas Smelter 
\1orenci Branch 
New Cornelia Branch 

Anaconda 

"iagma 

Copper Range 

Inspiration 

Cities Service 

Ontario 
Ontario 
1'!ani toba 

Quebec 

Nevada 
New :.1exico 
Arizona 
Utah 

Washington 
Arizona 
Texas 

Arizona 
Arizona 
Arizona 

01ontana 

Arizona 

;,richigan 

Arizona 

Tennessee 

Feed Capaci t)' Tons/Yr. 

650,000 

575,000 

4,000,000 
800,000 

1, 700,000 

400,000 
400,000 
420,000 

1,000,000 

600,000 
960,000 
576,000 

860 ·' 000 
900,000 
300,000 

1,000,000 

403,000 

300,000 

450,000 

90,000 
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Table 5 .5 

Summary of Gabbro 'Mine ~'!odel 

1. Time from discovery 
to production 

2. Ore Grade 

3. Current value of co-ntained 
metal per ton of crude ore* 

4. ~iine Production 

5. Nwnb er of Ernp 1 oyees 

6. Mining 

7. \line ~lethod 

8. Individual ~line Life 

9. District Life 

10. Concentration 

11. Extraction 

1. Large low-grade deposits 

2. Large-tonnage operation 

M1en known existing ore deposits 
become economic 

1%. combined Cu-Ni (. 89s Cu & • 2% Ni) 

$14.00/ton 

20,000 tons/day 
7,300~000 tons/year 

2,800 (data from 1\nite Pine) 
(for a mine, concentrator, 
smelter and refinery) 

Predominantly underground with 
some open pit near the contact 

Block cavin& room & pillar, cut & fill 

25 to 50 yeaTs 

Greater than 100 years 

Selective Flotation 

If no copper smelting capacity is 
available, & copper smelter (tradi­
tional, continuous, or flash) would 
have to be built. Nickel concentrate 
shipped to custom smelter. 

3. Could require extraction facility 

4. Pyrornetallurgy only presently feasible ~ethod 

5. Minimwn size extraction facility 300,000 tons per year 

6. Grade of concentrate - 25% Cu 

7. Grade of ore - 1 % combined Cu-Ni (. 8% Cu & • 290 Ni) 

""'The most current metal pTices are used: Cu S0.50.5/lb. 
Ni $1.53/lb. 
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CHAPTER 6: EX\7IR0\).1E~TAL IMPACT OF BASE }·iETAL !'11?\L'\G 

Specific determinations of potential environmental iT:1pacts associated 

\·;ith base metal mini;ig and processing are extremely difficult to determine in 

any detail because the environmental setting varies significantly in the 

various areas of Northern ~linnesota. TI1e specific techniques of mining and 

processing are extremely variable and unknown and numerous other variables 

require certain assumptions which cannot be detailed with certainty until an 

actual operation is pro;>c.ised. The potential environmental impacts associated 

with base metal mining and processing could differ substantially in some 

aspects m1d compare readily in other areas to the present iron ore mining in 

Minnesota. In addition, because of the different geologic environments be­

tween the gabbro and greenstone formations and the varied natural environments 

of Northe::cn ~1Iinnesota, impacts associated with one operation may vary signif­

icantly from others. Possible impacts will be identified; hm.;eveT.i the 

severity of each impact will not be evaluated in detail because of the lack of 

specific data. The quantitative data presented is b2.sed entirely on the ]1ypo­

thetical models discussed in 01apter S. 

It is again pointed out that to date there has been no development or even 

an announced committment for development of base metals in Minnesota and a 

large portion of the material contained in this report is based on conjecture. 

TI1e State must be prepared, hOl·:ever, so that if and ,,;hen base metal de\'elopment 

does occur in Minnesota, there is sufficient expertise and regulatory authority 

available to prevent or minimize detrimental effects to either the physical or 

economic environment. 

Table 6,1 (enclosed in pocket) attempts to identify possible environmental 

im_?acts that may be associcHed \•;ith futun:' base metal nining in !·linnesota. 
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The table categorizes impacts from the initial phases of eA-ploration t]uough 

mining J processing, teTinination and ancilliary requirements. It is important 

to point out that under a given set of conditions the rank of a particular 

impact can vary considerably. Table 6.1 is designed to cover only the general 

cas~not specific situations ru1d as such can only serve as a check list. 

For example, access to a drill site, when it must be through a scenic area over 

non-exi.:;t.ant roads, can be a major impact. Each impact is ranked on a scale 

from one to three (one is the most import2J1t, three is the least important) 

according to its re:ative importc;mce and the impact of each step is rated as 

reversible or irreversible. Because of time limitations, impacts rated two or 

three are not evaluated in any detail. Comments on impacts ranked as one can 

only be consideTed as a preliminary assessment to aid in a more comprehensive 

and detailed examination of all enviTonmental impacts. Aesthetic impacts, 

although they can be an important consideTation in nearly every possible 

operational phase, are not included in the Table because they cannot be 

examined in general. They must be examined in: real cases with specific 

circumstances. 

In the land use area of Table 6.1> each land requiTernent is designated 

M, S, or N, depending on the degree that the lm1d needed is resource oriented. 

M - mineral Tesource oriented - the location of the ore body 

strongly influences the location of these facilities. 

S - sorne1-.1hat mineral resource oriented~ these facilities must 

be in the same general lo.~cali ty as the oTe body. 

N - non-resource oriented - these facilities should be located 

somewhere between the resource and the rnaTket preferably 

along a transportation route. 
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As discussed earlier, there is a potential for two types of base metal 

mining operations in Xorthern ~'1innesota. In the gabbro formation, the maj oTi ty 

of the operations would be large scale underground mines with limited open pit 

mining possible in aTeas adjacent to the basal contact of the formation or 

elseKhere in the formation where the ore deposits are rather shalloh' in depth 

and the stripping ratio small. These facilities would have to be accompanied 
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by a concentrator, waste disposal area, etc: Initially extraction and refining 

facilities would probably not be required, ho\\·ever, as discoveries and operations 

increase, the probability of a company desiring to locate a facility of this 

type in Minnesota would also increase. 

The majority of any greenstone deposits that might be discovered will 

also have to be mined underground. In areas where the overburden is extremely 

shallow, underground mining might be preceded by a short period (several 

years) of open pit mining. Usually a beneficiating plant is associated vdth 

one or more of these operations, along with offices, shops and storage areas> 

waste disposal areas, etc. 

An important fact.OT to remember about mining is that many of the minerals 

being sought do not make up a large percentage of the earth's composition, 

although the total amounts if they were ava.i1able are very significant. Ore 

deposits are the result of a concentration of minerals many hundreds of times 

or more to that of the earth's average or background composition. The grade 

of ore deposits knmm or being sought in ~iinnesota is not unusually lm.r. In 

Arizona, for Gxample, copper is being mined with cut-off grades as low as 0.4% 

(8 lbs. of copper per ton of ore) and lower grade material is stockpiled for 

leaching purposes. The fact that known ~linnesota deposits have not been mined 

in the past is primarily due to metallurgical problems of separating the metals 

and higher costs of underground mining versus open pit mining. Deposits, if 

discovered in the greenstones, would be significantly higher grade than those 

already known to exist in the gabbro. 



Because of the relatively low grade materials involved (usually never 

more thaJ1 a feh· percent), all base metal mining operations of this type are 

associated id th a large ratio of Kaste materials to Tecoyered mineral. 

TI1is creates a major problem not only for possible ~linnesota operators but 

for the industr)· as a whole. /\s long as these metals are required, and for 

many purposes they appear to be essential, the waste disposal problem will 

have to be dealt with and the resultant 1 and use will have to be examined. 

EXPLORUION 

Modern mineral exploration techniques involve virtually no lasting 

environmental effects. The only major impact that might be encountered du~~ing 

exploration is the brushing and clearing of survey lines, drill sites and in 

some cases access roads. In all cases, however, the land area involved is 

relatively .small, eg. J approximately soi by 50 1 or less for a dnll sj_te. 

1\11.en the program is carried out during the winter months> which is often the 

case, the effects on the natural vegetation is minimized. If natural revege­

tation is not e.xpected to restoTe a cleared area quickly enough or in order to 

prevent erosion, revegetation must be carried out. In many are2.s access roads 

(usually associated with logging) are readily available and are used ~1en 

possible. In T2_ble 6 .1, there are no impacts associated ,..,:i th exploration that 

are considered major (sho\'.11 on the Table as number 1). 

Access on state land is obtained after receiving the approval of the 

State District Forester. In most Gases existing roads are used, even when 

they do not provide a direct route to the drill site. 

If the exploration program is unsuccessful no further 1·;ork will be 

planned by th2t operator. In the greenstone belts of Canada, only 1 project 

out of 1, 000- 2, 000 '.·:i 1 J go beyond this s 'cage. 
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DEVELOPI\lE\T, l1fl\I\G A .. \D BE\EFICIATIO>r 

If an ore body is discovered of sufficient size and grade, it must be 

prepared for mining. Developing a mining operation is a construction job that 

usually involves the following major projects: 

1. Preparation of the ore body. 

2, Planning and construction of facilities 

3. Preparation of disposal sites. 

4. Stockpiling of waste materials. 

5. Construction of a water reservoir. 

6. Construction of ancillary facilities. 

If it is assumed that the deposit is economic at the time of discovery, 

this stage may take as long as from th'O to ten years after discovery before 

it can be prepared for operation. The time range varies considerably depend­

ing on such circumstances as the size of the ore body) the mining method chosen, 

the amount of processing contemplated) etc. 

Air Pollution: Several air pollution problems ~articulates, noise and 

vibrations) can be associated with the developmental stage. In relation to 

the overall impactJ these are relatively insignificant and controllable with 

one possible exception. If the mining is to be underground) great care must 
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be taken to protect the health and safety of the employee. This is especially 

true in the initial developmental stages because the miners are new to this 

particula1· geologic environment (even if they have underground mining experience) 

and the ventilation systems are just being initiated. Chapter 11 discusses 

mine health and safety in greater detail. 

The air pollution probleYJs that might be associated \:i th Dining and 

beneficiation are very similar to those in the developmental stage. Dust 

must be controlled on unsurfaced haulage roads. Overburden stockpiles and 



tailings basins can be a significant source of dust both during and after the 

operation. In beneficiation, dust must be controlled during the ~1itial crush­

ing stages prior to the application of water. 

Noise and vibrations must be controlled throughout development, mining 

and beneficiation. Blasting is probably the most important consideration. 

Charges must be designed to prevent damage to facilities and adjoi11ing property, 

and climatic conditions must be well known prior to their being ignited. 

The major source of continuous noise is in the beneficiating plant, the under­

ground working areas and the primary crusher. The most important consideration 

here has to do with the health and safety of the ·employee. 

With the exception of possible underground mining, gases should not be 

a factor in develop~ent, mining and beneficiation. 

lfater B_esourc_~_::~: Future base metal mining could have a snbstand al imuact on 

the 1rnter resources in a particular area. Prior to developrnentp a complete 

survey of water availability and pollution potential should be made. 

Kater Appropriation and Use: 
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Considerable quantities of water are required in the ben~ficiation, extraction 

and refining of base metals. Table 6.2 provides first approximations of these 

requirements bo_sed on the G1·eenstone and Gab bro r\loclel s. Water is required in 

the grinding and conceritrating processes. Assuming that the plant water is 

recycled, a general n1le of thrnnb indicates that about 100 gallons of new make-up 

water will be required per ton of ·crude ore processed. For the Greenstone ~line 

~bdel, this is roughly 140,000 gallons per day as compared to 2,000,000 gallons 

per day for the Gab bro Mine :\lodel requirements. These could have a significant 

impact on local water supplies, particularly in the case of the Gabbro Model. 



Table 6.2 Estimate of l\'ater Requirements 

(new nake-up irnteT) 

Benef'iciation 
(ne-v.r make-up 1·tater --
100 gals/ton of crude 
material processed) 

Extraction Alternatives 

1. Pyrometallu.:rgical 
(·without Sulfur Oxide 
Particula.te Recovery) 

2. PJrrornetallurgica.1 
( 1'.rith Sul fur Oxide 
Particulate Recovery) 

3. Hydrometallurgical 

Refining 

1. Mostly cooling water 

2. Not applicable 

Ge.bbro 

(thousands of 
gals/day) 

2)000 

l,OOO~l,500:L 

2 ooo-'"-< 0001 
) ./ J 

2 '000-_3 ) 000 

500~1,0001 

Greens tone 

(thousands of 
gals/dc:.y) 

140 
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For colltpaTative pui·poses, a typical closed cycle power plant like the >;'SP Plant 

planned for Sherburne County 1\·ill use roughly 22 rnil1ion gallons of h'a.ter/dciy 

with approximate1;: half of the 1rnt.er lost in evaporative cooling> 1';hi1e the 

Monticello facility uses some 416 million gallons/day. 

h'ork in the Beds of Public Waters: 

Since there is no choice in the location of ore deposits, conflicts 

could o ccassionally arise with public \rnteTs. The degree of conflict will 

vary considerably. In some cases these conflicts \·:ould pre cl u.de mining 

whereas in otheT instances the problems may be ratheT insignificant. 0-pen pit 

mining, tailings disposal and water reservoir construction would probably be 

the three major areas of consideration. If mining '"'as undergTmmd at 

considerable depth this problem would be alleviated. A specific case would be 

required to evaluate these conflicts in any detail. 

Surface and Ground1·:ater Discharge: 

An open pit or underground mine acts as a collecting basin for surface 

and ground \·12ter. D-uring Irining this \rnteT must be removed. In most cas::s 

water from mine dewatering is used in the beneficiation plant as new make-up 

water. After minir~g is completed, 1·:aters collecting in the abandoned mines 

can be a source of pollution depending on the pyTi te content and the solubility 

of the metal ions in the exposed rock. 

f.bdern mining opeTations are generally being designed as near to a closed 

circuit as possible. However, in some isolated cases> precipitation and 

Tw10£f into the tailings basin may exceed the basin capacity. h11en this occurs, 

it may be necessary to dischaTge \·:ater to the natural \·;ateT.':;hed. In some 

instances treatment m.a;: be requiTed to re;:iove metal ions or suspended solids 

or to adjust the pH. 
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SuL -~ce and Grotmdh·c=tteT Fluctuations: 

Underground and open pit mine deKatering can, in some isolated 

situations, result in temporary \·:ateT table fluctuations. This concern can 

only be evaluated 1,.;jth a specific example in mind. 

Runoff, ETosion and Sedimentation: 

In order to insure proper l'eclamation, o\~erburden must be stored, with 

topsoil stored separately from the underlying rock. Unless this material 

is stabilized, it can be eroded and cause stTeam sedimentation pToblems. 

Tims, Tevegetation and contouring of stable slopes is often essential. 

~lining also Tesults in lean ore and i.rnste rock stockpiling, since not 

all ore removed is of high enough grade to justify milling and concentrating. 

Leaching and erosion may occuT from these stockpiles if the storage areas are 

impropeTly designed OT sloped, or if they aTe not revegetated. 

~fajor impacts from runoff, or percolation of leached ions into ground 

water may occur from the tailings basin if the basin is improperly designed 

and sealed, or if reclamation is inadequate. Water from tailings basins 

should be Tecycled for use in the milling and concentrating pTocess. 

After mining is completed the basin must be left in a condition that will not 

pollute the suTrotmding v;atershed. 

It has often been 'sugg,ested, that abandoned open pits can be made into 

lakes after mining is completed. This is a useful practice providing the 

~ateT quality can be maintained. 

§.oli~ \faste_ Disposal: Probably one of the most challenging and difficult 

environmental problems associated with mining operations is that of solid h·aste 

disposal. The amounts and types of \·:aste mat2rial \'ary considerably, depend-

ing on the mining method utilized. Open pit mining generally results in 
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relatively-more overturden, lean ore material and sometimes waste roe~ than 

does undeTground mining. Regardless of mining 1"Jethods, the tailings pro-

duction is essenti::dly the same; hoi.·:ever, \vi th some undergTound mining methods 

a portion of the tailings can be retun1ed to the abandoned h'orking areas. 

Tables 6.3 and 6.4 summarize solid Kaste disposal resulting £Tom the 

processing of base metals. Estimates are based on the Gabbro and Greenstone 

Models and assumptions are sho\\Tt for each processing step. These examples 

are veTy general and only show metal concentrates ratheT than attempting to 

differentiate the metals themselves. For the Gabbro l\1odel (Table 6, 3) 

approxir.mtely 19,280 tons of tailings would be produced daily. Two general 

alten1atii.res are available for disposing of these materials. For open pit 

mining and for some types of underground mining> the tailings cannot be 

returned to tLe 111ine it.self and thus must be disposed of tota1ly on the 

surface. i'(i th certain types of underground mining a second al tern a ti ve can 

be considered. In this alternative it is assumed. that two-thirds of the 

tailings can be redeposited underground (12J86b tons/day in the case of the 

Gabbro i'foclel) and only the remaining one·-third OT 6,420 tons/day must be 

disposed of on the surface. 

If it is assumed that an extTaction facility is built in i'·1innesota, 

the concentrate supplied by tlie Gabbro :\1odel would Tequire the surface 

disposal of approximately 544 tons of slag per day (assuming a pyro­

metallurgical extraction technique). 

Table 6. 4 shm·;s calculations of solid \rnste disposed for the Greens tone 

i"1odel. Again it should be P·Jinted out that these a.Te Yery general and are 

meant to provide a first approximation onl)·, of the solid ~aste disposal impacts. 
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Table 6.3 Generalized Solid Waste Disposal for Gabbro ~~del * 

(metals are undifferentiated) 

Eining Crude Ore 

Beneficiation 

25% Metal Cone. 

assumes 90% metal recovery· 
720 to:-1s/day 

E.xtraction 

Tailings 

19,280 tons/day 
Alternatives 

Open Pit 

Total Surf a.ce 
·f Disposal 

19 ,280 tons/day 

Undergroux1d 

l/3 .Surface 
2/3 Und.erground 

Surface 
Underground 

_, 420 tons /:Ie.y 
12_,860 tons/clay 

Blister Copp2r 

assl.1rnes 951; recovery 
1 76 tons/:iay 

S.lag Disposal 

Refini...ng 541+ tons /day 

Refined ~·~etal 

171 

Sliir:.es 

prccessej ~or precious 
r!.~etals . 

2.sed lnon the Gabbro :.odel develo~~ed in Ch·1~tcr ::i. 



* Table 6.4 Generali=ed Solid Kaste Disposal for Greenstone ~bdel 

(metals are differentiated) 

Mining Crude Ore 

Beneficiation 

Metal Cone:. 

% Cu .30% Zn 

00,.,-f 

assumes / /o l''ec over-:/ 
253 tons/day 

Extraction 

Tail-i•"J.gs 

1, 112 tons/day 
Alternatives 

Open Pit 

Total Sm·f a.ce 
Disposal 

1_,112 tons/day 

Underground 

Surf ace 
Un:ierground 

6-12 

Surface 371 tons/day 
Underground 7L1 tons/day 

9790 ~Ietal 

assu.rnes 9 57~ recovery 
70 tons/day " 

Refining 

I.fetal 

* 

Slag Dis pos2,l 

Slimes 

'I'i"lese would be further 
processed for precio"L~s 
metals. 

Based t~·Jon the Greens tone ;.iuc1e1 de\·e1oDed in Chapter S, 
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TheTe are a mu:1ber of other types of solid ·h·aste materials associated 

\dth Yarious phases of base met.al mining. These are listed in Table 6.1 as 

Miscellaneous Disposal, ~·\o Teal estimates can be r.1ade of these materials 

(with the exception of slag disposal) withou( a specific proposed mining 

opera ti on~ ho Kever J the total quantities should be r-el ati 1:ely i nsi gni fi cant 

in relation to the entire Kaste disposal imp~ct. 

Land Use: There are a number of impacts that are initiated in the develop-

mental stage and carry into the mining and beneficiation stage that are 

irreversible. TI1ese include: open pit mining, lean ore and rock stockpiles, 

tailings basins and slag disposal (when necessary). In order to minimize 

these impacts_, land use planning and efficient reclamation practices are 

essential. 

Le~1 or8 and ruck sLockpiles, slag disposal and tailings basins will 

eliminate the natural surface values and resources and will remain afteT 

mining has terminated (some lean ore may be processed); therefore, theiT 

location is generally considered irreversible. Luly pl8Jming can replace 

surface ·values to these areas although quite dissimilar to their original 

state. In many cases) particularly suTface stockpiles and tailings ponds 

need to be revegetated not only for aesthetic reasons, but also for the 

control of erosion and runoff. Locations of stockpiles, tailings basins, 

etc., allOI"' opportunity foT site selection even though they are somewhat 

resource orient~d. 

In the case of possible open pit mining the location is specific and 

minimization of enviTonmental effects must be tJncugh planning and reclamation. 

UndeT tn)lcal mining practice, tailings and \';aste rock are r.ot Teturned to 

open pits because the Teturn of the tail \·:ould prb·ent re::loYal of 
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re:rnaining lOi·:-gTade ore. FoT this reason, the alterations associated with open 

pit mining are currently deemed irreversible. 

Table 6.5 provides an estimate of land requirements foT the Greenstone 

and Gab bro l··1ode 1 s. The es tirnates are di Yided into general land use areas 

and are a first approximation of possible future development. 

The various phases of exploration are consideTed shoTt term. If explo-

ration is successful the land would probably be used for location of an 

operational phase of mining, hoh·ever, if nothing is discovered the land 'vil l 

continue to be used as it i'.·as prior to exploration. 

Two other factors are important to land use after mining has terminated. 

These are slope s tabi li ty and subsidence, Past practice has been to fence -

an ab;;ndoned open pit OT subsided area. Hm;·eveT, ·chis cannot be consideTed 

a final solution and reclamation requirements will have to provide controls. 

METAL EXTR:'\CTIOI\1 

After the ore is concentrated, it is ready for the next process; ~e~al 

extraction. There are three general groups of metal extraction processes: 

Vapometal l m~gi cal, Hydrometal lurgical > and Py1~omet2.ll urgical. 

Vapometallurgical processes employ various gases as the primary 

performers, Apparently there: are no proce~.ses of this type currently being 

utilized for metal extraction. 

Hydrometallurgical processes aTe orerations in which aqueous solutions 

play a predominant role in recovering the metal. This process, conmonly 

called leaching> is generally used to treat oxide ores and some sulfide 

and mixed ores of marginal grade. As yet, there aTe no vrocesses of this 

type avaiJ.able to treat copper-nickel sulfides econo:rnically although 

considerable reseaTrh is presently being conducted on this process and 

several pilot plan ts a-:;_'e pre.sent 1 ). in opera ti on. 



Table 6. S Es tir:iate of Land Requi l'er:Jents for the 

\( 1 
Greenstone and Gabbro ·iodels 

-·-------
Greens tone GabbTo 

Plant Site and Facilities 40 60 acres so -

100 - 200 acres3 1,280 -Tailings 

Open Pit ~-.1ine 2 50 - 75 acres 

5 acres 10 -Surface Requirements 
for an Underground /·line 2 

Waste Rock 60 80 ac:tes 640 -

255 -- 420 acres 5 2 ,610 -.- 1 ' 4 fota Requirements 

1 
Based on a 25 year mine life. 

2Alternatives-mining could be either open pit, or underground. 

3Assumes tailings could not be placed underground. 

80 

3,200 

640 

20 

1; 920 

5>860 

-·---

acres 

acres3 

acres 

acres 

acres 

ac:resS 

4
Total includes both open pit and underground requiTern<::nts. In many cases 
an operation will be undergrow1d after open pit O?erations. 

5 
1 sq. mi. = 640 acres. 
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P;TometalluTgical p:rocesses utilize intense heat to reco•:er the metal. 

Most of the 1wrld 1 s base metals currently are extracted fron sulfide ores and 

concentrates by pyrometallurgical trec.tDent. For many yeaTs this method has 

been the only economical one foT treating sulfide ores and concentrates. 

Traditionally, three sequential operations have been involved: roasting, 

smelting and con\·erting, However, recent concern i.d th the enviTonmenta 1 

consequences 6£ this process has resulted in intensified research tm~ard irn-

proving this process, developing other processes and controlling the effluents 

h l 1 , . d 1 w et1er gaseous or iqui . 

In l'·linnesota, it is not anticipated that an extraction facility 1wu1d 

be required initially. However, as discoveTies and operations increase, the 

pTobabi1i ty of a company desiring to locate a facility of this tnie in 

Minnesota would increase. P.lodeTn ext:caction facilities are Telati vely large 

scale, involve large capital investments> and require a gTeat deal of planning 

and construction to prepare them for commercial operation. For these reasons, 

it is not expected that small scale mining operations" such as those which 

could occur in the greensto:ne belts \rnuld 1 .. :arrant the constructio}1 of suc;1 a 

plant. On the other hand> if mining in the Duluth Gabbro occurs> the scale 

of operations should be large; perhaps eventually large enough to ~arrant 

constTuction of an extraction complex. Initially concentrates ''·'ill probs.bly 

be shipped to an existing facility foT treatment. At the present time, it 

does not seem probable that an extraction facility 1·;ill be built in the near 

future. ~letal extraction is only someKhat resource oriented. Existing 

facilities of this type are in some cases located at the mine site itself 

~hereas in other cases they are located near the market or fabricating facility 

or in another we11 established mining district. If and v;hen a facility is 

1 . 
Brice, \·:. C., Possible Envirmmental of Base \!etal ~.Jinin in \1innesota 

Department of l ources, June, 



considered for ~linnesota c6nsiderable latitude should be available in 

selecting a site. 

Regardless of 1d1en an extraction facility might be built in ;\finnesota, 

it 1dll be substantially diff~:n:·ent than those that have traditionally been 

operated throughout the v;orld. It \·:ill probably be either hydromet2llurgical 

or pyroneta11urgical (most Jikely pyrornetal11.ugical) and based m1 technology 

that is the pilot plant or near-commercial stages of development. 

hi.th either type of facility_, there could be substantial environmentc...l 

conceTJ1s J and it is safe to asswne that substantial control of effluents 

will have to be met if one is to be constructed. 

Potential Environmental Concerns Associated with rometallur cal Extraction: 
-----·- ----------

In order to provide for better effluent recovery and better resource utili-

1 
zation> new pyrometc~llurgical systems shouJ.d i:1corporate the following features; 

1. Smelter systems must produce so2 in higher concentrations and in 

uniform volumes. This could probably be done by replacing bn.td1 

processes with continuous processes and by combining extraction 

steps. 

2. Gas cleaning systems must be moTe efficient and reliable, and 

capable of operating at high temperatures. 

3. Smelting operations must use less total fuel. 1•1ore heat should 

be recovered and enmhasis must be on hea.t utilization. 

4. All useful materials should be TecoveTed fTom the initial feed 

material. i·:aste products 1·;hich are produced s}10uld be non-pol-

luting and in a forn h·hich can be disposed of readily. 

1
Argenbright, L. P .. 11 S;;iel ter Pollution Cont1'01 11

) :-.:ini12_g Congres~]ournal, 
:.1a y, 19 71 . 
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The pyTometallu.rgical extraction facility has probably been one of the 

most envin:mmentall~· notorious links in the base metal r.1ining-pToduction drnin. 

The rnaj OT forms of pollution created at such facilities are air pollution and 

sol id haste materials. TI1e maj OT envi1'oru-;-iental impact is caused br the 

chimney smoke hhich is gene:rated during roasting) smelting, and converting 

(the traditional 171ea~1s of sulfide ore extraction). 'n1e constituents of 

this effluent are dust, fuse and gases. 

PaTti cul ates: 

Fume is that part of the sn10ke which is composed cf volatili:ed material 

(mainly metal oxides) 1·;hich solidify in the chimney ex}1zrnst system as they 

cool. 'llle dust is made up mostly of ore, flt.1x> and fuel particles \','hich 3-Te 

blown fTom the smelting furnace, Present day technol.ogy appeaTs able to 

handle ~ost of this material. TI1ere are several t)Tes of equipment used for 

dust recovery. TI1ese include: cyclones J scrubbers J eJ ectTostatic p:re-

cipitators, and bag houses. 

Cyclones employ the centrifugal principle to remove dust particles. 

The recovery efficiency ranges from 75 to over 95% for the larger dust pard_cles. 

Hm·;ever_, r;iuch of the very fine material still needs remo\'ing. 

Scrubbers a."ce units in v;hich dust particles contact a liquid and can 

then be removed as a slurry. Efficiency in scrubbers varies from 75 to 

over 99%. 

In electrostatic precipitators, solid particles in the offgases aTe 

given a charge. 111e>· can then be collected by a de\'ice carr::ing the opposite 

c}1arge. This type of collection is a more costl;.· Bethod; ho\·.-eveT, efficiencies 

of oYeT 99?s can be achieved. 

Bag houses are unj_ts in \.,·hich the dust··laden ases are passed through 

h·o..-en cloth 1·;hich screc}E. out the dust. This r:·ietho::', c:.rn be OYGT 99. 9?t:. 

efficient. 
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From the literature, it appears that bag houses and electrostatic pre-

cipitators are the most widely used. The added efficiency gained is probabl>· 
1 

not economic, but is being forced by stringent pollution regulations._,_ 

Sulfur Oxides: 

l\i trogen, carbon monoxide, \\'a ter vapor, oxygen, and su1 fur oxides an:; the 

most com:ri-:on gases found in the metallurgical effluent, The major environmental 

impact seems to be the result of sulfur oxide gases, hoKever others also play 

a role in the overall impact. Unlike other large industrial complexes which 

produce sulfur oxides, such as electric.al pm·.'e-:c plants, the problem of sulfur 

gas p:.coduction in an extraction pl ant cannot be all eviatf~d by changing the type 

of fuel (low sulfur) utilized. In extraction} the major portion of the ::;ulfur 

production problem does not come from the burning of fossil fuels (although 

process itself. TI1e success of the processing tec1mique·s lies in the fact that 

sulfur must be burned away (sulfur liberated in the fo:.rrn of sulfur oxide gases) 

leaving only the pure metals. The formation of sulfur oxides is therefore 

rnandator~.' for the production of metals if this t)rpe of technology is to be usecl, 

EffO}'t.s aTe underll'a)' to perfect means by 1·;hich sulfur oxides can be 

separated from other gases and transformed into useable compounds such as 

sulfuric acid or elernerital sulfur. There is no such. thing as an economic 

sulfur recovery syster:L H01.-.·everj there seeE1s to be a general cut-off i.·:he-:ceby 

gas stTeal;ls containing ?-o or more sulfur oxiclS>s are much rnoTe cheaply treated 

than those containing less than about 4%. T~ere Rre also definite ec0nom1c 

advantages in having constant streams of uniform gases. These H:o conditions 

Jr.' J. R., T'.ie \·;·irmin of \ic:Lel D. \'an \os::rand. 
·-------~ ------ ----·------------·-
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are not met in conventional extra2tion facilities with their roasters, 

sme 1 ters, (mainly reYe~cberatory furnaces), and com'ei·ters. h'i th the exception 

of roasting (from h·hich a rather good sulfur oxide streaJn is produced), smelting 

and cmn-erting produce )OOY gas products. \•,l1en the 1·2verbeTatory fu-rnace is 

treating unToasted concentrates, a steady fl oh' of very 1 ow concentration SO 
2 

is produced. The concentration is often less than 1% of the total gas volume. 

Converters can produce strong gases running in excess of 6% so
2

. However, 

because conversion ic a batch process, gases produced in concentration. 

Table 6.6 shows emission factors for particulates and sulfur oxides. 

Totals show both contTolled and uncontrolled gaseous streams. Al though the 

degree of control used probably cannot be met today, technology should be 

available if and when a smelter is contemplated. 

If he assrnne nc regulation, ;·oughlv t.130 tons of so2 mi£ht be emitted i)er 

day from an extrc1ction facility based on the Gabbro ~Iodel. This is considerabJy 

morP than the ?P.6 tons of S02 per day emi ttecl fro:n I'\orthern States Po 1.,:er 

Company's, Alan S. King Plant. If we assume 90% recovery, the emissions could 

be Teduced to approxiri-1c:ttely 45 tons of SO,, peT day. 
t. 

To overcome the many problems of traditionRl extraction, research is 

continuing in three areas: 

1. Collection and recovering sulfur oxides. 

2. Developing ne\'.' pyrometallurgical technology. 

3. AlternatiYe extraction techniques such as hrclJ~oriletalllll'gy. 

Pre:::ently there are at least fifty sulfur recoveTy systerls under 

investigation or de~:elorrnent. Emphasis is on processes h'hich can clean up lul'.· 

concentration waste gases, while at the same time recover a marketable 

product of either ele::-tenta1 sulfur OT sulfu::.'ic acid. The folloi.dng is a 



TABLE 6. 6 

Emission Factor ~or Primary CoppeT Smelters 
\\-i thout Controls in lb/ton of C:oncentrated Feed 1 

Type of Operation 

Roasting 

Smelting 
(reverbera tor)' 
funrnce) 

Converting 

Refining 

TOTAL Uncontrolled 

') 

TOTAL ControJ_ lPcl {,. 

(95% on Particulants 
90% on Sulfur Oxides) 

Particulates Sulfur Oxides 

1 b Ito n of c-o n cent rate- lb /torl01 concentrate 
------·--------- ---------------

45 60 

20 320 

1 . .\dopted from Table 7-3 of Cor.~pilation of Air Pollutant Emission Fac­
tors, U. S. Envirorinental Protection Agency-~Office--of .~ir Pro gr· ams, 
Febr-uary > 1972) p. 7-S. 

') \dd . ~ . "-"-\ ed tor comparative purposes. 
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surrunary of seyeral of the more pronising sulfur recoYer)" S)'Sterns. 

Limestone Iniection - There a1~e two types of li:-.-iestor:e injection. 
In the first, pt_i1Yeri~ed Jir:1estone is injected into a furn2.ce 
containing the offg2ses. T~e limestone calcines and reacts in 
the gas phase to 2 bsorb sulfu-:'.' oxides Cd?.')' process) . In the 
second method, 6r:: limestone is combined \•:ith \·:et scrubbing. 
The calcined 1 ine stone is re:r:ioved b)' a scrubber anc: becomes the 
reactant ~hich recoves SO~ fro~ flue gases. This is one of the 
cheapest systems to opeTate, l.SC:/million B.T.U., hm»e\·er 1 only 
about 50(5 of the su:::.fur oxidss can be renoved. 

Alkali:~ed Alunina - This process, hhich is being studied by the 
u.-5.Bu-re-~'luo~:f:·'.ines > is based on absorption of so from the 
effluent by Xa~OAl~0 3 . The absorbent is then ted by 
co11tact 1:i th reducing gases at high temperature and the resul'C ing 
H?S is con-rerted to e1emental sulfur in a standard Claus S;'steni. 
TFiere are th'O naj or prob 1 ems v:i th this method. It is di f ficul l 
to obtain a good contact bet\·:ecn the absorbcr1t solids and the flue 
gas, and srnalJ amounts of absorbent ($500/ton) a.Te lost chulng 
regeneration. Thi:::; method \·.'ill extract about 90% of the sulfur 
compounds from the effluent. 

~c::tal-_~!2:_~ __ .Q~!,~?J:.~~:m - In this process> SO~ is cmn·ertecl to SO,, by 
catalytic oxid3..·Uon. The su1fur TTioxicJe-'-is then recc:vered \·;fchout 
abso:.cbenl. lec.,\·t...:lii1g <:i11J ..Legeneid.l.icn:, d11c~. w.i.L.11 Vt':.:1-;· J...i.t.Lle cooling 
of the gas. 

is - In the electrolysis pTocess ·' SO., is rern::wecl from the 
-·=-=-·~--g··-a·-_-s·~[-1)-:--reaction h'i t.h caustic sod.2~. This converts ·che caustic 
soda to sodiuu bisulfat.e 1·:hich c2.n then be strippwl to· release so2 . 
The S01 is sent tc a sulfuric acid plar:t z;.nd the remaining sodium 
sulfat~~ solutio:1 is sent to an electTol;.tic cell. use of R 

special mE:r;ibrane) the electrol:·tic cell ccrn produce caustic scda, 
sodiui!1 acid sulfate, dilute sulfu:cic acid; oxygen, and hyd:cogen, 
The process claims to 99* su1 fuTi c acid, 1·:hiJ e reducing 
the so2 of the stack gas to 50-150 ppm. 

Catal;.,.tic Reduction - This process invol ·ves Teaction of so'/ in the 
stac.kgas 1·:itE-T1;:drogen snlfide over a catalyst to produce-sulfur 
and hater. Part of the su1 f:ff is then recovered and the renainder 
Teacts hi th E1ethane to p:coduce additional H2S for use in the process. 

Ci tTate Proce_c:. s - Tht' U. S. BJJ.:teav. of ~.;~ nes has rc:centl v developed 
a~:lt!.'at-escrubbing method for recovering so') from snel ter gas) as 
ele;-:1entei.l sulfur. Gas contairdng 1 to 3 peri~ent 50 7 by volume is 
\•;ashed to T2Li0\'e D3.TticuL::-:te J~atter and so_. TI-;_e 02.s is then f'assed 

.. .) b 

up1·:ard th1·ough a packed absorption tO\·:er} counte:'curcent to a dohn-
1-.·ard floh· of a solution of citric acid (CcH80 ) and (\a,,CO..., I. Over 

r--., ~ ~ , , , CJ. 7· ..... ...:.. ..)-' 
9 0 per c ~ n t of t '.!. e :i 0 ::. s abs or o e o b ;: t l"'!. e cit rat e s 'J 1 u ti on . The pre g -
n 2. n t so 1 u t i on i s t :: re a c t e Ci hi th H? S in a st i r red , c1 o s e cl \"es s e 1 
to -orec ta.te tl-:e ab.sorbeJ SO-, a.s ele.:-::e1;tal sulfcr. 
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A nwnber of processes are being exa.rnined that will produce gases hhich 

can technically be treated 1·;i thi11 Tea_sonable econOT:iic 1 iDits. Following is 

a group of process es that could alleviate sor,ie of the sulfur oxide T1.::covery 

problems. Th1'ee of the r:1ethods ha\'e been kn01.m for man;.' years while 

continuous srnel ting is fairly 11ew and has not been operated on a commercial 

scale. 

Electric Fud1ace - L.srge electrodes, rather than t}rn tradition al 
burning of fossil fuels, are used to raise the temperature of the 
concentrate feed to the requin~d melting point. In 1:iost other 
systems, the fuel \·;hich is burned h'ith the concentrate forms 
gases \d1ich dilute the concentration of sulfur oxides) thus making 
recovery of the sulfur more difficult. \·;ith.the electric furnace 
system) hoh·eye-r, the only gel.SGS \·:hi ch fffe p::.'oduced coine froT'.1 the 
actual smelting of c011centrates ·' since these gase.:; contain high 
concentrations of sulfur oxides, sulfur recoveTy is fairl)'' easy, 

The main disadvantage 1 .. ·ith this system is that the converting, and 
in some cases the rcasting steps are still required> and ene1'gy 
Tequiren·ents are cc,nsideTably higher. 

Flash S:nelting - This systeD_, like the electric furnace pr-oduc:.es a 
YelativeT~V--E1-gh Sl:.lfur o:.\.ide g2.s concentrate. As the ore concen­
trates a.Te smelted in a flash furnace the c}1emical reaction of the 
oxidizing sulfide ores procluc2s heat. The heat causes the ore 
concentrate to consur:w itself very quickly (producing still more 
heat). This self-produced heat is enough to completely smelt the 
ore as well as maintain the Gol ten rr:atte and slag la;·ers. The 
need for fuel r.iay be reduced and the onJ.y gases p1'oduced may 
come f1_'om the sw:.lting itself. Again as h1ith the electric furmi.ce, 
a ::::onve2-'ting step is necessa:cy to complete the process. 

This process has been operated in se\·era1 con@ercial size plants 
using both copper and nickel concentrates as feed material. ~,Jagr:1a 

Copper Co. recently announced plans to co11struct a flash smelter in 
Arizona as part of their pollution control program. 

Blast Furnace - Though some drawbacks exist (rnain1y t11e need for using 
lump or agglomerated ores) the blast furnace is presently being 
considered as a replacement for the re\'erberatory furnace. The rea­
sons fo:c such a TeIJlacement are that the blast funrnce: 1) often 
combines the roast and soelting steps; and 2) it uses relatively 
loh-er anounts of fuel and ai:::.' than the co::1ventional re\·erberatory 
sme 1 te::c. Because of the combination of roasting and S:-Ttel ting> pl us 
the lo~er gas volu~e produced during the smelting, the concentration 
of sulfur ox id es in the exit p:_s is e~-.::pect ed to be 1: er, a hi 
sulfur roc:o':er.': .' therefore, La:: be expec~·ecl, .-\s 1,:i h t]:e others, 
a batch com·erting process is still r2quir.2:l for the fi:nal metal 
productic.m> thus the bJ.ast furnace has sor::e drm·:backs, 
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Continuous s~1el ting ·- This is a ne 1.·; p1-ocess CUTrently being <le\'elOl!ed 
ti>-=- se\·era·l~co;J}anie.s. Instead of inYolving three sequenti2~1 steps 
as does tra<li~ional smelting, it provides for each step to be 
accoi!~plished in a sp,:;cific :one \·:ithin a single J speciall)- designed 
fn::.·nace. Filot plant te.::,ts on se\·era.l of these syster.1s ha\re been 
successful and coDJ-:>e-rcial pl2.nts 8Te being d0\·eloped. This system 
is designed L:o produ.ce a uniform gas ~.treaf.i \·:ith a high concentration 
cf sulfur oxides. This sys tern shmJ1d al so provide for no re efficient 
heat utili:::ation and thus 01.·erall 10\·:er fue1. 

Slag Disposal: 

Along with the gases and dust produced ;::it the extraction complex, soLd 

~aste (slag1 is also generated. Slag is composed mainly of complex iron 

silicates ""hich \·:hen cooled have a glass--like appearance. TI1e slag can be 

either granulated and stockpiled, or pouTed (\':hile sti11 ;nolten) on the 

land surface \•;/1t-~re it ::olidifies. Slag is bc-~sically an enert material, 

because the riotentially J.ec:~chab1e ions are tied up in the silic2'-tcs, and 

runoff f rorn t~w.s E.' di ar2as should. not be a source of \·:2. ter pol 1 ut ion, 

The main environmental impact of slag is land use. 

Cooling Wate;~s: 

Considerable quantities of cooling ~ater is required in the extraction 

facility, To.ble 6, 2 sh0\,:s rough estimates of these requirements. Tim pyro-

metallurgical alternatives i·:e:re consideTed. If no sulfur oxide and particulate 

Tecovery is assu:-:ied, then for 2J1 extraction facility based on the Gabbro ~"Iodel) 

appl'oximat'ely one to one and one·-half I!1il lion lons of cooling water will 

be requi ed daily. Bo1r;ever, if sulfur ox~. de and particuJ ate recoyery systeri1s 

are added) cooling h'ater requirer:1ents 1·:ill be approximately doubled. 

Elemental Sulfur Disnos&l: 

Elenental sulfur is not solu'!Jle in \·:ater undeT st2,nclci.rd atnospheric 

conditions and thus should not be a sou:-ce of \·;ater pollution. 
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Hyd_!omet~lurgic2l_ Extraction: SeYeTal types of hydrornetallurgical systems are 

being considered in the pilot plant development stages to treat copper sulfide 

ores and concentrates . If suc.ces s fu 1, these processes cou 1d e 1 ir:1ina te air po 1 lu-

tion control problems co:1ipletely. Howen~r, it is possible that they could pro--

duce a ne\\· group of '":atcr pollution proble;:1s. Considerable m~;ounts of \\ater, as 

shm·;n in Table 6. 2, 1dll be reqt1ired in the actual processing of concentrates 

(unlike pyrometallurgical extraction ~here water is prcdoninately used for cool-

ing purposes only). 01ost of this 1 .. -.:iter v.-oulcl probably be recycled. If any w.::i_ter 

\\·ere to be discharged or if recycled through the tailings ba_sin, losse~, of pos-

sibly impure water would have to be controlled. Tailings tl1at ~ould result from 

this pTocess could contain soluble salts and becorne a source of Kater pollution 

during and after the operation. 

The final step in metal processing is refining. If the extraction method 

is hydrometallurgicdl, the probable final product would be refined metal. 

Hm.,,ever, if the !Ttethod is pyrometallurgical, then either the metal would be 

refined else1d1ere by an existing refinery or in a nel'.· refi:1ery in ~1innesota 

(possibly at s orne future date \';hen several 1aines ?Te ope Tat Refining is 

not resource oriented. Refineries are generall)' located close to the market 

or at a site ,.,·here the product must be transferred to a different transportation 

node, such as railroad to lake transpoTt. Therefore, site location could fit 

into a co~urehensive state land use plan. 

There aTe no major enYironmental considerations ci.ssociated with refining> 

ho"·:e·:er, there are soi:1e i:tinor ones that should ~)e evaluated. Refining is 

usually acco:J,Plished in a closed system b;: electrolysis. There should be no 

acid. lesses 2s all acid shciuld be regenerated and rec.;.·clecl. So;~·.e acid r;-iist 

;~lay Tesult during the :nocess tha.t r·:av need controlling. Sr:1all quantities of 



slimes containing precious metals \·;ould probably be ship~;ed to an existing 

facility for custom processing. mate:-ial re~aining afu=r further processing 

>·:ould ul ti1:iately ha\0 e to be disposed of on land. EstimaLed \\'at er Tequirr.::.ments 

are shO\rn in Table 6. :'.. 

TER\Jii\ATIO\ 

Termination in\·olves the renoval of facilities, the stabiliz:::'..tion '..:if 

mi;1ing areas, and r:ontouring and r2vegetation, to pre\'ent air and 1.rnter \)01-· 

lution problems and to return the land to a :state where it can potentially be 

used for sowe other pu.rpose 1·;hen and if the need arises. 

land is not in great der:1andj so that in most cases, this would involve retuTn--

ing the surface to a safe and reasonably natuTal state. \\'11en 1·ec1arriation is 

completed> pollution problems such as dust, erosion) and \.'ateT quality can be 

Thi.s 11'j_ll in sor:-~~3 c ;:is cs> s • 1 
cillU 

soil for revegetation and 'rnter pollution abatement, Locations of tailings 

ba.sins and st:,2!:pile.s must be carefully evaluated. In order Lo rninimi ZB ::he 

po~ential impacts, pl must be initiated s_t the onset of the operation 

rather than jus-c pT~ior to termination, 

The actuc-d termination work res 1_iJ ts in some environmental impact. L::i_rge 

equipment i.·:ill be requi::c2d to remO\'e and dispc1se of facilities. Dust must be 

controlled during this pl1ase. Contouring and revegetation equip2ent and 

supplies raust be d.eliYeTed to the site with periodic 1·:ork required until the 

site is in a suitable condition. Eva1uations should be rr:ade :regarding \\·ater 

quslity in any open pits and unde1·ground 1·;01-kings along \';ith control techniques 

if they are needed. 
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Ancillary opeTations include all the suppoTt requirements of the new mine 

and its esployees. They include pm·,·er supp Ji es and the required transport 

facilities, the various es of transportation equipr:1ent and accesses, e,.-

pans ion of existing or new tm·:nsi tes and satellite industries. 

Probably the major impact associated \·:i.th all of these support operations 

is the increased land use. In most case::; these increased land requirei11ents 

will invoh·e expansion of existing facilities or access and right·-of-h·ays 

to bring fuel supplies, railroads, etc., from the main lines to the neK mine 

si te.s. 

In the gabbro areas where there is knmrn mineralization, it ap~Jea.rs t}1c:_t 

no new toKns 1·:ill be requiTed, hoh·ever, one or more existing towns may have 

to be expanded. In most cases these t01.ms will haYe to provide expanded public 

services, including such items as· police protection, schools, 1·:ateT 2nd se'.\'eT 

facilities, etc. In ;,linnesota) the major portion of the cost of install 

such services has been born by the mining companies. ~~jor consideration 

must be given to the effect on these toi.ms when the mines 3Te closing. These 

can be m1nrna:::ed some',;hat by expanding existing towns, Tather than constn1ction 

of new ones. 

A considerable quantity of raw materials '"'il1 be reqtlired to supply the 

new mines and the ancillary facilities. Some of these 1,\'ill have to be obtained 

locally, such as sand and gravel for construction purposes and if a smelter 

is eventually constructed, limestone will be needed for flux. In acquiriPg 

these materials such h1pacts as material a1:ailability, dust) noise and 

vibrations, and land use should all be considered. Some provisions should also 

be made to de for the rec 1 a:;w. ti on c f the s c are as . Proposed fecieral 

legislatior; on mineland -::_'eclar:1ation includes reclamation as a result of mining 

these industrial minerals. 



Energy requirements are considered in more detail in a later section of 

this er. Initial eval ua t.ion sh·Ji·:s that no ne-. .. · i_:,oh·er p 1 an ts wi l :L be 

required in the e~~Tly stages of greenstone mining 3.}1d probably none \\1ill be 

required for initial gab bro operations. Hm··eyer, if and ,.;he:::! a smelter and 

refin-:::ry is consideTed for :.1innesota> a pO\it'T plant JTi.ght be seTiously 

considered as part of the complex. 

l'·1ajor environmenta} irnpacts associi:Hed , .. ·ith a p01·;e1' plant include: 

paTticu.late and gaseous emissions into the atrno ere, water appropriation 

for cooling purposes and herr:isJ pollution from 1·:ater discharge. 

E'.'~ERCY IRE~~\TS FOR COPPER PRODUCTIO~ 

Energy TequiTcments for mining and benefic:i3_-t:_ing of metals vaTy 111ideJ.y 

depending on the of ore, t11e resulting conceritrc:i.t.es and the technoJ.ogy 

cf th0s~ va~iables, it is difficult to prepaY8 

estimates for the min~mum smelter size that is being assumed in the Gabbro 

hlodel. The follmd.ng e~\.cerpt <lesc]·i-oes trencis ciffecting energy use in the 

copper smelting and refining indus 1 

, 
1CoppeT sme J ting arid refining processe..:; are SLUTEnan.:::: ed 
briefly belm·:. 

Smelting t}'pic::dly consists of rev0rberatC'T·y f\_irn<;,cin::; cmd 
converting. In some cases, roasting precedes these steps 
but roaste-rs have not been installed in some of the ne\·»er 
smelters. The reverberatoTy furnace fueled 1.·:ith oil> gas, 
or pulverized coa1 is the most i •• ;idely used Deans of pro·-
ducing ~atte (35% to ~5~ , although blast furnaces 
fueled by coke i·:erc l.i . .Sed foTmer1y and electric furnaces 
r i:;dly ;:ue pl8.nned for use at three installations. 
A recent estimate c::f energ;.' for smelt 
includes 375 1:«·«h of electric poi,·.-er and 3:2 ,C!OO cubic feet 
of natural gas (or the fueJ. oil equivalent) per ton of 

-------~·-----

1 
St a. n for ;j Re s e?. r ch L1 ti tut e .. 
5t2tes, Offic~ of Science 

United 

er, Lead, Zinc;'' J'c-:c:ific 
'.·la:rket::, \'ol. II, Part 7c,, U. 
Po'.-:cr .'\dninistrcJ.tionj P. 91. 

~;or t 1 n·: c:::: t Econ om i c Bas e Study fol' Power 
S. Dept. of the Interior, Bonneville 
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anode copper. HoheveT, si:1el ting costs and eneTgy use Yary 
widely ir:st2lJation, because of a nrn:-lber of \''-Hiables, 
particu.laTl)' Yariations in the of copper concentrate 
smelted. 

Crude coppe1· is refined to remo\·e ties. !.:,Jst 
coppeT is Tefincd electrolytic deposition of copper from 
anodes onto c2thodes follo'.·:ed by t;·te nel of the cathodes 
in electric aTC: Ol' fue1--iired re1:erb or ~,haft fur-
naces to refine the copper to a rninir:1u;~1 puri of 99. 90%, 
An alternative nethod) fiT r ) entails ftJTnace 
processing on1>·. A recent estiJT12te o:Z energy 
for e 1ectro1 yt:i c inc 1 u cl es 01 S kl-.· h of e 1 e ctr i c 
pm;er and 4, 700 cJbic fee of natural gas (or the fueJ oil 
equivalent) per ton of Tefined copper. 

Energy in sr:1el ting of a ton of anode copper by 
the most Kide1y u::ed p1'oces:: is about 2:,~; .. :; million Btu> and 
the subsequent e1 ectrol::tic refi consurnes an additional 
6.8 million Btu fo:c a total of 40.1 milJion Btu. In 1969, 
the on of copper '1\·as 1, J 3) 000 tons and at 
40 million Btu }W1' ton the total consunrntion \\'OuJ.d 
have been about /'Cl tri 11 ion Btu. This is only an order of 
magnitude estirn2t.e, ho1\·ever> because. there evidently is no 
t)1Jica1 energy u~c fcictor in the copper industry. The 
same estiwating problem exists in reg;:, to t11e recoveTy 
of secondary co_ppcr, h'hi ch can c:;n tcii 1 sme 1 old scrap J 

remelting new scr~1p, and further refining it elcctTo­
lytically or by fiTe 

Changes in tec}niology in the domestic copper industry are 
likely to be substantial d1Jring the next decade in Tesponse 
to ai T pollution control ef foTts. s.~v2-:i:·;:1l ins tal 1 at ions 
reportedly plan tr-' means of electric 
swel ting in tr:; 0£ doubts of sone obseT'Yers that 
pollution co~trol reDents can be met. Electric fur-
naces 1;oulJ Lave a 101·:er E'iWTgy 1::;er tor, of r:-:etal 
output than reverberatory furna_ces becz1_u. e of an aclvan- ,.., 
tage in co~bustion efficiency. Accord to one expeTt,~ 
alternatives to conventional practice that could lead to 
lm·:er smelt costs h'ith irnpro..-ed pollution control 
include (1) sing the re·1'eTberatory step; ( ) flash-
smel t to minimi e the need for con-\·ert ; b> 

1 n g a high gr ad e r1 at t e ( r. a y 6 0 cs c , and (::;) auto ~ 
genous srJel ting using oxygen er~richment of the ccnYerter 

er, Lead, =:inc, 11 Pacific \:::lrt'.1 1.1e.st Eccno~nic Base Stud:-· fo1' Pc 1,.;er '.-Iar\et:s) 
\'ol. II, Part 7c, U. S. 
p. 91. 

t, of t 11e Interior_, Eonnevi1Je l'o·.,:er Adninist=catic};1> 

-L. ~·lilliken, "1\11c.t is the Future of t e 
st> 1970. 
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blast to increase con,·ersion rates and decrease fuel consumption. 
One copper producer ed 1 >' had in•: es ted 1•:ore than S50 
mi 11 i on in a n ea T 1 y co ;:rp 1 c t e d re',· er be rat o ry s ;-:-1 e 1 t er on l y T. o 
cmri1-:-tit a'.:::out S.30 million to the alt2iT1::c1ti\·e flash smelting 
process.'' 

The energy requirernents for copper , srne l t and are 

estimated by A. J. SilYer111an at the Uni1:ersity of 
1 

: lo :1 t a ML to be on the 

order of :=;3 (10 6) BTU/ton of copper metal produced at Anaconda in Butte, 
') 

i"lontana. According to studies by Stanford Resea1·ch Institute'· and OaJ~ Ridge 

. L, ) 1. r· db . , .1 J .\ational aooratory~ , Lns rigure \·;oul 1 e cons1oere(.l .O\·:. Stanford Research 

Institl1te estinates 33.3(106) BTU/ton for smelting and another 6.8(10 6) BTU/ton 

foT refin , or 40.1 (10 6 ) BTU/ton \·;itho··J.t con2,ideTation of the enr::::rgy 

ts for mining cJ.nd mi 11 Oak Ridge :-;at ion a1 Labor 2. gives a 

figure of 46.1(10 6) BTU/ton for 1% sulfide ore and 84.4 (10 6) BTU/ton for 0.3% 

sulfide ore, 

Us Stanford Re:::.eci.rch Institute estimates of the electrical energy 

rements for smelt and refining coppeT> a model smelt and ::cefi 

ion (based on the Gabbro >lodel) producing 62 _,415 tons of copper annua11y 

~ill require 61.8 (10 6) kKh/year of electrical po~er and 2.3 billion cubic 

feet of natura1 This electTica1 energy rec;ui:rer:1en t represents (). 42% of 

:\orthern States Po1·:er If Silverman and 

Oak Ridge \ational es ti mates are con-verted to e 1 ect ri c;:Ll pm.' er 

equi-valent, Silverman's estimate (10,640 kh·h/ton of meta.l) becomes 664 (10 6) 

kv.'h/year \\'hi ch represents 4 .s~:1 of :\orthern States Pm-.'er' s total sales in 1970 

lp . · ersonal Communication to l\'eston Fisher from Arnold J. Sil \·en:1an, 
September 22, 19 2. 

' 'Stanford Research Institute, the United 
St a t e s 0 f f i c e o f Sci e ;1 cc 2,n u ar;·, 

R J_ d :?. e "\at ion l Laboratory , En er t he 
~·----~·"-~~-~~------~-~-----~---~-~·~--~--------

Pro d~Jction and Rec le of '..'.etals e 
page .::i. 
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and - 1.e Oak Ridge ~ational Laborator:· estir::ate for nin and processing 1.0% 

sulfide ore (13)53.2 

5.2% of ~orthern States Po~er 1 s total sales in 1970. 

Using Bureau of Census do. ta, a set of energ;' requirenents can be 

estimated for smelt and (see Table 6. 7). 

electrica1 energy represents 0. ::'.::'~, of XSP 1 s total sales i.n 1970. If the total 

energy used is corl\'ertecl to electrical powe1· equivalent the energ;· required 

1.;oul d be el;· 607 h:h/year or J,,Jc,s of l\SP 1 s otal sales. ThusJ the 

Bureau of Census figur s compa-i.'e reasonably i·:e 1J '"'i th those derived us the 

estimates from Stanfo2."·d Rese2.Tc}1 Institute and Si.l\:erDc:,n, T11e estiI'.1ates are 

sununari:::c-0_ in Table 6. 8. 

For copper, the qual of the mixed ore is dly falling nationally 

(frcnn 49c to considerc:ibly 1ess than 1°.:,) and the use of lei\·: oTes may 

increase total energy expenditures 75%. Significontly highe:c a.nd 

milling es are anti 
1 

RECYCLI\G OF COPPER 

1,rost copper scrap is obtained fTori \·:iri;1g and electrical fixtures resu1t-

ing from electric utili demolitions (34% of obsolete copper scrap), spent 
r) 

cartridges (4%), railroad car diss~ntl (4%) are also sources. 

?\early 65~:. of copper consumed is made into electrical \·:ire ,.,,hich is used 

principall)· in industrial applications, utilities, 2nd motors ~here the 

copper is recovered. Brass mills. 1":hich account for nearly 3~f°c·, of consumption> 

produce industrial products such as boiler condensors, s propelleTs) 

industri.al cocks and faucets, artillery cartridge cases, 2.nd similar products 

that are no:c;-:-ially sal ~:aged. 

l 

7 

Oak Rid;e \2.tional L~.horatoT>., EneTg)· endi tures As.soci 
du c t ion a ;t:l 1 e o ~· i et al '.":'.. _, 0 R\ L - '.·!IT - 1 3 :? , 2 6 , l 9 ;· l , 

ed 1 .. :i th the Pro­
Tc:.b le 1 3 page ::i. 

~U. S. EP:\> SalY >'.c1r}.:2t for \1r1 r~rials in Solid \·;,::,.ste Ff!" D 63 
-~---~~--~-·-·---~--·~----~---~----~----·--------~-~-~·-------~·- - 1~, ~. '. 
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Table 6. 7 Estir:1ate of Energ>· Requirements 

Based on Bureau of Census Data 

Gabbro :,.:odel 62> 5 tons of c a:c 

Total U. S. coppsr f'rctn copps ·refiners in 1966 
1 _,353 Jooo 

Fuel 2.nd pu·;er Total fuels and Dm.·,~~r 

consumed =Ln ccpp:::r 
and 

for a sr;1eJ. -cer and refinerr 
based on the Gab bro 0lode 1 

Coal 1 ;700 tons 7,360 tons 

Coke 12;800 tonb tons 

Fuel Oil 1J574.) 900 bE:,r:ce1s ?J Joco barrels 

Distil1ate 120;900 be.:cre1'3 5,600 ba :r:csls 

Eesid.115.l 1) )000 barrels 67 ~ ~00 })3rreJ s 

Gas 26.)306 million 1 ;210 rnil1ion 
cu. ft. cu. ft. 

Purchased Electric 859.8 mi Hi on Kwh· ~o million K1.·»h 

Tots.l Us1~d for 60'/ rnilli. on Kwh 
Heat and P m1e r 

l. U. S. Bureau cf Hines, 1vfineral Facts Yearbool".: 

2. U. S. Census of Hanufacturers _, 1967> 33--C-.32 
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Table 6.8 

(annual 

Estimated annual 
electrical ener~~:: 

requirements foT 
sme1ting and 
(l(Kh/rear) 

Estimated :_.umual 
energy rernents 
in eJectrical pm.'er 
equivalent for smelt­
ing and 
Ckwh/year) 

Total es tirna ted c!.imual 
eneruy o. 

electrical pm·;er 
valent for ~ininz, 
smelting and re 
(k\"'11/year) 

of Estimated ET'.ergy Requirenents 
Based on the Gabbro ~~del 

Stanford Arnold 
Research Institute SilYer;:c=u 

(b<.e.S ed on n1 
Su.l fide Ore 

Bu:c:::-a~l 

of 
CeJlsus 

·----~----------



Small and large household applicances are the only significant source of 

copper in municipal 1·:aste;. Recovery of scrap from this source 1·:ould require 

that the stripping 8nci collection be subsiJ.i:ed J_n sor:ie 1rny. Thus, much of it 

present!)· finds iL:; hay into municipal ,.,-aste syste1-:-1s d te the hi value 

of copper 1 as scrap. 

The energy for recycl is considcrabl:' 1ess than for pro-

duction from virgjn ore, l\'her0as the requ:i1·e111ent for copper from l ,0% sulfide 

6 
ore is giYen by OR\L at 46.~~ (10 ) BTU/ton; the rernents for recycling of 

98% pure copper scrap is on 
(:._ 

2.0 (lOu) BTU/ton 2.nd foT copper sci··ap 

S ~ c 106' I, 2 ~ • .::i J BTU1 con. 

Tab le 6. 9 shm\·s copper scTap as a pc:rcent of total for th'e 

years 1963 tJuough 1967. A moTe detai1ed b:re3kdm\·n of 1967 con is 

shm·:n in Table 6.10. Indus tTial 11 i.s co:;:iper that is ci rcula 

within the actual copper indu_s te:rs, Jefineries, etc,) , 

11 Seconda rr Indus tTi al 11 is copper that is circulating the other 

sectors of the industrial complex. 

that has been actmd1/ used and is being rec.\·cled :fen' additionaJ use. 

Potential , 75% of copper is abl E. This includes primary 

and secondary industrial scrap. 

1u. S, EPA., :.1arket.s :for ~·late:cials in Solid 1·;2ste 1972 1 p. 63. 

') 

-Bravard, J. C. and Portal) 

e > pf 5, 

.3n ' T C d t>raYarn, u • • an .i Portal> 
Produc ic)n and 

] ) p~i 4 t 



Table 6.9 

~" 
in the 1963-1%7 Period 

(thousands of tons) 

1963 1964 1965 1966 1967 

Recycled Scrap 1)360 1,513 1 
..... i .-~ r- 1,868 1,541 

-' 
/ c) ,") 

Copper Cons ion 25573 2' 779 ";! q -) l 
~ '~ '- ~ 3_.200 2,913 

Scrap as 52.9 5l1 4 S9. Li 53.4 52.9 

of total 

* :\ 1 a r Le ts for > ! 2. t er i s. l s on So 1 id. 



T<J_b1c G .10 

* Data Surnm::lry of 1~)67 Consumption of Copper 

~rnds of tow~) 

Tota I Cons ion VaJuc in :);/ton led s_~~~~P 

Pr i rn;1 Imh1s trj ;t l Second.':! 

2 ·'~Ii:; 7() 11 94 

lie a 1er 1 s BuviiW P Li cc for Sc ran $/ton 
-~·~-------------------------~--\·----

380-920 

Sc :1:-; r:, 0 r C:on:-; ti on 52.9 

'.·-',cr-:1 as ':, of C:ons ion Exclu.cLi Industrial Scrcl 'I') Q 
L.1-. u 

7oc . u:.:> 

Industrial Obsolete Total 

(i():-.:'. ] '5,11 

,,,. l~cv is T:1hJc frmn ll. S, 1:1 11\, Salvage Markets fer ~:btcri:;_ls :in Solid lfastc, 1972, Tah1c 110, p. ()tt-2. 

0\ 
I 
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ECQT~GICAL I~\~~TORY 

If a pro:tJosed JJining project is to be reDTesentatiYe of the 

actual mining operation, the eirvironmental consideTations rn1st be in-

corporated into the initid feasibility studies. In a paper given at the 

~'~atural Resources Envirorn-:iental Lai,- Institute spoi!sored by T:-1e Rocky 

l\1ount.ain 1·lineral Len"' Founda~cion, Dr. Beatrice E. \';illard discussed the 

collection of ecol cal information and its use in deteTni ning the erwiron-~ 

mental impacts of a proposed project. 

\·;hici1 bTiefly discusses the essential 

11 I. Introduction 

Following is an outline of this talk 

1 
steps. 

So t11at \\'e \·:ill all connence from the sarrre basi.s, let me define 
thr-ee teTms: 

1. Environnent - the total complex of 
ct OTS n ;:my g1 Vf'll ~ -i -J-.p -

ce.1 and chemical 

zab1e s of the lan<lscape that is 
geneous and discTcte £-:corn other se s, An 

ec:osystc:-:·1 :'..s c01:1~osed of three c.iiViTo~-u"c11t factoTs, 
organisms) and the dync:u~1ics -- the interactions --- the processes 
that operate among them. It is a sys tern, one that is far 
more coErp 1 ex t:1 an aT1y made by F10..r1. 

.) ' -- the science that studies the eco.sy~::tern; ecology is 
not itself o:c its 

II. \\·hat ecological infonnation is needed in pre~~aring an EnYironrnental 
t Statement? 

Unless \\7 8 kno\\' v:hat is on a site, in all seaso;is of the year; i,;e 
cannot ansh·er the five basic questions in the CEQ gld.delincs, All 
eco cal i r1f orr;::J ti on is necessary, but s orne is no Te \'al uab le an 
moTe applicable on the situation. )J1d 1J:uch of the infor·--
mation has not ;·et been gathered. 

1 . . 1 d \'.il_ar ~ Beatrice E.) 
::i.ct StateT:1ents' 1 

Den\·c::r, CoJorsdo, 

InforDation Xecded F8r Environ~ental 
Eil\'j_ronr:tenJ;::a1 La',; In:::: tutc 



There are se\·en basic pTi:r.ciples of ecology that ass]st in deter­
mining irn?acts: 

1. Ever\·thinr: affects e•:er\·thing else. .\1 1·;e cannot vie'.'.· 
the e-nti~'e net\·:o1T:-a11.d affj~C-S~--f~mc.tionins nm; 

3 
all data point to 

this principle. 

2 . A 11 1 iv in 1rn v e n i ch es that are in e cos>· s t e r:1 s . :\ i ch es 
are ro es; an em is cor:tposed of the interlocking roles of 
its plants and ar:.ir-1:3.ls and nan. But> \':hite rnan ha::. not quite 
found his true role in · 1·:i th t~:e other species. 

recycle in ecosys te:--:1s but ensrgy flohs in 
capac:::. hith ;·,·aste s of one 

organisms aTe cc resource for another. Pol1uti(..1fl can be reduced 
by applying this ciple. 

one or more environr1:ental factor. 
quantitatively> the 111eaning of 11 si 

is that all org::i.nisms are 
m2~ximurn or minimum in 
these aie }~nm;n 

t is knO\·:n. 

5. Each ecos of producers for 
consuncrs. 
cap aci ) a 

6. AU cs u11ti 1 reach 
~-~---·----~------~---···--------~----~-----~--~-----·---~-~--~·-····~~-------~~---a stage 
Alteration of 
and is leS.'1 

7. T1w more 
diversi in 
stabili 111 

f;:rrnanen t. 
l-:!UCh J110T8 ly 

ng than in pe1'rn2cr1p11·1- ones. 

s ;)eci al i z a ti on 
the ecosystem.: 
thr-· ~::cosysteE·:. 

of or sm in an er:osysteu, the more 
the T'.H.!Te diYersi , the 1~10Te 

Alteration that reduced diveTsity; 
decreases stabil 

The bas i c c i p 1 e :=:. of e co l o gy a pp J y but one needs 
data to l~nO\\' the ita.ti\·e. and quantj_tati\·e a~'lp1icat ons. For 
e=\.aD})le_, the arnount of i\'ity is very differeilt bet\\'een the 
alpine tundra of >lt. Evans and the i:ieadcJ\·.:s of South Park. The 
det:;ree of diffe:rence \dll deten:iine ho1"· JJ12ny sheep Cl' deer can 
be successfulJ)· maintained on either ecos;: ter:-i 1·;hiJ.e still 
ke that eco·::ystem vicible. The.3e princi:JJes foT;-;; valuable 
guideposts in estc-:..D1ishing threshold Yalues in t stater-:ents, 

\\.i th these Jes in rnind) these are the s in data 

1. Pre 1 irnin of the area under consideTation by 
the EIS. This step is vi ta1} 

for t ru1y valid EIS \·:i thou t 

a· 
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2. 

seeing the pro?erty. On-site inspection des ru1 ted 
vie' .. : of the p:~:·s i C.8. l , cher:1i cal , and bi o logical 
the ecosyste1~L \one of th::::se £2.ctors operate alone; thereforeJ 
airnlysis of in;iact on the f:1c:tors ha.s to be from a s;·ster:is 

The trained ecolo st has geared his thinking to this approac1t 
o 1: er ye a rs o f s tu cl>- of e cos;: s tens i n action , 

A.n e of hm.· the untrained eye in s ecosystems comes 
:frorn the AEC. Just after \\·or1cl \ ·; 8 1 · II _, one o I the F :r~ ion 1 s 
top ecolo s '.·:as visiting one 
numerous dead trees closs to the 
He has told 11 I'~ 's been an cxce 

cf the. reactor sites. H.:: noted 
ant and asked about theD. 
1 ~: 

g. 11 But he had al percei --:ed t> at the site \·:as 011 the 
north- slope -- s the no:r-e 1~·1oist in the >~orthern 
Her:1i and that t-r·ees on the south-·facing slope here 
heal th:·:. His was Hl t e g all he kn e1,,' of en\'i ron ·-
r:1en t) organisns) and proce:::sc::s to cosc up with a different 
aJ1s 1;er: th at radiation ab had Li 11 eJ these trees. 
Thi s ob s e r vat i on. 1 e cl hi n1 to ~Jr op o s e a h i g h 1 y s ti cat e cl 
ccolo cal research progTaEl :for the ;\.EC, \\'hich has been in 
O}Jeration neaTl:-· 20 ye~us. 

On-site inspection 
pToposed <level 
needed. 

needs to be 
to idcnti 

couple cl 
i.·:hat es of <lat~ ~ill be 

t l~e 

th and current 
app 

\·;hat is in company files, 
pTojects of Jocal natural his 

use o .some ms.t 
listing them during s 

g 12cY\'ernr;12nt agencies) revie\·:·­
publislic:d liteTatu:re;. eyc:n pet 

clubs. 

et in 6~.) > or s 1 v tly 
A check1ist or rnatrix he s 

a1.·oid over1ookin~; sori1e facuns. This sten to·~~ether i.·:ith 
ider<tifies c:ueas i·:here 3.dditional i;'\fo:ri:tation is needed. 

4. ise in \'a 1_'ious facets of 
This team \\'ill: 

a) revie,,.; existing data) evaluate and an ze it in 1 of 
the ven project; 

b) conduct addj tional field \WrL to augDent data in deficient 
factors; 

c) identi and describe the ecolo cal processe.:; operating on 
the site; 

d) predict CtS that \·:ill Tesult to ors_;ariis;:1s> environment 
factors, 2n.o ecol c0_l proce ses because of the project, 
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The team approach is essential, because the :Jperation of an ecosystem 
is so ·vast and cor;1plex> it is very difficult for an;.' single individual 
to knm~· e\·eryth ing about it. Even in regard to the one I know 
intinately -- the alpine tundra -- at times, I seek the advice of 
other expeTts to augment my Oi'.'n understanding. I ask soil scientists 
questions about rate of soil foTmation, its composition, its micro­
organisms; :oologists about behavioT, age> :feeding habits of animals; 
etc. 

Such a tean 1·:ill have the fol1owing disciplines Tepresented -- some­
times several by one individual: 

1. 
2. 
3. 
4. 
5. 
6. 

Climatology 7. 
Hydrn logy 8. 
Geology 9. 
Soil science 10. 
Plant ecology 11. 
;V1imal ecology - often severa1 \·lith 12. 
expertise on different groups of 
animals -- there are nearly 2 million 
animals, so one person cannot master 
the entire field. 

Water quality 
Recreation 
Scenic resources analrsis 
Archeology and history 
Political science 
Environrnenta1 design 

Depending on the site, the:re may be more or less importance given to 
each discipline. But all are needed on each analysis, And sometimes 
there is need for these additional disciplines: 

plant and animal pathology 
noise pollution 
l?dJ nlogy 

cultural anthropology 
economics 
soc-Lo logy 

Data collection needs to go through a single seasonal cycle} if at all 
possible. Some organisms are only present part of the year. Some ke)· 
processes operate only part of the yeaT ~- so1ne may only opeTate once 
in S or 10 years, but it is unreasonable to expect an im'entory study 
to continue that long at this point in time. This fact does indicate 
that •,:e need much more continuous noni toring of ecosys terns and much r;1ore 
indepth ecosystem investigations than are now bc:ing conducted in our 
i\ation. 

5. Presentation of data in a form useful to determination of impact: The 
in\'entory data can be stored on computer tape in such a \.,'ay that oYer­
lay metps can be produced. Or such maps can be made manuall;'. Verbal 
descriptions need to accor;rpany conputeri:ed or o\'erla;.r infornation. 
After the d:tta are recorded,· they are ready for Hnalysis of in1pact 
occasioned by a specific development. This is best done by the in­
vestigators \·;ho gathered and analy::::ecl the data. 

"Si ficance" c2~n be defined ecologically as being outside the limiting 
factors or carrying capsci ty of th cosystem. It can also be defined 
as reducir:g the ecos:'stcrn to 
t}1ousa.ri.lJ.::. of ':ears to rE:cover. 

'3TiSitor;: stage \:here it takes 
tl1 es e guidelines hai:e to be 
tion of the ecosysten. 



In order to help provide an overall basis for detailed ecological sur\·eys 

in 1·1innesota, regional information was collected an<l led coYering the 

follmdng nine subject areas: 

1. 
2. 
3. 
4. 
5. 

Soil Types 
Depth of Overburden 
Forest Types 
h~ater Resources 
Geology 

6. 
7 
I• 

8. 

9. 

~lineral Resources 
;,Jineral Lease . .\Teas 
Potential Sites and Features 
(Historic and Scenic) 
St ate and Federal l·lan8gernent 

Areas 

TI1ese maps are available for revie~ at the Depart~~nt of Natural Resources' 

office. Because of the varied environment of :;orther1 >linnesota and the 

tremendously varied environmental impacts, there is need to establish a st-:cong 

pre-operational monitoring program in each area as deposits a1e discovered. 

To elate, the only area that is knovn to contain significant mineral resources 

is located bet\veen Ely and Hoyt Lakes in the gabbro foTn:ation (See Chapter 2) 

Figure 

es. 
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REGULATORY AUTHO'.-<.ITY FOR STATE E\\'IRO\:•lE\T.U COJ\TROL 

There are t\.;o State Agencies, Pollution Control Agency and Department of 

~<atural Resources, that share the pTir.:ary aut.hori ty for e1wironmenta 1 contro 1 

in ~linnesota. In addition the Counties are primarily responsible for land use, 

through their respective zoning ordinances. 

The >linnesota Pollution Control ;1.gency (\!PCA) \ms created in 1967 "to i:1eet 

the variety and complexity of problems relating to 1rnter, air and land pollution 

in the areas of the state affected thereby, and to achie\'e a reasonable degree 

of purity of \·:ater> air and land resources of the state: consistent 1 .. 'ith the 

maximum enj oyrnent and use thereof, in furtherance of the v:elfare of the people 

of the state11 .i 

The Department of Natural Resources (D~R) was originally established in 1931 

as the Department of Conservation. The Department of Katural Resoilrces through 

its comnnssioner 11 shal1 have ch;:nge and control of alJ the public J.ands, parks, 

timber, h·aters> minerals and \dld animals of the state and of the use_, sale, 

leasing or other disposition thereof, and of.all records pertaining to the per-

formance of his functions TeJ.atirig there to". 2 

In general the commissioner is given 11 c11<=trge and control O\'er the waters of 

the state and of their use> sale_, leasing or othe:r disposition.11
• :.lore specifically 

he has the p01~1 er to devise and develop a general water resources conservation pro-

gram for the states which shall contemplate the conservation, allocation and elev-

elopment of all the ~aters of the state, surface and ground~ater, for the best 

inteTests of the people.3 

-----------·----

l>linnesot a Statutes 1971, Section 84.02/' 

2:1!innesota Statutes 1971, Section 8..f. 0:21) Subd. 2 

3\linnesota St0tutes l 0 "71 Section 105. ::;o 1..~ I .J.. 
J 
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The Department has also beea given jurisdiction and responsibility to 

promote and regulate the exploration and extraction of state-owned minerals. 

The '.\linerals Section of the Di\'ision of \\·aters, Soils and Minerals acts as 

agent for the public schools, the Universit)' and the Department in leasing 

and adDinistering of state-m..ned mine1'al rights. They also act as agents 

for the counties a.nd local taxing districts in leasing and administering the 

millions of acres of mineral rights acquired through tax forfeiture. This 

policy of promotion and regulation has been summed up in the 1969 Minela.nd 

Reclamation~ Actl which covers a11 lands h'ithin the state as follows: 

"DECLARATIO:\ OF POLICY. In recognition of the effects of mining upon 

the enviTonment, it is heTeby declared to be the policy of this state to 

provide for the reclamationof ~ertain lands hereafter subjected to the mining 

of metallic minerals Khere such reclamation is necessary, both in the interest 

of the general Helfai-e and as an exercise of the police power of the state) to 

control possible adYerse environmental effects of mining, to preserve the natural 

resources> and to encourage the planning of futu1·e land utilization; while at 

the same time promoting the orderly development of mining, the encouragement 

of good mining practices, and Hie recognition and identification of the 

beneficial aspects of r:1ining 11
• 2 

h'ater Resources: The primary respr)nsibli ty of the Department of .:\atural Resources 

in regard to water resources rnanagenent in the state is to provide for the wise 

use and development of the Kater resources of the state in the best interests of 

the people of the state and to pTotect ·the public heal th> safety and welfaTe, In 

1'..Jinnesota Statutes 1971, Sections 93.4-:1--93. 51 

1 

.:.;.Jinnesota Statutes 1971) Section 93.4.+ 



furtherance of these objectives, the legislature declared that the state 

sh al 1 control the appropriation and use of \\'aters of the state, both sur-

face and underground.I 

Supplementary a:.1d complernentary to this policy is the policy relating 

to control of activi-cies in public \·:aters \d1ich provides that all 1·:aters 

in streams and lakes within the state, \·:hi ch are capable of substantial 

beneficial public use, a.Te public 1·:ater subject to control by the state. 

This policy further states that the public character of the \"'aters shall 

not be determined by the ownership of underlying, oveTlying or surrounding 

land or on the case law test of navigability of the lake or strearn.1 

1\'ithin this policy fTaJ11ework) the Commissioner of i'-Jatural Resources is 

authorized to administer a regulatory program to control the appropriation 

? 
and use of irnters of the state~· and any changes in ri1e course, current or 

cross-section of public \\~aters. 3 

Water Appropriation and Use: 

The present 1aw provides that 11 It shall be unlcn·;ful for the state, any 

person_, partnership or association, pri\'ate or public corporation> county, 

rnuni cipali ty or political sub di -vision of the state> to appropTiate or use, 

any waters of the state, surface or underground without a written permit from 

the Cowmissioner 11
• 2 Other provisions relating to i·:ateT appropriation and use 

require measuring and submission of \·:at.er use records and general information 

') 

on the location, tn)e and characteristics of any 1,.,,ater use system.'-

1~·1innesota Statutes 1971, Section 105 .38 

. ., 
"·>linnesota Statutes 19 71) Se::tion 105.41 

sot a Statutes J. 971 J S2ction 103 . :~ 2 
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Ch~-,ges in the Course, Cu.Trent or Cross-Section of Public haters: 

Present la1 
.. :s provide that it shall be unla\d\11 to construct, reconstruct, 

remo1. .. e or abandon, or r:-1ake any change in any reservoir, dara or \\'aten,'_8-Y ob-

struction in any public \..-ater or to change or diminish the course, current, or 

cross-section of any public Katers, 1d10lly or partly \·;ithin the state, v;ithout 

a written permit from the Commissioner of \atural Resources. 1 

Permit Considerations: 

The statutes provide specific procedures for: applications for permits; 

issuing permits and order relating to the permits, time limits of permits, 

2 7 
appeals from Commissioner's determinations, violations, and enforcer:1ent. ,) 

There aTe seveTal portions of the statutes \·:hich contain specific con-

siderations and provisions relating to mining. 

ing and concentratio~ 

of taconite and the mining, production and beneficiation of copper, copper-

nickel and nickel shall be irrevocable fer the term specified in the permit Khen 

issued unless the peTJnittee consents or unless there is a breach or non-per -

formance of any conditions of the permit.4 

One section of the peTJni t was specifically designed to establish pro-

cedm.--es and guide.lines for relating the general perrni t la1·;s to the drainage, 

diversion or control of Kater resources to facilitate mining. 

l:·.]innesota Statutes 1971 > Section 105, 4:2 

::>\linnesota Statures 1071) Sections lOS.4~--105.47 

3~.\innesota Statutes 1971 > Sections 105. 54 and 1C3. SS 

4:,Jinnesota Statutes 19 7J > Section 105. 46 
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Drainage Di version 01· Control of 1•:ater to Facilitate ;,lining: 

The Com.missiorn:~r of ConserYation is perr:;itted by statute to grant permits 

for the dr~inage, diversion, control oi use of Katers when necessary for mining. 

In 1949, the legislatul'e granted the Co;;;iJissioner such prn·:ers as they related 

to the mining of iron ore and taconite. In 1967, the J.egislature expanded this 

permit power to copper, copper-nickel, and nickel mining. Permits may be granted 

under this statute upon the following deteTmination by the Commissioner: 

1. That the proposed drainage, diYersion, control or use \·;ill be 

necessaTy for the mining of substantial deposits> and that no 

other feasible and economical method therefore is reasonably 

available. 

2. That the proposed drainage, d:i.YeTsion, etc. h"il1 not substantially 

impair the interests. of the pub lie in lands or h'aters except as 

authorized in the permit. 

3. That the proposed mining operations v:ill be in the pu1ic interest .1 

Other pTovisions of this statute relate'to acquisition. of rights and 

easements, terms of permits, and specific conditions relating to the modification, 

cancellation or .su:;pension of permits. ..-\11 uf the provisions in this section 

arnplify the law as it relates to mining and compliment or supplement the existing 

b 2 asic permit laws 

Environ~ental Aspects of Permits: 

The various m1_ning activities requiTe that large amounts of \·:ater must be 

l'_·.fii·nnesota .~t.c0 tl1I'e<::, io·7 1 Sect·1'nn lr\~ E4 - - CL - ~11' '-~~· U::>.I 

2:rinnesota Statutes 1971. Section 105. 41-105. SS 



handled and used ranging from drainage of mining areas to transporting of 

nateTials to actual processing. The State of >linnesota policy is to con-

serve \·:ater resources of the state t}uough a program of wise use and dev-

elopr:1ent which \dll seek to preserve these resources from loss, injury and 

violations. The state should ensure, insofar as is reasonable and practical, 

that any proposed mining activity will be adjusted to conform to the resource 

and its capabilities and will minimize encroachment, change and damage to 

the resources. Since many mining acti 1ri ties require major changes in the 

resources there mµst be provision for making adjustments or compensations 

which will alleviate the detrimental aspects. 

Activities \·;hich might significantly affect the quality of the envir-onme:1t 

must be carefully assessed in regard to: 

l. The changes in the water and adjacent Lrnd environment Khich 

could be anticipated as a result of th8 proposed activity. 

2. An analysis of all possible detTirnental or unavoidable effects 

\\'hich h'ould most likely occur if the activity v:ere peTmittecl. 

3. A comparison of inrrnediate benefits or detriments V11 ith possible 

future (long term) benefits or detri~ents. 

4. The i:rreversible and irretrievable cor::rnittr;tents of 1.·:ater 

resources 1.d1.ich 1.rnuld be involved. 

5. Consideration of all possible alternatives to the proposed action. 

The state ager:.cie.s have many ex~sting progr2_rns \d1ich P1USt also be considered 

in the evaluation process. For example, in considering permit applications for 

mining ac'ci vi tes e Commissioner of :;atural ResouTces h'ill be guided by assuring 

that the proposed activities are ' ' reasonao ..L}' coi:;patible '.·:ith the goals and ob-

jectives of 'other existing natural resources r::an 



1. Flood P 1 ain :,\anagement 

2. Shore land !'-!anagement 

3. i\·a ter Surface Use >lanagement 

4. Game and Fish ~'Ianagement 

5. Fores try and Land :.1anagernent 

6. Recreation '.11anagement 

In granting pernits foT mining activities the Commissioner of ?\atural 

Resources may impose any conditions he deems necessary to protect the public 

interest. In general the Department of r\:atural Resources recommends maximum 

development and utilization of underground \·:ater· supplies fTom existing mine 

pi ts and swnps in preference to creation of surface reservoiTs. A recent. 

permit issued for a taconite processing operation contained the following 

specific conditions: 

1. Conserve, recover, and reuse as much water as possible. 

2. Reclaim for use any water from open pits located in the area of 

the plant. 
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3. Provide a specified minimum water flow beJ.rn,· any in1pounded water supply. 

4. Prepare and carry out a manager11ent plan for present and p:rnposed 

future use of the 2.r-ea i n1.·o l vi ng fish, ,,·i 1d1 if e J and the environ­

rnent, 

5. Reimburse the State for stocking h'i th fish any disrupted lakes. 

6. Provide and maintain public access to natural lakes and proposed 

reservoirs. 

7. ~1 1ake available, \·;here practical, land for public hunting and 

fishing. 



8. Revegetate tailings basins to mininize wind and water erosion. 

9. Restore the watershed, in those areas where tailings basins 

become peTJmrnently inactive, to the con¢ition (similar rate and 

direction cf ,,·ater flm·.·) Khich existed prior to the basins con-

struction. 

10. Post a perfornance bond for assurance of tailings basin restoration. 

11. Comp 1d th all Federal and State la',\·s and regulations. 

12. Construct facilities (dams, v.·ater \\·ays> pur,1ping stations, tailings 

basins, etc.) to the specifications listed in the company's applica­

tion for pennit. 

Ships tead-:~eKton-i\o lan La·.·.': 

Should base metc:d development be considered in the gabbro complex of 

NoTtheastern i·rinnesota.; }18Tt of the suTfac:e 2.r~3. 1:;·ill be su1.:::jsct tc jtn~i::.c~icticn'i. 

under the Shipstead-?\ewton-:';olan :-\ct (Figure 6a). This act was passed in 1930 

by the Congi''?ss of the United States to ''p:tomot.J the better protectiun d.i!d 

highest public use of lands 11 in an area of ?\ orthern >hnnesota. Specifically the 

act provides for the preseTvation of shoTelines, rapids> beaches> and other 

natura] features of tl1e region by not allowing any further alteration of the 

natural 1.rnter leYels 1·.·i th out specific authori 

the Congress of the United States. 1 

Little Shipstead-\e'.·;ton-~folan .-'\ct: 

for granting authorization from 

Legislation complimentary to the Federal Act ~as passed by the state leg-

1Act of Congress of July 10> 1930 (Chapter SSO) 
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islature in 1933 in the form of the Little Shipstead-~e~ton-\olan Act. 1 The 

State Act encorn_passes the same lands and provides for essentially the same 

types of pTeservation as the Federal Act although in sorne details it seems to 

be more specific. In 1967 the Little Shipstead-\eKton-->Jolan :\ct \\'as amended to 

allm·: for the use of \rnters in a limited portion of the aTea for the mining, 

and processing of coppeT, copper-nickel, or nickel ores under the following 

conditions and restrictions: 

1. A permit or permits for the use of such waters should be first ob­

tained from the Commissioner of Conservatio11 (now Commissioner of 

Xatural Resources) under :\1innesota Statutes 1965, Chapter 105, so 

far as applicable, and tmder any other app1icab1e 1ai.,·s; 

2. All water \·;ithdrmrn from said 1ake and said Tiver in connection 

\\'ith said operations except such 8S r:1ay be lost by ev ion 

or as is contained in the concentrates produced shalJ be returned 

to the drainage basin from \ .. ~hi ch taken in confoT111i ty \·;i th the 

water quality standards for the affected \rnter systen1s 1·;hich shall 

have been established by the \·:ater pollution control commission or 

other properly constituted state pollution control agency (nO\': 

~linnesota Pollution Control Agency) having jurisdiction thereof; 

3. A permit shall have first been obtained from the ~ater pollution 

control com~ission (no~ ~linnesota Pollution Control Agency) under 

~1 linnesota Statutes 19SS, Chapter 115, insofar as applicable and 

under other applicable la~s for the construction, operation and 

1 ~-ii n n es o t a St at u t es 19 71 , Section 110 . 13 
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r:-1aintenance of disposal systems in connection id th such operations; 

and 

4. \o lands m·:ned by the state shalJ be flooded or othen:ise affected 

thereby \·;it110ut permit, license> or lease for such purpose having 

first been obtained fro~ the con~issioner. The granting of such 

p e :n:1 its , 1 i c ens es , and 1 ea s es is hereby author i zed . 

h·ater Pollution: 

As previously mentioned the '..JPCA has broad autho:ri ty to regulate water 

pollution w1der two separate acts. Under the State ~ater Pollution Control 

Act 1 , the \lPCA was authorized to establish po 11 uti on .c"" tandaJ~ds for aJ.1 s ur-

face and underground accu.mulation of water in the state depending on their 

present or potential 

·v:as tes, 

2 use. :.1PCA 1 s jurisdiction extends to sewage) industrial 

in the state. 3 ;,\PCA rnay also ordeT discontinuance of the discharge of any 

waste which exceeds the applicable standards: fhe agency may require per-

rnits for any discha:rge of \·:astes or for any disposal system. 4 Under the 

1963 ~'-!unicipal 1\'ateT Pollution Control Act, the Pollution Control ,\gency 

was given the authori to clas~:i the l«'aters of the state· 11 in accordance 

h'i th cons id era ti ons of best ·us age in the in tr::res ts of the public, 11 then to 

adopt standards of purity and quality for each classification. 5 

l'_,fi1111e::o7', C:t·at-u"f'::O:C: lC)l',".'J_, C'--r··-'-i'cr' JlC: 01 QO Tn1r }'"' , . ...,.~ enncte--1 i'1·1 }C\,-,I and • ~.. • _:, - _, ,_ ._. .., , __ • _ ,_> t.' ~- L i l, __ ~' , • - , .c • n - -' .. ~i.'1', ,', c1.:::. c.:. U -· 0 "r J 

ad;:-iinistered by the '1·:ater Pollution ContTol Com:1ission. ;\l1en :.J:PCA 1·:as created 
in 1967, it too}: over the duties of the Cor.Fiission. See :·linnesota Statm:es 1971 .. 
Section 116 02, Subd. 5. 

2~\linne s ota Statutes 19 71 > Section 115 . 03) Subd. 1 

3• li nne s ota Statutes 19-1 
' 

Section l l --~ ,,_;::, . 01 
' 

Subd 2-.:+ 

~· iinnesota Statutes u-.:1 Section 11.3 o::. SL:1:d 1 ~ 

J ' - J 
'-'~ 

sot a Statutes 1971 
' 

Section 1J5 4·+ J Su'='d. I <-, 4 
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~WC:\ appears to have the authority to indirectly impose certain land 

use controls relating to \:ater pollution under these tl..-o provisions. Some 

land uses can clearly be regulat.cd--such as storage of \•:astes that might 

es -ap 0 :n~o r.d oll te at rs of: ~L 1i1e ~·c-~LL.e. 1 
L '-' .i L a L p .. u \'.' e - ~ -- In c. lass i fying \'.'a teTs of the 

state, :.1PCA may also consider, among other things, 11 the character of the 

district bordering said ~aters and its peculiar suitabili for particular 

uses, and \•;i th a view to conser\'ing the value of the same and encouraging 

the most appropriate use of Jands bordering said \'.'aters, for residential, 

/ 
agricultuTal, industrial_, or recreational use . 11 '"" Hm;eveT) in exeTcising 

its pO\ .. 'eTs, \1PCA is directed to consider the operation and expansion of 

business and industry> and otheT rnatters affecting the llfeasibili and 

practicali 1 of its actions> including their effect on nn1nicipal tax bases.3 

Existing i.rnter cla'.:.sifications applicable to the Boundc:J.Ty \'.'aters Canoe 

Area are \•;pc 14, 15> 23, 25, 26-, and 27. 

The sta:1dards and classifications undeT \\-PC 15 
and 25 cu.rrent apply Lu ~}g:; folJ. ohing \rnters: 

\\'aters Classification 

St. Loui .s C otff1 

Little \'ermillion Lake lB, 2B 

Loon Ri \'er lB, 2B 

Loon Lake lB, 2B 

Lac Lacroix lB> 2B 

Bottle RiYer lB, 2B 

Iron Lake lB, 2B 

Crooked lake lB, 2B 

L\linnesota Statutes 1971 > Section 11::; -+ :.=> > Subd 3 (1) 

nncsotc"!. Statutes 19 71 .Section 1 1 - -1.+ J s u.bd. .) (b) > -'- .) 

~'>linnesota Statutes 19 71 > Section 115 ,j ~) 
' 

Subd 1 



Classification 

Lake County ------· 

Bassv;ood Ri Yer J.B, 2B 

Bas S\·;ood Lake lB, 2B 

Pipestone Bay lB, 2B 

lB, 2B 

Fall Lake lB) 2B 

Km·:ishiwi Ri Yer (source to Fa11 Lake) lB, 2B, 3B 

Sucker Lake lB, 2B 

Birch Lake lB> 2B 

Carp Lake lR, 2B 

~le lon Lake lB, 2B 

Seed Lake 1B, 2B 

Knife Lake lB, 2B 

Litt le Knife Lake lB,. 2B 

Cypress Lake lB, 2B 

S\v c..mp Lake lB, 2B 

Sag2 naga Lake lB, 2B 

i11ardboorf La}:e lB, 2B 

Oneiss Lake lB, 2B 

Granite RiYer lB, 2B 

Pine Ri-ver lB, 2B 

Rose Lake lB, 2B 

RoYe Lake lB; '11' 
t~ D 

1 B, 2B 



h'aters Classif:i cation 

Cook Count;.' cont.' d 

~·fountain Lake lB, 2B 

Pan Lake JB, 2B 

All of the lakes and streams listed except for Pipestone Bay, ~~e1·:ton LaLe, 

Fall Lake and the Km·:ishi1d River aTe paTt of the international boundary 

bet.Keen the U. S. and Canada. 

All other \';aters within the Boundary \\aters Canoe Area are intrastate 

\rnters and are coyered by 1·:ateT quality standard \\-PC 14. T11ese intrastate 

\rnters are r..ot now classified. Proposed regulation l\'PC 24 is intended as a 

on to \\'PC 25 and h'Ould classify these intra~.tate \\'aters. The de-

1 in es used as c 1 as s i fi cation for \\-ate rs in the m: C.'\ for prop o s e d regulation 

1•;pc 24 are as fol lov.-s: 

1. All waters (lakes and streams) are classified lB. 

2. All lakes and streams managed by D);R for trout (cold 1 .. 'ater 

fishery) are classified 2A. 

3. All lakes not classified 2A are classified 2B. 

4. All major streams are classified 2B. 

S. Small intermitte.rit streams \·:here fisheries could not be maintained 

are classified 2C. 

Regulation \\'PC 23 is the applicable minir:-ial effluent standard 1·;hich sup-

plements the water quality standard and classification. 

Regulation ';·;pc 26 is an efflu.ent standaTd for discharge to Fall Lake. 

Regu13tion \\'PC 27 is 2Jl effluent standard foT dischaT to the intrastate 

waters of the Lake Superior Basin. This regulation limits the concentration of 

to 1 1:-tilligrar;-1 -per liter. 



Regulations WPC 15, 25, and 28 are interstate water quality standards, 

classificei_~cions, and effluent standards, respectivel:-·. In this area, the;.· 

apply to the St. Louis River and Se\·en Beaver Lake, 1·;hich are classified 

2B, 38 and 2B, 3A, respectively. 

All other \rnters in this area) except for the St. Louis RiYer and Se\'en 

Beaver Lake, are intrastate waters and are not fically classified. 

The guideJines used for determining the classification for these \·:aters 

in proposed regulation \\.PC 24 are as fol 10\.,'S: 

1. If lakes and streams were managed by DXR for trout or cold 

Kater fisheTies, they aTe classified ::'.A. 

2. All lakes not c1assified 2A v;e1'e classified 2B, 1·:aTJn 1rnteT 

fisheries, 

3. All major streams were cJ.assified 2B if not for cold 

water fisheries. 

4. Small inteTmi ttcmt streams 1 .. ·here fisheries could not be main-

tained were classified 2C. 

You \·:ill note th2.t all of the classified \·:aters previously cited are 

ei thl=;r in or tributary to the BoundaTy \•:aters Canoe Area. ~"lost of the other 

water bodies in mineral potential areas of ~orthern \linnesota have not been 

classified to date. Until specific classifications are promulgated, Section 

(a) (4) of regulation \1,·pc 14 is applicable as the standard enforceable to any 

specific 1·12~~ers. 

Regulation \•.'PC 4 is a s tatehide regul uti 0;·1 covering liquid storage 

facilities. 

lation ~PC 3~ is also a statewide regulation on the state grant program 
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for assistance in the construction of wastewater treatment works. 

Should an industry seek permits foT copper-nickel Dining; they 1·:ould 

ha-ve to establish h·ith ;.rPC:-\ that they can conpl)· with the n-:;\·: \•;ater Pollution 

Control Amendments of 1972 \·ihich call for the be~;t practicable technology 

by 1977 and the best avai1ab1e technology by 1983. In addition, s110uld ·: 

sufficient public interest in copper-nickel mining exist, it would be likely 

that the MPCA 1.;ould hold hearings on perini ts for both mining and smelting. 

Air Po1lution: With respect to air pol1ution, >1FC\ \\'as given the authority 

to "standards of air quality J" to vary \\·ith the circumstances .1 ~.,lPCA 

was also given more general authority to adopt re ations "foT the preven-U_on~ 

abatement, or control of air pollution". 2 In addition to dea1ing with the qualit)· 

of air or of emjssion, such regulations may relate to ''sources or emissions 

of air contamination or d-11_' p0llu-L.i011". In aJi..:11 Li0n to these t~.;o soti1ces of 

authority> MPCA h'3.s given in 1971 express authority to requil'e peTJnits for 

emission of air contaminants or air facilities connected ~ith air cont1minants. 3 

The statute sets no guidelines for the issuance of permits, but states that 

l>!PCA may impose .,such conditions as it way prescribe for the preventio·n of 

pollution 11 .4 

~--1PCA can ii;ipose sor;1e land use controls through regulation under its sta·-

tutory authority. Indeed, it is ~lmost required to do so to some degree in 

·~---------------·--------

1\linnesota Statutes 1971, Section 116.07, Subd. 2, and Section 116.0SJ Subd. 3 

2\linnesota Statutes 1971, Section 116. 07, Subd. 4 

3;.Jinnesota Statutes 1971> Section 116.07, Subd. 4 (a) and Section 116.031> Subd. 1. 
~,lotor Vehicles a:-:.~e exc ; :.finnesota Statutes 1971_, Section 116.081, Subd. 1. 
The legislatU"2.'e 1 s action expressl;-' sc:rnctioncd tLe pTocedure that the agcnc;.-
had :=dreadY ed. The statutes e:<T'-ressly \-aJidates l>' issued ts. 
:.linnesota Stc:.t.utcs 1971, Section :116.0Sl, s---2bd. 2. 

4:.iinnesota Suitutes 19~1, Section 116.07, Subd. ~·(a) 



setting standards of air quality; the statute makes the point repeatedly 

and forcefully that different areas 1\·ill require different air quality standards. 

Thus, the legislatur·::; seemed to contemplate some zones being drav:n by >lPCA, 

v;i th vari ab 1 e standards imposed b et\\·een the zones)· and >IFCA has divided the 

state into six separate zones for air pollution control purposes. 

Hm\·ever, it should be noted that air pollution is defined in :.Unnesota 

Statutes as the presence in the atrncsphere of contaminants in such quantity, 

and of such duration, and under such circums'uinces, ' 1to be injurious to health 

or welfare, or to animal or plant life, or to property, or to interfc~e un­

reasonably with the enjoyment of Ji fe or propert;' 11
• 
1 Apparent J.y, the 0lPCA 

must be able to demonstrate that some harm Kould result from dirty air. Again, 

the purvose of the :\lPCA is 'ito achieve a reasonable de of puTity of . 

air . . cons is tent v;i th the maximum oyment and use theTeof in the f 1irther--

ance of the \\·elfare of the people of the sta 1 2 and the agency is diTected 

to: 

"gi\·e due consideration to the establishment, maintenance, 
operation, and expansion of business, commerce, trade, 
industry, traffic, and other material ~atters affecting 
the feasibility and practicabi1i of any proposed actio11., 
including) but not lii~Li. ted ·L.o, the buTclGn on a r,nmicipa1i ty 
of any tax \·:hich may result therc·fro:rr_, c:rnd shall take or 
pro1.'ide for such action as r:1ay be ~'easonab le, feasible, 
and practical under the circuustances. 11 3 

Specific :1PCA regulations i.·:hich v;ould apply are as follows: 

1?.linnesota St2_tutes 197J., Section· 116.06, Subd. 3 

'2:.!innes ota Statutes J.971 J Section 116.01 

3:\linnes ota Statutes 19 l > Section 116.07, Subd. 6 
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APC-3(a) Installation and Operating Peroits 

This Tequires that the pToposed industry obtain install2tion and operating 

perDits prior to construction. The inforoation required from the industry prior 

to issuance of an installation permit includes co~plete plans and specifications 

for the proposed abatement equipnent. 

APC-3(d) Anti-degradation 

(1) States that an installation t shal 1 not be granted if the 

emissions of the proposed industry 1·:ould cause pol1utant concentration in the 

ambient air to rise above limits set forth in APC-1. 

(2) States that an installation permit shall not be granted if the 

total pollutants from the proposed industry are greateT than 100 tons/)'ear 

unless the indus rneets: 

(aa) Such federal neh' source standaTCls as may be applicable; 

and 

(bb) Such ne1,\1 source s tandaTds as may be adopted by the 

r-Iinnesota Pollution ContTOl Agency 

APC-S Particulate Emissions fro~ Industrial Processes 

This limits total particulate e~ission. 

APC-9 Control of Odors in Acbient Air 

This 1irni ts odor emission concentration and rates both from sources and 

in the ambient air outside property lines, 

It is anticipated that if the copper--nickel smelting and refining \\·ere 

to be alJo\'.'ed in :..rinnesota, the ;"iPCA 1 .. ;ou1d promu1gate emission regulations to 

apply specifically to this indus for those emissions not adequately coveTed 

under existing standards ru1d regulations. 



);o:'se Pollution: The 0!PC..'.\ has authority to ad.opt standards for maximum le·1:els 

of noise.l The age11cy has been directed in adopting standards to consider 

intensity, type, frequency, duration, and time of noises, along with ''such 

factoTs as could affect the extent to Khich noises Day be injurious to human 

health or welfare, animal or plant or property or could interfere un-

re as on ably \·:i th the enjoyment of life or property. 11 i\'ois e poll ut.2. on is de-

fined in terms of such }12.rm, inc1uding unreasonable interference \\'i th enjoy-

ment of life or property.2 

Again the ~lPCA has been instructed to recognize that no singJe standard 

will be applicable to all areas,3 and it has been given authority to adopt 

general l'egulations "for the prevention, abatement, or control of noise pollu-

tion. 11 4 In adopting such regulations) the (,fPCA must give due consideration 

to the expansion of industry> tax bases, etc. 5 

Land Pollution: 

\\'i th respect to land pollution·' the ~"lPCA hc:is powers -virtualJ y identical 

to those given fo1~ control of air pollution. The 1-·!PCA rnay adopt standards for· 

collection, transportation, and disposal of solid waste; again recognizing 

variable needs in different parts of the state in promulgating solid waste 

control standards. 6 Also, the ~!PCA oay adopt more general regulations, as in 

l:.Ji nnes ot a Statutes 19 71 ' Section 116.07_. Subd. 2 

2>linnesota Statutes 1971, Section Jl 6. 06' Subd. 2 

3:"1i nnes ot a Statutes 19 7 J ) Section 116.07J Subd. ') 
,;:.. 

4~ .. ]i nnes ot a Statutes 19 71 > Section .116.07> Subd. 4 

5:-;i nnes ot a Statutes 1971J Section 116.07) Subd. 6 

6:.1innes ota Statutes 1971 > Section 116.07, Subd. 2 
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the co11trol of air pollution, Tela.ting to solid haste and 11 the deposit in or 

on land of any other rnateriaJ that may tend to cause pollution. 111 The ~'lPCA 

has been given authority to require permits for solid waste operations and 

facilities. 2 

The ~1.1PCA' s authority to gate general ations rel to solid 

wastes and other deposits that mi t cause pollution could be relied upon in 

adopting land use controls dealinz v,iith those subjects; in fact, ~JPCA 1 s regu-

lations on the subject almost inevitably must, in control land use by 

specifying hl1ere solid \"'astes can be deposited. Regulations of this type of 

land pollution '"'ou.ld obvious be only a s~all part of a comprehensive set of 

land u.:;c controls. >1PC:-'\ 1 s authority in the area is limited further by the 

statutory defini tio;-1 of 11 land po1lution 1
' as the pTescnce of solid \'Jastes that 

would 11 affect injuriousJy 1
: waters of the state, o:r cTeate air contaminants or 

air pollution. 3 Thus 01PC:\' s tr:ci::;diction over solid i'.'aste or J and 1luU.on 

is closel tied to its er·s O\' t.::::J' ai T and 1·:a t er 1 Jut ion t.=m d it v: o 111 ci s e em to 

have no authori leos of solid \\'aste unless such '.'e 

rise to ~·:a ter or al r lh1tion, 

It is uncJear if the PolJution Control cy has a:.'ly authority over the 

disposal of such r:-:rrterials as oYerburden) le0.n ore> v,aste rock and tailings. 

The Departffient of ~atural Resources has miniDal authority to regulate Dine-

land Teclanwtion under a11 act: passed in 1969.4 The existing act is discussed 

l>rinnesota Sta tut es 19 71) Section 116. 07 > Subd. 7 

,., 
->linnesota Statut 1971} 5ec.tion 116.07, SurJd. LJa; Section 116.081, Subd. 1 

S t. .::-t ~ u t f's 1 9 7 l , S c c t i on 116 . C (, , Sub d , a 

4~··1innesota Sta.tutes 1971, Sections 9:;.~i~+-~1.).51 
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in detail in the next chapter along l(ith the need to strengthen it along siLlilar 

lines as previously proposed in federal legislation. 

land use planning Ki thin the State. Ci ties, counties and sor::e watersh•?d dis-

trict.s have separate land use ~~oning authority and are responsible for th 

administration and enforcement of ordinances affeccing lands 'i.'i thj n their 

respective territoTial limits. n1e only statewide ::oning are admin-

rivers and 1ab~s. These two programs 
5 

namely the Flood Plain ;.Janagement and 

Basically, they both provide st2tewide minimum development st;:::,ndards fol' ]_n-

corporation into local zoning ordinances. 

The Department of :\atural Resources also has authority h·hich is concerned 

with mining specifically, tlnough the 1969 ~-line land Rec1arnation .-\ct and the 

state-'s rnjnerol leasing program. FoT b~-1Se metal r:iining on state-~m\·ned land, 

the specific regula.tions are contained in the 11Copper--I\ickel Pules and Regula-

ti ons". 1 (See Appendix 10. 1 of Cha pt er 10) 

Zoninu Ordinanc:.es2·. J b 

Zoning is a process by \·:hich a co:Tlrmnity divides itself into t 1.rn or r:10re 

districts or zones. In each district, future uses of land or property are 

then reserved or limited to certa::_n uses or combinations of uses in accordance 

\·,·i th specified stancards concerning open space and other physical features. 

1~1 iinnesota Regulations, :-:R 94 

2snvdPT D \•' wioni ng 
j" ..... ....._' 4\.,. 1 f > ........ _.!... 0 - Prin les c:rn c. D fin i t i m: s Tl , :\ g Ti Clll tu Ta 1 Ext ens i on 

Ser-vice, Uni1:crsi of 
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Adopting a zoning o~dinance is an exercise of the regul poweT granted 

to local goYernments by the state legis 12~tuTe . 1 i1leasures in the ordinance 

must be reasonable, nondiscrininatory, baseJ upon a crn~;prehensive pL:m, and 

related to health, safe rnoTals, and general h·elfaTe of the community. 

>1os t exi s uses are not affected, even they may not conform to 

ordinance nrovisions. 

Zoning ordinances are o:fficiaJJy adopted liy the elected representatives 

of the legislative branch of the 1ocal unit invo J such as a 

county board of commissioners or a Yillage council. Ordinances normally are 

not considered for adoption unti 1 they h a1.Te been re corm~1encled by citizen groups> 

frequently c2l1cd plann commissions, Commission mer:·bers usual are 

representative communi leaders \·:ho have been by the local legis-

lative unit. They are responsible for ive 12..nd use pl cmd for 

developing zoning ordinances and other measures to implemen a ensive 

plan. Through stud:: a11d contact 1d_ th other ci ti ens> must become know-

ledgeable about co~m1unity needs and goals and at t to develop an ordinance 

that reflects them. They often are assisted by ])J'ofess5onal plarmeTs. The 

planning cor:-.nission also is responsible for helping the people in th·2 corrmmnity 

unders ta.nd conpTeLens i ye p 1 so they can Teact construc:.tiveJ.y to it. 

BefoTe a zonir,g oTdinance can be voted upon> public hearings must be held 

to give those ,.;ho 1 .. -ish to comment an opportunity to state theiT i.'ie1 .. -s. 

After an ordinance as been adopted, a single local Gfficial usually is 

assigned the role of ::. adn:inistratcr and is responsib]e for seeing that the 

standards and reguJ ations are obserYed 'l·:hen future de1.·e 1 occurs. 

------------··----------------·---------------·-

lcounties - 'hnnesota Statutes 1971} Chap :::94 
;l, ()~,~;715 h 
\·:atershed Dis~ricts - j nr:csot t2tutcs 1971, C~apter 12 
Ci t.ies & \.i l lages > l i n n E.':: o t a St 0 u t es 19 7 l ) Ch er --l6 
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Private ci ti ::.ens have a cont]_n.uing responsib li ty to understand the pur-

poses of zoning and the regulations contained in the ordinance. Their vie~s 

should be rnade kno1 .. T1 to the p 1 anning comnd ssicn, 1·;hich continu2s to function 

and can recommend changes as the need for them becomes apparent. 

:\ board us trr:en t ' eo the local legislati\'e body is responsible 

for hearing and acting l1pon decisions of tl1e 

citizens think they have been treated unjustly. Occa_siona11y loccd couTts 

become involved, 

Obviously, man;- people becorne invol·ved in developinr;> adop ! and 

applying a zoning orclinanc.e. Involvement of many is to achieving 

the kind of ordinance that l'efl ects community needs and rations and 

insuring that the st;:,:ndards are in fact observed. 

Zoning regulations can be cat zed according to c a::cea of 

application ana to sical characteristics affected. 

In terms of c area> in a strict technical sense, includes 

only H1os e regu.1a tions that vary from one zone or distr:L ct to anotheT. For ~: orne 

time, ho',,·eveT ~ zoning ordinances have inc 1 uc.le cl phys i cci 1 de\·e lopm2n t st andari:s 

that app uniformly throughout the jurisdiction of a go 1:e:tning unit. These 

have come to be accepted as a second of regu1 ati ems, In s o;r;e ins tancc-s > 

the irr.portance of a·reai.·::Lde standards may be rnoTe significant than separating <m 

area into zones or dist1'icts h·i th diffe:r·ent stand.8rds 2_r1d cd. lm;ed uses. 

Categorized according to the ical characteristics that are affectec~> 

:ordng re , ;tions control: 

;1tion density. The Tlost cor:-L:---:-lon r;wasurc:s in H1is. category are 

L:. .si :e and cc.".·erage and type of c' .. ;e l ling, 



Tract s i: e, shape, and physical de1:e lopr,1ent. \1inimu.'Tl frontage, 

setback distances, and side and backyard dimensions are very com­

mon. :.finimuD o\·erall lot si:es are of special significance \·;here 

indi-ddu.al helJs and septic tanks are used. Billboard spacing and 

offstreet requirernents are included here. 

Structural dimensions. These standards usual sp <:::: ci fy rn2,xir:iurn 

hei t and ma~' specify minimum floor a-Tea for different types of 

resi al structures. They also may a.pply to the diJ:·1ensions of 

signs and billboards and screening fences. 

Land use. Lists of tted uses are used to set aside certain 

districts foT icular uses. T'he aim is to provide foT ordeT 

<level and reduce conflicts among incompatible land uses and 

1 

These ca cs do not e1~1compass all the pTovisions found in all 

ordinances, do_, h01.·:i::ver> provide a frc-une 1,·:01·k that makes it eas:icr to 

anal: .. l:::e the gene:cal c:::ffects of zoning on land use practices 

PJood Plain '.'lan.s 

The 1969 session of the legislature enacted a coi:1prehensive act1 p1,ovid 

for of f1ooc1 1n::.a.rd areas in !·1innesota in on1er to (1) assuTe that 

adequate space is left along the state's V.'ate:ccouTses to pass flood flows and 

furtheT increases in flood stages> and (2) guide de\'elopment 

of flood plain areas in order to-minimize future flood losses. 

Under the Flood Plain ~!anagement Act, the Commissioner of ~atural Resources 

1-:as to pror:ml rules and regulations establishing minimwn flood plain man-

standards that \rnuld apply to all '.rntercourses of the state \·;here flood 

sota Statutes 1971, Ch er 104 
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damages have occurred or may occur. These regulations ~ere promulgated in 

October 1970.1 Thf Qinimum statewide standards are being used by local gov-

ernnental units (counties, cities> Yil or boroughs) in ;ng 1ocal 

ordinar,ces. They are also the guidelines used by the Cm:u;iis~, in Te-

viewing and approving local flood plain rnan ordinances. The Act 

proYides that the Co;:1nissicmer revie1·: and appro-ve Joc:a1 ordinances before 

adoption, 

Shore land Program: 

The 1969 session of the legisla~ure also re zed the grm;ing threats 

facing ;Jinnesota. 1 s pub lie i·;c:tters. the l•linncsots. Trust Doctrine the 

state is responsible for pub lie use and of our Katers. 

The le lature Te vdth the adoption of the Shore1and :\fan 

Basically the Act Tequired all :'Ilnnesota counties to shore 1;:;nd oni11;~ 

controls by July 1, 1972 for the purpo~es of t of shoreland 

a:ceas} to pTPserve and enhance 'l·:ater qva1i 

natura1 environmental values of shore lands. These J.oca1 zoning ordinances m~e 

:cequiTed to affect on1 1 and \1.'i thin 1>000 feet of a 1 ake ~ pond or fJ.O\·:age and 

300 feet of a river or stream. 

The Act also red the r• . • 

L om:n:L s s i.oneT of \a ural Resources to adopt 

minimum standards and criteria for use counties in their shoreland ordinances. 

TI1e Cor~issioner of \atural Resources ad ed the required rules and regulations 

on July 1 ) 19 7 0 . 3 The s tan d a T d s and c Ti t E- r i a es t ab 1 is he d by the Co r,1m i s s ion er 

control the e and si:e of sard tary 8J:d i.·;aste disposal facilities> size and 

1~\1 i n n e 2~ o ~. a ations, \R 85-92 

nnesota Statutes 19~ 1 , Section 105.453 

lations) \R 70-77 



length of ~ater frontage of lots intended for building sites, placement of 

structures in relation to roads and shorelines, alteTation of natural yege-

tation and slJOTelines and 1and subcH·dsion in shore land area.s. 

>line land Reclamation: 

The 196g session of the s 1 at ure enactt:d a. >line land Rec 1 ama t ion Act 1 

providing for the of rules and regulations certain specific 

phases of T'.letallic raining operations. In to land use planning it 

ily provides for controJ of acti vi ti es \·:hen in 11 c lose proxirni 11 to a 

community> state-trunk hi or county state-aid road. In addition, some 

cont:cols are to :regulate stockpiles in order to slope failure) 

erosion, pollution of lie ~aters, etc. The or difficiency in this act 

is the lack of a t system provi a comprehens_l.1.·e Jci.ncl use plsn for all 

ph a'.::i es or ch e op eTal _L mi, 

It appears imminent that a FedE:<r"'a1 ~-rineland Reclamation Bill 1·.'ill be en--

acted. As is the case \·d th the Federal >letaJ and I\on-~·.!etaJlic >line Safety ),ct 

of 1966 and the Clean Air Act of 1970 many of these bills provide foT the es-

tab 1ishnent of Federal delines for rni.ne recl.ar:.-:ation and the oppo:rtuni 

States to esta"tilish and lement State plans. If an ace able plan i::; not 

p:cepared, Jementecl) and enforced_. then the FedeTal Co1.·ernnent \·.'ill proYide 

its rnrn plan for ation of 1·.·i thj n the State. Al though the various 

Federal bills proposec. to ds_tf' differ in certain details, it appears that an>, 

Feder2,l legislation enacted 1.rnuld proYide for a t: sys tern that Te5 a 

recla~ation plan to be submitted for both proposed and existing operations. 

l}1ese provisions are considered in L~1ore detail in thE:' foJ 10'.·:ing chaptei ... \·:hi ch 

dvals specifical1y ·i·:ith r:-:ine G.ncl recJz.u~:ation. 

i n:::. e s o ta S t 2 t u t es l 9 ·n ) :S c ct i m: S .:; . --\ cl- -- 9 3 . 3 1 



!·Hneral Leasing PrograJn: 

The administration of all state-m:ned minerals and mineTal rights is the 

Tesponsibi li ty of the Department of :~2~tural Resources under Chapter 93 of the 

~.Jinnesota Statutes. The copper-nickel nlles and regulations 1 \·:hi ch were 

by the Executive Council in 1966 deaJs specifically h'ith base metals. Control 

of state-owned surface is pro1.rided for in 3, 20 and 24 as follo~s 

(See Appendix I of Chapter on "Base \letal Leasing Procedures"): 

a) Paragra~)h 3: A lease does not grant the absolute rigJ1t to construct 

a smelter on State land: 11 . but such right to rni 11 and concen-

tTate ~;hall not include the right to reduce or sme1t ore upon said 

mining unit h'ithout an b e'n,reen the 1 es see and the corn-., 

rnissioner, authoTizing such use of the surface of t.J1e land and pro-

viding for the nee sary on of Ji fe and II 

b) Paragraphs 20 and 24: Lease does not authcri e use of surf ace ex--

cept as appro'v'E:d by the Cornrnis:::,ioner: 1'Surface .lands rn·.,·ned by the 

state in said r:i1 unit are not to be cleared or used for con-

st.ruction or stockpi1ing purposes unless and until the plan foT 

such use has been approved by the Corn.1;1issioner. The surface use 

of said mining ;.,1ni t shaJ l be conducted in such rnanner as to pre-

vent OT reduce scarring and erosion of the land and poJlution of 

air and \·:at er. 11 

11 Stockpiled 1;;aterials . shall be stockpiled only in such manner and 

on such sites as r:w.y be authoTi ::-.ed by the Commissioner in hriting. ' 1 If 

surface is not owned by the State_, the lessee must satisfy the surface 

owner prior to proceeding in a~cordance ~ith 

11:11..:'SO"'L.8 1ation.s > \R 9-:f 
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Comments: The existing statutory authority for environmental protection falls 

into five categories. The water resources section includes: water use and 

appropriations> \·;at er quality, alteration of 1·;ater courses, <~nd drainage and 

diversion for mining purposes. Should 1~-1ining de1.·el be considered in 

the gabbTo complex of Xortheastern :Hnnesota~ part of tile suTface area \·;ill 

be subject to jurisd.iction under the Shipste.:i.d-\'e1·:ton--.\01an ..\ct and the Little 

Shipstead-::ewton-·'.<olsn Act. Air qu.aJ.i ty incJ.udes atrtho.ri to adopt ' 1standards 

of air qua1i ty 11 and provides regulations 11 for the prevention> abatems~1t, OT 

control of air pollution. 11 Noise pollution includes authority to adopt stand-

ards for maxin•wn levels of noise. Solid \·:aste authori des for the dis-

posal of materials that 1~-1ight give rise to vrnter OT air pollution c:Lnd also ls_ncl 

Teclanation. Final land use is provided for th local c.oun 

zoning ordinances. In addition> there ore provisions for sOI:1c :::~pecific es 

of land use. These statutes are concerned \·:ith 12nd reclawation, floodplain 

an<l sh ore 1 and de\'e 1 and mineral leasing, 

In general> id th the exception of land use and 1and reclamation> st:.fficient 

statutory authori presently exists to control envirrJnr:1ental ts of mining, 

This is not to ~ean that a ·::>~ rules and re ations ha.ve been devel 

control a potential industry of this t u J e . Be c: ~".us ::: of time 1i rn i t at i on s ) 

existing regu1at ions have not been Te\'i e\·:ec1 in detail , 

TJ:e I 'L-Ag 1-
j(_ 

mc.1e 

c 



RECO.' \'.{E,VOA TI O,"-J: 

The S:toA:c.. .. s fwutd 

PECCJ:'.t.!E\!DATI 

Ccu_nc_U~ 

Reco:ril:1endations in\·01 land reclamation ;=;.TC made: in Chapter 7 \·,'hich 

deals specifical1y \dth this subject. 

REGU LATOF.Y AGE><C I ES 

The foll is a lis~ing 0~ local, state and federal agencies and 

possible ts tha_t 1;ny b .:~ d foT the explo:rationJ de1.·Ed , and 

operation of a base r:-:etal rnine) rni 11) extraction--refinery comp1ex. 

'.-linnes ota [i 

\atural Resources 
of 

Descri ion 

Prospect Permit 
(covered under lease provisions) 

Surface \·:ater at ion 
(ri\·er or lake · .. ;ater for plant 
operation:1 
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F1iinnesota Departrnent of 
\atural Resources (con 1 t) 

Minnesota Pollution Control 
Agency 

>linnesota D 
Health 

of 

Ground \·:at er :\ppropria ti on 
- mine de1\'atering 
- possible plant use 

domestic service Kater 
- stabilization of fine tai .lings 

\\'ork in Beds of Pu'.=il i c \'."at ers 
- intake and disci1arge structures 

incl ng 
- divers ion of naturaJ. \\'a teTshed 
- demi and 1:::=i_ter Tesei·\'oir 
- tailings disposaJ.) dikes) leYecs 

Uti li CTossing Pen·1i t 
(cross public \·;at.er and lands) 

Zonin~~ Gu:Ldeline::-; - PToposed '.ilineland 
Reclarriation ii.ct 
(land use, reclaDation, solid Kaste 
disposal) 

Permit for the use of Katers under 
the jurisdiction of Hie L~ttJ.e 

S1~ i p st 0'? (~ ·- ~\: ~-:\ 1.•.1 t 'J~ ->~ 0 l 2.~~ _:Y._ ct 

Liquid \'iastc Disposal. Pern;it 
(min·2 wate1' 5 pJant 1·:atcr 3 

Certificate of C:oii:pJiance 
(as.surance of conpli2nce wit}1 l«'ateT 
quality standards) 

Gaseous \':astc Disposc:d Perrnit 
(installation and operstional peTl:'Iit 
for S02, icula~~s and other 
gaseous c~issions and odors) 

Solid i\·aste Disposal Permit 
(const:ruction 'l\astes -- land fill) 

S o 1i d \\. ~1 s t e D i s po.<:. a l Penni t 
(tail and stockpiles) 

Liquid Permit 
(oil and chemical storage) 

of Disposal Plans 
se\·«age disposal syste1~1) 

6- ')' 1 



~"1i nne.s ot a D ep artr:en t of 
Health (con 1 t) 

~linnesota Departr:1ent of 
Labor and Indus try 

~-finnes ota Dc1:::.:::.rtn:ent of 
Highh·ays 

State Fire 1,lar.sha1l 1 s Office 

FAc\ and Minnesota 
of Aeronautics 

United States Forest Service 

United St at es Bureau of >lines 

Description 

AppT01.·a 1 of P llu;-ibing P 1 ans 
(building and plant plumbing) 

Approval of Potable tater Supply 
(pot ab le \·:at er supply) 

\\'ater \'iel1 Construction Standards 

Approval of Industrial haste Disposal 
(rnine, water} runoff, plant \·;ate1·) 

Approval of Occupational Disease 
Requirements 

Approval of Structures, Equipment 
and Facilities 
(during ccinstruction and operation) 

1 of Industrial Health and · 
Safety Require1~1ents 
(during construction and operation) 

Proposed State Plan under :1letals and 

Occupational and Health Act (1970) 
(approval of mining i11dt1s Tegulations) 

Utility :'ermit 
(po\\·e1~ lines, pipe lines.. rai hrnys, etc. 
\\'hic.h cross trunk highv:ays right of \\·ay) 

Approvals of P }c;_ns 

(buildings, stm.-age of combustibles and 
f 1 amrnab l es) explosives) 

Kotice of Proposed Construction 
or Alteration 
(chimney elevation authorization -
li ting and marking requirements) 

Approval for the use of \·:aters under 
tLe jurisdiction of the Shipstead­
\e~ton-\olan Act 

Appro\'a 1 of Hea 1th and Safety 
Requirements 

Control of Explosi\'C" 
gulation of trans torage, use) 



U. S. Army Corp. of Engineers 

County 

TO\\T1ship 

DTedging Permit 
(intake and discharge structures 
and dredging) 

Construction Permit 
(power lines, pipelines, piers, etc, 
\•:hi ch are on, over, or undeT waters 
\\·ithin jurisdiction of the corp) 

and permanent buildings) 

Land Use Permit 
(re-zoning, special use, or conditional 
us 

Approval of Coun ~--1ine Inspector 

BuTning Permit 
(site p1'eparation clearing) 

6-7'5 





CHAPTER 7: MINELM1) RECLAMATION 

Mineral resources often occur in environments of unique significance 

because of the combination of geologic e'-:ents required for their deposition. 

In some cases, these areas must be preserved and mining prohibited, however, 

in many cases where the lands natural significance is not overwhelming, a 

compromise can be reached through multiple land use planning. This second 

case should apply in many portions of Northern Minnesota. In areas such 

as the B.W.C.A. where the land has effectively been zoned because of its 

unique esthetic and recreational :values, mining should be prohibited except 

in the case of a national emergen~y. 

Mining operations generally result in intensive land use. In some phases 

such as mining, underground and open pit, the resource itself dictates the exact 

location and quantity of land required (resource oriented) whereas some leeway 

is available in locating such facilities as concentrators and offices, and 

disposal areas such as stockpiles and tailings basins. Finally some mining 

phases such as refineries and extraction facilities are only slightly resource 

oriented and depending on such variables as markets and transportation, these 

facilities can be located many miles from the mineral resource. 

Min.eland reclamation concerns the restoration to a useful condition of an 

area of land, water or ·both that has been or may be disturbed or affected by 

mining. In Northern Minnesota, land is not in great demand, so that in most 

cases, this would .involve returning the surface to a safe and reasonable natural 

state. A good reclamation effort must be planned prior to operation and must 

be carried out as part of the business of mining. Although plans may need to be 

amended as the operation progresses, they provide a foundation from which to base 

an effective reclamation program. This program should include any reclamation 
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that might be needed during. and after an unsuccessful exploration stage. 

EXISTING REGULATORY AUTHORITY 

In late 1967, the Department of Natural Resources initiated studies concerned 

with the problems of mineland reclamation. Following a visit to the Iron Ranges, 

the Commissioner announced the formation of a joint industry-department committee 

for the purpose of determining the need for reclamation, possible future uses of 

exhausted mine lands, and regulations that would effectively control the impact 

of mining. Partly as a result of this effort, the 1969 Minnesota Legislature 

passed Chapter 7741 which recognizes the effects of mining upon the envirC?nment, 

delegates certain duties and grants specific powers to the Commissioner of 

Natural Resources in regard to lands hereafter subjected to the mining of 

metallic minerals, provides penalties for non-compliance, and establishes the 

Iron Range Trail. 

One of the Commissioner 1 s major duties under the 1969 Act was to conduct 

a comprehensive study to determine the extent of regulations necessary. After 

preliminary studies were completed by the Department's consultant, it was con­

cluded that additional legislation was needed because of the extremely restric- . 

tive scope and authority under the 1969 Law. This legislation was prepared 

and introduced into the 1971 Legislature but was not passed. The Commissioner's 

regulatory authority under the existing Act provides for the adoption of rules 

and regulations governing metallic mining operations subsequent to the effective 

date of such rules and regulations for the following specific purposes: 

l~.finnesota Statutes 1971, Sections 93.44-93.51 



(a) "The regulation of those tailings basins which are located 
in close proximity to the built-up portions of established 
communities and which will or might cause nuisance conditions; 

(b) The vegetation or other practical treatment of tailings 
basins upon becoming permanently inactive where substantial 
natural vegetation is not expected within five years and 
where research reveals that vegetation can reasonably be 
accomplished within practical limitations; 

(c) The regulation of those stockpiles where land or rock slides 
are occurring or are likely to occur which might injure 
persons or cause damage to adjacent property not used or 
intended for use in mining operation; 

(d) The regulation of those stockpiles where erosion is occurring 
or is likely to occur which results or may result in injury 
or damage to fish aJ.1d wildlife, the pollution of public waters, 
or which is causing or might cause injury to the property or 
person of others; 

(e) TI1e vegetation, sloping, terracing or other practical treatment 
of the exposed surface of any stockpile which is hereafter 
placed at a site then in close proximity to any state trunk 
highway or county state-aid road or to the built-up portion 
of any community; 

(f) The stabilization of the surface overburden banks of taconite 
open pits where such banks are located along the footwall 
side of said pits; 

(g) 'Die control of surface overburden stockpiles; and 

(h) 111e clean ~p of plantsi te and mining areas and the removal of 
debris therefrom upon the termination of the mining operation." 

As can be seen, this authority is extremely restrictive and is based only on 
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the iron mining experience in Minnesota. Possible future base metal mining will be 

different in many aspects and thus reclamation regulations should be capable of 

meeting a wide variety of specific circumstances. Furthermore, the existing 

authority and framework established by the 1969 Act does not meet the requirements 

for a "state plan" under any of the proposed Federal Legislation. 

An adequate reclamation program must be based on (1) planning for recla-

mation in the early stages of mine development, (2) the ability of the regulating 



agency to hold the operator financially responsible for inadequate reclamation 

efforts, (3) a research program directed towards reestablishing biological 

productivity on mined lands, and (4) a workable program for reclaiming 

previously exhausted mine properties.· 

PROPOSED FEDERAL LEGISLATION 

Mineland reclamation was one of the major issues discussed in the last 

Congressional Session. Many reclamation bills were considered and although none 

were passed, it appears imminent that a version of one of these bills will be 

enacted in the near future. As is ;the case with the Federal Metal and Non-}.fetal­

lic Mine Safety Act of 1966 and the .Clean Air Act of 1970, most of these bills 

provide for the establishment of Federal guidelines for mine reclamation and the 

opportunity for States to establish and implement State plans. If an acceptable 

plan is not prepared, implemented, and enforced, then the Federal Government will 

provide its own plan for regulation of mining within the State. Although each of 

the proposed bills vary significantly, the following items apparently will be 

included in any Federal legislation that might be passed: 

1. Defines reclamation to include exploration in addition to develop­

ment, mining, and termination. 

2. Defines surface mining to include all minerals (including industrial) 

other than thos'e minerals in a liquid or gaseous state. 

3. Provides regulatory control over all surface mining and surface 

facilities~for underground mines. 

4. Provides for a permit system to regulate the initiation and conduct 

of any new or previously mined and abandoned site and requires that 

a permit be obtained by an existing operator. No permit will be 

issued except where adequately demonstrated technology exists to 

reclaim the surface area. 
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5. Requires that a reclamation plan be submitted with each permit 

application. 

6. ·Requires at least a biannual inspection of the property under 

permit. 

7. Provides penal ties for non-compliance. 

8. Authorizes annual grants for the purpose of assisting States in 

developing, administering and enforcing State plans. 

9. Authorizes matching funds to cover acquisition and reclamation of 

abandoned and unreclaimed mine lands. 

10. Provides for research programs and grants to conduct and promote 

the coordination and acceleration of research programs. 

INTERSTATE mNING COMPACT 

A new national orgm1ization of states was recently established to consider 

the surface impacts of mining operations and provide coordination between the 

states. The ln~erstate ~lining Commission is· committed to the protection of land, 

water and other resources through improved mining techniques. Its broad purpose 

is "to foster desirable state mining assistance. and regulatory patterns that are 

as uniform as regional differences, physiography, climate, population and other 

circumstances permit. 111 The Commission's interest extends to any mining 

activities that have a demonstratable effect on the surface. Several of the 

programs that the Commission would like to initiate include: (1) persuade other 

states to enact the lnterstate Mining Compact and join the Corrunission; 

(2) analyze proposed or pending Federal mine legislation, particularly surface 

mining; (3) attempt to establish an early warning system through which to 

"Interstate .0Iining Commission Could End Interstate Confusion", i1Iining 
Engineering, August, 1971. 
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obtain advance notice of relevant Washington hearings; (4) analyze state laws 

and regulatory actions that affect surface mining; (5) collect a libTary of 

reports on state, federal and private studies of surface mining and related matters; 

(6) a· pub1ic information drive to appraise the American people of the contri·-

butions the mining industry has made to their standard of living; and (7) establish 

working relations with allied public and private organizations. 

The Compact hopes to assist member states in developing programs to deal 

with environmental problems and to promote an efficient and productive mining 

industry. MembeT states are obligated to formulate and establish programs for the 

conservation and use of mined lands·. Funding is apportioned among the member 

states using the following formula: 50% in equal shaTes from each state and 

the remainder in proportion to the value of minerals, ores and other solid 

matter mined. 

Steps to organize the Compact were begun in the early 1960's and it appears 

that it was initially designed to circumvent Federal legislation. Some of its 

programs still appear to be strongly industry oriented, such as number six above: 

a public information drive to appraise the American people in the contributions 

of the mining industry. 

Four states: I\orth Carolina, Oklahoma, Pennsylvania and Kentucky are 

members of the Commission. Three of these are major coal producers with 

industrial minerals predominantly stone and sand and gravel providing most of 

their remaining mineral production. The fourth state produces industrial 
~ 

minerals mainly stoneJ sand and gravel and feldspar. Because of the lack of 

Tepresentation on the Commission of states with mining problems similar to 

Minnesota and because of its apparent industry orientation, it does not appear 

that the state would be greatly benefited by becoming a member of the Compact 



at this time. However, this recommendation should be periodically reviewed as 

the Compact matures into a functioning organization. 

COMMENTS 

Land reclamation is a procedure which must be initiated at the onset of an 

operation to plan for appropriate land use and resource protection during and 

after completion of mining. The current statutory authority, enacted in 1969, 

is inadequate in that it does not provide for a comprehensive program capable of 

reclaiming and restoring an area disturbed by mining, nor is it compatible with 

Federal legislation expected for passage in 1973. 

To be adequate, regulatory authorization must pi'ovide for (1) planning 

for reel amation prior to mine development, (2) the ability of the regulating 

agency to hc1 d the operator financially responsible for inadequate reclamation 

efforts, (3) a research program directed towards the development of compatible 

landscaping techniques and the reestablishing of biological productivity on 

mined lands, and (4) an effective program for reclaiming previously exhausted 

mine properties. 

RECOMMEi'\IVA TI ON 

A good m,[neland 1u2.c.fcona;fJ..on e66oJLt muJ.>:t be p.fonne.d pfT}_ofL :to and c.ontinue.d 

:tlvwughou.,.t a mlning o p2.luxµon and muJ.>.t be. c.a.JUU.e..d ou.t a-6 poJvt o ~ t.he bLV5in.e..M o 6 

mining. Le.g.0s£.ation hhou .. td be. p!Le.pa/i.e.d and eJ1cic,,te.d .tJw.t uJ,.l...tl plLovide mofLe. e.66e..c..-

tive. guide.tlne-6 6olL lLe.c..lamo .... tfon o t) me.:tai:. mlne.,,.); p!Lov.f..de 6ofz. e.vo.fll[l_:Uon .to de..tvz.­

mlne ;t/1e need uo!l.. and pcM1b.te inc..lLV5ion at) ,{J1duJ.>,t,ual HUJ1e.!La.£. nii..JUJtg ( gJLave..t, 

qllaJUuji.ng, e;tc...) unde.fL land Jz.e.c..lcunation 1u? .. guLation6; and Qino.JJ!_rj, .6 vz.ve. ao an 

enabling ac...t 6ofL pli.e.po../ulil9 a "Sta.:te Plan" when. OJtd -<-6 ue.de../r.al le.g,0.)la..:tioH ,l,5 

pMl.>e.d. 

The Department of ~atural Resources is currently preparing a bill for intro-

duction into the 1973 Legislative Session to effectuate this recom.mendation. 
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CH.\PTER 8: POTDffIAL ECONO~HC IMPACT OF A BASE ~1ETAL MINING Il\TIUSTRY 

A study was made to determine the possible economic effects of a base metal 

mining industry in Northern Minnesota. Data used to develop the models for com-

parison were derived from domestic and Canadian copper and/or nickel operations. 

The data used in the development of the following model is based on the 1967 

Census figuresl for underground copper mining operations in the United States. 

This industry represents the composite of those establishments primarily engaged 

in the mining, milling or recovering of copper concentrates by precipitation and 

leaching from crude ores. Smelting and other refining processes are not included. 

The statistics used by the Bureau of the Census may differ from those used by the 

Bureau of the ~lines, but the difference is a matter of definition, not contradiction. 

Since the likelihood is that Minnesota operations would be underground, this 

model will deal specifically with those operations and the latest available detailed 

information will be used - 1967 U.S. Census of Business. It most be noted that 

the statistics presented are heavily weighted by production and cost figures from 

the Mountain Division States, Arizona, Colorado, and Idaho. Consequently the 

observations made here are not to be understood as a precise, ~Iinnesota model, but 

as a first approximation of a possible Minnesota operation. During 1967, 7 of the 

nation's 27 operations were underground. The total crude ore mined tonnage from 

all operations was 127. 5 million short tons, of which 17. 0 or 13% came from under-

ground operations. The total value of shipments and receipts was $ 310. 6 million. 

Of this total, $82.7 million or 26.8% was realized from underground mining. Ship-

rnents include all products physically shipped from the establishments, including 

withdrawals from stockpiles and products shipped on consignment. 

1These are the latest available figures from the Bureau of Census; it should be 
noted that 1967 was the year of the lengthy copper strike \·;hich markedly .affected 
the production figures. 



The average annual employment for the 27 mines was 10,900. It is 

important to note that although underground operations realized only 26.8% 

of the Value of Shipments, they required 4090 of the employment. Other major 

economic factors which follow show this same relationship of higher pro-

duction cost to Value of Shipments and Receipts: 

Table 8.1 Employment-Expenditure Statistics of Selected Copper ~1ines 

Item 

Payroll (all employees) 
(million dollars) 

Promotion, development, 
and exploration workers 
average for year (X lPOO) 

Supplemental labor costs 
not included in payroll 
(million dollars) 

Cost of supplies, etc. 
(million dollars) 

Value added in mining 
(million dollars) 

Capital expenditures 
except land and mineral 
rights (million dollars) 

Mineral development and 
exploration expenditu~es 
(million dollars) 

Nan-hours worked by 
production, development, and 
exploration workers 
(millions of hours) 

Total 

86.3 

8.2 

14.5 

129.S 

292.8 

61.9 

17.1 

18.3 

Open Pit Underground - % of Total 

55.2 31. 1 36% 

5.0 3. 2 39% 

10 .1 4.4 36% 

96.7 32.8 40% 

220.0 72.8 25% 

39.0 22.9 37% 

8.1 9.0 53% 

11. 8 6.5 36% 

Table 8.1 above leaves little doubt that the underground mining process is 

both relatively and significantly more expensive than the open pit. The value 

added in mining of 25% re-enforces the value of shipment figures in relation to 

the share of other cost items. 
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If a single underground operation were derived from the above statistics, 

the economic model would be as follows: 

Table 8.2 Theoretical Single Underground Copper Operation 

Item 

Value of Shipments and Receipts ...................... . 
Crude Ore Mined ............ (short tons} .............. . 
All Employees (average for year) ..................... . 
Payroll (all employees) .............................. . 
Production, Development and Exploration Workers 
(average for year) ................................... . 
Supplemental Labor Cost Not Inclvding Payroll ........ . 
Cost of Supplies, etc ................................ . 
Value Added in ~·lining ................................ . 
Capital Expenditures Except Land and Mineral Rights .. . 
Gross Book Value of Fixed Assets ..................... . 
Mineral Development and Exploration Expenditures ..... . 
~fan-hours worked by Production, Development, and 

Exploration Workers ................................. . 

Single Underground 
Operation 

$11,800 ,000 
2,400,000 

630 
$ 4,400,000 

500 
$ 600,000 
$ 4,700,000 
$10,100,000 
$ 3,300,000 
$23,000,000 

1,300,000 

900,000 

Based on both the gabbro mine model asswnptions and on figures obtained 

from a Canadian operation similar to the gabbro, an employment figure of about 

2, 000 can be obtained for mining and mil ling activities. The Canadian opera-

tion presently pays a weighted average wage of $4.06 per hour to mine workers 

and $ 3. 88 per hom' to mi 11 workers. The weighted average includes shift and 

Sunday premiums, but excludes benefit items such as medical and dental plans 

that the company also supplies. 

The greens tone and gab bro. areas of ~·iinnesota occur in or close to an 

area of the State.that alTeady supports mining operations} and that alre2.dy 

has a population complex able to provide labor. Thus, many of the supplies 

necessaTy to support a new copper mining operation should be obtainable from 

local manufacturers and distributors, creating more income and more jobs. 

Aside from administrative personnel and perhaps a temporary training crew, 
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there is little reason to doubt that local residents will provide most of the 

work force necessary. An underground 1,000 TPD copper mine at Blue Hill, Maine, 

is about to go into opeTation with a woTk force of 130 person, 124 of whom are 

local residents. Table 8.3 gives an indication of the job shortage in the area 

that would be affected by a copper mining operation in Minnesota. Though certainly 

not all of the unemployed indicated are capable of filling positions in the mining 

industTy it indicates that there is a sufficient labor force available to fulfill 

the needs of the mining industry. If not directly employed by a mining operation, 

many persons may take positions available through the development or expansion of 

satellite industries and as repla:cements for people presently employed but who 

would be attracted to mining jobs·due to higher wages. 

It is readily discernable from the table that Ely is especially hard pressed 

and, it must be noted, that it is the Ely area that will probably be the first to 

develop a copper nickel mining operation. Further indications of the positive local 

economic impacts of a mining operation can be seen in the projected payToll and 

local purchase figures from the Blue Hill, Maine mine mentioned above. There the 

payToll is expected to be $1. 5 million with another $1. S million to be spent 

locally on supplies and materials. 

A 20,000 TPD production figure has been estimated for the gabbro model 

operation. Since mining underground can continue 365 days a year the annual 

crude production would be 7.3 million short tons. One Canadian operation with 

a 4. S million TPY production made available a cost breakdown of supplies it 

obtained from local sources. From this breakdoh11, a set of figures for a gabbro 

operation can be projected as follows in Table 8.4. 

As can be seen from the employment and payToll figures given above, the 

economic impacts on a mining area would be both substantial and beneficial. The 

following distributors of national products are located in one Canadian community 

to serve a local underground mining and milling operation with a yearly output 

of 4.5 million short tons: 



Table 8.3 Employment Comparison - State Wide/St. Louis County 

State 
1969 

1970 Census Population -

Work Force 1,647,300 

Total Employment ],598,900 

Unemployment 48' 100 

Unemployment Rate 2.9 

1Duluth not included. 

2 Not adjusted for seasonal employment. 

3 1970 Census 

4 Es.ti mated from unemployment. 

1970 1969 

3,805,069 -

1,676,000 43,613 

1,600,000 41,264 

70,100 2,349 

4.2 5.4 

St. Louis Co. Duluth 
1970 19721 1969 1972 

120,150 - - 100,578 

44,~57 42,586 49,700 50,300 

42,306 38' 4 71 47,900 47,400 

2,656 4, 115 1,800 2,900 

5.9 g. 72 3.6 7.4 

. Ely 
1972 --

48483 

192fil 

167cff 

250 

13 

00 
I 

VI 
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Table 8.4 Possible Purchases From Local ~liers 

Commodity Canadian Operation Gab bro ----
Rock Bolts & Accessories $ 891, 000 1 $1, 490, ooct 

Mine Timbers 941,000 1,570,000 

Mine Ladders 56,000 93,000 

Exnlosives (amex, slurry stick, accessories) 887,000 1,480,000 

Burlap (plastic material as substitute) 131,000 218,000 

Oxygen & Acetylene 17,000 28,000 

Loading Sticks 14,000 23,000 

Wire 1'.1esh 4" x 4" - 50' rolls 291,000 485,000 

Tire Repairs - recapping 89,000 148,000 

Grinding Bells 342,000 570,000 

Grinding Rods 355,000 590,000 

Fabricated Steel Work - New ~1aterial 2 300,000 500,000 

Corn Dextrine 57,000 95,000 

Nails - Ardox 5", 8 11
, & 10" 30,000 50,000 

Rock Bolt Plates 137,000 228,000 

Steel Chute Segments 287,000 478,000 

Total $4,825,000 $8,046,000 

1 1971 Dollars 

2Repairs to equipment are generally carried out in own shop because of geographic 
location. A Gabbro operation would probably contract these services out. 



Bearings, v-belts, Seals, Material Handling Equipment 
Builders Supplies, Welders Supplies, Safety Equipment, 
i\l1olesale Hardh·are, Gasoline and Petroleum Products (lubricants) 
Drill Steel and Bi ts, Propane for Mine Air heaters, 
Tires and Tire Repairs, Electrital Wire and Fittings 
Shop Tools and Supplies, Underground Equipment Parts Suppliers 

Acc.ording to the 1970-1971 Minnesota Directory of Manufacturers, there 

are at least 60 manufacturing sources in the State ~hich could provide supplies 

in 21 of the categories. Certain categories such as builders supplies were too 

vague to assign a specific SIC code numbeT. Furthermore, as mentioned earlier, 

there are several distributors, vendors and service centers, presently located 

in the iron range that are capable of expanding and/or branching out to serve 

a base metal mining industry. 

In addition to the number of already existing establishments that could 

serve a copper operation in Northern Minnesota, the region would be an ideal 

location for new companjes engaged in the m~nufact11~e of mining equipment and 
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machinery. According to a report by Northern Natural Gas entitled "The Manufacture 

of Mining !\Iachinery and Equipment", ~Iin:r:esota compares favorably \'Ji th bc-'.:.h tra<li-

tional centers of such manufacture and other possible locations in the Northern 

Plains region. Duluth and Minneapolis rank third and fourth lowest respectively 

on a table of total annual variable costs for operation in alternative locations. 

Other indicators such as the availability of an educated; reliable, and stable 

work force al so reflect \\'ell on ~1innesota. Furthermore, the U.S. Department 

of Commerce forecasts a bright future for the mining machineTy and equipment 

industry because of current and planned expansion in the minerals industries. 

A ilinnesota location for such an industry, possibly in Duluth, would seem even 

more· likely if copper mining in this area became a reality. If and when an 

extraction facility is constructed in ~linnesota, it is quite possible that 

various fabricating industries would be developed utilizing the refined metal 

product. 



The following is an evaluation of the impact of copper mining in 

Michigan's Upper Peninsula as a result of the i\11i te Pine Copper Mine, i\11i te 

Pine, '~i chi gan. 1 

~lining Costs: 

White Pine is presently mining a chalcocite ore running a little over 1% 

copper, at a daily production rate of about 23, 000 tons. Mine, mi 11 and 

smelter operations are on a 24 hour/day, 7 days/week basis. 

Ore reserves cannot be specifically fixed because they fluctuate with 

changes in mining economics and the price of copper and are stated in terms 

of present production rates and methods. All factors considered, reserves 

are sufficient for many more years of operations, barring unforeseen changes. 

Development of the lfuite Pine project began in the mid 1940's with ex­

ploration and.beneficiation tests. Construction began in March, 1952, and 

mining got under way in March, 1953. The mi 11 began handling ore in October 

of 1954 and the first copper was produced in January, 1955. \fai te Pine has 

now produced 100 mi Ilion tons of ore, yielding nearly two billion pounds of 

copper. 

Through 1949, Copper Range Company had invested $2 million in ex--ploration 

and metallurgical studies aimed at opening White Pine as a major new mine. 

The present capital investment is approximately $133 million. 

Investment in pollution control devices, including tailings and waste 

disposal systems, is approximately $16 million, with operating costs of over 

$500,000 per year. In terms of 1972 dollars, planned investment over the 

next 17 years will be at the rate of $1.2 million per year, or $20.4 million. 

Transportation costs on inbound and outbound fTeight are about $3 million 

annually. 

1
Personal communication from \\lli te Pine Copper Co., \\11i te Pine Michigan. 
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A pump station at Lake Superior brings the 31 million gallons of water 

needed daily for operating and treatment purposes. 

Industrial power is generated in the company's power station, with a 

peak load of about 52,000 kilowatts - enough for 20,000 average homes. Total 

1972 consumption of coal and natural gas wi 11 be about 134, 000 tons and 

3,762,000 mcf respectively. Annual ex--penditures for these fuels amolmt to 

$3. 8 million. 

Employment: 

White Pine employs 2,882 people, including 16 temporary and part-tim2, as 

of September 30, 1972. There are 527 salaried personnel and 2,355 hourly with 

the latter represented for bargaining purposes by Local 5024 of the United 

Steelworkers of America .. There are 1,893 in the mine department, 161 in 

the mill) 228 in the smelter, and 600 in service departments. 

Geographical breakdown of the work force is as follows, by county: 

Ontonagon 
Gogebic 
Houghton 
Iron (Wis) 
Other (6) 

1,207 
970 
404 
188 
113 

In terms of road miles from \fuite Pine, 29% of the work force lives within 

25 miles of the plant, 52% live between 26 and SO miles, and 19% live more than 

50 miles, up to a maximum of 90. The average round trip for non-resident 

employees is 86 miles. Only 11.6% of all employees live in hnite Pine. 

No compilation is made on previous training or skills of employees, 

however, a large number of err11loyees formerly worked at iron mines on the 

Gogebic and ~lenominee Ranges 5 ·"1 about 200 once worked at the Calumet and 

Hecla copper properties in He, Lon County. 

The average age of the loyees is approximately 46 years. The average 
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seniority (median figure) is just over six years. 

Unless specifically assigned elsewhere because of prior experience or 

other circumstances, new mine employees are assigned to a special training 

unit where they receive up to 45 days training in mine procedures and opeTa­

tion of mine equipment. Other departments have their own training programs. 

Occasionally, White Pine hires graduates of i'-!anpower Retraining PTograms in 

their specialized fields. 

Among the skills represented on the payroll are various engineering 

disciplines, doctors, nurses, technicians, machinists, electricians, welders, 

heavy equipment operators, accountants, EDP operators, electronic technicians, 

repairmen, mechanics, stationary engineers, printers, cl~rks, secretaries, 

supervisors, administrators, guards, etc. 

As of August figures, the average weekly gross wage for individual hourly 

employees was $190.00. The annual payroll, at the current rate of pay for all 

employees, is approximately $30 million. The cost of fringe benefits adds 

approximately 30% to payroll costs. 

Local Economic Impact: 

There are, in addition to \\'hi te Pine Copper Company facilities, the follow­

ing related organizations in White Pine: offices of the parent Copper Range 

Company: company-operated hospital; an explosives supplier; concrete supplier; 

general contractor; credit union; railroad agent; union headquarters; bank; 

and post office .. 

\fuite Pine's population prior to beginning of the main construction project 

in 1952 was approximately 30. Current population is about 1,600. Almost aJ.l 

are directly related to the presence of the mining operation, either as 
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employees of the company, members of their families, or related to the businesses, 
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schools, etc., which contribute to a ·well-rounded, self-sufficient community. 

Facilities include two ne\·l, large commercial shor)ping buildings. 

Close to one-third of the employed people in Ontonagon County work for 

White Pine Copper Company. 

Total purchases and taxes annually are about $ 40 million. Approximately 50% 

of the expenditures for materials, supplies, and outside contractors goes to 

vendors in Michigan 1 s Upper ·Peninsula a:1d Northern Wisconsin. In regard to 

taxes, White Pine and Copper Range Company pay about 74% of township taxes and 

36% of county taxes. 

From the above discussion, one can cJearly see that the presence of 

1\~1i te Pine Copper Mine has been a definite asset, socially and economically, 

to a relatively depressed area. 

Some speculation has evolved regarding the adverse effects of a mining 

industry on th~ local community. A new industry such as this will impose 

additional burdens on some communities in order to support expanded services 

such as schools, police and fire protection, sewer and water fac.i li ties, etc. 

However J as indicated by the White Pine example and numerous coITJTmni ties on the 

iron range, much of the tax burden is assimilated by the mining companies 

which in some cases provide tax relief. Where expanded services are required 

because of the increased labor force imposed by the mining industry, the companies 

involved in that district have historically born the additional financial 

burden. 
1 

In the past the Legislature~ has authorized certain school districts 

in which a taconite plant or plants are located, to issue bonds to provide 

funds for siting, constructing, and equipping school buildings, and authorizing 

a tax levee that placed the major burden of retiring these bonds on the mining 

companies operating in the district. Similar provisions are imposed in the Lah'S 

of Minnesota for funding other services. 

1La\.,·s of ~IinnesotaJ 1955, Chapter 576 
La\·,·s of Minnesota, 1957, Chapter 567 



There is further speculation in rega.J..'d to the creation of 1'ghost towns" 

and widespread unemployment after the termination of a mining operation. The 

proximity of existing to\01sites to the proposed mining areas minimizes the 

need for neK to\msites. Furthermore, considering the resource estimates of 

the gabbro area alone, the life of the mining district could last in excess of 

100 years. Pending the discovery of new resources, the district life could be 

extended considerably. If, for any reason and at any time, mining is terminated 

then there could be an unemployment problem, however, this is the risk assumed 

with the advent of many new industries. 

Since 1966, the State of Minnesota has received a considerable amount of 

revenue from the leasing of state.owned mineral lands for .exploration. The 

amount received to date is minor compared to the potential revenue available 

through royalties and taxes once mining is initiated. The money received in 

this manner is primarily relegated to the state trust funds and local govern­

ments. A detailed breakdown of revenue received to date is tabulated in 

Appendix 10.3 in Chapter 10 titled Base ~~tal Leasing Procedures. Although this 

public benefit might not be as direct, mining under federal and private leases 

in the area would also provide employment and tax income for the state. 

From the above discussion, it is apparent that a base metal mining industry 

Kould be of considerable merit to the currently depressed economic situation of 

Northern Minnesota. However, due to the time limitation only a cursory assess-

ment of the potential economic impact was considered. Further analysis is 

required to minimize the risk of future unemplO)Tient problems that may arise 

from a mining operation in this area. 
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CH.\PTER 9: SOCIO-Eco:.::o:-nc ATTITUDES TOWARDS ISSUES RELATI1\G TO ?\ORTHER:\ MI:\>~ESOTA 

During the srnmner and fall of 1972, a questionnaire was developed and 

distributed in pre-selected areas in Minnesota. The areas included in the 

survey are: the Iron Range cities of Hibbing, Virginia, and Eveleth; Ely 

and Duluth; the T1·;in Ci ties ~1etropoli tan Area; and Rochester, ~'1ankato, 

~!arshall, Albert Lea, Worth'.ington, and Willmar in Southern 01innesota. Gen-

erally, this survey concerned people's attitudes towards various economic 

and environmental issues involving Northern 01innesota. 

The purpose of this paper is to swrnnari ze very bTiefly the results of 

the survey, and to point out the differences in attitudes between the resi-

dents of the three major sample areas, and in some cases, between the resi-

dents of the various cities in Northern Minnesota sample areas. A detailed 

discus!::>.io11 on H1ei..hudulugy anJ :CE;Sults is inc.:luJeJ in Appendix 9 .1. 

The first set of questions concerned the expansion of the mining industry 

and the development of a base metal industry in Northern ~iinnesota. 79% 

(vs. 14~s) of Northern :'rinnesota residents favor an expansion of the mining 

industry as compared to 46% (vs. 41%) of Southern ~rinnesota residents and 3996 

(vs. 38%) of Twin Cities Area residents. The development of light manufacturing 

industries in Northern Minnesota received substantially greater support in all 

three areas, particularly Southern i'.iinnesota and the Th·in Ci ties. A sizeable 

majority of Northern ~linnesota residents, and a very slim majority of Southern 

Minnesota and Twin City residents favored the exploration and mining of copper 

and nickel in Northern Minnesota. Southern :.\innesota and Twin Ci ties residents 

oven~helmingly rejected exploration, mining and smelting of base metals in the 

Boundary \\'aters Canoe Area. >~orthern ;·hnnesota residents gave moderate support 

to exploration in the Boundary \faters Canoe Area and 1·:ere about even1y divided 



regarding mining operations in the Boundary h'aters Canoe Area. Ely residents, 

in particular gaye enthusiastic support to exploration and mining in the 

Boundary Waters Canoe Area. However, smelting operations in the Boundary 

Waters Canoe Area were rejected overal 1. 

Residents of all three sample areas ovend1elrningly agreed that it is 

possible to have more industry and environmental protection in Northern 

Minnesota. A moderate majority of Northern Minnesota residents, and a 

som8'1 ... 1hat small majority of Southern Minnesota and Twin City residents felt 

that industries in Northern ~linnesota have a concern with the welfare of 

the residents and the quality of the environment. An overwhelming majority 

of residents of all sample areas felt that a mining company should be re­

quired to carry out reclamation procedures. 27'?6 of Northern Minnesota 

residents, 62% of Southern Minnesota residents and 6 7% of T\'dn City resi­

dents had no opinion towards the adequacy of mine safety regulations in 

Minnesota indicating that many people, p2rticularly those who reside out­

side of mining regions, are largely unaware of current authority. However, 

in Hibbing, where mining is the primary industry, the majority felt that such 

regulations need revising. 

A substantial majority of residents of al 1 saJnple areas, particularly 

those of ~orthern Minnesota) felt that the economy of Northern Minnesota 

is not a desirable one. In regards to the question of which is more important 

for ::\orthern l".Iinnesota, more jobs or environmental protection, 64% of l\orthern 

Minnesota residents, 29% of Southern I\1innesota residents and 3096 of the Twin 

City residents felt that more jobs were more important. At the same time, 28% 

of I\orthern 01innes ota residents, 61 % of Southern ~linnesota residents, and 54?5 

of Twin City residents fe 1 t that environmental protection \ms more important. 
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Howev·er, it is noteKorthy that residents of al 1 sample areas were over­

whelmingly against a relaxation of present environmental controls. It 

1~·as emphasized by Northern i-linnesota residents that the regions t economic 

goal should be to provide jobs for the present population, rather than 

economic growth. Southern ~linnesota residents were evenly split on this 

q1.1estion, while a slight majority of Twin City residents favored economic 

growth for Northern ~1Iinnesota. A slight rnaj ori ty of residents of all 

sa!Tlple areas agreed with the premise that the mining-timber industry in 

Northern ~.finnesota has no effect on the outmigration of young people; 

howeve!:', a substantial minority 'felt that this industry does encourage the 

outmigration of young people. As alternatives, manufacturing, light 

industry and electronics, in order of response, were felt by Northern 

~innesota residents as being attractive to a young labor force. Southern 

Minnesota residents felt that manufacturing jobs related to the enviTon­

ment, and also electronics, were fields which would attract a young labo-:r 

force, ~1ile Twin City residents felt that manufacturing, tourist-and­

recreation-related industTies, and forestry would attract young people to 

Northern ~.1innes ota. 

To the questions regarding their attitudes towa.Tds "environmental groups", 

47% of Northern Minnesota residents had a favorable impression and 33g6 had 

an unfavorable impression; 52% of Southern :'·linnesota residents had a favorable 

impression and 17% had an unfavorable impression; SlS10 of Th'in City residents 

had a favorable iiilpression while ioso had an unfavorable impression. ~!any 

responses \·;ere too ambiguous to be recorded as being favorable or unfavorable. 

According to Northern 0!innesota residents, the major economic problem 

in Northern :.linnesota is in order or frequency of response: 1) Unemployment, 
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2) Taxes, 3) The seasonality of the economy, 4) Reliance on iron ore industry for 



an economic base, and 5) ~o jobs for young people. Southern Minnesota 

residents felt the major economic problem in NoTthern :,hnnesota is: 1) Un­

employment, 2) TI1e seasonality of the economy, 3) The lack of diversity 

in the economic base, and 4) Low wages. T\·;in City residents felt the major 

problem is: 1) Unemployment, 2) Lack of diversity in the economic base, 

3) The seasonality of the economy, and 4) Low wages. 

lfaen asked to identify the major social problem of Northern ~Iinnesota, 

Northern ~1innesota residents felt that the major problem is: 1) Unemploy­

ment and welfare, 2) No opportunities for young people in regard to recrea­

tion, entertainment, and employment. Southern :0iinnesota residents felt the 

major social prob lern to be: 1) Poverty and welfare, 2) Indian-re lated prob­

lems (such as indian-whi te relations, or "the indians are treated unfairly 1i), 

and 3) Unemployment. Tl\'in City residents felt the major social problem in 

Northern ~1innesota is: 1) Indian-related pTClblerns, 2) Low income, 3) Welfare, 

4) Lack of young people in the region, and 5) Unemployment. 

To the question regarding the major environmental problem in Northern 

Minnesota, the results of the l'forthern Minnesota sample area reflected locally­

oriented issues. Range cities residents fe1t that tailings disposa1 and mine­

land reclamation are the major problems. Ely residents iridicated problems 

in the Boundary Waters Canoe Area regarding misuse and overuse. Duluth resi­

dents specified polluiion of Lake Superior and the St. Louis River. Southern 

Minnesota and Twin City residents indicated that water pollution, pollution in 

general, and the inining timber industry are the major environmental problems 

in Northern Minnesota. Additionally, many Twin City residents felt that the 

discharge of taconite tailings into Lake Superior by Reserve Mining Company is 

the major environmental problem in Northern '.linnesota. This may be accounted 

for by the fact that this specific case has received extensive media coverage 
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in the Twin Cities. 

M1en asked to evaluate which of the above three questions was most 

impoTtant, 66~6 of Northern Minnesota residents felt the economic problem 

was most important, 18% felt the environmental problem was more important, 

and 16% felt the social problem was of prime importance. On the other hand, 

37% of Southern Minnesota Tesidents and 2695 of Twin City residents fol t the 

environmental problem was most important. 15~6 of Southern ~1innesota resi­

dents and 19% of Twin City Tesidents felt the economic problem was most im­

portant. Finally 10% of Southern t'iinnesota residents and 8% of T\,1in City 

residents felt the social probleri1 was most important. As can be seen above, 

more often than not, the social problem identified was either a puTely econ­

onomic problem, or directly related to an economic issue. 
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APPE>;D IX 9 . 1 : RE SUL TS OF soc IO-ECO\O:.nc SURVE y 

As pointed out in Chapter 9 , this survey Kas developed and carried out 

in the sl.u1mer and fall of 1972. The goal of this suryey was to measure pub­

lic sentiment tmrnrds \·arious issues concerning \orthern >finnesota. The dis­

tribution took place in three major sample areas: Xorthern ;,linnesota, Southern 

:-·iinnesota and the T\·.'in Ci ti.es :'!etropoli tan Area. 

The Northern >1innes ota s ar:1p le area consisted of the iron range cities 

of Hibbing, Virginia, and Eveleth, plus Ely and Duluth. In all cities except 

Duluth, names were picked at random out of the local telephone diTectory, and 

a personal visit was made to each prospective respondent. Each was given a 

questionnaire and a self-addressed stamped envelcpe in which to return it. 

Because of the diversity of the population of Duluth, the city was blocked out 

into seven major residential areas, and an appropriate sample of residents was 

taken from eacli of these areas. Out of a total sample of 375 1\ortheTn l>hnnesota 

residents, a return of 180, or 48% was achieved. 

The Southern :1iinnesota sample area consisted of: Albert Lea, Worthington, 

\larshall, Willmar, ; .. rankato, and Rochester. Again, residents \\'ere selected out 

of the local telephone directory, and were maiJ.ed a questionnaire and a staDped, 

self-addressed envelope. A personal visit was not made. 350 questionnaires 

\\'ere mailed out, and 12 v»ere returned by the post office, making the total .sam­

ple 338. Of this figure, 96 ~ere returned, OT 28%. 

The T1dn Cities sarmle area consisted of the cities proper of St. Paul and 

:-.!inneapolis, and the surrounding subuTbs of each. Census figues \·:ere utilized 

to obtain a representative number of respondents froI'.1 each area. Using this 

quota-type technique, residents from each of the selected areas ~ere 

personally, and eac}1 \·:as giYen a questionnaire and a self-addressed, stamped 
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envelope in which to return it. Out of a total sample of 650 f 29 3, or 45% 

1·:ere returned. 

The questionnaire consisted of 41 questions for Northern 0linnesota and 

42 questions for Southern ~linnesota and the Twin Cities area. Four additional 

control questions regarding age, sex, income, and occupation were included at 

the end. :fost of the questions were of the closed-ended variety. In this case, 

a statement \ms made, and the respondent was asked to strongly agree, agree, 

register no opinion, disagree or strongly disagree. The rest of the closed-

ended questions required that a response be checked off, or a yes or no answer 

be given. Only a fev,r open-ended 'questions were included. In the analys:i_s of 

the closed-en<.~ed questions> the strongly agrees and agrees \'.'ere lumped together, 

as were the strongly disagrees and disagrees. All figures in tables are percentages. 

FoT the sake of organization, the analysis of the responses will be carTied 

out in eight sections, with each section containing questions relating to a 

common subject. 

In the case of the >~ortheTn ~.iinnesota sample area, questions 17-33 were 

printed on the reverse side of page 1. Unfortunately, many of the respondents 

did not see these questions. These had to be recorded as 11 no response 11
• Be-

cause of this large number of no :cesponses, they have been omitted frm1 the 

statistical interpretation of the results. The total response (N) is then 

only those who responded to questions 17-33. It is felt that this will give 

a more accurate Tepresentation of the results than if all of the ''no responses 11 

<· 

,,·ere figured into the total. 

SE CTI O>~ O~E 

This first gToup of questions asked residents to comr:wnt on and identify 

various prob ler::s \·;hi ch currently face \orthern \linnesota. 

Tab le 9. 1 shm;s respondents' feelings tov; ards the relationship b eH:een the 
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dominant industries in Xorthern :linnesota, mining and timber, and the out-

migration of young people. 

Table 9 .1 

"Does the mining-tir:·1ber industry of ?forthern :.finnesota encourage, 

discourage, or have no effect on the outmigration of young people?i 1 

(~orthern ?-1innesota, :.J=l80; Southern :!innesota, ~=96; T\dn Ci ties, \"=293) 

Encourage Discourage ~~o Effect No Response_ 
------

Xorthern ~·Iinnesota 359,1 15q6 44% 6 90 

Southern :-1innesota 27% 2 Po 42% 10% 

Twin Cities 27 90 14% 48% 11 cio 

35% of :forthern ;,Iinnesota residents, 27C?0 of Souther-n :hnnesota residents 

and 27°& of Twin Cities residents felt that the mining-timber industry encouT-

ages the outmigration of young people, 15% of l\orthern >linnesota residents, 

21% of Southern ~linnesota residents and 14% of Twin Cities residents felt that 

the mining-timber industry discourages the outmigration of young people. 44C?o 

of Northern ~1innesota residents felt that this industry has no effect on the 

outmigration of young people, as compared to 42% of SouLl1ern ~linnesota residents 

and 48% of T~in Cities residents. The remainder di<l not respond. In the 

:;-.:orthern ~-1innesota sarmle area, 26~:; of the Ely residents and 17?& of the Duluth 

Tesidents felt that the mining-·timber industry encourages the outmigration of 

young people, as compared to 3S?o for the entire sample area. 55 9;;; of Ely and 

Duluth felt this industry has no effect on the outmigration of young people, 

as compared to 44% for the entire sample area. 

hnen asked \\'hat tn1e of industry would attract a young labor force to 

\'orthern ;!innesota ·' residents of :\orthern 'hnnesota in di cat ed manufacturing, 

light industry and electronics, in that order. Southern ~lirmesota residents 



felt that manufacturing, an ecology-oriented industry and electronics would 

attract a young labor force. T\dn Ci ties residents replied that manufacturing 

and light manufacturing, an ecology-oriented industry, and a recreational­

oriented industry would be attractive to a young labor force. 

The respondents were then asked to identify h'hat they felt to be the 

major economic, social, and environmental problem of ~orthern ~linnesota, and 

which of these, in their mind, was most important. 

To the question regarding the major economic problem of Northern )1innesota, 

residents of all three sample areas cited unemployment as the chief economic 

problem. In addition, ~;orthern ~1 Iinnesota residents felt that high taxes, the 

seasonality of the economy, lack of a diversified economic base, and the lack 

of employment opportunities for young people, in that order, were the major 

economic problems of Northern ~linnesota after unemployment, were the seasonality 

of cmployf.',2.:-:.::: > l acl~ of diversity, and loh' 1·:ages. Twin Ci ties resident.:; also 

cited the seasonality and lack of diversity as major economic problems. 

?-iany of the respondents, \d1en asked to identify the major social problem 

of ~orthern ~linnesota cited an economic or an economically-related problem. 

~orthern ~1innesota residents felt that welfare, taxes, and unemployment are 

the major social problem of the area. Lack of opportunities for young people 

in the line of recreation and employment Kas also cited as a social problem 

in :\orthern ~hnnesota. Southern ;.1innesota felt that povertyJ Indian-related 

probleDs, and une0plo;·ment, in that order, are the chief social problems in 

Northern ~linnesota. Twin Cities residents felt that the major social problems 

of :\orthern ~[innesota are, in order of incidence, Indian-related problems, loh' 

ir..cor.ie, h'elfare, lack of a young population> and uneI:~ploy1;ient. 
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Regional diffeTences \\·ere evident in the ?\orthern ~·hnnesota sample a-:cea 

h·hen the respondents h·ere asked to identify the major environmental problem 

in ~orthern :.1innesota. 1\-ateT pollution, air pollution, or pollution in general 

were the J-;-iost often identified environmental probler:1s by all ~orthern 0linnesota 

residents. Disposal of tailings and the lack of mineland reclamation procedures 

was the most frequent spec~fic environmental problem cited by residents of the 

range cities. Ely residents felt that overuse and misuse of the BoundaTy \\'aters 

Canoe Area, along \\·i th an excessive amount of restrictions on this s3.J11e area) 

were the major environmental problems of iforthern \1innesota. Duluth residents 

felt that pollution of Lake Superior and the St. Louis River were major environ-

mental problems. 

Southern ~!innesota residents felt that water pollution, pollution in general, 

and pTClblerns related to the mining and timber industries, in that order 2 \:ere 

the major envi1~onmental problems of Northern ~hnnesota. 

In order of incidence, Twin Cities residents felt that mining, pollution in 

general, the timber industry, water pollution, and Reserve Jo.lining Company 1 s dis-

charge of taconite tailings into Lake Superior were the major environmental prob-

lems in :Jorthern :linnesota. 

The respondents i·rnre then asked \\'hich of these proble1-;-is h'as r:wst important. 

The results are i1lustrated in Table g. 2. 

Tab le 9. 2 

11 \•;hich of these, in your mind, is most important?'' 

(\orthern >linnesota, l\'=180; Southern ~'-linnesota, ?\=90; Thin Cities, \=293) 

Econond c Social Environri1ental l\o Response ---

>:orthern ~,1innes ota 4')~ ,,.., v 10% 12?;;; 36% 

Southern '.'-linnesota l 5°c. lO~o 3 7~5 30% 

Twin Cities 19?6 30. 
'•) 26'~o 34% 
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4296 of Northern Minnesota residents, as compared to 1590 of Southern 

\iirrnesota residents and 19% of Tv:in Cities residents felt that the economic 

problem is the most isportant. 10% of Northern ~,finnesota residents, l09s of 

Southern \linnesota residents, and .8% of T~in Cities residents felt that the 

social problem was the most important. 12So of Northern ;.1innesota residents, 

compared with 37 96 of Southern ;,Iinnesota residents and 26% of Twin Ci ties 

residents felt that the environmental problem Kas the most important. 36% 

of Northern :!innesota residents, 30% of Southern >1innesota residents, and 34so 

of Twin Cities residents did not respond to this question. The remainder 

felt that a combination of these problems were most important, or that all 

were equally important. 

SECTIO?\ nm 

Section Two contains questions which concern the economic future of 

1\orthern '.'Iinnesota, t11at is, \,·hat type of industries should be emphasized. 

Tables 9.3, 9.4, 9.5, illustrate the respondent's attitudes towards an expansion 

of the timber industry, the mining industry, and light manufacturing industries 

in Northern l .. linnesota. 

Table 9.3 

11 The timber industcy in :'\orthern :\linnesota should be expanded. 11 

C\orthern ~'linnesota, ~~=180; Southern :.!innesota, 1\=96; T1\1in Ci ties, 1\:::293) 

Agree No Opinion Disagree >:o Response 

>iorthern !'!innesota 63~o 12 96 24S'o 1 so 

Southern ',!innesota 45% 14% 38% 3% 

Th· in Cities 39 90 ll9t.i 43% 1% 

63?0 of :---:orthern ~\linnesota residents, 45sc, of Southern :·linneosta residents, 

and 39% of T1dn Cities residents feel that the timber industry should be ex-

in ~<orthern :.Iinnesota. 2.+ 0
o of :\orthern 'linnesota residents felt it 



should not be, as coi-:tpared to 38% of Southern :.\innesota residents and 43% of 

TKin Ci ties residents. 1290 of \orthern ~1innesota residents, 14'?6 of Southern 

~'li nnes ota residents and l .,o. 
. I ·o of Twin Cities residents had no opinion regaTding 

this subject, and the rest did not respond. 

Tab le 9. 4 

"The mining industry in Northern r.Jinnesota should be expanded." 

(Northern ~!innesota, ?'\::::180; Southern \1innesota, N=96 _. T\·;in Ci ties, i\=293) 

Agree No Opinion Disagree A1o Response 

Northern ~·linnesota 79% 6% 14.90 1 0_.. ·o 

Southern :!innesota 4696 1290 41~6 1 s:o 

Th·in Cities 39% 2296 38go l~ ·o 

79% of Northern ~linnesota residents agreed that the mining industry in 

Northern \linnesota should be expanded along with 4696 of Southern :Hnnesota resi-
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dents, and 39 96 of Thin Cities residents. 14% of :\ort1wrn 0!innesota residents, 41°-o 

of Southern 'linnesota residents, and 38% of Twin Cities residents felt the mining 

industry should not be expanded. 6?6 of :\ortheTn ~·1innesota residents, 12% of 

Southern )linnesota residents, and 22% of 1~in Cities residents had no opinion re-

garding an expansion of the mining industry. 1% of the respondents in each sample 

area did not resnond. 

Table 9.5 

"Light manufacturing industries should be emphasized.'' 

(:\orthern >linnesota, :\=180; Southen1 \linnesota, ;.;=96; T1 .. :in Ci ties, ~\=293) 

Agree ;fo Opj_nion Disagree i\o Resp?nse 

:-forthern ~Hnnesota 94 96 1% 4 o,.. ·o 
10, ·o 

SoutheTn >linnesota 8196 5 ?i) 12% 2% 

Thin Cities 82% 8~i 9 ~6 1 (• ... o 

94% of :\orthern \\innesota residents, 81S'c, of So;.1thern :11innesota residents, and 

82~5 of Ti .. ;in Ci ties residents agreed that 1ight manufacturing industries should be 

asi:::ed. 4?0 of :\ortheTn :hnnesota residents> i2s,. of South err- ~hnnesota residents 

· C · · · 1 d' d l~·o' of '.<orthern >!innesota Tesidents 1 .:;c& and 9~ of Twin ities res1aents isagree . 



of Southern >rinnesota residents, and S'?s of T\·:in Ci ties residents had no opinion 

and the remainder did not respond. 

SECTIO:~ THREE 
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Section Three consists primarily of questions regarding existing and poten-

tial future industrial developr,ient in :\orthern :Jinnesota and its impact on t11e 

areaJ along \d th specific questioris concerning possible development of base metal 

operations in that part of the state. 

The respondents \·;ere asked which they felt was more important for >forthern 

~!innesota, more jobs or environmental protection. The results are shrnrn in Table 9 .6, 

Tab le ~. 6 

"1'111ich is more important for :\orthern ~'linnesota, more jobs or 

environmental protection?'; 

(Northern :!innesota, N=l80, Southern ~"Iirmesota, N=96; Twin Cities, N=293) 

Northern >Iinnesota 

Southern :.li nnes ota 

~fore Jobs 

64°0 

7 (\ 0, 
JV'O 

Environmental Protection No Response 

28°0 5% 

2% 

SL~'.)o 

64% of Forthern \!innesota residents, 29~1 of Southern ~hnnesota Tesidents, 

and 30 90 of 'T1.·'in Ci-i:::ies residents fe 1 t th3.t more jobs is rnor2 importa;1t for 

.Northern ~,1i nnes ot a. 2 S9s of :\orthe rn !\linnes ota residents , cor:1p ared to 61 % of 

Southern \!innesota residents 2rnd s..i.c:cl of T\ .. ·in Ci ti es residents felt that environ-

mental protection is rriore import ant. 3% of :;orthern ~iinnesota residents .1 8°0 of 

Southern )linnesota residents, and 13% of Twin Cities r~sidents said both were 

important ( 11both 1
' •,.,,as not_ Jisted as a choice), 5°& in Xorthern ~1innesota_, 2% 

in Southern \linnesota and 3% in the Twin Cities did not respond. 

This \\'as followed by a question concerning the compatibility of industry a.nd 

the environment in ?\orthern ;\!innesota. The results are illustrated in Table 9. 7. 

Tab le 9. 7 
----~-

"It is possible to ha1·e more industry and environmental protection 

in ?\orth ern '-fi nnes ota' 1 • 

(?\orthern :lirmesota, X=l80; Southern \linnesota, .\'=96; Th·in Cities, I'\=293) 

Ag:re_~ \o Ori inion Disagree Xo Response 
-----

~forthern \linncsota s~n 4 6c:" Hi 

Southern >linnesota Qr-D 
ci.) ';) 

r- 0, 
;:) "'V 

8C, 
'() 

--;o. 
4.. ---o 

T\ .. -in Cities 85°& 6?,,; 9 c0 



89% of XortheTn ~\rinnesota residents and 83°:c of Southern ~,!innesota residents 

and T\·:in Ci ties Tesidents agreed that industry and environr:1ental protection are 

compatible in Xorthern ~,finnesota. 6c& of ?\orthern '.,linnesota Tesidents) 8°'0 of 

Southern ~linnesota residents and 9% of TKin Cities residents disagreed. 4% 

in ?\orthern \1innesota> 5°0 in Southern Minnesota and 6°6 in the T1·:in Ci ties ha.cl 

no opinion. 1% of ?forthern ~iinnesot:a residents and 2°6 of Southern 11!innesota 

residents did not respond. 

The respondents \\'ere then asked if they felt industries in ?\orthern 

>linnesota are concerned 1..-i th the residents and the environment. These restll ts 

are shrnrn in Table 9.8. 

Table 9.8 

11 Industries in Norther11 ~,!innesota have a conceTn 1d th the welfare 

of the residents and the quality of the environment." 

(Xorthern ·:11innesota, ~~=180: Southern :linnesota, >;-=96; T\·;in Ci ties, >~=293'! 

>:orthern \!innes ota 55% 

Southern :-lirmesota 

Twin Cities 

r. a_,.. 
::J ·a 35% l Q. 

·o 

5 5 so of ~<or the rn '--.!inn es o ta res i dents , ~ 6 S'5 of S o-u the rn :\ii n n es o ta res id en ts 

and 42% of Twin Ci ties residents agreed that industries in ?\orthern \!innesota 

do have such a concern. At the same time_, 35<:>,:; of ~\orthern :1Iinnesot2. residents 

and 37c:i of SoutheTn '.·li:nnesota and T\·;in Ci ties residents disagreed \\'i th this 

s tater::ent. 99c: of ?1~orthern ~ii nnes ota residents, 1 /?o of Southern ~"f inn es ota res i-

dents and 2os0 of T\1·in Cities residents had no opinion, and 1% of \orthern 

\Iinnesota and Ti·:in Ci ties residents did not respond. 

Table 9.9 reflects the respondent's vie~s to~ards the lo~ering of taxes to 
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att~cact industry to >;-oTthern I,1innesota. 

Table 9.9 

"Indus try should be attracted to Xorthern :'linnesota by lm.'er taxes. 11 

(Northern >Iinnesota, i',;=180; Southern \!innesota, ?\=96, T\·:in Ci ties, ?\=293) 

Agree );o On inion Disagre~ 
'T 
1\0 Response 

Northern \1innesota 60()6 12()6 27% 1% 

Southern \!innesota 38% 19% 42% 1% 

Twin Cities 43% 16% 39% 20,, 
'O 

60% of Northern ;,1innesot2~ residents, (including 78()& of Duluth residents) 

of Southern '.Iinnesota reside1~ts, and 43?6 of T1vin Ci ties residents agTeed 

that taxes should be lm.'ered to iittract industry to 1fortheTn ;.iinnesota. 2796 

of Northern :,Iinnesota residents, as compared to 42% of Southern Minnesota resi-

dents and 39% of T1 .. 'in Cities residents disagreed 1d th this statemcmt. 12% of 

Northern \linnesota residents, 19Sei of Southern ;,\innesota residents, c:rnd 16'?6 of 

Twin Cities residents had no opinion, \«'hile g_; of Northern ~.finnesota and Sout}1eTn 

~linnesota residents and 2% o~ T~in Cities residents did not respond. 

The respondents were then asked their vie1·:s trn·;arn.s un expansion of timber 

harvesting in the m·;cA. Table 9 .10 il1ustra.tes the results. 

Tab le 9. 10 

"Timber harvesting in the Boundary \\'aters Canoe Area should be expanded." 

(Xorthern ;,!innesota, ?\=154; Southern ~!innesota, ~'\=96) T\·;in Cities, N=293) 

Agree ;·:o Opir2ioT?:_ Di~ ag_:r-~ee ~o Response 

>~orthern \linnesota 38°6 18% 4496 

Southern :-iinnesota 11s-0 J. 89& 66% 

Tl-.· in Cities 10?0 20°6 6 /?0 

38(;:, of >:orthern \finnesota residents, (including so·~ of Ely residents) 
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1 Ho of ·southern :Hnnesota residents,. and 10s0 of T\·;in Ci ties Tesidents favored 

expand1ng tirr.ber harvesting in the Bl'iCA. 44°0 of those in :\orthern >linnesota, 

66 9s of Southern \!innesota residents, and 67?o of T\·;in Ci ties residents Kere 

against such an expansion. 18°& of :\orthern : .. Iinnesota and Southern :,linnesots 

residents, and 20% of TKin Cities residents had no opinion, Khile 5% of Southern 

:\rinnesota residents and 3?0 of Th·in Ci ties residents did not respond. 

Tables 9 .11-9 .14 shO\·; the results of a series of questions relating to base 

metal onerations ]n :\orthern >1innesota in general, and the B\\T:\ in particular. 

Table 9 .11 

"The exploration and mining of copper-nicke 1 in :.:orthern >Iinnesota 

should be encouraged." 

(NortheTn >linnesota, :'<=180; Southern ~,Jinnesota, X=96, T\.·in Cjtics, \=293) 

Dis 

Northern ~·linnesota 7% 1% 

Southern ~1 linnesota 38% 

Twin Cities 20°& 

75% of Northern \linnesota residents s (including 821; of Ely residents) fe1t 

that explora·tion a·,1d mining of coppeT-nick.el in ~':orthern >linnesota s}rnuld be 

encouraged, cornDarecl to 4.g in Southern ~ .. linnesota and :.ios~, in the T1dn Cities. 

17% of ;\orthern :1in.nesota residents, 38go of Southern >linnesota residents, and 

39°0 of 1\.;in Cities reside::-its felt such exploration and rr.ining should not be en-

couraged, 7% of the residents in \orthern ~1 1innesota> l 7So in Southern ?,1innesota 

and 20% in the T1.d_n Cities had no opinion. l?s of the residents in each sample 

area did not resnond. 

The next three questions concern different s es of a base metal operation, 

if one \·:ere to be lou:.tcd in the Boundary 1\'aters Canoe _-\rea. 
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Table 9.12 

"Exploration for copper-nickel should be allm:ed in the m·,·cA." 

(>;orthern \linnesots.> X==l80; Southern ~Hnnesota, :.:=96; Ti·:in Ci ties, X=293) 

Agree No Opinion Dis agre_!_ \'.o Response 

?\orthern >linnesota 16?5 36% 3?5 

Southern :!innesota 1 -,o/ 
I 'o 

1 ..-,n. 
I ·o 65 ?5 1% 

Thin Cities 15 96 1 ic:s 73% 1% 

Tab le 9 .13 

":,lining of copper-nickel should be allo\\·ed in the B\\'CA. r1 

(Northern \linnesota, >>=180; Southern >linnesota, :--J=96; Twin Cites, N=293) 

Ag_~~ee .. No Opinion Dis No Response 

Northern \finnesota . .:nso l 7so 39% 3% 

Southern 11!inncsota 16% 19% 61:J?o 

Th· in Ci ties 13% 14 9& 7 J 0, 
£. .. 'O 10/ 

·o 

Table 9.14 

"Smelting of copper-· nickel should be allm:ed in the Bl\'CA. 11 

(>forthern \linnesota, ~>=180; Southern :1.Iinnesota, ~J=96; Thin Cities, >>=293) 

Agr~~~- :\o 0:--1inion Dis e 
------~---

?\orthern '.'finne:sota 2 ~::o. 
' ·o l 9?o 51 ';, 

Southern ~,li nnes ot a 8C"s 19~;; 7 295 

T\·;in Cities ~o 

I 'o 15 ?6 77% 

As is illustrated in Tables 9.1~, 9.13, and 9.14) as the stage in development of 

a base r:-:etal industry in the B\·;c\ increases, for the industry decreases. 

, Ely residents stand out in the Northen '.-IiEnesota Sample. 

45~, of \orthern :linnesota residents> (66(0 of Ely rc:sidents; 17?~ of Sou.thern 

:.:innesota residents, and E,S's of T1·:in Cities resili2T;ts favored the explo1 .. 2.tion 
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for copper-nick.e 1 in the B\\.CA. 36°0 of XoTthern ;.!innesota residents, 65°15 of 

Southern ~'!innesota residents, and 73% of Th'in Cities residents \·;ere against 

such exploration. 

41°0 of Northern '.hnnesota residents.• (58°.s of Ely residents) 16?0 of 

Southern \linnesota residents) and 1390 of Th·in Ci ties residents favored the 

mining of coppeT-nickel in the m;c . .\. 39?0 of those in :\orthern Minnesota> 

64?6 in Southern ~-linnesotaJ and 72'?0 in the T\\·in Cities felt that mining of 

copper-nickel in the B\\.CA should not be al lm;ed. 

Finally 27 90 of Northern i'1innesota residents (26% of Ely residents) S9o 

of Southern ~linnesota Tesidents and 7~o of T\d11 Cities residents felt that 

smelting of copper-nickel should be alloh·ed in the Bl\'CA .. 51'& of l\'orthern 

~1innesota residents, 72% of Southern :1linnesota re'.:Jidents ·' and 77% of Th·in 

Ci ties residents felt that smelting operations in the B\\'CA should not be 

al loi·1ed. 

Tables 9, 15 and 9 .16 indicate the response \·1hen the respondents \\·ere asked 

first if they ha','e eveT seen ·2.n r1ine, and then \d1ether or not they 

had ever .seen a :s1;~elter-:re corr.pl ex. 

Tab le 9 ,. S 

"Have you eveT seen an undeTground 1::.ine? 11 

(Xorthern '-linnesota, :';= 180; Southern \!innesota_, >i=96 > Thin Ci ties) :\=293) 

>~o Yes ?\o Response 

~\orthen1 ~'linnesota 34 90 65 95 1% 

Southern :1linnesotc:f s 2 ~s 46~'6 2s: u 

Ti·: in Cities SSciJ 4 ') 0, ry 0,., 
.:.. 0 ~) 'o 

65°0 of \ort:};eTn ~·linne.sota Tesidents said that they had seen an undeTground 

mine> along \·:ith -i6c~. of Southern '.hnnesota residents and .:i2so of Th·in Ci ties 
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Tesidents. 3490 of >~oTthern ~·finnesota Tesidents, 52 of Southern >linnesota 

Tesidents, and of Th-in Cities residents said that they had ne1.·er seen an 

underground nine. 1S5 of those in >~orthern ~.Jinnesot?t., 290 in Southern i·1innesota, 

and 3~1 in the T\dn Ci ties did not respond. It should be pointed out, hm\-ever, 

that quite often, those ·1..-110 said that they had seen an underground mine used as 

an exan~le, an open pit mine. 

Table 9,16 

''Have you eveT seen a smelter--refinery complex? 11 

(Northern ~·Iinnesota, >.'=180; SoutheTn :\1innesota, ~~:::96, Th'in Cities, >>=293) 

No Yes No Response 

?\orthern :1Iinnesota 71 90 26 90 30,.. ·o 

Southern :11innes ota 55°0 43% 20,.. ·o 

Th' in Cities 65 9a 30 90 5i:;: 

2b~5 oi the residents in \orthern 0linnesota, 43'1. in Southern I.\innesota, and 

30 90 in the T\\'in Cities said that they have seen a smclter-refineTy complex, \\'hile 

'/1~0 of :<ortheTn >linnesota residents, SS9a of Southern ~··1irmesc>ta residents J and 63 

of Ti·:in Cities residents said the;: have ne1.·er seen one. 3% of >:orthern :1linne.so-;::2 

residents, 2[s of South8rn >!inncsota residents, and 5°6 of Th'in Cities residents 

did not respond, seve1'2,l of those '.<:ho said have seen a smelter-

refinerv complex used as an exm:1ple, a facility which \·;as not in actuality a 

smelter. 

The final t1w questions of this section deal hith smelting and mining opera-

tions and the tm:i.rist industrv, and the effect each irnuld hm·e or has on the 

1.d_lderness character of :\orthern \linnesota. The resdlts are j llustrated in 

Tab 1 es 9 . 1 7 an cl 9 . l 8 . 
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Table 9.17 

"Srnel ting and Dining operations in \orthern :!innesota 1·:ould tend 

to destroy its Kilderness character.'' 

(~;orthern \linnesota_, \= 180; Southern ~,linnesota, ~;=96; Tv;in Cities, :\=29 

:~l?:ree No On inion 2_~~~ g r.e e ~o Resp<?_0SE':... -------

l\orth ern \!innesota 47% 19q& 3156 39& 

Southern ~ .. Ji nnes ota 6 ·79, 
I U 1H1 21°& 1% 

Twin Cities 69% 14 S'5 14 °5 30/ 
'O 

4 7°s of \oTthern : linnesota residents, 6 7°s of Southern '.,linnesota residents> 

and 69?0 of T\·:in Cities :residents agreed that sE1elting and mining ions 

\·wu1d tend to destroy the 1 ... -ilderness character of Xorthern ~\finnesota, 31s,:, of 

?\orthern >Iinnesota residents,; 21°s of SoutheYTJ \1innesota residents' and 14°& of 

Th'in Ci tics residents disagreed 1,.;ith this s tater.1ent, 199& in \ort11e:n1 0finnesota, 

llc& in Southern \!innesota> and 1 in the Th·in Cities had no opinion., Khile 30~ 

of :\oTthern \!innesota residents, 1°0 of SoutheTn >linnesota residents, and 

T1dn Ci ties residents did not respond. 

Tab le 9. 18 

11The tourist i:1dus in ?\orthern ~"!innesota tends to destrO)' it:: 

wi 1den1ess ch2.racte:r. 11 

C\orthern >finnesota_, ~'~::::159 .~ Southern >linne~;ota, ~\:::9(); T1 .. :in Ci ties, ~>=29:3) 

\o Oninion Dis 

>:orthen1 '.linnesota 35 °o 

Southern :-Ii nnes ota 

35 % of :\orthern ''.i nnes ota res id en ts j C inc 1 u.d i ng ~9 of Ely res iden,cs and 

21Si.i of Duluth residents) 36?;:; of Southern ~·linnes ta res:de:·nts and 39 of Thin 

Ci ies residents agrc o the~t the ourist in=k:::~~:;·.,- i;1 :<orc.hern ~·linnesota tends 
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to destToy its \·:ilderness character. 55c~ of >~o:rthern \linnesota residents, 

(including 37% of Ely residents and 75~J of Duluth resident::,) 49% of Southern 

>finnesota residents> and 48% of T\·:in Ci ties residents felt ·Urnt the tourist 

industry does not tend to destroy the \\'ilderness character cf .\'orthern ~·iinnesota. 

ios~ of the Tespondents in .\'orthern :-linnesota, 139s in SoutheTn >!in11esota, and 

11°0 in the Twin Cities had no opinion, ci.nd 29s in Southern ~finLesota and the 

'f\.;in Cities did not respond. 

SECTION FOUR 

Section Four concerns people 1 s attitudes tm,'ards the formation and pre-

servation of Ki lderness and park areas, such as the Bounda:i.·y \'iaters Canoe Area 

and Voyageurs T\ational Park. Tables 9.19 and 9.20 concern the s;·,'CA, and Tables 21 

and 22 concern Voyageurs Ifational Park. 

Tab le 9. J 9 

11The B\\:CA should be nationally advertised to attTact tourism.'' 

(1\orthern >1innesota, >;=159; Southern :hnnesota, :-:::::96, Twin Cities, >~=293) 

e \o Opinion \o Response 

>~orth ern "linncs ota 

Southern :· li nnesota 11% 49~ 

T1·; in Cit i es 

46% of ~orthern \linnesota residents (26~ of Ely residents) 38% of 

Southern ~linnesota residents> and 43% of T~in Cities residents felt that the 

m·:cA sho'J.ld be nationalJ.)' ad\'ertised. 42°2 of :\orthern '.·.\innesota residents, 

C 62 ~;:; of Ely residents) 49?5 of Southern >li nnes ota residents) and 4 5 ''" of h:in 

C i ti es re s i dent s f e 1 t th at the Bi '."C.-\ sh o u l d not b e n a ti on a 1 l y ad\' e rt i s e d , 1 2 °0 

of >:orthern \)innesota > and 11~:, of Southern \lirmc-sota and Ti.dn Ci ties residents 

had no opinion, and of SoutheTn \linnes ot :=: and i c:J of h;i n Ci ti es rE:s idents 

did not respond. 



Table 9,20 

'
1Is the BKC\ being 0YeTused'? 11 

(Northern ~-!innesota, >:=113; Southern >linnesota, >:=96, Th·in Cities, ~<=293) 

Yes ~o 

>~orthern \iinnesota 42\s sss6 

Southern ~\linnesota rsc~ 49% 33% 

Ti\·in Cities 26°6 45% 

4:??:, of :forthern '-1innesota reside:r1ts, (63°'0 of Ely residents), 1Sgii of Southern 

:'rinnesota residents and 26°0 of Twin Cities r-esidents felt that the B\l..CA is b 

ovenised. Hoh'ff\er, several of the Ely residents qualified their ans1"·er by saying 

only certain routes are being overused. 58% of ~orthern ~linnesota residents, (27% 

of Ely residents), 49c6 of Southern 01innesota residents, and 4::;sc, of T1,'in Ci ties 

residents felt. that the B\\-C~ is not beinz oYerusecl. 33?5 of Southern :Hnnesota 

residents and 20% of T11·in Ci ties residents did not re::;pond. 

Table l 

"Do you favor the expansion of a1Aeas foT hi 1derne::.·:::. and park purposes, such 

as I\ational Park'?" 

~·!innesota, 1\=U Southen1 \\innesota, ?<=96; T\·;in Cities, \=293) 

)'es >~o Response --------

I\orthern :\!innesota 45 <:'o 

Southern 'Unnesot::i. 

T\.,·in Cities 

55°5 of >forthe:rn :•linnesota residents, (.)O?s of Ely residents and 80 of Duluth 

residents)) 84'.6 of Southern '·linnesota residents, and 8=:/6 of T1·:in Cities residents 

favored t!-ie expansion of such areas. 4Scc· of \orthern >linnesot residents J (70°0 



of E residents and of Duluth residents) , 8(;s of Southern :11innesota 

residents ai1d 9 of T' . .;in Ci ties residents did not fa\'OY an expansion of 

these areas> and s~~ of Southern >1innesota residents and 6'.:1 of Th' in Ci ties 

residents did not respond. 

Tab le 9. 22 

11 \\'ould you favor zonj_:1g of the area adjacent to Voyageurs .:\ational 

Park, \\'11 i ch \WU l d prohibit timber harvesting?" 

(>:ortheTn '.linnesota, :\=144, Southern 0linnesota, ?\=96; T\·:in Ci ties, >;=293) 

?\orth2rn \!innesot a 

Southern \linnesota 

Tv.- i 11 Ci ti es 

Yes No Response 

l '7(1_ 

.:> -o 

4Y6 of ;\orthe-rn :lirmesota residents, (19°-o of E residents), 65% of 

Southern '!innesota and T1·:in Cities residents fayored such z procecL_rcs, 

57 90 of ~'\orthern \linnesota residents, (8H1 of Ely residents) 26"'& of Southern 

;,1innesota residen sand 22°0 of T\,'in Cities r2sidents did not :favor of 

these a1'eas, 9[!~ of Souther~1_ >1innesot.a residents c::nd i:ssc, of T\\'in Cities n::si-

dents c:l:Ld not 

The ents 1·.-en:: then asked their at it;,;clcs tm.-ards preserl.'ing a~:_'eas 

of vi tir:iber, and Ta_b 1e 9. 2 3 contains the res u1 ts. 

Tab le 9. 23 

1 'So;:ie areas of virgin timber should be preserved fo:c their scenic 

and n at u r a l resource ':a 1 u e . " 

(>:orthern ~finnesota, ~<=159; So:Jthern '-iinn!2sota, S=96; T1·:in Ci ties> :\=293) 

\o Clninion Dis 2.gree e 

\orthern '~innesota q ;c:, 
- .:_ 1, 5 

Southern >~innesota 

3\, 

9- .?3 



92%. of :--:ortheTn \linnesota and Southern \finnesota residents and 93S'0 of 

Th·in Ci ties residents agreed that some areas of \·irgin timber slrnuld be ine-

serYed, hhile S''.j of \orthern :--linnesota residents, 3°0 of Southern ~'.1innesota 

residents ai·td 2°0 of T'>·:in Ci ties residents dis 3r~ of :\orthern >linnesota. 

and T\·:in Ci ties residents and 4'(· of Southern ~ linnesota residents had no opinion 

and P5 of Southern 'linnesota residents and 2(6 of T1 .. ·in Cities residents did not 

respond. 

SECTIO:~ F I\.'E 

The questions in this section all deal \·ii th the econom~' of \ortheTn 

:hnnesota. Tables 9.24) 9.25 anc1. 9.26 illustrates the results of qu.estions deal 

\\'ith the present econony of \orthern :·linnesota a11d Tables 9.27> 9.28 and 9.29 con-

cern the futm~e din~ c ion of \orthern \finnes ot a' s eccrnor:iy, 

'1The present econm:1y in \orthern '.-linnesota is a desi:rable one. 11 

(\orthern ~·Hnnesota-' I\::::156:. Southern >linnesota_, \:::96; Th·in Cities, ~\=293) 

\o inion Dis 

Southern \'.innesot:J. 19% 

T\.,. iT1 Ci ti e s 

22c~ of >~orthern '.!innesota residents> 19~:C of Southern ~·linnesota residents> and 

u.s-5 of T1·:in Cities res dents felt that the econrn~:~-" of \'orthern ;.\innesota is a 

desirabJe one. 69 of \orthern 'linnesota residents J 56 of Sov.thern :,linnesot2~ 

res id en t s > and 3 9 cc of Ti.~· in Ci i es res id en ts f e 1 t th at the econ o ~iv j c not a ci es i r -

able one, and 9'::o of \orthern :.;innesota residen'cs, Ci in Southe-,n '..!innesota and 

in the T \·: i n C j_ t i es h .q d no cm i rd on . '.::>. of S·:_·;uthern '.:inncsota Tesidcnts and 

of T .. : in Cit i es r::.: s id en ts d i not res Dun J . 



Tabl\_-:: G,25 

''The econor:-1;.· of >~orthe1'n '!irmesota is too deriendent on seasonal 

employment." 

(:\orthern '.\innesotaJ \==160: Southern '!innesota, >~==96; T1d_n Ci ties) >>=29.3) 

\o Opinion 

;\orthern : linnesota 

Southern ~1 finnesot2 16~ 

Th·in Ci ti es 

of ~\:orthen1 '-linnesota residents, 6~Y6 of Southen1 ~ linnesota residents 

and 7l(ls of Th·in Ci ties residents that the econor.1y cf \orthern >linneso ta 

is too seasonal. 20°.J of ~"~oTthern >linnesota residents) 13°0 of Southern ;.!innesota 

residents and 9°0 of 'f1:,·in Cities residents fe1t it 1·;as not too seasonal. 6"o of 

?\orthern >iinnesota residents, 16c~.; of Southern >!innesota residents, and 18~ of 

T\dn Cit:i_es residents had no opinion) ,.,-hile 290 of Southern ~,]innesota and T1dn 

Cities residents did not resnond, 

Table 9,26 

''Banks r.1ake available 2cdequate f~(mey for nn: business investments in 

e ?\c 0 on Dis e e 

~forthern ;1innesota 40% 

Southern \1innesota_ 

6 :-C· 
J 'J 

_1[0 9o of >: o T th e rn '.!inn es o ta res i dent 5 , S 9 of Sm .. ; t 11 er n : li n n es o ta res i dents 

z1nd 65'·~.: of Thin Cities residents had no opinion tm:2_rds this staten;ent. ~CJ% 



of >;orthern \!inn es ota residents> 2 3c~; of Southen1 >f i nnes ota residents, and 

17°0 of T\·:in Cities Tesidents that banks do nake a"\·ai lab le te 

funds, \·;hil e 20qii in :\orthern :'iinnesota, l 3°::i in Southern :!i nnesot a, and l S 

in the Thin Cities disagreed. 5~0 of Southern ~'!innesota residents and .3cb 

of T\·:in Ci ties residents did not respond, 

Table 9.27 

11 The econonv of Sorthern \iinnesota 1,rnuld be better if it \1'ere more 

diversified." 

(\orthern ~<innesota, \:::155; Southern ~1innesota, >;=96> T1.dn Cities> \=293) 

1\orthern \linne.sota 

Southern '-!i nnes ota 

'7 c 0, 
I ... ) 0 

e ~o on Dis 

50 .. • -c 

] 
0 

. 'o 

2% 

87'~ of >JoTthern ~1innesota residents, 7~JSc, of Southern :11innesota resiclent.s,, 

and 7~) of T\1'in Ci U es Tesidents agreed that the econo~:1r of ?\oTtherTl >linnescta 
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\
1:ould be better if it \·:ere IWTe di»reTsified. ~/.:, of :<oTthe:rn :1b.nncsota res5 dents, 

4°:: in Sr:Juthern ''.innescta 8.nd ::) in tho T\,:in Cities dis 10'.~ of ?\orthern 

\!inneso!~a TE:sidents) H/~' of Southern \!im-i_esota ::.'es dents and 18':~. in the T1 
.. :in 

Ci ties had no opinion 1 .. 'ht1e le~. of Southern >linnesot residents and 2°& of Tv:in 

Cities residents did not respond. 

Table 9.28 

facilities. 11 

crn :\innesota, :<==1S6: Southern '·linnesota) ~~<:16, T\:in Cities, ~<=20.:)) 

\o 0Dinion e 

\orth eJ.'11 ' 1 innes ota 

Southern ''.innesot2. 14 

L;in C ties 
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33?_; of ~\orthern ~1 linnesota residents, 77s0 of Southern '.hnnesota residents, 

and / .:l s:; of T v: in Cit i es res id en ts agreed that winter rec re a t i on fa c i li t es sh o u 1 cl 

be 1~1ore ex·t ens i ve l:' de Ye loped. 12% of :<orthern 'iinnesota residents, ·r0 in 

SoutheTn '!innesota and in the T1·,'in Cities disagreed, S?o of the residents 

in >:orthern '!innesota, 14c'.s in Southern '.\innesota and ios0 in the T\-;in Ci ties had 

no opinion_, i.·:hile 2r:0 in SoutheTn I•linnesota and the T1·:in Cities did not respo:nd. 

Tab1e 9, 29 

11 >-1orthern '.-finnesota 1 s econor:1i c goal .should be: To provide jobs for 

the present atJ.on only 3 or> econor:iic and crn~1ri1ercial " 

\linnesota, ~<;::;14.3; SoutheTn :.Jinnesota> 

Jobs for Present 

'.\'orthen1 >1innesota 36?(, 1 '?r; 

Southern '."Iinncsot 47% ] (lli 5s;j 

50%, ~)% 60& 

63°s of \orthen1 'linnesota residents) L\ of So-uthern \linnesota reside:nL; J and 

4H; of T\,:in Ci ties residents feJt tli;:-:it \orthr2:r·n :1irn1csota 1 s econorriic goal should. 

be to ~JrCW de jobs ~c·or t}1e pTescnt rlopul icn on 

reside:nt::; 5 47r::, of Southe:rT1 '.·~~tnnesota T\:'si<lents> :.:::nd SO of T\':in Cities res:ic'.C'nts 

felt that \ortheTn '\innesot2 should stri\'e for econo1:iic and cor:;~::e:ccial 

JS'& in ::-:orth2rn \linnesota and Southern \Iinnesota ansi.·:ered 11both 11 as \·,·ell 

in th e l\, in C i ti es ) a 1 "both" ':.'as not offered as a possible ans\\er. 

in Sot1'chern ~ .. :inne-so a 2nd 6Sc in the Thin Ci ties did not 

SE CTI O~< SI\ 

Section Six contains c;ues ions 1.,'hich c1.eal i.,:i th regulator>' policies r:e::rtinent 

to \orthern '-linnesota. 



The resnondents -,.,-ere asked if they felt pollution regulations should be 

re 1 axed in 01'der to better acco:.:::1-:-!odate i ndus trial de...-e l The results 

a Te s ho\•; n in Tab 1 e 9 . 3 O . 

Table ~.30 -----

1 !Fo1lution regulations should be relaxed to nake it less difficult 

for tourism and otheT. industries in \orthern :Hnnesota. 11 

(Xorthern ~·linncsota, :<=lSS _; Southe2.'n >linnesota, \=96; T\ .. -in Cites, ~\=293) 

Northern \linnesota 

Southern :-1inne.sota 

T\dn Cities 

nion 

QC> o 'o 

Dis \o Response 

1 ~o 

9-28 

9°z; of >:orthern '.1innesota residents, srb of SovtlJern '.,!innesot2 residents, and 

6%. of T1.,·in Cities residents fe1t that exis pollution regulations should be 

relaxed to make it less difficult for tourism and otl1e indus ries in ~orthern 

the T\\-in Cities felt that c:d::.ting po1 lut-J on regulations should not be relaxed. 

4~~ of :-<oTtL ern 'Ii nrH=:'s ota iC:ent ·' 5~0 of' Southern '..Jinnesota residen-1.~s, encl s~~ 

f o_ re::iclen-c.s 

Ci ties residents did not respo;d. 

of 

Tab le 9. 31 shrn .. :s the results to the question r:-:ine safe regulations 

in '.,!i nn 1-:·sota. 

Table 9.3J 

wrh e I' e g Ll 1 at i 0 T1 S f.1ine safe in ~.linnesot2 o2:e te. ,, 

ern >lir;ncsota> \=1~2; Sout}wrn '!innesota, \=96; T1·:in Cities> \=:293) 

South ni · !innes •Jta 

39 

QC 
0 0 

\o Opinion 

62 

67 

Dis;-:; e 

23''. 

20 -o. 
.) 0 
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39:;5 of :\'orthern ~1innesota resident~., Seo of Southern >iinnesota Tesidents, 

and ios~. of T\·;in Ci ties residents felt that r:1inc safe 2.tions in ~linnesota 

are adequate. .34~~; of :\o:ctheTn ~ linnes ota residents , (inc 1 ucling 56~s of Hibbing 

residents), 23% of Southern ~linnesota residents, and 20% of T~in Cities resi-

dents fE·l·~ that these regulations are not adequate, 2n of :\orthern ~\linnes ota 

residents(jncluding 58% of Duluth residents), 62% of Southern \linnesota resi-

dents and 6/°:::y of T\dn Cities Tesidents had no opinion, and 7°0 of Southern :.ri:.-mesota 

residents and 3Ys of T\\'in Ci ties Tesidents did not 

Tab1e 32 illu.stTates the results of the tion re mine land 

reclanation procedures. 

Tab J e 9. 

"A r.:ii cor:tpany shouJd be to restore its land to the natural 

!l 

ern '.lirrnesota, \= El8: Southern 'linnesotn) \::.:96; T\.,'in Cities, \=293) 

e iLL(ffi l,:)t;; 

?forthern :.~innesota 

SoutheTn '·iinnesota 

T1,'in Cities 

79~5 of ?forthe::·:-r: '\i nnes ot a residents , s9s~ of SctYthern '.·li nnesot a resident:::> 

residents felt thz;_t a rni ning conpany should be 

to ca out reel ion procedures. 1 3 °,1 of the re ::; i d en ts in \ o :-:_'the r n : ii n n es o t a , 

uTes 

should not b S '~ of \oTthe rn : linnes o ta 2nd Ti,.; in Cities residents 

of Southern · '..i ;:ne.c:.ota no o:}idon and 3c._. of Southerrt '\irmesota 
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SECTIO\ SErE\ 

Section Se\·en consists of tv:o questions, one respondents 1 

attitudes trn-:ards 11 environuental groups 1', and the other the ar."";ou.nt 

of enYironmental attention recei 1.red Southern :'hnnesota and the Twin Cities 

in relation to \oTthern \linnesota. These reslllts are included in Tables 9. 33 and 

q. 3LL The question concerning respondents 1 attitudes tm.2rds enYironrnenta1 groups 

\·"as subjective in nc1ture., in that no possible ans\·:ers \·.'ere listed. The responses 

ha1.re been zed into three favoroble, unfavorable, and anbiguous. 

11 \\l1at is your sion of envircrnn~ental groups , .. hose concern 

is with pres the ecol 

J\:ortheTn :"!innesota'? 11 

>:orthern "!inn.esoL. 

South:::rn '.·fim1esot 

1\;in C ties 

·\r_ 1 ci r1 . 
1.~- J_U' ... .) ~ 

Favorable Unf cn:orab J 8 

e.nd h'i lderness character of 

.\mbi 

() 0, 
::;·o 

16'::S 

('it ,~.c 
~· ~- ,. - ~ J 

se 

36(b of :-,;ort1:ern :rirn1esot residents) :i 
0

- of Southern :<innesota residents, 

and Sl .c rr· . 
0.L 1 \\'J.11 s s on of en\ri-.:.'onment a 1 

groups. :24% of :-:orthcrn :.Jinne.sota Tc~:~idents, 1 of Southern ~iinnesota residents 

;:1nd l 0 of T\·:in Ci ti 

Cities recorded a 

residents, and ~ ~ 

residents recor..::led an u.nf0Yo1·ab le resno11se. 1 
~ (• 
.") \J of the 

s:ics in Sou.th :Ohnr.esota, and 16c:S in t1!8 T\·;in 

could not: be cat zed 2.s be fa\·orab le or 

1\; in C it i es Te s :i. dents di d not 



The ts here then asked if they felt that industries in the 

T\\'in Cities receiYe the sar:e anount of) noTe) or less, em:irorn:~ent2l considera-

tions than are current be \oTthcrn \finnesota. The results to this 

question are sho·1·:n in Tc:ible '.) . .:S4(This question h'as not included in the \orthern 

:·hnnesota survey) 

Tab] e 9. 34 

11 Do you feel that industries in the Tinn Cities Area and Southern 

\finnesota are n~cei \'ing the same ar:'ount of enYironnental considerations 

currently b in SoTthern ;Jinnesota·: ii 

(Southern :IinnesotaJ ~\=96: T\·,'in Cities, \=293) 

Yes -,-
"\O :\o e 

Southern >1innesota 4 •;O .) 6 Ll- 101?0 

r1 =~~ /1 r (' 1 3 ~:~ 

tion'?" 

~'lore Less 

Thin Cities 

43°:i of Southe:rn "linncsot residents and .:i=:J: of T'1·:in Cities Tesidents felt 

th:_::i_ tlrn T\•:in Cities :\.rea and Southe~cn \lirmesota receive the sa1:~e amount of 

em·iTonr::ental cons:lderaU_on as does \c1Tthern 'finnesota_, \·:hile 47'~ of Southern 

:'linnesota residen~::s and 4S:; of L:in Cities Tes dents felt the;: do not receive 

the s a:.1e ai'loun t . 1oc:5 of Southern '·iinn sota. residents and 13'~j of Th·in Ci ties 

residents did n respond to s ques ion. -l-0'~ o:E Southern :linnesot 

Ci ie~:; residents felt that Southern' nnesota and the L:in Cities _..'l,rea receiYe 

2, and 60 of Sou 

Q - 1 
_; •• .) _i 



>hnnesota and Tvin Cities residents feJt they receiYe less than >::ortheTn 

',]innesota. 

SECTIO\ EIGHT 

This final sectjon contains 4uestions relat to future <level 

of the ~orth Shore of Lake 

Table 9.35 sho~s the results of the question the construction 

of a four-lane hi on the \orth Shore" 

TabJe 9,3:'.) 

11A four--1 ane divided hi should be bui l on the ::\or th Shore of 

Lake ioT from T1.,·o Harbors to Grand Purtage, 11 

:.rinnesota_, ~\~::.:158; Southen1 \linnesot3~ ?\=96; 'J\-;in Cities, >>293) 

e ?<o Oninion Dis e NO e 
--~~~---"·~--~----

I:" () :> () '} ~ '?~ 
~J l1 Xorthern >·linnc otc:L 

4 1 o~ 20% 36So 0 Southern \lirrn otci 

36 (.' 16 ?(, ~1·5 0 

.s2s0 of \cr:cthern '.'-1innesota residents·' 41c:~ of Southern :.!inriesota residents 

·-) 0 OJ 
.:-Oo of the re dents of 

tha such a hi should be built. 

orr.h e:cn ',; i nn:::s ota, 

c~t.:~, \·:hj_ lc .?Ci o:f \m,·:~hen1 ?.\inne ota and Southern 

>li11nesota residents> and 16 of Thin Cities idents had no opinion. 3% of 

South err. ~'-linnesou: 2nd T1"·in Ci ti res dents did not 

The res ents \\'ere then c;sk l nio;!S tmrnn::L::. the location of 

addi ional big indus e ·-~'n the \or th S'.10re, Th e resul s are included in 

Tcbl 9,36. 

9 7 ~, - ..._).._ 



Tab le 9. 36 

11 \'o additional big industTies should be allo1 
.. :ed to locate on the 

eTn '.1innesota ~<= 130; SouthcTn ~!innesoL=t> \=06; T1\'in Ci ties, >><293) 

11 on Dis ree e 

:\m:thern :1 !innesota 1 Sc 
- 0 

Southern >linnesota in 

Twin Cities 66% 3% 

33°6 of :\orthern \linnesota res idem ts, 5 c~1 of SoutheTn :\!innesota residents, 

and 66°6 of T1,·in Citic:s residents felt that no addition.al big industTies shou1d 

be allrn·.·cd on the Nort11 Shore, \·.J1ilc SO of Xorthern :·linnesota resident:; 5 '" 

of Southern 'linnesota residents, and 20 of Th·:i.11 Ci ti Tesidents felt 

s}rnu1d be ab 1e to locate on the iforth Shore. 16(~ of !'~orthern :·1innesota :cesi-

dents> ir,, of Southern i.Jinnesota residents> and 11<:'0 of T\dn Cities Tesidents 

had no onini on
5 

\·;hi1e Jc~) of \orthern \Jjnnesota residents and 3''.& of Southern 

\finnesoto. and Thin Citie:::. residents did not 

Tables 9.37 conveys the s 1 opinions tmn:1rds l'egu.J.ations concernin 

biJ lboards ;:rnd other signs on the \o:rth Shore. 

Tal::> le 9, :s 

"Signs for busines along the >~orth Shore should be 1ir:!ited in 

size, and col0r. 11 

~·,·n '\innesota) \=180; Southe 

\o .Li~ion \D ~~esnonse 

\orth 2rn '-!innesota 9 1 Q 
- '(I 

5 o 1xt her n '.!i n n es o t a s 

T1dn Ci ties s 



S3°c, of \orthern 'linnesota resic.ents, 87 of Southern >'.innesota l"esidents 5 

and 8 of T1,·in Cities residents feJt that signs along the \orth Shore should 

be subject to such lir~i tat ions . 7°0 of ~\orthern :-ii nnes ota res id en ts 2~nd 5 c~, of 

Southen1 \linnesota and T\;in Cities residents did not fa\'or such linitations. 

sn of :foTthe:rn '.!innesota residents and ~.r5 of Southern :1iinnesota and T\6n Cities 

residents had TIO opi Tl ion; 1;;hile H, of \orthern ~.\innesota Tesidents, :)~_:, Of 

SoutheTn '.finnes ota res ts and 2?,:. of T1·.'in Ci ies residents did not respond. 

Finally, Table 9.38 illustrates the 1 fee re ng futuri:: 

in du::-: al vs, re creation a] development on the >:orth Shore. 

TabJe 9, 38 

11The state shov1d encourage recreational rat11er than industTial develop 

r1en t on th :,; orth Sh ore, '' 

on 

\or ern 'linnesot1 45 

Southern '!innesota 7g, 

l 

Djs 

i--;· {" f), 

.. )U 'V 

1 

e 

,-o. 
0 0 

4.S?c, of ~<ort}·.:ern >'.ini1er:.cta re.sident.s 3 and l of Southern :hn11esota and 

e d th a the s t at e sh c;,. 1 d tr es s :r c c re at-·: on a J cl e ': e lop-· 

r;:en t on the \OJ' th Shore. 

South :en >linnesota c-Lnd i_-:-, in the T\·:in Cities di agreed hith this stater:~en . 

Thin Citie res of >.:orthern innesot 

sicents, of South sot_ a 

9-:; 
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The administration of al1 state-~<Yvmed rniner·a1:::: ax1d mim~r·al rights is 

the re of the of Eatur-al Resources under Chapter 93 

of Minnesota Statutes. Th~ts includes mineraJ. rights received "l'fith Federa~1. 

land grants 1 mineral rights tll tax:·~,forfeitu.re s and held in 

trust for the districts, and other mineral s a.c by 

gift or transferc that while the basic 

responsibility for mineral administration is vested 1-.rith the on.er of 

Natlu\:tl Ee sources, the uJ.timate re the issu311ce of mineral 

of rules 2J1d etc is Ve st::.-:::d 11i th 

the Ste.tr:; Ex.ecutive Council c 

of State Stc:i.te Tre:astrrer e:u1.d State it.or" rrherefore, the:; 

c:t-3 mini st·r::-1tion in the .,.(.:• 
\.)..L 

J_~ the State E:xec·1_;_t;J_ve Cmxncil The of Natural Resource 

ser\n::0 ~::> c.,::i the technical arm of that and prep:0.:ces recor;1nendations for 

tb.eir r;.c-L:Lon and s1J_1)sr:; s out the necessary 

arid 

curre0~ status of the state m.2-ne:c2I .lE~ program it ~ 0ecess~ry to 

O\·rcs 

cMned h.:.Lstorical 

:.cu1 e s c: .. nd re 

the r3 of' 

admi:r:r~~ of lari the state has ac 

r:-;82-l1S" l·,c, c ~sd :in.to Trust 

Ls1~.d 
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The first lands acquired by the state were as a result of congressional 

action and are commonly knoi:m as 'rrust Fund Lands o Under the J..857 act author"·' 

izing a state govsrnment 7 Congress granted to the new State of :Minnesota, millions 

of acres of land to be used for the support of public schools, a state university 1 

for erecting public buildings, constructing public roads and other interna.l 

improvements~ Congress in 1860 further granted to the state all swamp and over­

flowed laxids that had not already been conveyed; and in 1862 and 1870 granted 

additional lands :for an agricultural college p_,_nd for the university. In all, 

these congressional grants amounted to some Bi million acresw Part of the Swamp 

1and grants ·Here subsequently conveyed to railroad companies, but the trust 

fund lands that were conveyed by the original State Con$ti tution and the Swamp 

Land Amendment of 1881 established permanent Trust Fund Lands that exceeded 5t 
million acres. Subsequent sales of the Trust Fund Lands has reduced this total 

to G.ppro.xima.tel~r 2. 6 million acrese 

The initial change from a policy of disposal to a policy of partial reser­

vation cf sto.ts lands cc:Lme ·in 1889 and was in relation to mineral righ-C.s.. An 

a c.t r:a2 c:ed that yea1' p:cov.id ed that ·Hhenever state 1ands located ·tn St" Lou ... "i s 1 

Lake or Cook s were sold, the Stats ~and Conmlissio~1er could. 1 in his 

disc retio:·:1 1 re serve a11 minePa1 ri to ths state. In 1901 this rn.ineral 

vations C":.pply to c:.11 state lands that are sold 1 including tax forfeited lands. 

In addition, mineral rights are reserved on lands disposed of by exchange. 

Consequently, the state has retained fllineral rights on over 900 ,080 acres 

of trust fund la.rids that have been sold or exchanged since the pe.ssage of these 

acts,, The ar.10ur1t of mineral rights administered by the departmerit, therefore, 

is gre2ter than the su_rface mmership. It includes 31 million acres of trust 

fund minera.1 rights -- lands on which the title to the minerals is certain. 



The revenues derived from the use of these lar:.ds must be credited to the 

aE;:iropriate trust fu11d for the bene.fi t. of our public schools .:ind un.i. 1lersi ty. 

The Constitution prohibits the expenditure of any of this inccme, It is 

therefore invssted by the St&te Investr:ient Board and the mi_iversity, and the· 

return on the investment is distributed to the rn1iversity and school districts., 

Upon becoming a state in 1858, Minnesota aJ.so was vested ·with title, 

below the ordinar~t low water ~nark 1 to the beds of all navigable bodies of 1r1ater 

within its bNmdaries. These l2Jrn and stream bl3ds a.re also u.r1der the juris-

diction of the Department of Natural Re sources / and any revenues derived from 

them are credited to the School Trust Fm1d. 

rrhe Department of' Natural Re sources periodically acquires certain lands in 

fliJ.fil1ing its management. responsibility. With lee,>isla-'vive approval, over 

900~000 acres of 1an.d have been ac.q1Jired for parks> forestry 7 fish a..nd wildlife 

management, prtblic accesses and other public pl1I'TlO~:.les" This includes some 

159,000 acres for 5 over l+00,000 acres in connection witl1 state forests, 

and :~60 1 000 a.cres in connection with the stater s fish and vrildlife 

se 1. gift or 

tra_r1sfe:c of tax forfeited 1Enid from t.he cou~·1ties to the for 

si ti on. a.nd in 

many ca.se s is lL'.1knrn·n16 Re',1en-0.e s deri vsd are c.redj_·!::,sd to tl1e propsr ftLrid, 

The sts.te be:gs.n to t2J~e ti.t1e to taz forfeited lands in 1936 1mder the 

first effective tax fo:r:feituTe law ena.cted in 1935 (Chapter 278). During the 

next two years 1 +J-ie forfeiture. of la11d. s delincrl1ent on the 1927 to 1930 tax rolls 

brought a.pprox.irriately 4"2 million acres into state ownersbip 1 in trust for the 

t ' ' ' t • t ) • • < I ' tf-CJ?:lng ais ric s "-iav1.ng a.':l inT.eres1~ in dem~ The amount of tax forfeited land 

constantly fluctuates d.i..J.e to continued tax forfeiture, land sales, land exchanges 

and transfers. The present amount of tax forfeited surface J..2nds totals approx-

Em·1ever 1 rnir1era.ls are re served when tax forfeited 



·1 ' , • , 
~anus are m .. sposeu of, and, consequently~ these mi.i1eral rights cover approxi-

mately 5 milJion acres. In 191.+3, the department was authorized to 1ec..se ta'<: 

forfeited mineraJ_s with 80% of any revenues rece~_ved being returned to the counties 

for distribution to the taxing districts . 

.Another category is known as Consolidated Conservation Area L2illcls. These 

lands, totaling over it million acres 1 were acquired through t9.X forfeiture. 

Howeverr through legislative action, tit.le to these lands lies directly in fee 

with the state 1 rather tha.n in trust for the ta.xing districts. The state took 

this actiori to prevent def mil. t on ce:ctain drainage bonds issued by seven colLntie s 

in the northern part of t,he state" In return for tb.e. ste?,te ts ps.ying off these 

ditch bonds, tax forfeited lands in certain parts of these counties forfeited in 

fee to the state with 50% of any revenues resulting from the sale or mw12.gement 

of these lands being returned to the com1ties~ Tit.le to the rrinera1s of -Lax 

forfeited lands is somewhat obsct1re 1 due to the fact that the rn.incrals could 

have been reserved prior to forfeiture and not have been recorded. (See Chapter 12 

on Severed r·Iineral Ownersbj_p for further discussion on this subject o) 

Two othe:c ;:.; of lands b10w11 af> Volste2.d J_J::.mds and LUP s a:ce 

admini ste rc:d of Na hn_ ... a1 Res ou1~·c i_:; s o v·olstea.d Lands · .. re1·e 

fed'2.raJ_ publ~LC ·tihat have been to Volstead liens for 

dra"ine.ge projects 1n. no:ct}--i-,,-estern MinDesota,, In l the Etate received 33,200 

acres cf' these s by pu=ccbase frorn the federal The J~UP La.I'-d s 

(Ls.no. Utilization Project ~Lands) re sult.ed through the pm1 chas2 by the federal 

gove.r:Y:1ent of s1fr;n:a:r.'5"inal &g:-cicultural lB.nds f:com private in.di vi.duals as author-

ized m1der the national ILdustria1 Recovery Act of 1933- Ce2-tain of these laj1ds 

have subsequently been deeded to the State of Hinnesota and are administered by 

the Dspartment of Hatrn:-al Resources. Title to the minerals of Volstead Lands 

were c.couired with the surface but may not have been acquired on LUP Lands. The 

federal government. reseryed an m1divided three-fourt.hs interest in all minerals 



not of record in third parti2s and reser\red the renah:i]_rig one.,-fourth interest 

in aJ_l fissi.ona·ole materials on LUP Lands deeded to the state. Mineral revenue 

received from thef;e lands is credited to the state forest i\md which appropriates 

507~ to the cm.mty where the land is situated and 50;s to the general revenue fL.md. 

The first r;rLneral lease law was passed the legislature in 1889 and has 

been svbstantiaJ.ls- modified and expanded since that time The authority and 

guidelines for the Department of NaturaJ. Resom:ces r management of state-cnmed 

mineral rights are set forth in Minnesota Statutes~ Chapter 93. Under state 

mineral laws, mine~caJ_ rights are not sold t hut state lands believed. to have 

minere .. 1 potential a.re leased a.t public sale or rmde:c certain cases are negotiated, 

The minsrai lease2; provide for payments to the state of annual minimum royalty 

or rental \';rhen no ore is rn-i ned ~ 

and/or 

Host the 12 .. 'il;:~ gove the of state--owned minerals h0.Ye 

been directed at iron ore m1d t.acon:Lto" However, the laws 

1 Minn. Sta.t, 

to have a:i:J.d control o\rer L~inera.ls of the state and their 

leasing. 

2. Minn. • 1 Ch. 93, basic law relating to s.tate rrd.neral owner-ship an.d 

leasing .. 

93.01 Q .. 93.04 Reserv-ss minerals in state-owned 12 ... nds. 

93005 ReqtLires co:-nr>::ns::d,ion to be paid by a state lessee to any suTface 

ow~ner by the lessee's mining operations. 

93 .06 REc:servss m.ine:cals under navigable lakes and rivers. 
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93.08 .Autho:c·izes pro~pecting 1 leasing and ITlining of non-ferrous 

minerals, such as gold, silver and copper under the waters of 

pub1ic lakes or streams plH'suant to ruJ..es a11d regulations adopted 

b~l the Commissioner of Natura~L Resom~ces and approved by the 

State Rxe cu ti ve Council. 

9.3 24 Authorizes the mining of ores, such as gold, copper and silver, 

by a lessee having an iron ore lease only pursuant to a 

supplemental w-.citten agreement. entered into between the state 

and the 1essee, 

93, 25 Authorizes proSl)ecting; leasing and mining of non==ferrous 

mineralsj such as si1 ver arid c.oppe.r, upon c1ny lands owned 

by the state (including tax.·cnforfeitecl lands) and the beds of 

adjacent waters, to rules promulgated by the Commis0ioner 

of Natural Resources These ts and leases must be 

by the State E~xecu:tbre CounciL 

of rents 211d s 

deri ·red from Jeas:."t ng of tax.v~fo:c.fsited r:1i.n2rals ~ 20%1 to the 

state f\;nd; to 1ocal to be 

-:; I 'j-f- "f~ c .-.J; ~ t1_1,_, t.o the c ?, !or-·,...,""' 
~ / / vcJ.· . .J to ·(J1e tcnrn, or city, a:.1J 

4/9ths to the school district 

93. 34 l·iake s it u1tlawfu~l to mine unJe1 ... pu.blic laJ<:e s vii thou-t. proper 

authorization frorn the state Ol"' without the consent of the State 

Exscutive Council. 

93 1+3 Authorizes the Co:nnrissioner of Natural Hesources to give ne1~:Lits 

or licenses across state-owned land to businesses engaged in 

copper-nickel r:lining for pi}x::lines, p'JJ_e lines, sluice'..rays 5 roads, 

flm;age ~ etc. 



10-7 

IJxcing the 1950vs 1 indust,ry and local government officials interested in 

copper.,-i1ickel and its possible benefits u.:cged the Cornmis,3ioner of 

Conservation (now Hatm:aJ_ Resources) to establish ruJ .. es and regulations 

goverriing the prospecting for c:111d mining of copper .. ,n.ickel and associated 

m:ineraJ.s on land under State controL After the reqJJ-irec1 public notice, and 

after all interested persons had received a draft of the preliminary version 

of the proposed rules m1d tions arid after the Commissioner had received 

written suggestio~1s from some of those notified, a public was held on 

January 15, 1959, at 1·rh .. ich tiIT;e· a11 interested pe:csons 1·1ere he2.rc1 and testir:1ony 

taken~ However, no action '..rc-:.s taken b;y- the ExecuLive Council to a.pprove the;::e 

rules and regLilations ~ as a consequence; the;y never be cams effective. For 

variouf.:, rea.~3011.s intere;::,t waJ1sd at this tin~: and no :f-u.rther 

In 1965 interest revived 2cnd j~n 

Conservation · r1Jl.es 1fr'i-C:ten snGgestions in 

1·1ho then fixed a date for 

LCter re I• nvc1.ce \·;as and a.fter· 

the Ccrr!.'.":iisE~ioner recei stions in response to the notice, 

a pubJ_j_c he,·n·ing ·,,'as held on 15, 1966 attended representatives of 

goverr.!.Inent 1 and g:eoups concerned. ~ri.th the environment 1 such as the 

Izaa}: Walton The Commissioner of Conservation then formally 

recor:-::ne:1ded the iLJ.les ;:;_r::=i. After proper 

notice of their se 7 on November 8 1 1966, the Executive Council unB.:'.1.inously 

appro;:;ed the rtJ_=s ;.:.:.r:d. regula.tio:1.s 1 2f-~>:;1~ one change, the addition of a 

provision author~~- the }I;xscdi ve Co-u11cil to reject arry ar:.d 2.11 bids. The 

ru.les ar1d as to forE1 a_n_cl execr:_t:Lon by the Attorney 



General ?_ .. nd filed with both the of State and the ssioner of 

Acir:1inistration on 1!01.'"ember 18? 1966 

The rules an::i adoptc:·d by the Executi ·ve C0tmci1 in 1966 

provide a leasing prograEl fo:-c copper} nickel a:Kl other associated minerals . 1 

Major items contained in the rtlles include: provisions for rx1~blic an.d 

negotiated lease sa1es 1 proceduTes, anci the actual lease form. The 

lease form contains the basis for roya1ty and rentc:1 payments; safety pro~· 

visions; c:onside ; re ;::.erve s the ;:.>tate 9 s d. to lease iron 

ore 7 taconj_te a_nd sell tirnbe s the lessee to submit 

reports, e.:x:plora.tion data and En.ne s s for state 

s the lessee to pay .::. and t2 .. xes the lessee f s to termina:Le 

and t,}_--~e lessor's to CP.nce] , 

L T'hs basis for e;;_r1c1 renta1 is e as follows 

a) 

b) 

oo/acre/y-ear for the first 5 years 

"0 I"<-· u /0..--

nOO/ac 

for th:; ne.z:t c' f=L v·e years 

s R.t::;c'.overed 

Henta1s are 1 but ur1der certain circumstances ca.n be credj_ted 

toward earTi.ed ties on ore ties are based on the 

value of r:1ets1 2.rd r-iine1·2.l recove::---ed in the mill 

concentrati:: fo::c each ton cif d:c=Led cr·ude or·s ~ is a base 

psrcentags :cate plus 211 addi tio::.al that is bid to obtain the 

lease 

so-'.:,a Re ens, 



') 
1~" 

a) 23 Lea.se provisions are subject to all state and federa1 

statutes, on ... iers, ruJ_es ons 1 and all operations m1der the 

lease shall be conducted in the re ',·ti th. Thus~ for example, 

the is ect to the 1966 Federal Hine Safety Act, the 

authority of the Courrty Nine and other ~~tate and federal 

controls 

b) The lessee shc:dl c as is usual and 

customary El skil1fuJ_ and proper copper-~nickt:l mining ope:cations~ 

c) 30 the termination od the lessee shall make 

to leave the 8 in a safe and condition 

to protect or d2Jnage to pr.::.rsons or property c 

3. n1".,rj_ronrnenta~l Considerations 

J A lea~e does not the absolute to construct a 

smelter on State land ebut to raill arid concentrate sh:111 

to reduce or :=::melt o:ce upon vni t 

1-rithout Bn bet'deen the s;:oee a:r:.d the corrnni 

0't1.cL t~.~:;s of tbe surf ace oi' th<~ 1and .::--:rc:.j_ for the 

of l:Lf.'e and p:cop~ II 

b) 20 and Il::ase does not ze use of surf&ce 

as the r: 

said l.L'li_t are not to be cJeared or us::d for c or 

for such use has been 

The surf ace use of sc:.id 

be conducted in such 1::an21er as to or red .. uce and. erosion 



c) 

., ) 
0. 

11 Stockpiled materials shall be in such r::anne I' 

and on S'.lCh sj_ te s as 1...-1aJ be cr1Jthori zed the cor:"J-:iissj_o:r1er in ·Vi-riting. 17 

If surface is not ownsd. by the State 1 the lessee rrust satisfy the surface 

0'"1l1eI' to proceeciing in accc·rdance with para. 5 v 

Prior to l1ncier the lease the lessee must secure all 

necessary- ts, etc~ 1 anc_ with a11 state and federal laws 

and in ·with p:ira 23: 

11 The s:i.ons of this lease are to aJ_l state and 

federal statutet.;, ordel"S ~ rules and and a1J_ op2rations 

thj_s lease shal1 be c:onduc:tsd in conforr:d. therewith. Ho inter~,~ 

ference, diversion, use of of any waters ove:c ·which tbe 

commissionsr or any other state agen.cy has ~::ha~Ll be 

"Ln1dertaken lJI1le ss J .. n \·LC:.I. the cornm.issioner or the 

state agency. u ~.'he before the le ss~.;r.:_; Fill have 

to s~-.cu1:-c nu:-.:erous after tbe necessary 

lessee lo C• . ._; re 

necessary to leave the 

I 

SLJ 

restore the ses 2s 

to store the a:cee. in e.cco:cdaT1ce with para. 30~ 

the co~Nissioner deems 

ses i:n a c orJdition to 

o:.c· props ar-KJ. sha lJ_ 

s.:::~ the cor:;r.1]_ssioner d2e1:1s 

to the r~0.t.-u.Tal condj_tions of' tly; 

is ra1 to 1atituje in 

of 

·,;hi ch be utili.zed -uJ1:.:ter a:.~y 

of restoration w~1ich 

r:Y1_1_st be ger~e raJ. flsz:.ibls 

c:nl:-.1 surface; ai-id to sell the timoer. 



5. s 

a) 12 The lessee r:Tust transnL-1-t with ee.ch ro;ya1ty a 

stater:,2nt of the 2nd the value of l' -c.ne ore r.L.inecl and remo-;red -0 

b) covering 

material rnin.ed 1 i~tl.11ed, concentrates materials stockpiled 

materials are required. 

c) Lessee r:rust rnalce re Q'-i 
o~ 

s of all 

data, maps 1 and A of all ex-

211.d s must be r:1ade avaj __ la.ble when req1J.2 

by the Corn::r-:-J.:i s si or: e :c" :information :i.s classified until 

tion of the lease 

6Q State 

to ct the op2ra:tions 

and conduct any nece ;.:;sary or 

7 Lessee 

a) The~ le :::.see rnnst a.11 other· mmer;::; 

inte:cc:st in the unit to 

c 

1he lessee is r6 or 

speci.f:Lc which ELC'e .9.sses;:;~ed while the leess is acti 

8. 

2 ;: 
·''-' The .lessee may at any t~_r_..1e 

after deli~ery of 

notice 

b) Lessor nay Ye notice to terrnin.s.te should lessee not 

all co:c·:.ditions of the lease. 

after notice is deliver0d t.s:cr::ine:.tion ci.oe ~::; not 

rel=Leve les;32e froL1 any liabili inc11_rr:::d m~oJ.." to terrni.ndtion. 



Attached is a copy of the Eu1es and 10 . J.) \·;hi ch co~--~ a ins 

the b2.sic lease 

Section 5 of the RuJ.es ann s sale of lea .. s2.s 

to 

are the le noticei a $25.00 unit book fee p,:_rJ.i the bid and 

subject to Ex .. ecuti ve Council 

Section 4 s for a 50 year lease 

the lands co:'."1tained in a Therefore 

by the i~1. a ven section b.ave been inc11xJ.ed in c •. 

unit c use, 'The beds of ic 

waters been incluJ.ed :Ln the St=i_Le s c 

Al 

Cru1oe Area 1 nona or these mineral he.ve ever been de 

or offered for ~~ass. 

wi of. the cu.Trent. involved le 

saJe is as f ollo,12 

L of Hatu .. :ca .. l Eesc1JTC,.:.; 

data etc. 

2. 01 ::.JatuTal 1-:.2 sotU'ce s c.sks to submit 

areas of interest 

3. if the~c-S' is 

Ter:..tative lec..se sa1e e .. :r'e.s_ s a:ce sets· i:n ccn.j"L,r:~cti_o~ 1,ri.t}-.: a11 

e,1,;-aluation of' natu:ca..1 Te suu..Y'ce '.'al1J_e s 1 identified hi sto:cic a1-.:ct arche 

possible c: The gro~llps 



6 

8 

9 

10, 

lL 

12, 

1 ,...., 
--.J 

u112.ts to be -i r1ch:d,::;d "i.n the lea.se saJ_e cour:tie s, 

various dLci Control 

Hat u.r a.l a11cl 

sor7 Council and other interes'..:,r::d 

DJJH reVleWS cor;:rnent.s Of above s ;::.,nd gr OlJP s f o :r c 

areas 2_,_nd fL1alize.s lease e.:ceas !; 

data is ace LJJITLLLat.ed and units are e,stablished 1 

unit ne 

id en ti and map:-:-~ 

the la.nds are 

notification of the le salt:: :us made in the c ou11tie s 

as re in the Hu1e s Ernc3. P::d.or· to the 1 1.ease sale~ 

the 

the pres~:; to 

ve bi_ddf: c:i..nd othe:c inte noti.:LLsri and 

subrr:i 

Bi.cl::; cv.tive Cuunci.1" 

bicis are in effects 

lessee s abili 

the 1 1ec.se s2J_e 1 bs:f c.•re subr-:r)_ reco8~e~dations to the council, 

JT:n lleJ .. d 

t·J 

that were b:i_d o~--i 

on 

le se crvrard s (j 



lse.se s to the 

It may alEo table certaic bids of more detailed 

inf orrns.ti o~-::.. 

Since the .sd on of thess 1 five state 

lease sales have been held. The first leass sale 1 held i:1 D;:;cer:iber 1 1966i iri~ 

eluded lan::.ls in the Dul.nth Gabbro ge forrnaticm n·:>rth of DJJ_1J.th in 

St Louis LaJ.:e and Cook Conntie s. The next t~ree lease areas included lands 

in the Greenatone ge forma on in St. Louis, Itasca, 

axi::l Lake of the Woods Counties; axd ·Lhe fiftb. lease saJe, held in D2cember 7 

2.c.iditionaJ_ st~~te lsLd ~)t, ( LOtlJ_ s ) I tEt .sc Et 

Lake of the Woodss ltrami and Hosea.u Co 1xnt.ie ~ Of the • 9 rni11iun a.c 

m:insr3.1 offc the State to date ever 

000 a.c ·:,·re rs .;r<,.;· a :cd e d to c On ~! 1 l 117 J 

COVe 1111 a.c:res · .. ;ere still in effect ( Table J 0 _ 1) ~ 

surnrnar:y on s that h2.ve . ' 
TSSU8G c:~_clnd.1LL 

ctj_v:::: a 1 

It is 

B.rea 

it is necess2ry to e.d<:iit~_onc::.1 areas for 

lea in urdcr t·:) 

the o.f 

an s as a basis for rniner·e,1 resource 

and 

Over 

s the are loc2tsd in thass n0rther~ 

~ to have the grsat9 of' se 

areas bsen a~:ce 



3/1/69 

g/20/69 

1/1/71 

l+/J/71 

Tc_ble IO J 

JOl 

79 

10~ If' 
0)1 

7 

h79 

J-IJ9 163)' 

l 75 

117 '1111 



L:::ssees h2:ve conci.ucteci geo-

of 

It is esti.~r:2.tscl tb_2.t G\re 

to date in the state lease areas. Rerrsals to 

the state tl--:e of these leases have 2.rn01.urLed to 

l 1 causs of the TEL\. Forf'eitcd a_nd Co:1~3olida C C)nse r\ra·~,i 011 .Are a 

inclucied o.f s amou.n.t is ::ceturrH:::d to the 

districts. 

10. 3' 

s are consider~d in 1Jn 6 of th2 

and 

yhen it .i to hold a o:'!. anv 

1 C;C cl.ti on or e.x~tent .~; :i.n.tere st, 

Th~ State c of 1 

:cec 

ccn.re in Lake of the Wood °P.OSC.3.U 

c;ou~1tie t:· 

[Je C Et 1J [3E3 SI 

) 1 SuL.:.1 the 

r:.otific 2.ticn 

·:otice o._ ea.c~h ~;eJ .. 2 

in to be 1s 



are located, ~,hall D9, at. le2s-~~ (30) 

be:.'or·2 the ds.te cf saJ_s. shed i~ not to exceea 

t ~·;o ( 2) adcii ti on2.1 the 

m:i.y direct, E::ich notice 

a) s2.le 

b) The ;.,-; 1-1here. -'che list, of 

fcir saJ_e be avai1::'.ble for re 

c) ~3uch 

The cur:eent of the of the:' 

E to 

the bid 

the: 

to 

dete 

le 

Ti1e first 

ttse 

of' 

~, sued. 5 

~·'.3.le 

Ce to 

to ss1ection 



the need for aJa2 the 

Othe:cs ected to s~~n ~ _arse 

offered on the basis that c_i f i'i_cu_l t to 

ticis1:1 ha.s a1 

the of 

an:::1 

the 1anci 1.1ave 

To 

7 ) 

T 
I 

I.' 

1')1.1, 
\_,.. \'< 

of the area invol 

come the in -t.ha 

~3 for 

et.c ,, 

(( ('_(I 

1, ,--::_ci .-';_ c c.c.s 

~\ ('~ '~. 

,\_CI~' 

of 

when 

1·111\ __ 

; 
Ci_ C ~\ 

c· 



1: 

(a) 

(b.' D(:Jili:ions 
(c\ Permit~ 

(fly 

\::;I 
(]}) ,j\ e D,Hc 

(b) [Sc:. 

1.::') 
!he Sr:-iU' 

"'(The 
F: t-sc:1! i·c L~s 

:\PPE\D IX 10 , 1 

CH /\ P ·1 r~ l CH T : 

CH 

=~\ l= 1 irLL :-)\~)JS :Jtc:r 
b:, ~, 1 -, 

cl,.e;·:~·:._-:_l 1-·~ rr1i1·.ron;2 

Sc CilOIJ 

\\·ords 

ct 

cij ,,q {re.: 
L L:c:nlL'it. 

-, . .-o,· 1 ;· !)L'p,:.1u;1o;f o/ . -czt:n al 
;:clL· .J 1 



unit' mt>ans the L:ind <Hhl \\~1ter as rnc::h 
, \'. hcrc~n the st .. '.:c O'-" n,; an ir1 mine1.:-iJ-:, 

3.] Pcrrnito. The fir:or 1\'.0 ye;Hs cf 211y lez1-::e is 0.u,~d rsuant 

of k<LS\:s 1l) 

m :n.~r~.J~. on 
inclt2Jln·.: trust 
Ji . .;;d in trn't 

th~it 
E: ch such k::isc 
for ZJ. 1.·nn 

or 

1"L dc»:~rnL'd 

Th,; 
slnll 

m i his 
by Ibc 

of the 

\\):Ci<~ i 11 ~l1I~ni~/~~l;j,/'i1~~l ~~~: f~ti':~-.~~~:. 
funcJ l::nds. L:rnd 10c l'C'i c'd 11.~'[ and 

t:i~ ~ :-,tc1s. ;_-·r1·J ]::Tl·,js orh1..~r'. 1:is-)e 

Le«: 1 :1:.: lrn ;Ls. 
tmit. >·.c) :~ 1 1.~h }C;\ ~.hz~.Jl b:; i:,c.ucd 

, Olh(:f\'.iSC 

61. 
l·> J (i.\\'. 

1,=i f'rc:.;:·.>ct ror rn;n" ;:.;td 

rcmeiY\:: COJ 1pc:r, nid:cL 
iSSlh:'cf au t l tori/ t'\~1_ 

S~t .lJ be 

of k~·~e<. ~;h;d] br; h··;d 
the Tl:~: 

c'.utc ot 
nc .. t t1.::n (~~) ~.J.J::ic.1 nz,J r1e1\ ·r,,:··e,:- u1'J u:,1 1.:'.1 

tiE' ccrnJlllS:>tDn·:'r rc1ay ci:_ E~;ch nl1ti2t~ c:,l1::i]J co1H~iin lii<:' 
onnation: 

n~b) T11e 
for <:,.]:: \\ill 
and 

( :~ l l C Zt '· :C: 

mit'.::{ 
n11;1 1.1.nit. · 
in t'-;c 1 :d 
the f 

units to r<· cilu-r,:cl 
\.h~L'C 

direct. 

o~·,u.i~i a 
:_o c2-rn:-nl::,­
r,1r r:1rk rn.Jllc\' 
r1 \·c ) t.~1)} j ~-:rs 



RU.ES A~\D HEGlIA1IO>S 

p3.id to the stc:te per ten C'f crude ore for the nickel, ::rnd associ:ited 
metals c:ncl m '.11 e ral proJ ucts rc-~o\'1:~red from ores mined from the 
rninin:; unit ~h::ill tic· rhe "b:ise rate per ton of dried crude ore. plus 2n 
2Jditi0n::tl .... per c·.:-m of the \'8lue of th,-; mct~tls cind mineral 
rec0Ye1't.:d in the mill C('Jil~,~ntL:itc." The 
ci ccrtified ca:~hier's chc:cL or 
state tre:ilsurcr in the sum of fift\' ( 50) 
biJ Obtained fr(1 1~1 the commissiont:T. SCakJ bid 
shz;] l b; enc Jc.sec! in ~rnciLhcr and ~ }13 ll be d 1~ liH'red in p~0 rson 
L'f nt~;.il to the cor;;rnissioner at P,tul. \1innesotJ.. Bids mav be 
::o.libm itteJ at any time prior tL1 tb:· time for the of the 
bids. and no bids suhn ;ucd :~ ft.:r tkn (irne 
the cornmi::sio;1c>r slnll t"ndor~e llpL1n 1.:-ach C.\act 
time of ;rnd prcsen e t11L' s~une, 

exceed the b~t'e 
The 

\\ ith the state exrcutiYe 
~Flfl•.lUn:,'r..'. tht~ ~fftil'UDt of e~,ch 

b\· the cont1T1issioner. with 1be 
· bidder for 1 he re-

th:H do -nc'1: equJ] or 
r<:'.tes ~,::-t forth in of these rules <t!ld 
resen·:~d C\CCUti\·e COUD-

0r ;::I] t 1ids. th,:; ccnifi~~J cbcck 
\\ill1 the L1;J skdl v:ith th:; st~'tte 1reasurer z1s a fee 

Jea~e. All bids not ~l•-:cc\Jted sli::1ll bc::)me ~rnd the clwcks 
1he bids :'hall be returm:d lO the 

Lc1s.~·~. \Vhenc\·er the cc\1r1missioner ::-hall find 
s;-ilc on :in:. unit because of 

its k•c:1lion or siz,; or ilL: ::.Ltte's inter,:.~[ iTJ the miD1:r~1ls tbc1 rc·i11, 
8nd t1nt the? best intereots of the st:He \\ill be st:·n,~J 
si,xi,_r, »·; itl1 the of the '°::~ccuti•:c cour,.:·il. ri-1~·1\', 

s:1k. issue a ·le:l'·<: to · DTn<i,.::C't for. 
and rcrno\·c . ni.:·1:c0 1. ::'.'<''OCiJ.ted · ' sh::t1l be 
rn su,~l1 form sh~:ll c·o:·jt~:in ~.1;ch )nfc:rrn2tic1n ~·s tl:c cc·n11T1i~:sion:'r rn~tV 

so ;''L'cd '.,k·ll b:.: in the form f,:JJth in [S,·cticin 
sud1 ~~1lcliti1:'n~.l L:rrns a;1d conclit[1·1r,:: not i11cc1 nsiq2nt tb:-re-

be ;:::c·re.=0 cl UJ'Oll. Th,; rcntztl ::u"Jt. . .: r•)' upon 
sb:ill b;; not thJ{·, !l1os,; in 5Jid ['.'~.:c-ti0:1 7.]. 

~-.:' c 1<::·:c~se :;h::dl he issu(:d u:idE:"r thic, ~eciicin fnr tl1,:· Icrno\ d c•f c·or 1 r-Q1 
ni•=L~L ~.nd et~'1Xi.1kd rnin::r.:J··- ]rc,;n ;::;:n· mu•1:E: ~L·1it Ior \\ 11ic:h nc~1j":~· '~1~ 

s~:le hc:s bc.:n p1blish<'C~. tinttl c-'...:·cb public s~;)(' h::is b,;:,_;1 }1clcl. ~..;o 
~h:.c.ll be i 7 ''>-lcd n1Jcr this sc~lic1 n until ~it l..::::1st one public s::1k h:::.s 

'been ·held tir:c!,o;r (c) [Sc:ction 5.]. 

[Section 7.1 Form of L~a:.-:. Tb.: fonn of l.::~1se for 
:.md re mo\ in':! . nicl:cL and 

th·.:: :;~~·i:c sh'.:ll C\~'n';jq \'.iLh 
or :::c!diti,1nc:; :.s rn~iy be 

~i~d L'thcr~ p~1r1.i·:_'L:i._,_l.(' 

tl:t> rules zcnd ri:.,:::1.i!::ti11;·,s: 

This in\.knturc. m:;dc this 

l i1Cc-,lf'C<l<c k 
z·_s n·1~t~.- O•:! 

nf --------------·----, 
~~ncJ bd\';e,?n the ~)t:1te of \Jirn:csotJ., hereiruft·."1 c,Jled th,_:: state. 

--·--------·----·--·---·---, b:rcin::fter czd1cd the iessee. 
\\'IT'<ESSETH: 



DE!:'.UlD!EST or· XAITRAL EESOLTl.Cf.S 

(Ji Ttrm: of unit Th::tt tlie 
sider::.;_ion of the s1.irn 

t)-1e 1e~.s.;,::, lhe r.:·nL:] }icrC'in?,fter 
of th·.:: current cc.:lcndar yc:;r ,~r,J fc)r c,:lenu:J.r 

in funhi::r (>)osid­yc~~r t~J~ 
eT :-t t: ·---~ ~1 of 1 he 

''s3_ij tl:e 
jn lhl: SLJ.::c of .\iir1ncsO~<L tCH\·jc 

kept and 
lessee fc·r a term 1:-f 

()j: 

h::-rein2fter c::1Jlecl 

of this lease) tbe folJov:in2 words 

"Comrnis~ic.>ner"' m,"~1ns tbe Cornmissionc"r of l<atu.ral Resources 
of tlt::: of \JinJ},;~01~1. or bis 

(bb) ''Ton" means 2.000 
free :noi"ture from the rn:',teriaJ 
beit. 

( 3 ) P ur p o,s e 
01 

Tb; kss<>~ sh :di 
cxc::·\ ~it1,)ns. 

or r:crnu\·;d of 
lintil 

(-.;) Sl,,·,,::':; 
1 () J ~ .,~ :_: ·'.; C' r 

for. r:1i1i.:-. ~(·;";'O'. ::'. 

The ~:::icl 
for. ~rnd 

rep1 esem2ti\e. 

~,fler remu\"'.l of all 
d·e;;:r".'eS .F,d11en .. 

k<1'\',~l 10 the less,;;e for 
8.Jlci rt:ni1,ha] of ores con· 

1>1· in Sc~id 
pan of The Bi\1• abi;~ jron 

The st:::te rcsc:n cs the 

p ;_:.I' t C { t }~ (: f; i., ~ '1 ~ i; ()fl forr,_1;·, 1 i 1Jn 2. r: '--1 l()c 2.I2J 

to c·:;::lort:> 
t 11 ~-·. t c (' 0. 

l 1 nit. Tl1c 
lc:~8:: ~:;-z.:nt:::J by it tci 

of 

L.e'-'<'1: IL'.;cin n1~.t 

~1~D\', r.eTS._"'111 or C~Jf­

- ., f1 Jr,:=· i1 1:: ; ~- S , J L} -

-mitt t: ·::' c1:· Jcs.sc:c 

1r::~ase in su~~h rn.:1nrEr not to ca:J<c· :.un· unnec;:ssJ.r~· or ur;recc 'UliJ_bl 1.: 
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1Jr hi1~Jr~'nce to the of Zil1\ or ksc.ec of tbe 
1:ir rcffiO\'Cd of stz:te in the ·-:'r thc- de\ (;\-,~·1;;,:nt. 

sue h 't ~lLClD i LC. 

Jc:-;<..;:~ <.urf:t::·c ;,1;d -:-21] 1imbcr. Tlie ~.lJte rescn-es 1he 
w ~cl: ,~nd c•f zdl the (ir;ihcr upo11 :~~oid unit \',itlwut 

l·:• or liip,j_;:~nc<:: irc•m Th·~ k~Sl'l: ;_1nd r·u. '-ci:'cn! t•-" tbe L:\\ jj(_t\\ or here.::cfrt::r 
th.:: s~ik· tir:·;L--er on st~tc L11hJ~. ~~r~d lo tb~ st~ttc z~nd 

S0il, 

\1 inn '--'"-'i ;1 S;~i tut..:~" 
sul~;.ti,1 11 \•-i:h lcs•.ec. 
not int,·rL~rc 
thci-e\_11-i. 

~' \ ;ill t irnc•, 10 

ope (f:.·~ 
kc'-es. perrni1s. 

lrnd:~r the 
lJ\-1 s. :.tf1cr Cl-·n­

m Jicens,·s sh;1Jl 
or rn~nin.z C'p·.:r::Li;m:. cc1EJu:_:~,~d 

((1) ,-'\'llHi~d ren!'.~L ·-;-;w cc1\ en~·.nls to 
I.', 1 

to 1bc st:tlc: 
rer ~icre of 

'.-::':d". 

1".:ntal ior ..:~·icl unit at the r::k c•f Or;c:: 
i:..rnd ;ind \\ .~"r ;1L·~1 inch1d·2d in s~,;J 
jn ad\·~~l·1.:>::. fc·r 1.h·.._~ 
tbe e:l:.::ui ... -e d:itc 

C"J.-"'-,,. PL·]:cl. 
1~,.::~~t~;_] \\ i: hi n l11c:: 
Ztt·2d. or fr.._.;11 '' 

Ln~ \1. i:h Lh~ :~ri:~·,\·cr1H~·1c1n 
z~;;d h~:s r1r\=1J·t:{;..J. \\ i1hln 

r1d;~1 '.-i.:1..'1·: ~·_nd 
~: c d .t )~ c r ,~:: 1- k r 
YC'~-.tr. r~~y~~11=1le 

ye:trs: ~·11d thcr::2ftcr ~it ti-ie 
r. p~t\ :;;,;_,; 

r::il,: ~h:;.11 

tr1n~ cif s-._1\~ h c\rc:~. ·~I-1r:: er·:~l cl tl;:: l ·.i,·2L'1.ic:~-1 
}(·Js.: Th·'n the 

s~.id 

c r-:: Ji~-·~- C\ Lt ~in.., 
Cl ur1n '.:'. tf\C sz1; ne 
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rc~·ttZi1 E cl 1Je: 
~',Cf•~ f =:ny 
rn =' ~ cc1ri-i .: 

m of 
8.J1~,-! ~Jt"~~2 .. 

(he C\tCI1f thJt 
int() Lhc tC'· \1.l1ich sucl1 

z1r110lmi ['.::iJ for rent::! in c:\:c::-::i ~~f D\ c doll;::rs 
c-:.l,_·L\Lir \ c~·.r rn:1Y h: cr,:clitcd en :~;1v 
ort: fC'.1110\~<:d h,:·rc--{mJfr the \-ui-· 

ren r c .J e:Hbr 1:e Jr in t'\~,:css cif 
the e~·~t(:T1t th~?il such rcnt:d \1.· .. -~~ 
for \\hi ch Sl:d1 roy;::tJ ty is due, 

crcdirs for c1__;r;-c·nl 
or dr:'p1J';it·:.:d inlo 

~;lEdl be rn::de c•n th: 20th cl:-ty c 
1:cr rhc l'i2\ itrn' cc·:;e;!d.·r qu:Lil<:r::-:. 

fir:ot lllr~e cakndJr months c·f th,: ye:~;r. 

~<(J\·ern­
ctllcncl;-u­

and so en. 

T_ surreihL:-r of c'r r:.=irts ,1f sctid n•inin::: unit by iess':\: pur: 
thi·~, le:~S\..', the 8~1J~UJ1 Tr .. ~nL~-d r1:t\ rnern 01~i\c b;.~J 

or p:1rls ic1r all ~ub~-~c"·~t1cni (~~l1cnd~Jr ~\:t,:;_,rs; 
th·.: r-=:n c•r s:_:rrcndt:Te,J sh:~ll no; b1o' 

c1u,:: fc1r' ort~ rcn:-~O\ cd frc1rn that pJ.rt of l.l1c 

su~·ir1t to (i1·e 

' thf' 
crcc\ti ,:d C•D 

mi;.in;:: unil \', 

Fi 

n-1 :'1 ~d s 
t(!fl 1~ 1 f Jri::J Cl Ude' Cii~1~. 

:t fr~<ctic·n::i] t111cl\, icL::d in:.::r~st 111 th~~ n-1i nc:r a1s 
1-::if \.Le r ·:·nl:·tls : \11 i L t h ~ '· t fr J <: l ~ (1'.1 ;,_] 

r2in .:,h:~lll for 'i!_kJ\ nic-r:. 

1]1is l:::~1Se it i-; cic::[:_·;n-1i:1cd rn a r-roper 
of t;·i ,_·: cir,~ :--1 

fr(ifn l1tr: 

~rnJ uiJh- iJ 
ci ;te of thi\ )e:•'-'e 

ci f t =,:~ fc• n·c: i »~'c! 
::r:t1 ~ f LDci. for 

[ i .~· ;·1. l 

!l b = ·:::,-i; n pu kd l'i:1 rh .-· 
,:~ ticl.:; 1•re s:1:dl cai-

1s \\ :'i~hcd. 
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Fo1 orr:s rrliue.J by lrn"jcrg:·otmd methods the seco'.ld ti:11 (10) 
the rc.rr-:: ~h~1Jl be 1\»o on1>lll;:~ner ::'.·) 

\ c1L1e tht:: iicet::.Js and minerzJ products ' in 

rn;ll ·.:·on.:enlL·te from e~:tch wn cf dried crude ore\ an ::-1ddition:.:;l n 1:0 
C\llC>C'.L:::rt_cr ( 2' .; ) per c::nr tb::t p,_·ni..::m of Yalue of th::: rnc·lals 

re,~ci\crcJ in the mill cc1 ;1:c11tr~;te t}·j:n exce":·cis seH'n­
of d r i·c::J cm Je C'Ic: :0.n d for th c: 1 L irJ ten (1 Cl) 

rate:: sh::dl be t'xc1 ~Hid cine-hz:lf (::::) pc:r cent 
fre rnet~·Js <:>:1,l rnincrcJ recovered in 111~~ mill con-

c:::n~rati:: fi om e::ch ton of 1Lit:.'d cruck ore. ~:n ::cddit:o:1::il 1) and OJJc> 

half i.'2 1 .') C'Clll of fr1:1t ['1C·I!.ic1n or \be \'Z-Ju·e of th~~ meLtls ~:DJ minc:rnl 
recoYe1·eJ in I.be rnill cc•;i-~cntr:.:tc tl!c:t e.\ceccl; se\·cntcen (17l 

WLl of dried crncle ore~: 2nd for ll~c fourth t1:n (101 c:ih'uciE:. 
the- t :ise rate ~lJ:::'1l be t\\ o and ( __ ~. l rJer cent 

' of th::· r 11L:Lils rnincr:d pro,Ju:L; rcc0-:ered i::i rnili con-
toll of ,Jri<:d crude ore. an 11»:0 ~tnd 
per C''llt of t1::'.f pcn!c1it of the \:.du:::: cq· the metals 
recoYcr:.'cl in frE' rniil 

f1~1· ton of dri.~d cn_J1...~c, circ: 
of the lc:1:, 1:' lCr:~1 tLere:1tler. t11,·: b:·.~.e r~ne ~kill c:'rJ1. of tbe 
vcduc of t}1e re, ~'.lb rind rnine;:1l pr0d 11cls recn\".'rcd iet 1.lK· mill cc•nc.:rr1r~1le 
frorn each lc1n nf drit::d cn1J·: ore. nn ;,cL.li ,i·.:.>TLtl thr;:·,~ (J) fd cenr of 
th :J.t oi tL e Ya 1 ui:: the mcL:l s. :rnci rnin,:r::ll reco\ cred in 
the rndl c 1Jn: ;ntr ,~t:e that C\ceeds ~t:\'C'rkcn ( 17) too of dncd 
crude c:re. 

c( 

tot:1l 

i·3e 
~l :~ b a~ ·~o~:· i ~'1 1.'d rn eta I or 

dis1•c1.:,"J L''.- s:1::'.ll b2 
the Yalue cf ~u.::·!1 fl'1~t~l (>f 

the: \ a.h1 es tbm c1 b::tin·::'cl for 
~·:;1d e:icl; L1r th::: rno:·itb. ;:,ncl cfr:i·.k~ 

the ~1:111 1 ' r\.-..:, !.C1 t,1l numh,cr of lt'.lil' ,_;;i.cd C'llcJe ore frc1 rT1 the 
unit in the mill 11

1,; rnurnl:. to obtiin th:; Y~tlue 
1'.11nC!"dl 1_1roJ~J1:t.::. rcC()Yc;,.:d L.-cnn c .. ch toq of JJ-i•:?·J crud 1.: or~. 

Tii:: for e2.;::h r;K·nth sh::tll b..: 
tk:l in c-rL)::d lot::;. f.c'.b. 

ctals ~'.nd \L!!.=:ra1s \f~; .. r ... 
a\·cr ~~~e nLtrkr:;t 



c:1lLoJ,~s. lr-1 

St~1tcs 
fl1~E-}:~l 

mon;i·i 
litics I.u.b. 

fol c:~cl1 n;onih sh::ll h: 1h2t m1 .. ~'t:::cl for nickel 
f.o.b. Pc1:·t Cc<h 1P:c. On::.1io. · C L'nit,·cl 

d_i_:ty (if :--.n~) iriJudeJ. Zt5. ju s,~!.iJ JtY._11r1Jl. Th~ J\CLi-~Cc 
of o:h:::r rn ::t:.I s ~1 ·:1 d C' f fC".l':,:J for ea .. ~h 

)'L' llLL 

th.,: CSLl::l ~1n.J (.'lhl>JTl:~:I'\. 
;·:nY 1 ii;:·] ..'c1

': j. ~:s rerc•~T·,:d j n. .s~tid J c.n1L: L J.f 

qu:;n· 
St~d.cs irn~ 

:<tid Journ;:;.1 or 

or 
ti.:ns of 

or i:~ cw·.·11,'.: ion) ce::ise lo 
is not 

~;=o\·c-r11. 

( ~ 0) 
o2'e £rc:.:.·,;1 
or in the 

by tJ~~ 

(1 . .'.. i 

:md ri'1 il'. 

llJ Ji t :; h '. ~ l 
\',[th 0.D_1· 

ores. Tbe Ls 
unit \'. ic~1 C>\rJ.T urr·. ~-i 

j:J,.:cJ. bCi\'. C"\l'L lbi l 
t.1:11.il \lwir :'.h.1 

\\·ci;;ht 

in tb·.:: n1ini:. i11 
circ:-o :::b2.ll L'·:­

rr1etz:l ::end min,::r:d content-; 

cirr:· re­
c :i lend;·,r 

\' hc;1 cJ1..'c c•n ull ore 
for ;rn\· 

i1!ed aPd 
IlJc 

used 
o~her 

10 
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fa1ch rny::tlry 
comf',~t.:-nt d1t;rnisrs 
Ti1c:: elcr::1cnts in the 
h:c rn:_·:.dc, si1all be 
Jc-ssce. 

(c_<r.'.) Co~:c:i 
m~:\c::ri~d:. cch1.:.__.,; 

;3n~t 1 \ x,:·.·.:,_•~11 1_~r:,t '.~ .. rE c':r1 2ns:: c,f the k'.~--;,:e L'y 
. , . CC'ifl;-r,i'c-'.('11C!", 

\'.hi,~l1 :'.11:,ht cktcrmin:;\; . .:_,fls \\ill 
L1\~~\\ ccn r1l~ C\)n1::--1'1i~.si,J~1;..?f r1d t1tt.: 

the cc•1nmi~:­
e:::d ot c·.:ch 
f~-'.rrn ll1c 

~:11d :;n:ch cf li-1:..' 

:11 n;:tLc-ri.:l r:-:i1;,;d 

~~ -l l 
~111 c cl 11 l l ~ ; 11 :-( 1.:~ '-~1 

SU;._:b 01h.~r JL­

-.l\_'E~;r lhf'. 
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SL:1:~_bL· ro.~'li1 Jll 

~~·1.id 

CC1r;-1:. 

~,tc1L l'rc ur c11hz:r 

dt\"idc::_J c',:j !(I lht ]lr(>>'~i\. (\f 

,-~u~:l~L -,~n:d~·ses 
and 

o.t tb.;: 

tr:i:1:1ni1t::';J, .\ll ri::·rn 
tc1 th<:: tr~:-is~.il'r:r. 

~(fl\- o ·-~-:J~r nr·:· 1. 11 i ::i~·::, 
· ~i·:i:i' c,f '.<' iJ 

_ ') t (Ji. c l~1 n} l , ~ ~ s ·~ i c) n tT I a 
;-~d-,t- r suit~t L-· 

d 
ihc 

1' 
rrc,n 
'.:U 

[~- •;'; 



l 

to t li •:: q e: l::. ;:; n d t kit l h c io tric l :nd :.]·1~0 '.l te:rrnin~~t2 a.nd 
ti sh~:.ll 1 L·\·t:'.rt t\=1 (1c le~,'.Sc,:; i~. i-~o n~~(·d::J lbr::d 

tc'r 1L2.t fr·r 

;•:-

rn 
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c E~ I S C S \/ F ED R !'\ L 

1\- and srt frcn the surface the 1 Ti1 f 

out ntj_c'.1 of the tr:. e 1 s his 

·--one for the surface.· and one foT the niner2ls u.ndeT 

s i.i:cf 1 ce. 

Se\-eTec1 mint~:ca l inteTc::: ts occur in al 1 areas of the· s tc.te, but the orit 

1 ands lo c:ated in nor th ern \jj_ r;ne: .so "ca 1.:;1 ere the pot en 

f :.:n r;ine ra 1 dis co\·eri has 

nera] m:nersh 

Historical 

12t er 1800 1 s, ::.oon (l er .son e e:f the lanJs in rJ(.:.i1then1 :.Ji 

1h? fiTst 1a::c 

1 ... Ler 

vate indi-:iduals. 

ed of r:c 

, }: O':: 2·1.-e r ~ oc:cu::·red f o 11 m·:ing the c'.c c::. s ion 

. , in 191~-, \·:hen the :.;j nnes·;.}t :rer:e Court ete 

caJ_ \ ' 1 ~ \. l 

- 1 c 

'; ·cne :::urf.:=1ce 

J_n ere -,~ n the 1 

:i.n t c 

}' -~' 1. \J. ·, 

,,\ .. 
r LLI 

int e ::c:· .::. t s in 1-·e __._ 

d, sepc.rc;.te tax-

jts fer 11()11-



nineral in eres s ',·:here dri ll ng 

ccuraged the sepc~~r·at on of :rshjp of surface 

untaxed mineral es tz:tt."' lands \
.··h 
•l. ch thus ha\-e been -:..~rorn t for 

EFFECTS OF 

ests: (1) creation of 2 real class of proue v:hich i::: not taxed; and '\ 
) 

du~ to 

failu:re to }\ay th-2 

tru.st :for the 10 aJ ta:xing dist:ch·ts. 

forfeit -.,.,ith the su:cfac:e ri ;.fi neTal ri 

lete record~~. 

- . .:! ., •. I 1 .. ~-. ~ 
.i'_,<_) :;0.-11\..)_ .)_(.._,_ .L Lt J_ I.._, 

_._l_ 

l L 

:ce.sult Jn forfcitu to the s a , in t :n: s t for the J ci-:: al ui ·i n g d i :::. ~c i ct s , 

l .. dses \', ! i c~ re the \' 0 J u of t ]1 E: 
• 1 

111_1_rJerc._J_5 

ri for cL n i n d 1:~ i ri it e D c I i or. l n in e 1 . j th t }1 e 

to 

hc:,s ( 3) h : " ::.1r1..,c;o 11 ·~::co ct on of Ln:. 

A.nother :Eacet the 

m:ner seJ.ls his suri2 e 

that pa:cc· J . Upon 

on o his ht:irs as t1.n .J j_ \~ i ctic-n 

ina \' or c::-1\· ·.Jt be teTcd on ion 



th::i D 

not unco: 11 to 

0 _c 
l the 1_ 

,--.. , 
T :J~G 

11iort acres 

a 

T 
L 

n ~ineral nroper 

n fiYe 

2CT t (l 

l -:._: l' ("' 
~·) 

1::ineral ir,terests > 8 ni1lion acres are L.rnds o'. .. ned 1r: cderal 2;1d state go•:ern-

nent.s b1J.t a e, exchanre, ;=thandon!'H::·n"t~, or ta:-: for--

feiture, fron1 T11e neT:::d m.nersh of these lands is u~certain 

due to the. possibi] or to the land be 

ts. Of tl1PSC \~~Lte 

lancis, n.Ye nn i Lt en acn::s aJ·e =l n coi~Lmercia1 fore ts. 

Th State 0£ nne.sot 

since 5 te is 

exch~:11g:c·. 

r,, i 11 i c• n a c re :-; o f 

c~o not c·.·:n Fiincr?.] ts 

] i C c,; 2TS. 

in 1-Tt 

~ ~ 1 
j__,. _ _,__ 

to ret&in it i~terest in the ninerals 

interests :=i1un 

naturDJ iron ore or 

l \ land 

c 

either sale 01· 

, .. -, 
.L ~L 

tc 

con-1p ani e ~I 

s £ron th 



In revin: ~ the t1·;0 L2.sic probler;~s regarding se"\·erecl r:-;iner2J inV:~cest::: in 

~·linncsotc: ... arc: (1) CTeatJ011 of a se~Jarc:,te property ownership v;hic.h becor1.(~s 

incre.asingl) obs 1:::ure and \·:hie:h cannot readily be deten:1ined fror:i norrna.1 m:ner-.. 

sh=. p rec:)rds ; and ( 2) an of tax la\\s v:hich ts the O\':neT of a 

seYered rui11e:ral est::i_te to escape taxation unless drilling has established a 

pro·ven value. 

The Department of ~atural Resources and a nw~ber of the northern count.ies 

have been conce~cned '\·;ith this problem for rnally years and have rita.cie Tepeatt-:;d 

att s to reso1\'e this situat.ion since 1957. Passage of the 11
: .. Jine_ral Ee s-

tration Act 11 in the 1969 legislature, represented the first step in a solution 

to these problerrLs .1 This 1a'".7 requires owners of sn·eTed mineral inteTects to 

re ste:r theiI' in.terest in the county in \·;hich the 1ards a:re locatE::d 

ary 1 1 1975 and to Te-re te·l_' C'v·ery five years. Hm:eve:£', there is little; if 

anr5 for failure to 1'egister and no loss of ri ts; consequentlv there 

is Yerv little inc~nti\'e to register. 

To artment of \at~ral 

') 

Resori.rces J.-;.~ed a bill> hhich i,..:as s1.lbrnitted to the 1971 Je s1atureL" to a~:-,end 

(1) ~·lake re .:>tTatl.un 1Jf severed J:"1i11era1 l'} ts manda 

C'.) Ir1pose a rninir~un tax of S. 50 per acre £01 eve red niners.J 

ts en v:hich no ·value has been placed and other1·:ise 

taxed. (Th ~:_o d.nce of Ont2,rio in Can c:a, \·;hich ha.s Jar:d 

a .. ·nershjii pattern::: 2nd !:iineral ch0_rc;.ct ~·i.stics sj1:il2T to 

:.lirms.sot ~ has .50 an acre since 1968, 

c ta S"c ~tut 9.). .,, 

S. F. ::'.649 and H F. 16b> JS,l l ti\:e end j :-.: 1 . 1 . 



l ''-; 

( .3 ) P r o y i d e :for for f c i tu Te of s e \'ere d m i n e r ;:L 1 1' i s to the 

state, in trust for t~e local tax di~tricts, fo~c fail,-

ure to pay the ed tax (as is the case 1d 1~h oth2r real 

ty rights) or for failure to re ter these ri ts. 

111e bill affoTds e•.re1··y m"-r1er of se1:eTed mineral interests an opportunity to 

preserve his rnrnersh i p in ts rest in minerals by paying \\·ha tever taxes aJ'e due on 

his mineral property. Revenue derived from this tax would be collected and dis-

tributed by the co1mties in the same manner as is the tax on the surface inter-

ests. Failure to pay the ta~es or to register the mineral interest would re-

sult in forfeiture of the miner;;:..ls to the state> in trust fo:~, the local t:axing 

distTicts. 

Except for the registration requirement, \·;hich is ;.1eces.sary to clarify ths 

ob.:; cure 01.\T1ersh i p inte1-es ts in 1 ong-- s eve Ted mineral estates j n ;.;irme s ota j this 

is the same syste:ri of lah' applied to surface o\.,'TleJ'Sh in \finnesota. Existi~1g 

laK 2.h'eady prod dss that severed minerals> \·:hich are ·valued and asss:::sed for 

tax purposes, forfeit to the state for non-pa)Tuent of taxes. 

R.evenues de1 iYed fTmit rninend s f orf ei ted to tJw state ·u.ncler this bi 11 would 

be distributed socs to the Iocal taxing districts (the county, school dis·l~rict 

and local muni c,_Ety); anc1 ~·in to tJ1e Gene:cc:d ~:,evenu;; Fund of the state. The 

. b f' ' . pri1:,ary ene ·1c12::..-::..es of these revenues \·:ou1d therefore be rhe economically 

h2.rd-Dressed countie ::.; in northern >linnesota. 

1be bill as proposed the 

ported by the cc11.:i.nties, t;1e t of Tax at i on and b ;: 1;--, o s-::. of the or 

It is proposed that an u~..::--dc-:.ted version of this bill i.·:ill 

be sub r:1i t t e d to ,ch e 1 ~ 7 3 1 e ;o:: i s 1 at u re for act i ci n . ee c:n.Jix 12.1). 
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Objections to the proposed legislation have been voiced by some intere.'.:t 

groups. One hss suggested that failure to register or pay a tax or; t!1e ;·Jineral 

estate .should Tesult in forfeiture to the surface 0 1.·.·ner, Thjs has heen 

opposed by the i.'arious state and county es ir.entioned 2buvc as \·/ell as 

most e;-1vironrn2nta 1 groups for the fol lrn\·ing Teas ons : 

(1) Such a procedure would be unparalleled in :.rinnesota lm.,· and 1,;ou1d probab 

be declared unconstitutional. In the area ,,-here the lm,· would have its greatest 

impact, the pTirnary beneficiaries would be the large surface land holders, such 

as timber and mining interests and the federal governoent; 

(2) State copper-nickel leases contain environmental safeguards not present 

in most private leases; 

(3) State mineral leasing lav,·s and rules Tequire the state 1 s lessee to 

compensate a SllTface rnnter for damages to the surface m·:ner 1 s 

providing the ·surface mrner protection. 

As a result of discussion and certain objections voiced ~th held 

on vaTious rninera1 stn1tion bills the 1971 lati>.'e session, the 

.Senate :·;atural ResouTces and Invironmc:nt Comrni t.tes appointed an Interim Sub-·-

committee to s and consider the~ regist:.catior. of ssV'..=?red r;-;inc1al interests. 

Test 1,,;as :cec ived at three held 

this tes 

1972; but their specific reco~8endations that Kould have continued special 

tre0t.r~1ent of l.mt2xed rninera1 ri ts and TequiTeci c-: ',·:i 1 J and at'.:~ action in 

s ettl each r:Jirir::ca] estate> failed to cecei Ye '~ of the Subcom0ittee. 

I 

('~ 

7] f 2: 

Cl ? 
J ,) ' ' 2 





APPEfrn l X 12. 1 - SEVERED MI tlERAL I tHEREST 81 LL* 

1 A b~l1 for an act 

2 rc1at(ng to ~inerats; nroviding a tax on 
3 certa~n ~ineral ~nterests o~ned 

4 seoaratcly fros the surface; reauiri~g 
5 the registration of Mineral interests 
6 owned seoarately frc~ the surface; 
7 ar..cnd,ng l\lr-i~esota Stetutes 1969, 
8 Chapter 272, by ndd~~g a section, 
9 S e c t ' o n s 2 7 2 ~ 0 ~ , S l: b d i v i s i o n 1 ; 2 7 3 • 1 3 , 

10 by adding a subcivisioni 93.52, 
11 Suhdivision 2~ 93.55, and 93Q5Br 
1 2 r e D e o \ ' n q t·~ i n n e s o t a S t :i t u t e s 1 9 6 9 1 

13 Sections 93.53, 93&54, 93,.56, and 93t57. 

14 BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF MINNESOTA: 

15 Sect~on 1~ Minnesota Statutes 19691 Chapter 272, is 

16 amended by adding a sectton to read: 

17 [272.039) [LEGISLATIVE FINDINGS AND CONCLUSIONS RELATED 

18 TO THE TAXATION OF MINERALS OWNED SEPARATELY FROM THE 

19 SURFACEkJ The 1cg{s\ature 1inds, for the reasons stated 

20 below, thnt a class of rcc1 oropcrty has been created wh~chr 

21 althoug~ not exerpt from taxotion, is not assessed for tnx 

2 2 p u r· p o s e s 0 n d d o e s n o \:. , t h c; 1· e f o r e , c o r-1 t r i b u t e a n y i. ;-, I n 9 t o "; a r d 

23 the cost ~f suoporting the governr0nts which Protect and 

24 preserve the continued existence of the orooerty~ These 

2 5 r c a s o n s n r e a s f o \ 1 o rl s : (1) In the case cf Washburn v, 

2 6 G r e g o r· y 1 1 9 1 4 1 1 2 5 !-', ' n ri ~ 4 9 1 , 1 ~ 7 l.: • }·~ • 7 0 t / t h e M { n r! e s o t a 

27 Suore~e c6urt deter~~ned that where ~inera\ interests are 

28 o~ncd separately froM the surface tntercsts (n real estate, 

29 ·the ninera1 interest is a scoarate interest 1~ land, 

·30 separately taxable, and docs not forfe{t if the overly(ng 

32 surface interest1 (2) Since this 1914 decision, mineral 

33 ~nterests owned seoarately fro~ tke surface hnve been valued 

34 and asscsscc for tax purposes, es n practical matter, only 

1; Introduced in Minnesota Legislature 1971: S.F. 26~9; H.F. 3166 
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1 i f t h e v 21 1 u e o f t h e F;'1. i t'1 e r a l s h a s b e c fl d e t e f' n' i n e d t :~ r o u q h 

2 dr{\}ina nnd dr< I 1 core snalysis: and (3) The obsencc of any 

3 taxot!on ~f ~incra1 interests owned scoarately ffOM the 

4 surface, except Hher"e dr\l1iriq ona)ys{s is evail<ible, has 

5 encouraged the senaration o+ ownershio of surface and 

6 rninera1 estates and resulted ~~ the creation of hundreds of 

7 th6usands of acres of untaxed m~nernl estate lands which 

8 thus c:ire ~~rrillf")G fror.1 tax forfeiture., The \eqi~lature also 

9 finds that the province of Ontario in Canada, which has land 

10 6wnership patterns and m~f")eral chnracteristics similar to 

11 that of K~nnesotar has i~Posed a tax of S.50 an acre on 

12 minerals 6wneci separately fron the surface since 1968, and 

The 1Pg(s1ature further finds 

14 thot the icient~fication of seoarately owned Mineral 

15 interests by taxing authorities reauires t~tlo searches 

1 6 w h ~ c h a r c G x t t' 0 r;~ G l v b u r d e n s o r;: e a n d , w h e r c n o p u b 1 \ c t r v c t 

17 ~ndex ii available, prohibitively exocnsive. ·rhis result 's 

1 8 c c'.) LI s e d i n p a r t by t h r= d cc ' s ' 0 ('\ ; l"\ r.' ' c h e l rn a 1"1 \I e I·~ e s s 11 e r r 

1 9 1 9 ~1 7 , 2 5 0 M ' n r. • 8 B I 8 3 t~ r \~ n ( 2 d ) 8 0 0 ' w h e I' e t h c s 0 c a l ' e d 

20 11 ~0 year 10w 11 was held 'nr:op)icub\e to r'>ineral ·\ntP.rests 

2 1 o \·> n e rl s c p a r· ci t e l y f r o r:1 s u r <- e c e i r~ t e r e s t s , 0 n t h c b e s ' s o f 

22 the above finci(ngs, and for the curpose of reauiring mineral 

2 3 \ n t e r· e s t s o 1·1 n c d s e P a r a t e \ y f r o r:i s u r· f n c e i n t e r e s t s t o 

24 contribute to the cost of government at a time when -Other 

25 (nterests in rcDl property are heavi 1y burdened with real 

26 property taxes, the \episloture concludes that the taxation 

27 of severed ninernl interests as prov~dcd in Gnction 3 of 

28 this act is riccessory a!ld \n the oub1'c interest, and 
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prov~des ~air taxation of a closs of real proocrty which has 

2 escaoed taxation for many yenrs, Thr leqis\ature furthar 

3 concludes that such a tax ts not prohibited hv ~i~ncsota 

4 Coristitut~on1 Article 180 The l0r;,sluture cor.ciuc!es f~na\ly 

5 that the o~end~ents and rcoca]s made by this act to 

6 Htnnesota Statutes, Scct~cns 93.52 to 93.58, ere necessary 

7 to provide adeauote identification of ~ineral interests 

8 owned separately f roG the surface aGd to Prevent the 

9 continued escape froM taxation of obscure and fractionelized 

10 severed mineral interests~ 

11 Sec, 2. Minnesoto Statutes 1969, Section 272~04, 

12 Subdivis~~n 1, is amended to reed: 

13 2 7 2 ., 0 4 [M IN E R f, L , G AS , C 0 AL r M~ D 0 IL 0 ~: r~ ED AP A R T F R 0 I"\ 

14 LANDS SPACE ABOVE AND BELOW SURFACE.] Subdivision 1~ When 

~ 
15 

16 real estate are owned separately and apart from and 

1l ~ndePendently of the r·ights arid interests owned \11 the 

18 surface of such real estate, such rrdl'leral, gas, coalr cd\, 

19 or other s~milar interests ~ay be assessed and taxed 

20 sepafately ?rom such surface right~ end ~nterests in such 

21 rea\ estate r includtnq but not 1~rnited to the taxation 

22 prov~ded ~n section 3 of this act, and may be sold for taxes 

2. 3 in the sa~e manner a~d w~th the same effect es other 

24 ~nterests in real estate are sold for taxes, 

25 Minnesota Statutes 1969 1 Section 273e13, is 

26 aminded by adding a subdivision to rend: 

27 Subd. 2a, (CL A S .S l b • ) 11 H ~ r. e r a l i ri t e r e s t 11 r f o r t h e 

28 purcose of this subdivisicn, ~eans en interest in ony 
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2 other s\r-·.i\ar \n<.:erest in reol estate, \...'hlch 's Ohr,ed 

3 seoa~ately and aoart fron the fee tit1e to the surfece of 

4 such rea1 prop~rty. Mineral intere.sts whtch are fl led for 

5 record in the off ices of c~thcr the register of deeds or 

6 r e g ' s t r a r o f t { t ) e s Pu r s u Bf' t t o H ' n ri e s o t a St a t u t e s , Sec t i on s 

7 93.52 to 93.58; constitute c)ass ib, end sha11 be taxed as 

8 provided 'n this subdivision unless soecif,cnlly excluded hy 

9 t~is subdivision. A tax of S.50 rer acre or oortion of on 

10 acre of ~~neral interest is hereby i~ooscd and is due and 

If an 'r"lterest filed pursuant to sections 

12 93.52 to 93.58 is a fractional undivided interest ~n an 

13 area, the tax due en the interest per acre or Portion of a~ 

14 acre is eaual to the product obtained by ~ultiPlYihg the 

15 fractiona' ~ntcrest times S.50, ca~cuted to the ncorest 

16 cento Uo such tax \s due And pciyab)e OF\ the fol loh'iFig: ( <3) 

17 Kinera1 interests valued and taxed under other laws relat{ng 

18 to the taxation of minerals, g3s, coa\, o~1, or other 

1 9 s 1 n ' 1 a r i n t e r· e s t s ; ( b) M ·; n c r ?. 1 i r1 t c r· e s t s w h \ c h a r e ex e ~,pt 

20 fro~ taxation oursuant to constitut~onal or related 

21 stAtutory prov~sionsr (c) Lets or parcels wh~ch are less 

22 than two acres in areae Tax money received under th4s 

23 subdivision shal 1 be aoport~oned to the taxing d~strlcts 

24 ~ncluded tn the area taxco in the sa~e orcoort{oA as the 

25 surface ~nterest ~ill rate of a taxing district bears to the 

26 total Mi 11 rate aool~cable to surfoce intere~ts in the arpa 

27 taxed, The tax irooscd by this subdivis~o~ is not included 

28 w~thin any linitoticns as to rote or a~ount of tuxes which 
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may he inoosed in an area to wh,ch the tax ~~oosed by this 

2 subdivis~on aoolies Th0 tax i~ooscd by this subolvision 

3 shall not cause the a~ount ci ether taxes levied or to be 

4 1 c v ' e d \ n t h e a r e a r \·! h \ c h e r· o sub J e c t t o on y s u c h 

5 'I i :-;'\ ' t a t i o n , t o b c r c du c e d ' n e. 1"'l y a ~, o u n t ri h e t s o c: v e r • The tax 

6 ~roosed by this sect ton is effective for taxing years 

7 beginning January 1, 1973. 

8 Sec~ 4~ Minnesota Statutes 1969, Secti6n 93~52, 

9 Subdtv~s~6n 2, ~s amended to reads 
I 

10 Subd, 2t Except as provided in subdivision 3, from and 

11 after January 1, 1970, every owner of a fee simple interest 

12 ~n m(nerals1 hereafter referred to as a mineral interest, {n 

13 \ands in th~s state, which interest (s owned separately from 

14 the fee t~t\e to the surface of the property upon or beneath 

i 5 1-1 h { c h t h e rn i f'l e r a l i '" t e r· e s t e x i s t s r s h a l 1 f i, 1 e f o r r e c o r d ~ n 

16 the reg~stcr of deeds off~cc or, if registered properly, in 

17 the registrar of tll;es office in the county where the 

18 mineroi interest is 'ocated a verif\ed statement c{ting 

1 9 s- e c t ' c n s 9 3 c 5 2 t o 9 3 , 5 8 o r; d s e t t i n g f o f' t h h { s a d d r· e s s , h i s 

20 interest ~ti the f;';'nerais, a;id e~ther (1), the legal 

2 1 d c s c r 1 p t \ o 11 o f t h e p r o p e r t y u p o n o r b e r1 e o t h r1 h i c h t h e 

22 ~nterest exists, or (2) the book and page number, in the 

23 records~~ the register of deeds or registrar of titles, of 

24 the (nstrument by which the mineral interest is created or 
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Hinnesota Statutes 1969, Section 93.55, ~s 

2 amended t6 read: 

93.55 [FAILURE TO FILE OR RE~FILEcl If the owner ~f a 

4 rr.iner'al interest fails to file the ver,fied stater:'erit 

5 rcqu~red by section 93,52, before Januory 11-7~7~ 1973 , DS 

8 acqu\r\na such ~riterests as to interesti3 ocau{r·ed after 

17 +~u·s·+n'CJI;"- The r• ea ft er· t he rn i n e r a 1 i n t ere st r.: av be 1 eased i n 

1 8 t h e s a '7· e m a n n c r ,; s P r o v ' d e d i n M ' r" n e s o t n S t 0 t u t e s , S e c t \ o r·1 

19 93e335, f~r the le~sc of rincrals and mineral rights 

20 beco~in1 the absolute ororerty of the stnte under the tnx 

21 lows, ~~ceot that no Per~it or lease issued oursuont to this 

22 section shal 1 of ford the oer~ittce or lessee any of the 

23 rights o1 conde~nat~on provided in section 93D05, as to 

24 overlying surface interests. After the m~nera1 (nter~st has 

25 forfeited to the state oursuant to this section, e oerson 

2 6 c l D i r'I ' r< q o n o h' n e r s h ' L~ ' n t e r e s t b e f o I' e t h e f o r f e \ t u r c r. a y 

27 recover the fair Market value of the interest, only {n the 

28 An action rust be co~rrenccd with~n six 
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years after the forfeiture under this section to detcrm(ne 

2 the Oh'ncr~:h\n anr:J tr·e fri\r r.nrkct value cf the rnir~eral 

3 tntercsts in the orooerty both at the tiMe cf forfeiture and 

4 at the t~~e of bringirq the action. The ucticn sha11 be 

5 brouqht in the r:\anr,er' pr·ovideo ~ri M\nr.esota Stotutes, 

6 Chaote~ 5~9, for an action to d0ternine eciverse c\ai~s, to 

7 the exte~t aop1icab1e. The person bringing the action shal 1 

8 serve notice of the actio~ on the cor~issioner of natural 

9 resources in the se~0 Manner as is orovided for service of 

10 not tee of the action en a defe~dant~ The co~missioner may 

11 appear and contest the al legations of ownershio and value in 

1 2 t h e s a rA e F s n n e r a s a d e f e r, d a r1 t i n ~., u c h a c t i o ri s ~ Pers o r1 s 

1 3 d e. t e r ,.., \ n e d b y t h e c o u r t t o b e o \>i fi e f' s o f t h e \ Ii t e r e s t s e t t h e 

14 time of forfeiture to the stRte under this section rav 

1 6 t h e f a \ r r~ a r k e t v D 1 u e o f t ~ e ~ n t c r· c s t ~ A COPY of the 

17 court's decree shall be attached to the c)oinc Ther·euooF1 

19 market value at the tine of forfeiture or at the ttre of 

20 br{nq~ng the action, whichever is iesser, less any taxes, 

21 ~e~a1t,es, costs, and interest which coulc have been 

22 col1ected d'.Jring the oeriod fol1oh·ing the forfe\ture UF'ider 

23 th's section, had the ~nterest in ninerals been valuea and 

2~ assessed ~or tax purposes at the time of forfeiture u~der 

25 thCs s~ct~o~. There is eroro~riDted froM the general fund 

26 to the pcrssns entitled to a refund nn a~ount sufficient to 

27 pay the refund. T~c forfeiture orov{sic~ns of th's sect,011 

20 do not ~pp)y to ~inernl interests ve1ucd end taxed u0oer 
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o t h c r l a w s r c 1 <i t ~ n n t o t h C'. t <i >: n t { o n o f r·~ i r" e r c l s , ~; a s , c c a l , 

2 o(l, or other si~i lar interests, so long as a tax (s i~noscd 

3 and no forfc~turc under the tax la~s is co~pletc. However, 

4 ~f the ~incral interest ~s valued under other tax lews, but 

5 no trix is \r:cosed, the rrdn0,ral 'r'lterest forfeits uncer th's 

7 Minnesota Statute~ 1969, Section 93.58r is 

8 amended to read: 

9 93.58 [PUBLICATION OF ACT,] Sections 93~52 to 93,58 , 

10 as anended 6r repealed by th~s act, to9ether with the other 

11 sections of th(s ~971 act, shall be publ,shcd once dur\nq 

12 t~e first week of each month in a legal news~aper in each 

1 3 count y ~ ri t he mo n t h s o f 0 ct ob e r r I~ o v c [i) be r / a Ii d Dec em be r o f 

14 the year-~9~9 1971 by the co~~iss~oner of natural resources 

15 at county expenscc Sections 93~52 to 93~58 also shol 1 be 

i6 published by the cornrriiss,oner of natural resources et least 

18 act~vitics which have"nationwide ctrculat~on~ Foi lure to 

19 pubi\sh EJS herei11 PJ'ov~ded shall riot affect the va1'd~ty of 

20 sections 93~52 to 93058 or the other sections of this act • 

2i [REPEALER 0 J Minnesota StAtutes i959, SActions 



Fnvironmental Concerns Associated 
Possib~e Future Base Metal Mmning 
n1 Minnesota 

vvith 

AIR POLLUTION \'/ATER RESOURCES SOLID WASTE DISPOSAL 

Possible Operational Phases 

1. hploration 

A. Airborne Geciphysics 
R Ground Surveys 

... Drillin~ & Samoling 
D Detailed Drilling 

IL Development (through initial construction phases only) 

A. Underground Mine & Head£rame 
B. Ouen Pit Nine 
C. Beneficiation Plant. 
D. Offices, Shops & Storage 
E. Extraction Fac1 it. 
F. Refinery 
G \\"at.er Reservoir 
H. \\'ast..e Disposal 

1. Overburden Stock_piles 
2. Lean ure .:>t..OcKpl..LeE; 
3. Rock Stockpiles 
4. Tailings Basins 
5. Sla Disposal 
6. Elemental Sulfur Ol.suosal 

III. Operational Phase 

A. Mining 
l, Underground 
2. Open Pit 

B. Beneficiation 
1. Milling 
2. Concentrating 

C. Extractl.on 
1. Prrometal lurgical 
2. Hvdrometal lurgica 

D. Refinery 
E. 1'iater Resen•oir 
F. 1\a.st:e Disposal 

1. 0\•erburden Stockpiles 
~. Lean Ore ::;tockp1 es 
3. Rock St.ockoiles 
4. Tailings. Basins 
5. Slag Disuosa 
6. Elemental Sultur Disposa.L 

IV. Tennination 

A. Removal of Facilities 
B. Stabiliz.ation of Slopes, Ba.SJ.ns, etc.. 
C. Contou,ing & Revegetat1on 

V. Ancillary Operations 

A. Transpori:ation 
1. Railroad 
2. Highway 
3. \\1ater 

B. Fuel :>Upp y an l ties 
c. Commurncat1on 
D. Townsi tes LExisting; mp act on PUU1-1-C an 

(\\'at er, Sell'er, Solid Waste, School, Police 
£. Suppliers 6 Ass-oc1atea inal15tries 

1. General 
2. Limestone 
5. Sand I.; Gravel 

F. FoKe:r Plant 

1t1es 
6 Flre) 

P,ossible Order 
of Development 

' , 

q 

' 
' 
' ' s 

S-6 

5-6 
7 

7-8 

/ 
Reversible and Alternative or 

Optional Steps Irreversible l.mp~cts Particulates 
Noise and 
Vibrations 

u 
0 
0 

A 

0 

u 
v 

A. Alternative Steps 
0. Opt.ional St.eps 

' 

' R 

R 

R 

R 
l 
j 

,. 
3 
3 

,. 

' 

' 

I. Irreversible Impacts 
R. Reversible Impacts 

" ~propriation & 
Use of Surface & 

Gases Groundwater 

A-3 
A-3 

,. 

,. 

Work in the 
Beds of 

Public Waters 

Surface and 
Groundwater 
Discharge 

.... 

EXPLANATION 

l.laj or Cuns id era ti on Required 
2. lmpon.ani: ConsideraLions 
3. Minor Considerations 

""" Surface and 
Ground1.;ater 
FlucLuations 

Erosion & Overburden 
\'/aste Roel: 
& Lean Ore 
Mate:rial 

Tailings 
Disposal 

Misc. Disposal Location of 
Runoff Sedimentation Material 

~ 

* Health and safety of the miner 
N/A Not applicable 

NIA 
N A 
N A 

Brush, Slag etc. Facilities 

2~1-~ 

M-1 
H-l 
S-2 
5~2 

N-2 
N-2 

Nh NIA 
N A NA 
N A N A 

S-3 

·-S-2 
S- 2 
S-2 

S. Some\.'hat mineral resource oriented 
M. Mineral resource oriem::ed 
N. Non-resource oriented 

LAND USE 

5__lope 
Subsidence Stability 

Location of 
Disposal Areas & 
\\'ater Reservoirs 

S-2 

S-2 
S-2 
S-2 
s 2 
N-2 
N-2 

Shor.t Duration 
Land Use 

Thennal 
Pollution 
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