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PREFACE 

On January 27, 1972, the Governor requested Conrrnissioner Robert Herbst-· 

of the Department of Natural Resources to consider base Detal mining and 

processing in Minnesota and to research the capacity of the state to deal 

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

accomplish this task the Governor requested that an Inter-Agency Task Force 

of representatives from the Department of Natural Resources, Pollution Con

trol Agency, State Planning Agency, Department of Econo:cic Development, 

Department of Health, and Department of Labor and Industry be established. 

He also requested that the Mineral Subcommittee of the ?\atural Resources 

Advisory Council; plus representatives of citizens groups, mining companies 

and local government be organized to act as advisory to the Task Force. 

The Governor further directed that the findings be made available prior to 

the 197 3 Leg is la ti ve_ Session for consideration by the Environmental Quality 

Council. 

This study is designed to provid~ background information concerning dis

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

includes mineral potential, exploration techniques, state-owned mineral leasing 

program, methods and processes used in mining, concentrating and extraction, 

environmental considerations during the various mining phases and the potential 

economic impact. 

Using the available data, the study sufilmarizes existing statutory and reg

ulatory powers of the state, the various agencies respor.sible and considers 

the adequacy of these existing controls. Specific areas of con-

sideration include environmental protection, mine safety, mine reclamation and 

min~ral leasing procedures. From this the controls can be evaluated so rec

commendations for improvements can be made prior to the 1973 Legislati\'e session. 
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The scope of the study intends to give an overall perspec.tive on the 

current status of a potential base metal industry in the State of Minnesota 

and to outline the capability of the state agencies to comprehensively plan 

for the legal, environmental, social and economic effects of such an industry. 

Furthermore, included in this study is a discussion on the problems of 

severed mineral mmership. Two major problems exist in this regard: (1) 

recording of mineral ownerships, and (2) a property taxation loophole. The 

study presents recommendations as to the resolution of these problems. 

The text is subdivided into three major parts: The first part presents 

summaries, conclusions and rec~mmendations; the second part includes support

ing background material from which the conclusions were based; and the final 

part contains appendicies to further detai.l certain chapters that required 

extensive data collection. 



SIBN.ARY 

Minnesota is possibly on the threshold of a new major industry; that 

of copper-nickel arid associated mineral development. The development of 

··such an industry could have a substantial em·ironmental, economic and social 

impact _on this state and its citizens for this and many future generations. 

The potential £or such_ a developcent does exist in the state and ex

ploration to deterr.:iine the mineral resource availability is presently being 

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

nificant areas of :'.\"orthern Minnesota. No base metal mineral development has 

been announced to date as a result of this exploration but it would appear 

that the potential definitely exists. Therefore, now is the time to make 

an assessment of tllese potential impacts, both positive and negative, to 

determine the appropriate course of action for the state. 

Recognizing the importance of this matter and the concern expressed by 

some of the citizens of the state (particularly the concern of potential 

environmental impacts), Governor Anderson requested the creation of an Inter

Agency Task Force and an e:>..-pansion of the Minerals· Subcommittee of the 

Natural Resources Advisorv Council to ~ 1 research the capacity of the State of 

Minnesota 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, has attempted to assess and evaluate this data, and has at

tempted to briefly appraise the rapidly changing technology associated with 

the industry. However~ due to the significant magnitude of the study, the 

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

• 
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comprehensive study within the available time fra.me cannot be'.§ompleted 
.... ;· 

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

industry in Minnesota. This study should only be considered as a pre

liminary report in that it has only taken 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 a continuing evaluation of potential impacts (eRvir

onmental, social, economic) of a base metal industry including a more detailed 

analysis of the current and expanding technology to control these impacts. 

RECOHMENDATION: The present Inter-Agen.oy Task Force and the Minerals 

Subcommittee of the Natural Resources Advisory Council should be re

tained to continue to appraise and assess impacts associated with a 

base-metal industry. 

State Mineral Policy 

A.n.. important consideration of possible. base metal development is a review 

of the legislative direction provided to date in our laws. The existing state 

·policy, tihich is contained in the numerou=> laws associated with mineTal resources, 

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

ores. There are numerous laws to effectuate this policy which generally provide 

a basis for regulating the impacts associated with the industry (some inadequa

cies exist which are noted later in the report). 

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. This Act re.cognizes not 

only natural environment considerations, but also considerations relating to 

employment, the development of state-owned minerals and the economic benefits 

to mineral operators, land owners, local communities and the state. 
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The legislature, through the political process, has developed a direction 

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

in the state under appropriate f'egulation to minimize any negative impacts. 

,There is considerable special legislation unique to this industry which has 

b.een enacted from time to time in such diverse areas as water supply, eminent 

domain powers, taxation, 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 0£ mining and. the Boundary Waters Canoe Area (BWCA). A 

state policy has clearly evolved from a series of legislative actions which 

would preclude any mineral exploitation in the BWCA except in times of a national 

emergency. 

• 



Potential for Base ~·!etal Deposits 

There are two geologic formations in Northern Minnesota that are con-

sidered favorable host rocks for potential base metal deposits, the Duluth 

Gabbro Complex and an ancient series of metavolcanic rock commonly referred 

to as "Greenstone" or "Greenstone Belts". The generalized location of these 

two formations is shown in Figure S-1. 

The Duluth Complex is a mafic intrusive formation containing low grade 

copper and nickel sulfides. The most intensely mineralized area presently 

known is located in a zone, near the base of the Complex extending from Hoyt 

Lakes almost to the edge of the Boundary Waters Canoe Area (See Figure S-2). 

Based on preliminar_y data, this formation is considered to be the largest 

known nickel sulfide resource in the United States.* Although no plans have 

been received to date, it is apparent that one or more mining companies will . 

ultimately request permits required for developing mining operations in this 

area. 

The Greenstone Belts are in many cases continuous belts extending down 

into ~!innesota from Canada. As shown in Figure S-3, this formation is a 

major source of Canada's mineral 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 

contain one or more of the following base metals and precious metals: copper, 

zinc, lead, 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. 

* Kingston, G. A.r; et. al., Availability of U.S. Primary Nickel Resources, 
Information Circular 8469, U. S. Bureau of Mines, 1970. 

• 
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F~gure S-1 
Minnesota Greens.tone and Gabbro Fornations 

IRON FOR.\fATION 
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DULUTH GAB BRO co~.f PLEX 

DIABASIC GABBRO AND 
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Base ~·1etal 'iarkets 

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

on the world market. However, as demand is expected to exceed supply over 

the long ·term, this surplus will be consumed. 

As derived from the U.S.B.M., Figure S-4* shows present and projected 

supply-demand relationships for base metals in the United States if the his-

torical rate of growth in demand continues. There is a growing concern for 

the nation's reliance on imports for materials vital to the economy. As can 

be seen from the table, our self-sufficiency for these strategic base metals 

is in jeopardy for many years to come. In the near future, it is anticipated 

that base metal extraction facility capacities will lag behind production and 

will be the limiting factor in meeting domestic demands. This problem should 

be alleviated as technology improves. 

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

U. S. Bureau of Mines statistics indicate. that approximately 25% of the annual 

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

Ridge National Laboratory estimates that potentially 75% of copper producec 

is 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 future demands could not be 

met. The gap between domestic supply and demand could be narrowed even more 

substantially through more efficient and less wasteful use of metals. In the 

absence of a policy of thrift in the use of minerals and energy which s lm~-s 

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. 

* Various other agencies have projected figures that may differ significantly 
from those shown here. However, most all studies derive similar results -
domestic supplies will continue to lag behind domestic demands. 
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SUM\l;\RY OF U.S. SUPPLY-DE\fA.:\lD RELATIO~SHIPS 

PRIMARY PRU1ARY 
YEAR D:Pl~ND RESOURCES* 

Million Short Tons Million Short Tons 

1970 l 1..6 1. 7 

COP PE~ 1985 2.9 N.A. 

2000 5.4 I 2.4 : 

1970-20{)0 
Inclusively 91.3 81. O** 

Million Pounds Million Pounds 

1970 I 311.4 30.6 • 
NICKEL 1985 492.2 60.0 

2000 770.0 84.9 

1970-2000 
I 

Inclusively 15,058.0 400.0** 

Million Short Tons Million Short Tons 

1970 1.3 0.5 

ZINC 1985 1. 8 0.5 

2000 3.1 0.5 
" 

1970-2000 
Inclusively 61.0 30.0** 

* Expected production based on historical trends. 

** Domestic reserves based on 1970 prices. 



RECO:-l',1ENDATION: J.Jore efficient a-ad less u.)asteful use of ll}etals 

including recycling should be encouraged to slow the rate of groiJth 

i.n demand,. 

RECO~·lMENDATION: The domestic mineral policy encouraging the explora

tion and developnent of mineral resources should be continued for the 

present. 

Models of Potential Mineral Development 

Current information pertaining to potential mineral operations in 

Minnesota 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 

· l and 2 outline the basic assumptions for the Gabbro and Greenstone Models 

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, several 

·conclusi0ns can be drawn concerning fut1;.:rc development. Due to the locatim1 

of the known mineralized zones in the Gab.bro, operations wi 11 in all probability 

be underground except for the possibility of limited open pit mining along the 

contact. The majority of the greenstone operations (if and when any ore bodies 

are discovered) will also be underground, unless a deposit is discovered in an 

area where the.overburden is shallow. 

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

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

to identify specific techniques that could be used for developing Minnesota 

resources. 

Extraction and refining facilites are only slightly resource oriented. 

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



Table 1 

Summary of Gabbro Mine Model 

1. Time from discovery 
to production 

2. Ore Grade 

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

4. Mine Production 

S~ Number of Employees 

6 .. Mining 

7. Mine Method 

8. Individual Mine Life 

9~ District Life 

10 .. Concentration 

11. Extraction 

When known existing· ore deposits 
become economic 

1% combined Cu-Ni (.8% Cu & .2% Ni) 

$14.00/ton 

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

• 2,800 (data from White Pine) 
(for a mine, concentrator, 
smelter and refinery) 

Predominantly underground with 
some open pit near the contact 

Block caving or room & pillar 

25 to 50 years 

Greater than 100 years 

Selective Flotation 

If no copper smelting capacity is 
available, a copper smelter (tradi
tional, continuous, or flash) ~ould 
have to be built. Nickel concentrate 
shipped to custom smelter. 

· Assumptions Necessary for Construction 

1. Large low-grade deposits 

2. Large-tonnage operation 

3e Could require extraction facility 

4., Pyrometallurgy only presently feasible ·method 

5~ Minimum size extraction facility 300,000 to~s per year 

6. Grade of concentrate - 25% Cu 

7. Grade of ore - 1% combined Cu-Ni (.8% Cu & .2% Ni) 

·*The most current metal prices are used: Cu 
Ni 

$0.505/lb. 
$1.53/lb. 



Table 2 

Summary of Greenstone Mine Model 

1. Time from discovery Ave. 
to production Range 

2. Ore Grade** Ave. 
Range 

3. Current value of Ave. 
contaned metal per Range 
ton of crude ore** 

10 yrs. 
3 - 36 yrs. 

Cu(%) 
1.93 

0-4.3 

Ni(%) 
.14 

0-2.7 

$41. 86/ton 

Pb(%) 
.04 

0-.84 

Zn(%) 
"3:85 

0-14.11 

$20.33/ton - $101.20/ton 

Ag(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. Number of' Employees 

6. Mining 

7. Major Mining Method 

Ave. 280 
Range 132 - 985 

Underground with possible open pit where 
overburden is shallow. 

Cut and fill 

8. Individual Mine Life 20 yrs. 

9. District Life SO 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 metal prices are used 
Cu $0. 505/lb. Pb $ 0 .15/lb. 
Ni $1.53/lb; Ag$ 1.75/oz. 
Zn $0.18/lb. Au $64.20/oz. 

Au(oz/ton) 
.04 

0-.186 



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 ~iichigan. 

RECO?'-t\IENDATION: The Department of Natu.ral Resources should continue 

its efforts to asse~s potential mineral development so that environ

men~al, social and economic ~lications can be evaluated and updated 

by ~he Inter-Agency Task Force. 



Potential Environmental Impacts of Base Me.tal Mining 

Known mineral resources located in the Gabbro formation when compared 

with other deposits being mined throughout the United States and the world, 

are not of unusually low grade. The reasons they.have not been developed 

in the past are· related to the potentially higher mining costs associated 

with underground mining and the metallurgical problems in separating the 

contained metals. Presently, undiscovered deposits in the Greenstone would 

b~ expected to be higher grade and thus more capable of supporting an w1der

ground mining operation. 

In addition, it is not unusual that larg-e quantities of waste materials 

are associated with base met_al operation. In Minnesota and throughout the 

world, particularly porphery copper deposits, 99% of more of the material 

mined could ultimately end up as waste products of various forms. 

It is important to note that a balance ·must be maintained between en

vironmental control and the resources required to provide this control. 

The potential. environmental impacts associated with future base metal 

mining and processing in Minnesota will v'ary substantially from the present 

iron ore mining in Minnesota. Depending on the geologic formation (Greenstone 

or Gabbro) and the specific natural environment involved, each individual 

operation will also result in significantly varied environmental impacts. 

Because of this potential for tremendously varied environmental impacts, there 

is a need to establish a strong pre-operational monitoring in each area as 

deposits are discovered. 

REC0~~1ENDATION: A pre-operational monitoring program should be 

. established in the immediate futvye for the cwea southeast of Ely 

in the Gabbro formation. 



Environmental Impacts 

~·~=--
Although the following is not a complete list and is very .. general in sc:ope, 

the primary environmental considerations of a potential base metal industry are 

as follows: 

Exploration 

In general, there are no lastingorirreversible impacts associated 

with this phase. Only about one in one to two thousand prospects would 

be expected to develop into an operating mine. 

Underground ~-lining-

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 ope.rational phases. 

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

Open Pit Mining 

1. The open pit mine is considered an irreversible impact, as such 

this specific land use must be a major consideration. 

2. Surface and groundwater discharge and fluctuation resulting 

from mine dewatering throughout the life of the mine. 

3. ~lope 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. 



3. Water discharges throughout the mine life and runoff after 

the operation has ceased. 

4. Appropriation of water during operations. 

5. Alteration of natural water drainage system. 

Extraction 

1. Water pollution for hydrornetallurgical processes. 

2. Air pollution for pyrometallurgical processes. 

Refining 

No major environmental problems are expected. 

From preliminary evaluations, pm.;er demands associated with a base metal 

operation wi 11 be re la ti vely small and presurnab ly wi 11 not require a new poKer 

·facility. 

In most areas of potential new operations, no ··new townsi tes wil 1 be required 

in that present townsites exist in relatively close proximity. 

In many specific cases there are other impacts that would require major 

·consider3.tion, however, these are unpreC.j_~table without a specific proposed 

project. 

The existing statutory authority for environmental protection falls into 

four catagories. Water resources includes water use and appropriation, water 

quality, alteration of water course, drainage and diversion for mining purposes, 

Shipstead-Newton-Nolan Act and Little Shipstead-Newton-Nolan Act. Air quality 

includes authority t? adopt "standards of air quality'' and provides regulations 
It 

"for the prevention, abatement, or control of air pollution. Solid waste 

includes authority that provides for the disposal of materials that might give 

rise to water or air pollution and land reclamation. Finally, land use is 

provided ·for primarily through local county zoning ordinances. There are some 



addition.al provisions for specific types of land use. These statutes are 

concerned with land reclamation, floodplain and shoreland development and 

minera.l leasing. 

In general, with the exception of land use and land reclamtion, sufficient 

statutory authority presently exists to control environmental impacts of mining. 

This is not to mean that sufficient 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~- Existing regulations should be reviewed in detail as an 

on going function of the Minerals Subcommittee and Task Force. 

RECO!'-lMENDATION: Efforts should be made to provide for better coordina

tion throughout the State agencies so that overall environmental impacts 

of potential industries can be evaluated completely rather than on a 

piecemeal basis. 

RECOMMENDATION: The State should initiate an ovePall land use progra~. 

RECOI-il·~ENDATION: A siting authority should be established, posoibly in 

conjunction hlith a power plant siting authority, that will consider 

loeati"ons for a future smelter if and when one is oontemplated. 

Recommendations involving land reclamation are made in the following 

section which deals specifically with this subject. 



MINELAND RECLAMATION 

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 capa~le 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 reciamation 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 mine1and 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 pollution problems. 

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

for reclamation pr1or to mine development, (2) the ability of the regulating 

agency to hold the operator financially responsible for inadequate reclama

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

compatible landscaping techniques and the re-establishing of biological 

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

previous1y exhausted mine properties. 

RECOMMENDATION 

A good mineland reclamation effort must be planned prior·to operaticrJ-S 

and mu.st be ca:Pried out as part of the business of mining. Legisla.tion shc;;.ld 

be prepared and eno.cted that will provide more effective guidelines for re~Zama

-tion of metal mines; provide for evaluation to determine the need for and ;ossible 

inclusion of industrial mineral mining (gravel, quarryiYl_g, etc.) wuler Zar:d recla

ma-tion regulations; and finally, serve as an endbling aet for pr)eparing a "State 

Plan 11 LJhen and if federal legislation is passed. 



Potentiai 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 environment. Studies of 

base metal operations in other States and in Canada show that substantial 

economic benefit is particularly derived by the local mining ~onununity. 

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

of the state that already supports ~ining operations. Thus many of the 

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

able from local 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 n~cessary labor 

force. Ely is especially hard pressed and, it ~ust be recognized, that the 

Ely area will 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. 

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 ~linnesota, the opportunity 

would present itself for the introduction of various fabricating industries 

which would utilize the final refined metal product. 

It is doubtfu1 that any new townsites will be developed as a ·result 

of new mining operations because existing townsites are located in relatively, 

close proximity. 



Although the state (primar i ~Y- its trust fW1ds and lo cal uni ts of govern

ment) has received subs taxitial monetary benefit to date from rentals derived 

.. from the leasing of state mmed mineral lands for exploration, the amount is 

minor compared to the revenue that will be obtained through royalties and 

taxes once mining is initiated. TI1e sane situation also exists for the federal 

and privately-owned mineral 'rights, al though this public benefi_t might not be 

as direct. 

Socio-Economic Attitu:3.es as Related to Base Metal Mining 

A recent opinion survey concerning economic and environmental issues in 

Northern ~tinnesota was taken in selected cities in Northern ~linnesota, 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 ~linnesota, 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 regula:tions 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 

tight pollution controls iTu~ibit their economic advancement. 

It is :lnteresting to note that in Southern :Minnesota and the Twin Ci ties, 

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

a very slight margin. Sout:hern Minnesota residents (including Twin Cities) 

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

feel that the long range p:reservation of natural and wilderness areas and 

other environmental concerns are more inportant than the current economic pro

lems. 

• 



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

possible to have m~m-e iniustry in Northern Minnesota in conjTu.1ction with the 

necessary emrironmental protection regulations. 

Base Metal Leasing' Proce·C:h1.res 

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

rights acquired by various mea.i..""ls.. The responsibility of managing these 

mineral rights is yested \\"'i.th the Department of Natural Resources. The 

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 ].easing system. Rental and royalty payments are defined 

with the state 1 s trast funds and the local taxing districts as the prin

cipal benefactors. 

Final approval of the adoption of rules and r$gul.ations authorizing 

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

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

the Department of riatural Resources held a public hearing on ''Rules and 

Regulations Covering Perm.its to Prospect For and Leases to Mine Copper, 

Nickel and Associated Minerals" • The 1~ecuti ve Council approved the rules 

and regulations on lfovember 8, l966. The major items includ.ed are: 

provisions for public and negotiated lease sales, bidding 

procedures and the actual lease form. The lease form contains 

the basi.s for royalty and rental payments; safety provisions ; 

environmental. considerations; reserves the state's right to 

lease iron ore 1 taconite and sell timber; requires the lessee 

to submit mon.t:hly ar1d annual reports, exploration data and mine 

samples; protldes for state inspection; requires the lessee to 

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

lessor's right to ca:ncel. 

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

procedures have been developed in COlli~ection with the public sale of leases 

as follows: 

• 
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· . l. Sale Preliminary Area Determined 

A. Proposed & requested sites evaluated 

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 & evaluate high bids 

C. Reconvene & awarding. 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, Dacember ll, 1968, July 30, 

1970 and December 14, 1971. Of the 1. 9 million acres of state-owned lands 

of'f'ered for lease, 908 leases covering 362, 909 acres have been leased. Of 

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

were awartled with the Executive Council's approval. 

Al.though the public is informed through means of legal published notices 

and press releases of the lease sales, and their comments are invited at the 
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Executive Council meetings, the cnly fo1u1al public involvemen~ occurred 

prior to 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 atj.ditional 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 departmental concern and study of the recreational and environmental im

pacts on the area involved. 

Criticism also came from the industry in that they would prefer a 

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

about the excluding _of lands other than those in recogn;zed wilderness and 

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

lands have anomalous portions. 

RECG'tMENDATION: 

Continue the basic procedures for Base Metal Leasing u'i th the fol lowing 

modi f icatior._s: 

l) D}Lq publicly announce its intent to hold a copper-nickel lease sale 

at least 90 days p:r'ior to the sale. 

2) DNR to request the Executive Council to recess for a period of ,not 

less than l5 dJJ:ys between the opening of bids and the awarding of 

leases. 



Hine Heal th 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 heal th and safety Tecord. In the 

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

prospects are that this will involve underground operationsJ operations 

which tend to be more hazardous from a heal th and saf~ty standp.oint than above

ground or open pit operations .. ilinnesota should accept responsibility for the 

occupational heal th and s·a.£ety of workers in its mineral industries. 

An Occupational Safety and Heal th 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. TI1e proposed plan excludes those occupational activities that fall 

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

Federal Metal and Nonmetallic Mine Safety Act of 1966 encourages cooperative 

action on the part 0£ the states. The s~~ate Occupational Safety and Heal th 

Plan calls for a developmental prograi~, and at an appropriate time in that 

development, responsibility £or employees in ~linnesota'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 Int'erior, with the findings 

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

and establishment of a-program to provide for the occupational safety and 



health of Korkers in the mineral industries. 

RECO~~lliNDATION: Legislation based on the State Occupational Safety 

and Health Plan should be passed and supported to give protection 

to Minnesota's work force a:ad to serue as a nucleus for a program 

to protect ~he safety and health of zJorkers i.n the rrdneral industries. 

RECOJ;iMENDATION: A study p1--oject shov..Z.d be widertaken to investigate . 

the conditions for Minnesota to become an agreement state as specified 

by the Federal Metal and Nonmetal lie Mine Safety Act. 

Problems of Severed Mineral Ownership in ~'linnesota 

The obscure and often fractionalized ownership of severed minerals is 

both a result and a cause of the absence of real property taxation of these 

interests. Without adequate records, sound taxation is virtually impossible. 

Without taxation of these property interests, there is little incentive to 

maintain current ownership records. Both the record keeping and the taxing 

problems need attention. 

RECOMMENDATIO?\: For the purpose of p1•oviding adequate and current records 

of oUJnership of severed minerals, muah of which is already highly fraction

alized, the mineral registration Za:.J of 1969 (1¥finnesota Statutes 19?1, 

Sections 93.52 to 93.58) should be amended as provided in S.F. 2649 and 

H.F. 3166 of the 19?1 regular legislative session, to corrrpel registration 

within certain time limits. 

RECOMMENDATION: For the purpose of elilninating the inequity in the real 

property ta::c laws of the state whic~ exempts severed mineral estates from 

taxatirYa except where the property ha.s been dri Z led a:rid a marketable 

mineral reserve discovered, Minnesota. Statutes 19?1, Cnapter 272, should be 

amended.as provided in S.F. 2649 a:rzd H.F. 3166 of the 1971 regular legislative 

sessimi, to i1:·rpose a minimum tax on severed rninerals. 



CHAPTER I 

STATE MINERAL POLICY 

In considering the many implications of possible base metal explora-

tion, development and mining in Minnesota, it is important to explore an9 

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 mineral 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 t~2 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 Act (Minnesota Statutes 1971, Sections 93.44 to 93.51), contains 

the following provisions: 

"93. 44 .DECLARATION OF POLI CY. r n 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 
~ime promoting the orderly development of mining, the encourage
ment of good mining practices, and the recognition and identi
fication of the beneficial aspects of mining." 



- 2 -

.
1 '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 shall give due con
sideration to (a) the future and economic effect of such regu
lations upon the mine oper~tors 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 development 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 
mine ra 1 owners. 11 

Notice that the reclamation act recognizes not onl~ 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-

tratiqn 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 or mining claims. 

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

along with an amendment to it in 1867, authorized limited staking of mineral 

claims on certain public lands in Minnesota until the enactment of an 1889 law, 
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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, contains the present basis for the 

administration of state-owned or administered mineral lands, and embodies 

'the numerous elements necessary for such administration such as the reser-

vation 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 administrative procedures for s~ate mineral lands. The chapter 

is sprinkled with various citations of policy--a11 basically providing 

for the encouragement of exploring, mining and developing publicly-owned 

minerals but tempered by supporting ~tatutory 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 permit require-

ments, water and air pollution control requirements, taxes, land use con-

trols, 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 

1aws 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 of a national ~mergency. This basic policy is consistent with 

the actions of the federal government, which has been expressly set forth by 



Congress fn the establishment of the.BWCA. This state policy is presently 

being challenged by private individuals owning severed minerals within the 

BWCA. 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. 

While not as clear or as specifically delineated, the public policy 

and attitude towards mineral resource development on privat_ely-owned lands 

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

regulation on private lands is less extensive. 

The various laws that are applicable to and affect the mining indus- • 

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

These various laws relate to such diverse subjects as mine safety, high\•1ays, 

land and land rights, including eminent domain power, building restrictions 

and construction practices, employment, water resources, including mining 

relationships 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 contr9ls deemed necessary by the 

legislature to regulate the industry. 





GEOLOGIC SETTING FOR BASE METAL DEPOSITS IN MINNESOTA 

Northern Minnesota 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: 

Chalcopyri.te (Cu Fe S2) Copper sulfide 

Pentlandite (Ni, Fe) S - Nickel sulfide 

Sphalerite (Zn S) - Zinc sulfide 

These 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 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 

commonly 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 Precambrian age that extends 

from Duluth in a great arc to the Arrowhead Country. 

A closer look at the area containing the greenstone belts reveals 

three major rock types: (1) volcanic rocks, (2) sedimentary rocks, and 

(3) granitic rocks (see Figure 1). The granitic rocks are essentially 

barren arid contain no known mineral deposits. The volcanic and sedimentary 

rocks are known by analogy with similar rocks in Ontario, Quebec, Manitoba 

and Wisconsin to be favorable for the occurrence of deposits containing 

copper, zinc, lead, nickel, silver and gold. Figure 2 illustrates the 

active mining areas in the Canadian greenstone belts and the continuity 
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mineral deposits have been discovered in Minnesota's greenstone belts, 

but exploration is continuing, and it is probable that one or more val-

u.able deposits will be found eventually. In a recent study it was deter-

mined statisti~ally that one ore discovery should be made in
1

Minnesota's 

greenstones every ten years. However, because Minnesota greenstone belt~ -

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 

fpr the next ten years.* Figure 3 illustrates the areas believed to be 

explorable and their rated potential iri regards to the greatest probability 

of containing econo~ic minerai deposits. 

In the Duluth Gabbro Complex (Figures 1 and 4) copper-nickel minerali-

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

Kawishiwi River southeast of Ely and since _1965, a massi Ve eAploration 

effort has been carried out by a dozen major companies. Large volumes of 

low-grade and marginal material have been discovered; it is felt that 

eventually it will be economically feasi~le to mine these deposits. Based 

on exploration to date, the United States Bureau of Mines lists the Duluth 

Gabbro Complex as this country's largest nickel sulfide resource as well 

as a significant domestic copper resource~3 
~-·11erc•-l':3'c:i:.+•c~ Vic;'?--: 1>~ 

The copper-nickel-~deposits that have been discovered are in a zone 

*These results are based on a comparison study with Ontario which was selected 
because of the similarity in geological environments. In order to use the 
data derived from Ontario for projection into Minnesota, 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 prospected since 1966. Results indicate the intensity of explora
tion in Minnesota to be 10% of that in Ontario. Since 1966, it was deter
mined 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. 
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at or near the base, or the western edge, .of the Duluth Compl~~. Deposits 
'~:: 

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 the edge of the 

Boundary Waters Canoe Area; and in the area between Duluth and Hoyt Lakes. 

The segment bet~.,reen Hoyt Lakes and the B.W.C.A. (Figure 4) apparently con-

tains higher grade mineralization and would almost certainly be considered 

for development first. Copper and nickel mineralization in this area 

occurs discontinuously along the basal part of the complex as lenses and 

layers that dip moderately to the southeast. The sulfide minerals are 

disseminiated irregularly in the rocks and local concentrations of these 

minerals constitute (l potential ore body. The following discussion is a 

·preliminary estimate of the copper-nickel resources in the Hoyt Lakes to 

B.W.C.A. 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 percen~ 

combined copper and nickel. Assuming 100 percent recovery of the metals 

(copper and nickel) and a price of 50 cents per pound for the metals (wh~ch 

is a gross under-estimate), this material would have a value of about $55 

billion. Expressed 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 

of copper, the copper resources in the Duluth Complex would supply the world's 

needs for at least 5 years and the United States' needs for about 20 years.1 

If a lower cut-off of 0.25 percent combined copper and nickel is used 
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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 grade of about 

0.58 percent combined copper and nickel. Using the same assumptions 

for recovery as above, this material would have a value of about $80 

billion. 1 



FOOTNOTES 

1.. Sims, P. K., nThe Geology and Potential for Copper-Nickel Deposits 
in Northern 1'-linnesotaf!, Minnesota Geological Survey, from paper 
presented at Copper-Nickel Symposium, August 26, 1972. 

2. Brice, W. C.~ Possible Environmental Impact of Base Metal Mining 
in Minnesota~ ~1innesota Department of Natural Resources, June, 1972. 

3. Kingston,, G. A., et .. al., Availability of U.S. Primary Nickel 
Resources, Information Circular 8469, U. S. Bureau of Mines, 1970. 
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BASE METAL ~!ARKET POTENTIAL 

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

considered before any mining operations are initiated. The most vital fac-

tors are supply-der:mnd relationships, price fluctuations, and production 

capacities. Kith 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 situ-

ations, A1 though several variations of supply-dei:iand figures may be found in 

in the literatuTe, data and projec.tions from 1970 Bureau of Mines reports 

were selected for use in the following discussion. 

CoppeT is utilized as a pure metal, alloyed with zinc to form brass, and 

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

car ·wiring for motors, transformers, generators and instruments; as copper and 

brass tubing for p lurnbing and heat transfer; as sheet fer Toofir<g, gu~.tc:rs, 

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

and roging::: for b2arings, bushings, jewelry mi.cl mechanical pa1:ts; ai'i<l in chem-

icals for insecticides, pigments, and agriculture, The domestic demand for 

copper is distributed among the following industries: electrical equipment 

and supp lies, 53?5; construction, 1690; industrial machinery, 12q1; transporta

tion J 8%: ordinance, 6%; and miscellaneous uses, S9o.
1 

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 dur

ing the last decade increased only 27%. 

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

production, 23~I> fTorn old scrap and 7% from imports. Figure la shows supply-· 

demand relationshirs from EJ70 and Table la .sho1·:::-_; figures for the decade 1961-

1970. 
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Table la - Copper Supply-Demand Relationships, 1961-19702 
(thousand short ~ons) 

l061 1962 1963 1%4 1965 19()6 1%7 
·wor 1 cJ pToduction - primary 

Mine proJuction: 
llnitc~l States- --- --- - -- ~-- -- - - ---- 1,165 1,228 1,213 1'24 7 1,352 1 '4 2~) ~) S!J 
Rc5t of Worl<l-------------------- 3~575 3,647 3,736 3,865 3,967 4,056 4,270 

f1, o ""ca 1..-. - - - - - - - - - - - - - - - - - - - - - - - - - 4,740 LJ,875 4,949 5,112 5,319 5,485 5,224 
of lJ. s. supply (primary 

~ind old scrap) 
n.cfincll ion: 

Domestic mines------------------- l) 181 1,214 1,219 1,259 1,336 1,353 847 
Old s ----------------------- 164 172 163 186 214 242 190 

blister, etc.---- 3G9 398 377 39c -376 358 286 
Covcrrn11c·nt ::;t i le re1cascs------· 1- ("\ 11 n 120 !l () () J.19 .) 0 

I of re f:i ncd- - - - - - - - - - - - - - - - - 67 ~)9 119 14G 137 164 331 
Old scrap (unrefined)-------------- 247 244 259 288 299 293 293 
Indus-cry stocks, Jan. 1------------ 554 5 l·J 537 527 467 498 602 

Tot;d U.S. supply-------------- 2,587 2,645 2,685 2,823 2,949 3,308 2,698 
Distribut1 on of lJ. s supply 

Industry stocks, nee. 31----------- 510 537 527 467 498 602 507 
(refined)------------------ 429 337 311 316 325 273 159 

lndustri:-11 dcm:md- - - - - - - - - .. - - - - - - - - 1,648 1,771 1,847 2,040 2,126 2,433 2 ,032 
U.S. Jcin:1nd tern 

Elcctri c11 ccp.1 i pmcnt- -- --- - -- --- -- - 7,.,...., 
I ,J~J 773 804 941 1,028 1,178 1,113 

Con:::trirct ion materials------------- 320 363 390 420 415 410 277 
fndustri rd ma c!1 in cry- - - "" - - - - - --- - - - 264 281 304 312 305 316 208 
Transportation -·---------- 177 196 211 222 227 226 145 
0 rdn:1 nee-- -- - - - - - - - - - - - - - ·- - - - - - - - - - - 72 70 46 47 45 182 188 
Other-- .. - - -- - - - - - - - - - - - - - ·- -- -- - - - - - - - - - 82 88 92 102 106 121 101 

!l. S. pr i rn:1 ry demand (industrial 
d cm;rn d less oJd scrap)------------ 1) 237 1,355 1,425 1,566 1,613 1, 898 1,549 

1968 1%9 l:Jl() 

1,205 J '5<15 1 '720 
4,436 4,668 4,847 
5,641 6,213 6,567 

1,161 1,460 1,521 
231 284 278 
276 27·1 214 

400 n.i 1 ~)2 
290 291 226 
507 563 541 

2,865 3,012 2,942 

563 541 6t15 
241 200 221 

2,061 2' 271 2,076 

1,046 1,193 l, l 0 l 
316 341 328 
2~)9 254 251 
193 198 173 
164 172 1+9 
103 113 104 

1,540 1,696 1, s 72 



~ 11.3 million short tons. The =ost able demand figure is 7.1 million 

tons. Gravitation to~·;ard t:12 I of the forecast ra.nge could be effected 

through the increasing pre\·alence 
~ . of economically and technologically pre-

£erred substitutes. 

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

16.8 million tons to 34.9 1rj_llion tons in 2000. A swrnnary of forecasted 

U. S. and \\'orld demand is inch:ded in Table 2a. 

Based on the average 1970 price of copper (S0.582/lb.) the projected 

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

!fontana} Utah, Ne\\· ~··lexic.o and ~·~ichigan accounted for over 90cii 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 

estimated to be 259 million tons. Seventy-three percent of this total rna)~e 

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

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

Iran, Japan, ~·1exic.o, the PhiJippines, Polsnd, Republic of South Afric:::., S1·:E\cb;i 

and Yugoslavia. Table 3ashrn\·s an assessr:-ient of \rnrld copper resources recov-

eTable at various prices. 

19 70 estimates of mine, s.::::-:e 1 ter ~ and refinery capaci tes compared to pro-

duction for principal producing countries are included in Tab le 4at, It is 

readily discernable that in lliost all instances, production closely approached 

capacities to the point of practical maximum limits of operation. 

Projected Korld copper c~ne, smelter, and refinery capacities through 

1975 are shown in Table Sa. S=elter capacities after 1971 are shown to be 

noticeably be low mine capacity. 

Copper prices ha1.1 e been s·..:'.:::j ected to severe fluctuation on the London 



Table 2a - Summary of I~'orecasted U. S. and World Copper Demand, 1970-20002 
(million short tons) 

Un i t c d '.; t at cs 
PrirnDry------------------
Sccondary-----------------

Total--------:... _________ _ 
C: urn u lat iv c (primary) - - - -

Rest of \i\lodd 
Jl r i n1:1 r_y- -· - - - - - - - - - - - - - - - - -
Sec u n d: 1 r y -· - .. - - - -- - ·- .. -· .. - - ~ - .. 

'1'1) :1] ..... ·- ··-··-·· ···--

Curnu] at i vc 
World 

rnary)----

r·i m:1ry ... -----------------
Sccondary----------------

Total------------------
Curnul:::tti vc (primary)----

1970 

1.572 
.5011. 

2.076 

4.88 
J • 62 

2000 
Forecast rn.nge 
Low liigh 

4.2 
1. 3 
5.5 

78.1 

12 .6 
!J. 2 

23~). 2 

8.6 
2.7 

11.3 
1 ")/ '7 
.L "-~ • .,) 

26.2 
8.7 

379.3 

Probable 
1985 2000 

Probable 
average annual 
growth-rate 

1970-2000 
(percent) 

2.9 
.9 

3.8 
32.0 

0.5 
~). l 

l 2. 
101. 7 

5.4 
L7 
7.1 

91. 3 

4.2 

4 ") ..... 

18.3 4.S 
~.l !J.~ 

· .. -·-~- ..... ··~-·----~··-·-----.--· .. 
.4 c . ~' 

2D8.0 

6.452 16.8 34.8 12.4 23.7 4.4 
2.124 5.5 11.4 4.0 7.8 4.4 
~~~ ~~~--~~~·~~~~·~~~~--~~~~~~~~. 

8.576 22.3 46.2 16.4 31.5 4.4 
317.3 501.6 133.7 389.3 



Table 3a - Assessment of :,,,·oT1d Co:pper Resources 
Recoverable at arious Frices2 
(mi 11 ion short tons of copper) 

?\orth A.meri C8_: 
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 Korld--------

Price, constant 1970 dollars 
Tefined 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 
J7 _______ 5_7_ ---

23 
31 

8 
62 

27 

13 

390 

1/ Average U.S. delivered price in 1970. 

per pound 

0.80 ------

41 
108 
is· 

164 

75 
30 

') 
L... 

107 

46 
20 
66 

? 'I ._ I 

36 
, n lv 

73 

32 

15 

4r-1 JI 



Tahle 4a - World Copper Capaci and ProJuction, 19702 
(thousand short tons copper) 

Mine Smc ltcr Refinery 
__________ Capacity l'ro<luction Capacity Production ~Tty-Px~JUct:TOn 

North America: 
C;i 1wda- - - - - - - - - - - -
lJni tcd .Statcs---·-
Othe:r---------------

Total------------
South America: 

Chilc------------
Pcru--------------
0th er·- - - - - - - - - - - - -

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

U.S.S.!Z.---------
Gthcr------------

Total----·-------
/\ r r i c:.l: 

Cul1)'.c (Ki nsll;1:;:1 )-

Z:11i;I) :i-·-------- --

Other----- -----:..:.-
Tot a] - - - - - - - - - - -· 

/\sis: 'l'ot<Jl-----·---

770 676 550 544 550 543 
1,850 1,720 1,900 1,641 2,720 1/ 2,216 

00 77 70 ()S g() co 
3T,-~ncr---·---?-:T7 3 ----2~-s:z-o-·--·--2~-2-s o ·----:5,3~;() 2,819 

880 
250 

20 
1'150 

756 

16 
1,006 

(i()() 630 
LJOO 377 

1 ()()(_) ___ l ,007 

2rn 
1.,5:)0 

520 

75.1 
2·11 

1,42_0 __ 

500 

900 
210 

4 
1,114 

660 
() 70 

1.,3:50 

11 :JO 
8(i() 

2.10 

726 
104 

4 
924 

6?i0 
GOS 

,1 :~5 
75.'! 

880 
50 

4 
034 

750 
1?76(} 
2,510 

:)-1 () 
700 
1 J () 

509 
40 

4 
553 

700 
I , C>_Q_O __ 
2 > :s00 

210 
6~;(, 

~) ~) 

1, 530---1, 40.3 l, 1.SO ~)~5---

980 943 1,050 945 
Occ:1nia: Total----·- UW 161 150 122 1()5 158 

c r: rn <.I To Lt 1 - - - - - /'~Tiff ___ () , ~~()_7 ____ 7 , 6 2-4---6-, 8 7 7----~Y:-f~;~)--- 7 ~~\)()--· 

TT~Fr()~fu-ct:!.o'f1"7{t pi}~nary -l-:::e:-cr11e:-:-1~i('S consisting of l, 765 from p1·imary m:.iu;ri af~ir~l----
451 from secondary material. 



? 
Table Sa - Projected \foTld c Cavacity, 1970-1975-

(thousand short tons 

"" _____ 
1970 19 71 1972 1073 19 74 lSl 7;) 

ca: 
United States 

:h ne- - - -- - - - - - - - - - - - - 1,8.30 1,900 2,00Cl 2' 100 2,150 2,l.3C 
Smelter------------- 1,900 1, 9 30 1>940 2,000 2,QSO 2,10 
n _c. 
r\ e l. l n e ry - - ·- - - - - - ~ - - - 2,720 2,860 2,860 2,900 2,900 2,95 

Other l\orth AmeTica 
:,line- - - - - - - - - - - - - - -- - 860 930 1,200 1,250 ] '250 1J2SC: 
Smelter------------- 620 620 670 760 770 7 7L1 

Refinery- - - - - - - - - - - -- 630 630 660 720 730 73C 

South America: 
~·ii ne- - - -- - - - - - -. - - - - - - 1,150 1,300 1,400 1,450 1,450 l) 450 
s~elter------------- 1, 114 1,160 1,210 1,300 1,, 300 l,30C 
Refinery------------ 934 940 970 1,000 1,000 1,000 

Europe: 
Mine---------------- 1,060 1, 110 1,200 1,300 1}400 1,450 
Smelter------------- 1,330 1,380 1,430 1,570 1,650 l,74C 
Refinery------------ 2} 510 2,670 2,760 2,900 2,980 3, 03C 

Africa: 
L' 1 in e - - - - - ·- - - - - - - - -- - - 1,550 1,600 1)690 1,840 1, 920 2,12C 
Smelter------------- 1,530 1,620 1,640 1,690 1, 770 1,810 
Refinery------------ 1,150 1,260 1,260 1,260 1,300 1 ~ 30C1 

Asia: 
l'1i ne- - - - - - - - - - - - - - - - 520 550 640 700 890 900 
Smelter------------- 980 1,020 1$020 1,020 1,200 1,200 
D r·· ,,eiinery- - -- - -- - - - - - 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 

l'.'orld Totals: 
~'-1i ne- - - - - - - - - - - - - ·- 7,170 7,580 8,470 9,000 9,460 9,740 
Smelter----------- 7,624 7,885 8 ,0 70 8,500 8,940 9, 12C 
Refinery---------- 9,159 9,585 9,765 10., 110 10 >510 10,810 



\fetal Exchange ) and domestic maTkets. The table belrn-; shov.·s price 

comparisons in 
1 

cents peT 

High Low Ave:' age 
Domestic- L'!E Domes c L\!E Dornest i c -- L~lE ----- ---~ ~-----·--

1967 38.1 75.8 36.0 43.3 38.6 51. 2 
1968 42.l 87.3 .38. 1 46.3 42.2 56.l 
1969 52.1 79. 8 42.l 54.5 47.9 66.2 
1970 60.1 81.S 53.l 45.9 58.2 63.0 
1971 53.0 58.7 50.0 44.6 52.1 48.5 

A breakdmrn shmdng 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 

25qa - 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. 

!>lost economists predict that copper prices will continue to decline gradu-

al1y but will not go much be1oh' 50 cents per pound. It has been estimated that 

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

profitability for the industry. Economists feel that this is due to production 

costs which have increased rapidly in the past few years. 

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

This surplus is predicted for the remainder of the 70ts and early 80 1 s, hoKever, 

as the surplus is conswned, it is speculated that current domesti~ reserves will 

be inadequate to compensate this nations' demands. 



:\ickel 

Approxi;j;ately 85°0 of the nic1:eJ consumed in the U. S. is ir! the form of 

alloyed 1-:-ietal. ;\!ost of the remaining is used in electroplating. The principal 

alloy forms in order of des im~)ortance, neasured by 1.·;eight, aTe: stain-

less steel) high-nickel alloys, alloy steel, heat resista_nt castings> electrical 

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

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

iron castings, nickel, silver, and permanent magnets. ~iajor end uses in 1970 

were: Consumer products, 16%; mach·inery and transportation, 14 % ; automotive 

products, 12~0; electronic equipment> 9%; chemical processing plants, 8°0.: petro

leum processing plants, 8?o; otheT processing p1ants, 7%; aircraft, 6c6; and energy 

conversion, architecture, marine applications, and coinage most of the remainder.1 

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 ~1 !ining Co. at Riddle, Oregon. In 1970, nearly t\rn-thirds of the 

world 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 conswnption for 1970 include 75% from imports, 

249& from scrap and 1% from mine output. Figure lb shows supply-demand relation

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

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

million pounds. A further breakdm·:n shm,·s the components to be 770 million 



'NORLO PR'OO\.JCTlON 

VJOF?LD TOTAL 

1370.3 ~, 

3 
Supp1y-dernand relationship- i970 

Figure lb 

lr.d...":llry stocki 
12/3!/70 

I 2 0 

~Estimate 

U.S. [)emend 

408.7,{l> 

SIC: Standard Industrial C!oss1f1cotion 

SIC 331 

Other 

40.9 



Worf~Cmi 11c production 

Table la - Nj ckel Supply Demand Relationships~ 1961-19703 

(mil 1i on pounds of ni eke 1) 

1061 l:J62 1:163 1~)64 1%5 1%6 1%7 1968 

United States---·------------- 22.4 22.4 22.9 24.4 
l~cst of World---------------- 773.6 765.G 725.l 793.S 

27.0 26.5 29.2 
909.5 853.7 960.5 

30.3 
1,065.6 
1~095~9 

31. 2 
1,033.9 
1'065. l 

--~-~~------ -------
1'ot1 l - - - - - - - - - - - - - - - - - - - - - 796.0 788.0 748.0 817.9 936.5 880.2 989.7 

nts of U.S. supply 
llomc:stic niin(~s---------------
Sccorni.:; ry- - - - - - - - - - - - - - - - ___ _ 
Net Co\/e:rnrncn.t relcase-------

ts------------------- ---
Inclns rv stock, Jan. 31------

To::: l rr.s. supply-----~---

! ) i t r i L 1 i1 1 on o F l 1 • S , ~; up p l y 

22.4 22.4 22.9 24.4 27.0 26.5 29.2 30.3 31.2 
58.4 62.5 83.3 10!.8 102,8 12(},} 104.6 7:~.l 142.0 
20.1 (6.3) 6.7 5.7 32.6 207.2 46.6 6.3 8.6 

254.0 246.0 238.0 258.0 326.0 282.0 285.2 287.4 251.5 
22.7 36.6 26.9 34.4 31.4 28.1 89.0 79.3 74.5 

-?)_7 _7 -. 6-. ~-3() l :·2--::;·:y.-,-/ -. l-~ --!J-2--,i-. :-:;; --S-22 --g--(-)t-S 9-. g-. --5 5 4 .-6---t.-, 7-() .. L-1 ___ S_0_7 __ -8 

l n .Ju s ry s tock , !) cc . 3 1 - - - - - - 3 6 . 6 26.9 
16.0 

318.3 

34.4 
20.0 

323.4 

34.4 
23.9 

366.0 

28.1 
11. l 

483.6 

62.6 
23,6 

583.7 

69.l 
16.0 

469.5 

74.5 
13.0 

388.9 

63. 9 
2.7 

441.2 
~---------------------- 14.3 

Industrial demand------------ 326.7 
U.S. dcrn:ir..cl crn 

lnciust 1:11 chemicals Fi 

roL~wn rcfi ----------
' F:1hr c:1tcd metal products-----

Tran~·. at ion 
/\ rcr;;ft ;ind 
f'-loto ;' vch i c 1 cs fr 
Sh p 1; Eo:Jt building~. 
~-·er:: 1 rs-------------------

T o Li 1- - - - - - - - - - - - - - - - ·- - - - -
EJcctricd cq ipmcnt--------
!louschnld :1pplianccs 0 

C q U j p 111 (' l1 t - - - - - ... - - - - - - - - - - - - -
lndust i:d machinery---------
Cons 
Othc 

iction materials-------

ri 1nary dcm:rnd------------

20.6 
2:;. 9 

28.2 
48.5 

10. 7 
87.4 
34.5 

30. u 
38.0 
10.9 
70.4 

268.3 

30.8 
25.8 

29. 2 
53.8 

11.2 
94.2 
37.2 

:-;i. s 
4 l. 3 
10. 2 
I'.! 7. 0 

2SS.8 

27.7 
25.l 

25.6 
50.0 

9.5 
86.0 
31. 7 

37 4. 

76.0 

32.5 
31.6 

28.J 
5LJ. 4 

10. 7 
04.0 
34.0 

3:;. 7 
!J.:). 2 
n.s 
3:·:;. s 

261!. 2 
i-i:Tf.1Ttmpot1nJs eel; 22 .. ; mi 11 ion pound incrcuse in 

51. 7 
45.0 

47.8 
76.7 

18.2 
142.7 
56.9 

4:). 8 
67.2 
19.6 
50.7 

380.8 
stocks. 

66.0 
57.4 

60.8 
72.9 

23.4 
157.1 
69.3 

57.9 
85.3 
27.5 
63.2 

457.6 

80.0 
80.6 

33.0 
47.7 

14.7 
95.4 
40.3 

36. 7 
25.7 
22.0 
88.8 

364.9 

67 .6 
49.0 

48.5 
44.0 

18.2 
110. 7 
40.4 

36.3 
25.1 
20.6 
39.2 

315.8 

10 l. G 
36.7 

29.6 
46.6 

17.0 
93.2 
59.4 

26.8 
32.0 
:q. 7 
59.8 

2~!9. 2 

1~)70 

:-;o. 6 
1,33~).7 

1}370.3 

:'lo. 6 
12~). 4 1/ 

4.2 
305. l 

Ci3. 9 

112.0 
12.5 

408.7 

94.0 
3~J. 0 

2.t}. G 
•19. 1 

12.2 
85.9 
53.l 

') ( r ._u . .J 

::;o. 3 
_:, :) • (J 

i](). 9 
:)11.4 



from primarv production and 330 million pounds from secondaTy sources. 

The· r;:;st of horld denand :Ln 2000 is forecast to range bet1, .. -c l _. 500 to 2 J 1 :::i 

million pounds. Forecasts for domestic and 1rnrld nickel dei~1ands for lflS.5 

and 2000 are s u.r;-,D,ari zed in Tab 1 e 2b. 

An assessment of nickel Teserves TecoverabJ.e at prices ranging from the 

1970 price of Sl.33 a pound to $2.00 a pound is gi-ven in Table 3b. A study 

by the U. S. Bureau of ]'.lines indicated that the nickeliferous lateri te de

posits at Riddle, Oregon Kill 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 will substantiall)' ex

tend the life of the operation. Furtl-;ermore, the Bureau of :rines lists 

~linnesota as having the largest potential nickel sulfide resources in the 

United States. 

Several lm"'-grade laterite deposits in the tropical and subtropical are.'ls 

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

Similarly, the occurrence of nickPl-hearing nanganiferous nodules has 

been reported to exist on the ocean floors 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. 

Tables 4b and Sb shoh' production capacities for 1970 and the period 1970-

1975 respectively. For 1970 nickel production pushed the capacity limits in 

all parts of the world" In Canada, ca~iaci ty is limited by mine output \'.·hi ch 

at present is equalled by srnelter ca~nci ty, hm,'ever, 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, 

Phi3-ippines, Indonesia, Columbia, and 3:razil. 



United States 
Primary----------------
Secondary--------------

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

Rest of World 
Pri m:lJ'v----------------
Sccon<lary--------------

Total---------------
Cumu la ti vc (primary) 

lforld 
Pr i :nary- - - - - - - - - - - - - - - -
Secondary--------------

Total---------------
Cumnlative (Erimary) 

Table 2b - Summary of Fcrecasted lJ. S. an<l World 
Nickel Dcman<l, 1970-20003 

(mi 11 ion pounds) 

2800 
Forecast range Prob ab le 

Low Jlj gh 1~)8S 2000 

311. 4 610.0 910 .0 492. 2 770 .0 
97.3 2SS.O 385.0 180.4 330.0 

408.7 895.0 1.:-295.0 672.6 1,100.0 
13,523.0 16,4SS.0 5,835.0 15,058.0 

923.6 J, J ~;o . o l '()(ill. 0 1 '2 2'1 '~) l '(1()0. () 

100.0 350.0 515.0 279. 2 !l()(). 0 

1,113.6 1,500.0 2,175.0 1,504.1 2, OlHf~() 
30,702.0 37,469.0 15,858.0 36 ,8% .0 

1,235.0 1,790.0 2,570.0 l,71L7 2,370.0 
287.3 605.0 900.0 4G0.8 730.0 

1,522.3 2,395.0 3,470.0 2,172.5 3,100.0 
44,225.0 53,924.0 2~,693.~ 51,054.0 

Jlro!):tb 1 c 
avcr;:J.gc ~rnnual 

gro1:J th- r;1 t :.) 

1no-2000 

J1~.~:_i_::~~ (.' \ )·--···-··-·-· 

3. l 
4.2 
3.4 

J • q 
2,S 
2.0 

2.2 
3.2 
2.4 



Table 3b ,,. Assessment of '.'i.oT.ld Ni l Resources 
Recover ab 1 e at '·.·a Ti o us PT i c es 3 

(million pounds of nickel) 

ca 
United States----- ------
Canada-------------------

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

Central America and 
Caribbean Islands 

Ct1b a- - - ~· - - - - - - - - - - - - - - - - - -
Dominican Republic------ -
Guatemala----------------
Puerto Rico--------------

Total-----------~------

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

Asja 
Indonesia----------------
Philippines--------------

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

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

Total-----------------
Total for Korld ~/----------
1/ Ye~rend U.S. price in 1970 

per 

400 
12,600 
13,000 

450 1,000 1, 100 

-~-?S ·' 000 
26,100 

__ ._16_1 00 O_. ___ 2. 0, 000 
16,450 21,000 

8,400 
1,800 
1,000 

11,200 

20,000 

7,400 
9,000 

16,400 

20,000 
1,800 
1,800 

23,600 

.20 '000 

10,000 
18,000 
28 '000-

1,000 2,000 
30,800 31,000 
31,86() ___ 3.) _,-0 0 0 

92,400 121,050 

32)000 
1,800 
1;900 

100 
35 '800 

20,000 

13,000 
30,000 
43,000 

4,000 

36,000 
1~800 

2,000 
200 

40,000 

20,000 

16,000 
60,000 
76,0CJO 

4,000 
32,000 33,000 

·~~~----~~--

36, 000 37,000 
-------

155,800 199,100 

·i; Excludes small quantities of reserves in Brail, Rhodesia, Republic of 
South Africa, and BuTJna, and an unknoh-n quantity of low- grade la teT-
it es that exist in tropical and seoitropical aTeas of the Korld. Also 
excludes nickel associated with copper deposits in Botswana. 



Table 4b - World >Jickel Prpduction and Capacity - 19703 
(thousand pounds - nickel content) 

NoTth America 
United States--------------------
Canada--------------------------

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

Central America & Caribbean Islands 
Cub a- - -· - - - - - --· - - - - - - -- - - -· - - - - - - - - - -

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

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

Oceania 
Australia-----------------------
~ew Caledonia--------------------

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

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

Capacity 

30,638 
620,000 
650,~38 

Production 

30 '6 38 
610,592 
641,230 

77,600 

3,300 3,300 
242,000 242,000 

·~_3_0~,~0_0_J0~~--~~~29,920 
275,300 275,220 

62,000 
240,000 
302,000 

82,000 

62,000 
232,286 
294,286 

8_2 '0 36 

Grand total------------------- 1,387,538 1,370,372 
1/ Western Europe, principally Greece. 
2/ Includes Brazil, \loTocco, Rhodesia, Republic of South Africa, 

Burma, and Indonesia. 



Ta1) le Sb ·- Projected World Ni eke 1 Production Capacity, 19 70-19753 
(thousand pounds - nickel content) 

--------

-----~----- ---~~--------··-----· 

J\~ o r t /\ rn ~.:; r i c a 
[Jn-itcd States---------------------· 
Cari.1 da- - - - - - - -· - - - - - ·- - - - - - - - - - - - - - -

Do;;1 i can Rcpublic------~---·-----

Guatemala-------------------------

U cc ;1 n i c' - -· - - - -- - - - - - - - - - - - - - - - - - - - - - - -

Othc 

1970 

30,638 
620,000 

Tl ,coo 

- 275 '300 

302 000 

82,000 

1971 1972 1973 

30,000 30,000 30,000 
670,000 700,000 700,000 

60,000 50,000 40,000 
24,0CO 50,000 50,000 

295,000 313,000 323,000 

33t1,000 350,000 410 ,000 

90,000 90,000 90,000 

\'Jo r 1 J tot ;: t1 - - - - - - - - - - - - - - - -- - - - - , 3 8 7 :· 5 3 8 l J '~ 9 ~) , CJ 0 0 l , 5 8 3 , 0 0 0 1 , 6 4 3 , 0 0 0 
l7-i-;-)(.1u(f~:-urni1, Mor-occo, RhoJes ia, Rcpub lie of South Africa, Burma, and Indonesia .. 

1974 1975 

30,000 30,000 
710 '000 720) 000 

4U::UOO !JU' ouo 
60,000 60,000 
30,000 60,000 

333,000 343,000 

4:50,000 !] :so 000 

90,000 10 o ,_L~oo 

1, 72:.;' 000 l,78:-'.i~UOO 



\id el ce ha'."e been characte::.-i:ed bv ren:-i.rkabl s abili O\'er the 

past .SO yeaTs) hm·:ever,· the real price w~,s raised about 20 percent in the 

earlv 1950's, and raised 10 percent late in the 1960 1 s. The quoted 

price was again raised in 19 70 to l. 33 per µound. ;.!any economists 

cted a ce stabili ation or even a decline due to the projected over-

supp Hov,'ever _. on er 4, 1972, INCO announced an increase of 20 

cents a pound in its price of electrol~tic nickel. INCO said that the in-

crease to $1. 53 per pound \.,'as necessi ated by ris production costs in-

eluding wages and hi costs of all supplies and services. The table 

1 
below shows producer prices per pound for the years 1967-1971. 

Domestic and Forei 

1967 $0.94 S0.85 1/4 $0.87 
1968 1. 03 0.94 0.94 
1969 1. 28 1. 03 1. OS 
1970 1.33 1. 28 1. 29 
1971 1. 33 1. 33 1. 33 

Investment opportunities 5 to develn~1 nickr:::J deposits in Canad8, A:Jstralia 

and New Caledonia are enhax1ced by the stability of their governments. Con-

versely, the governments of many of the countries in tropical and subtropical 

regions wheTe the laterites occur are charact8rized by instability ancl i:r.hibit 

long term investment in mineral deposits. 



Do~estic u~c for -i -,·::: ::_'=']in:=:ated as fol o-.·:s: z.inc~base alloys 

( :3 ncipal for die cas i~~s: in galvaniz (2 for co::.·ros ion 

protection of i::!.'On and stee · in '= ::.·:4ss and bron::::e al 

Tods, and strips; bat cases J li ic plates) 

and architectural applications~ zinc oxide (12%) principal for rubbe1·, 

pi sensiti paper fo:r and chemicals; and mis ce 11 aneous 

cs~b) for zinc dust, other a'l lo;.-s) lant and animal nutTion, rayon, \rnod 
1 

;.. .L.. d ..c •• d J_ LreaL1ng, an iung1c1 es. 

\';OT ld and dones ti C mine on figures for the decade 1961-1970 

are shov:n in Tab le le. domestic zinc sunulv-demand relation-
.).. L ,; 

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

ni1ne _tJroJuctlon, ,..,,..1'"(' 

,),)'o; s 

of metal and corn~~:ounds ·' l8°l;; zinc Tn-ocluced fTor;1 irr1ported ores, 32% .: and 

industry stocks, 10%. 

The probable demand for :inc in the U. S. is forecasted to be 3.3 million 

tons in the year 2000. Of coJrse, the demand for zinc ~ill depend largely on 

the price relationship to al te::::':-l2."::e ::'.a.teTiaJs. Alu;:;inum and plastics are 

competiti\'e with zinc in nany <~~:;:::·lications. 

For the rest of the 1?.'0rld: t:-~e most prob ab le predicted den:and for 2000 

is 10 Gillion tons. Table 2c i;_L;.strates the forecasts for the U. S. and the 

world. 

Based on the 1970 prices of :inc, lJ. S. resen·es are estimated to be 30 

rnillion tons. This figl..ue has C:.'::''J"Ced nearly 4 million tons in the past t\rn 

years due largel:-· to the c ost:::· . .:: ::.-::.· 2 1101-:;ber of nines in 19'-:'() eo.nd 1971. 
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Tabl 

\\-or 1 d on 
United States-----------
Rest of \\·orld--···---------·

Total-- -------------
ts of U. S, s up!:i 

Domestic mines---------
From scrap - old---------
\et GovernGent release--

metal---------- - . 
, ore-------------

Imports, compounds------
Industry stocks, Jan. l·--

Total U, S, supp 
Distribution of U.S. 

Industry stocks, Dec. 31 
Exports, metal----------
Exports, compounds------
Indnst1'ial de1~and--

U. S. demand pattern 
:.Ietal 

Construction ~aterials 
Galvanized produrts---
Plumbing & heating 
fixtures-------------
Total------------ ---

Transportation equip-
ment- - - -- - - - -- - - - - - - -

Electrical equipcent---
Industrial machinery----
OtheT- .. - ·- - - -· - - - - ·· - -· - - " - -· 

Total metal----------
Nonmetal (zinc oxide, 

C 1 >SC 4) -- - - - -· - - - ·- - - - - - -
Construction materials, 

(paints, cer2.J1ics)-----
Transportation equip~ent 

(rubber) - -· -· - - - - - - - -· - - - -
Industrial chemicals 

(chemicals & photocopy) 
Other-------------------

Total nom:etal--- -----
U.S. primary der1and-· - - - - - - -
U.S. demand for pri~ary 

1-------------------

- zinc cont } 

10 .. 19 j 1964 1965 

I, sos 529 5 75 611 
;) 6':'! 6.) 68 82 

76 192 
i::: 142 us 118 153 

16 467 373 357 428 
9 12 1 ) 8 11 .:L ~ 

) , ' 
.r.:,~-1. 225 145 140 179 

5:J 36 ~I 

.)'+ 27. 6 , 2 "'; 2 2 - L. 

1,036 1,169 1,166 1,178 1,430 

20:) 2 30 229 231 280 

14 160 160 161 196 
345 390 339 392 --4~76 

! { ") 
£.., '-+ '- ~ 275 274 277 336 
l 'f") 138 l ..,~ 

,J I 138 168 
9 J. 103 10.3 l04 126 

112 126 126 126 154 
_q_l_l----.;--0 ..,. -:-.,.----, . 0 ·;q--·---1 0-;,--:;;----l-/ f n 

- .,,__ ·-: _l J _. J - l ) t... - ) J I ' ~ ~I U 

l!I .... ._ U7 137 141 170 

::;.:: 37 37 34 36 

61 71 70 75 a_, 
..; .) 

3 ~3 3 12 
--..- 26 ;-i 29 29 L..::) ,. __ / 

12~ i ~ ~1 
.JI 137 141 170 

9;7 1,107 1,103 1, 110 1,348 

~ 970 966 969 I 178 



Table le -

Oll 

United States--- -------
. Res t of 1 \. o T 1 d - - - - - - - -- - - - -

Total------ ----------
'Comuonents of U.S. suppl)' 

Domestic mines----------
From scrap - old~-------

Xet Government release---
s, metal----------

Imports, ore------ -----
Imports, comnounds------
Indus stocks> .Jan, 1-- ~ 

Total U.S. supply·-----
Distribution of U.S, ly 

Industry stocks, Dec. 3i
Exports, metal----------
Exports, compounds------
Industrial demand--------

U.S. demand pattern 
I11etal 

Construction materials 
Galvanized products---
Plumbing & heating 
fixtures-------------
Total----------------

Transportation equip-
ment- - - - - - - - - - - - - - - - - -

Electrical equipment---
Industrial machinery---
Other----------- --------

Total metal 
~onmetal (zinc oxide, 

Cl,SC4)---------------
Construction materials 

(paints, ceranics)----
Transportation equipment 

(rubber)--------------
Industrial chemicals 

(chemicals & photocopy) 
Other-------------------

Total nonmetal 
U.S. primary deoand 
U.S. den and for prir:-:ary- - - -

net al 

; 66- 970
4 

to~s - zinc content) 

·--------------------------~----

- 66 

:-'3 
36 

l ') l 
""'."-::i 
L. 0 

- ., 
:> ~-

1.., 
)._ .) 

;__94 
l 
3 

l,553 

305 

366 
133 
137 
167 

1,:.;.::-I~-

36 

98 

22 
26 

1 1 -'..S""' 

196 

549 
80 
14 

222 
5.34 

13 

184 
17 

3 
1,402 

276 

192 
468 

330 
165 
124 
lSJ 

164 

31 

85 

30 
18 

---
164 

1,322 

1968 

529 
80 
3S 

305 
543 

16 
33 

3 
1) 491 

292 

204 
496 

351 
175 
131 
161 

1,314 

177 

30 

92 

37 
18 

177 
1) 411 

1%9 

c; ~,..,. 

~='.) 

82 
18 ...,,-

.) ,_;:) 

602 
15 

168 
9 
3 

1,582 

310 

216 
526 

372 
186 
139 
1'7 l 

l > 394 

188 

30 

98 

43 
17 

188 
1,500 

19 70 

534 
72 

1 
270 
526 

14 

205 
0 
6 

1,374 

?67 

186 
43 :3 

321 
160 
1 :~o 
147 

1,201 

173 

28 

90 

39 
16 

173 
1,302 

1,-~~ 1,153 1,234 1,312 1,129 
~~~~~--~~--~~~~-~~~~~~~ 



Table ·~ c - \'."odd 
.. m;_: d J l C) 7 n 
and shoTt 

tes 
~ .. lets . .! 
Fri~arv------------

Total----------
>~ ow:,e tal 

Total U.S. 
1,302 

Total----------- 1,3 
C u~·1:u 1 at i \ ~ e (primary) 

Rest of \\'oTld 
\let al 

Total------- --
\onr.1etal ' 

Tota. l :<.est of \':or ld 
PTi J:\ar;r- - - - - - - - - - - -
Se 

Total----------
Cu~ulative (primary) 

l\'oTJ.d 
~·1et al 

PriDarv-----------
Secondarv---------

Total----------
:-;onf:'etal 

3,4J.2 
-100 

500 

4,3.+2 

4,571 

673 

.'.2000 

200 

2~020 

5)800 
400 

700 

6)500 
~1-00 

6,900 
15:?,600 

7>600 
.::.no 

8,3:20 5,244 
--l. '.! Secondary---------- 500 

Total 5,716 9,020 
Cw:;.ulati>:e (Drimarv) l,6DO 

·-'-'-~~__.__4-~-~~~~~~-'-~· 

3,400 
300 

3, 

500 

69)500 

1,700 

10,500 
1 000 

11'500 
196,900 

2,200 

14,400 
1,300 

15,700 
266,400 

?~rob ab J_e 

1. 6C 
1(10 

220 

1,8=:0 
100 

1, 9 20 
24)000 

1,080 

6 '280 
560 

6,S~O 

72) 500 

6;800 

7_,46:) 

8' 100 
66() 

8,760 
96,SOO 

2)700 
2on 

400 

3,100 
200 

3' 30 
61,000 

7,900 
800 

8,700 

1,300 

l'.l 70- 20'.)0 
ent 

2.8 

2.9 
3.S 

2.8 
2. ~1 

·- J 
,) . "' 

9,200 2.9 
800 2,_) 

10,000 
186,000 

10,600 
()00 

11, 600 

1,700 

12,300 
1,000 

13,300 
247,000 

----------
2~8 

2.8 
2.S 

3. J. 

2.9 
') ' ~.::> 



Extensive enti<i in zinc l T' of the U. S. a.nd 

\':ou l sure be l tJ-1e incenti -ve -o~ 

ce incre es. 

\·:orld :teser1.·es OLltsic~e or- the U. S are estiJT,ated to be 101 r::i1lim"< tons. 

Potential aTeas fo-:c the de•:e of addj_tion2~l resen·es are in Aust:cn.l:L:::, 

Canada., Peoples 

of South-West Africa, U.S.S.~., and 1 avia. Table 3c shm;s an 

of \·:orld zinc resources esti1Tc;_t2d to be recoveratde at vari01.Js 

Froj ection of .,.,-orld ziw_· -c:;:-oduction capacities 1975 fo-r· the~ ():'._' 

producing countries are shown Table 4c. In 1970 the h'or1d zinc industr;.-

operated at near canaci and increased production o-ver the last ·decade Te-

fleeted devel of new resources and the enlar of existing operations. 

In the U. S. mine and metal 

i ng of l!LLI18S 

outdated processes and 

material. 

--- _J 
dllU 

canaci ties are depressed due to the c los -

Existing ha1.·e the 

sharply rising costs, and more cost ra\·; 

The tah J e belm·; shrn·:s price comparisons in cents peT pound for the domes tic 

market e:md the London ~-1etal Exchange (L'<E)l: 

High Low 
Domestic L\~E Domestic: C•1E JJ.1E 

1967 14.50 12.80 U.50 11. 88 1..,. Q ·-
..),u:::i 12.37 

1968 13. so 12.17 13.50 11.67 13.SO 11.99 
1969 lS.SO 14.04 13.84 12.10 14.65 12.% 
1?70 15.5f1 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, are subjected 

to substitutions bv _·:.=~int alu1:iinum and plastics ',.;hen favored by a 

ce advantag2. 



Tabl 3c - Assessment of World Zinc Resources 
coverabJ e e.t \'arious P1·ices4 

(million short tons, zinc co,1tentJ 

ce, cons t2,1-it. cents per 

ca 
United States 

Sta <::s east of \\issis ippi River--
ATkansas, Kansas> >1issouri 

Oklahoma, Texas--- -------------
Arizona 7 Colorado .1 \e\'<' ;.\exi co, 

South Dakota_, U ta_:-1, Lroming- - - - - -
California, ~evada----------------
Idaho, :lontana} Oregon, \\'ashington

/J._ J ask a- - - - - - - - - - - - - - -· - - - ·- - - - - - - - ·-
~ Total United States---------------

Canada------------------- ----------
:"!ex i co--~~ - - - - -· - - - - - - - - -· - - - -- -- - - - - - - - -

Total ~orth America----- --------
Central _.'.\merica---~- -·----------------
Sou th Arneri ca---- - - - - - - - - - - - - - - - - - - - - - - - -
.Europe (free world)-------------------
Europe (communistJ .. --------------------
Africa- -------------------------------
Asia (free world)- -------------------
As i a ( co mm uni s t ) - - -- - - - - -· - - - - - - ·· - - - -· - - - -
Oceania--------------------------------

Total outside North America---·-----
T o t a 1 \\'or 1 d - -- - - - - - - - -- - - - ·- - - - - - - - -· -

prime hestf:>rn zinc J E. St. L.:;uis 
Illinojs 

20.00 23.0 28.0 

5,00 6.0 8.0 

3.00 s.o 6.0 
7 ') 

• .JL LO 2.0 
1. 65 4.0 5.0 

.03 LO 1. 0 
30.00 40.0 S(f. 0 
34.00 ss.o 75.0 

4,00 S,O 7 .0 
68.00 100 .0 132. 0 

2.00 3.0 3.0 
8.00 10 .0 J.5 .0 

14.00 20.0 25.0 
14.00 20.0 30.0 
6.00 10 .0 l.S.0 
7.00 8.0 10 .0 
3.00 4.0 5.0 
9.00 18.0 25.0 

1/ Average U.S. price h'as 15. 32 cents per pound in 1970. 



Tab) -19 

:,.~ine -- ~· - ~ - - - - -· E-· 
i 600 60J 600 6(1() 

~·le a1 -.~·--~·---~-~- 1 l 7 ·-:s I 0 700 700 J. > 

G2_n2~da 

:· '. i n e - - - - - - - - - - - ·- 1 ;o:) 1 E 1 600 l 70 l 700 1 : !)'.} 
; 1. 

' : 3 - ' } 

:,~ e al~~~-- ·- - - - -
r,.., ~ - 6.35 6 .).~) 6:i3 () .35 J .:.: J ~ ::;, 

:·fexi co 
>line----·-·------· - ::.oo ?)00 3C10 :; ~~) ! _l 

'leta1------·- - -.. ~~ - 90 :? 90 20 1
.; ~~00 200 

OtheT >Jorth A1~1erica 
\ 1 in e -- - - - - ·- - ·- -- - - -· ·- 7r l. :J 25 23 25 " -.:..J LJ 

South America 
>line------·-- - -- .. ~ ~.,,,.. - - 510 SE1 520 520 SSC .sso 
~,1eta1 - - ·- - - - ·· - - - - - l3S li.rn 140 160 160 16C 

1\.est 
:.1j_ ne- ---·- -----· --- 79S 80C1 800 800 800 800 
: 1 letal ~--------... ..-----~= 1 ; T75 1 

' 
8DC) 2 Jooo 2 ,000 2 ,000 > OCJO 

East e 
'.1 l i n e ... - - - - - - ·- ~· - - .. - 1 J 280 1 

' 
2SO 1 

' 
300 1 ) 300 1 ) 300 1 ) 3CO 

'. 11 et a 1- - ~ ·- ·- - ·- - - - - - 1 ) 10 1 > 450 1 ,500 1 ,500 1 '.500 1 .' 500 

AfTica 
: ! in e - - - -· - - ~ - -· - - - - 406 450 450 500 500 500 
;.1 et :i_ 1 ··· .. - - - - ·- - ·- - - ·- 19Cl 200 240 240 240 2D,Q 

Asia 1.WTld) 
:.ri ne-- - - -· - - -· - -~ - - - .S~C 4CO 400 430 450 t-iSO 
i''.etal-----··· - - - - - - -· 880 1 QC': 1 100 l ;n·-1 1 200 1 200 ) . J ) 

.:_,\_.,\_) 
J ) 

Asia ( cor:rnmni st) 
~·ii n e- - - - - ~ - - - -- - ~ ·- 280 26C1 300 300 300 300 
: .. ~ e t a l - - - - - - - -· - - - - 240 1 /:J 200 200 200 200 

Australia 
'hne--· -------- -- -- 600 6'.)!1 6~,o 670 670 670 
~ .. ~ e t a 1- .. ~ -~ ~ - - - - -~ - - - 300 32C1 380 3SO 380 380 

\·;orld totals 
:. ! in e- - - - - -· - 6 866 6 ,E~S 6 () 1' 16:) ...., 

Fl' -i 19S 
J '_, "'t'J / ) i 

' 
·- - _) I 

' 
~· ' e t a 1 - - - - - - - - - -· - 6 :08 6 - - - .' OC)O 7 ")' - 7 215 '/ 213 - 2 ::c / 

~ ·~ 1.::\ ) j 
~.::.·----·----· ....-~-.--



fur to -~-, an in bas 

an rn.aTLe 2b ~~ cor.1ponent C>f the 

C·Te riinerals as 11 2.S o T non\- a l u a';) 1 e as o c i t e d nine r a 1 s s lJ ch 

te and C)ti_te. ::o 11.oh tab le lists t~1e aYcrc::.ge age 

1 .. -e i t of s u 1 in the cin2ra ~ that be mined in :Hnnesota: 

c ~.u1fu:r 

Cha.1 te r·- ITon Sulfi 

Pentlandite c~el Iron Sulfide) 

lerite (Zinc s~lfide) 

Pyrite (Iron sulii e) 53.4% 

te (I:ron s lfide) 39.6% 

This sulfur would be 2S product sulfuric acid as a result of the 

treatment of srne 1 teT stack gas s:10u ld a sr;ie 1 teT be el'eCt ed. 

~lost sulfur (90 percent) is converted to sulfuric acid prior to end use. 

Agricultural chemicals account for 50 of der:1ancL TogetheT> pl:=ic:.tic 

are verv widespread~ as most s produced by industry require sulfur in 

one form or another during so,'"' stage 

In 1970, domestic sulfur Kas produced at 149 operations; as native (Frasch)*, 

74 percent; recovered elemental, 15 percent; smelter acid, 6 percent; and pyrites 

and other forms, 5 percent. 

Figure ld shm:s supply-de:~·:and relationships for 1970. 

,;;A Drocess for sulfur in 
sulftn deposits for the p;_irDose 
is then pumped to the surface. 

·";hich super heated 1;ater is forced into the 
of melting the sulfur. The molten sulfur 





Dornes i lS cas t to e a an annual Tat r or 4 

T le d dome;:, ic and world demand e 0 the year 

2000. 

:\n as ssi::ent of coDs1erciF1.l sulfur resource:; in the lJ. S, an.cl the res 

of the hOrld \·i'hich 11;·ou1 be avai 1ab1e) with present tech no , and at 

ce Jevels, is shown in Tabl 2d. With the many new souTces 

sul anticipated including recovery of all sulfur from coal, increases in 

ion fTorn hi su1fur Canadian natuTal gas and ect increase:::; from 

en\~ronmental-related sources, the current oversupp both domestic and 

worldwide is expected to continu:-; foT a long period. If anti 

vironmental-related on materializes, it will inevitab become the 

·major source of supply, or even create an oversupp in i ts e lf . Tab 1E' 3 d 
. 

illustrates the current and projected production of sulfur from various 

1he table below shows average delivered prices of elemental sulfur per 

long ton for 1967-1971: 

1967 $33 
1968 $40 
1969 $27 
1970 r r) 7 

.)'-'..) 

1971 $18 

i:pre limi nary 

Unless pricing and production Testraints are initiated, the price of sulfur 

should continue ~o drop. 

The sa1e of sulfuric acid is not on lirni ted by the demand, but also by 

the distance to market. Sulfuric acid is expensive to ship and store, so un-

less a nearby market is available, it ~ould have to be produced and stored as 

elernental sulfur. 

In 'linnesota, the ckrnand for sulfur and sulfu.ric acid is quite liri~ited, 



United States 
Total------------
Cumulative--------

!~est of World 
Total- ------------
Cumulative--------

World 
Total------------
Cumu] ati vc--------

Table ld -· Summary of Forccasted U. S. and World 
Sul fur Demand, 19 70-2000 ~.--

1970 

9. 1 

27 .:1 

37.0 

23.0 
456.8 

85.0 
,565.5 

108 .0 
2,022.3 

11ion long tons) 

2000 

37.0 
611.1 

1,980.l 

162.0 
2,60C.2 

Prob ab le 

16.S 
190.5 

S4.l 
607.0 

70.6 
797. 5 

2Ul)O 

30,0 
536.4 

J () • c 
1 785.0 

135.0 
2,321.4 

:)70-2000 
. ___ l pc r-c ,_, n 

4. 1 

. 5 

4.4 



Table 2d - Assessment of \'Vorld Sulfur Resources R.ecovcrab1e at Various Prices 

CC1 

Stntcs------------
C:i '!"1:1-------------------

al-----------------
Scuth /\;Jcr5 ca----------------
1: 

ii ~S~S~I~ e-~--~-------------

t Jy--------------------
Ccn1;~Lny--- - _:_ __ -- -- --- - - -

j_ n J : 1 n :..1- - - -- - - - -- -- - - - - - - - - -

Tot :t 1- - - - ·--:- -- - - - - - - - - - -
J\ fr i c :1 - -- - - - - - - - - - - - - - - - - - - -

, f\s i ;1 

(" ,,!] -;- - - - - - - - ~ - - - - - - - - - - ,.,_ 

J: l 'l: ·- - - - - - - - - - - - - - - - - - - -

0 ti ~ c r -- - - - - -- - - -- ·- ·- - - - - - - -

otal-----------------
0 cc :1 n i - - - - - - - - - - - - - - - - - - - -

llion tons) 

-----f-fi n cci J_/ 
Price, const;:rnt E570 <lo1Lrr~_J2_cr long ton of sulfur 

l<.ccovcrcd ]j 

25 

40 
s 

10 

c;c: 
..._} ...._) 

10 

15 
15 

1(! 
j 'u 

5 

3S 

40 
10 
40 

190 
20 

.35 
35 

20 
10 

710 

1, i2S 
135 

150 ,, 
I~ 

lOS 
75 
35 

SS 

15 770 
> 0 75 
305 

65 
'Z re-) l 
J' L .L.) 

370 

365 
125 
2~!() 

275 
205 

95 
5 10 ~ 20 

25 

35 
:)80 

s 

420 
20 

15 

20 

5 

10 20 l 455 5 
~~~- -~~--~~~~~--~~~~· 

95 
780 
lS 

800 
55 

35 
5 

60 

5 
10 

15 
60 130 7J 0 ] ) 8::50 4 s 130 

5 10 140 400 10 20 

45 

155 
1,175 

20 

1,350 
90 

so 
15 
65 

5 
15 

30 
180 

30 

75 200 ~o 45 ss 

55 

155 

L ·' 175 
')I':' 
~-:> 

1,355 
90 

(j() 

20 
65 

5 
20 

205 
30 

60 

25 

75 
38S 

15 

475 
30 

30 
5 

20 
10 
5 
5 
5 

15 
105 

15 

s 
10 20 55 30 50 65 40 80 

5 4()0 ()80 7()5 770 -1()5 

1,080 
75 

70 

35 
260 

30 

70 
(1~)() 

Tot;il 

8(J5 

20 
2) 57::; 

225 

2UU 
9U 

lc10 
rn::; 
so 
50 
15 

l ~)Cl 

890 
170 

1 :rn 
l :2 (I 

1 J ~) 2 5 
2)2~)() 

3:.;o 
6.S 

'1,S70 
460 

275 
210 
115 
~o 

4:) () 
2, o ~:;s 

430 

2Cl0 
2 10 
() ( )() 8S 

70 205 30 so c)o c)s :,o ~;o r :::() 270 

20 40 285 7_6_s ___ s-so 825 945 975 570 86S ____ 1_,-T;-c) ___ 1_, 740 
50 155 5 5 20 25 ~ 5 70 180 

------
,, ___________________________________________ 3 ~1 () _____ 2 __ ~f~~-5-- ______ Ci ____ 7_3 __ 5 ______________________________ C __ )_ ~-~ t_) ____ 2 ___ 0_0 ____________ -----------------~ 1_,l_J_ ~5 

:- pyr , t vc or'...:s, and gyp::-; um. clcmcnta su 
was $23.15 per long ton rolcum, natural gas, ~nd nonferrous 



Tah l c 3d - Coproduct Sulfur 

1970 

Production 

Coal---------------------
l 1 ctr o 1 cum - - - - - - - - - - - - - - - - 921 
N;-itur.11 gas-------------- 659 
Corner------------------- 533 
Zinc--------------------- 291 
L c :1 cl - - - - - - - - - - - - - - - - - - - - - 27 
Other metal sulfurs------ 36 

Total--------------- 2,467 

and Potential foT 1970 and :?000 
tons) 

2000 
Potential 
Cap~3hi Ji t_y ___ _ 

9 2~'7 
) .J J 10 .700 

4,535 6)000 
700 :-s, :.;oo 

2,009 4, ~;() 

3~)} l ()() 

90 90 
60 70 

17 !>018 2.5,000 

21 '!j :so 
10 ,2n 

3,SOO 
5 ·' 

l ("\ l 
.i ... 

1 ]!~) 
104 

80 
40 ; 757 



Howeve , exr 01·2 on has o·.-;n subs tia l reserY::os of ti t;:.~TLt ferous rnagrieti 

and r::ore rec duTing oppe:r·- c explorat 011, titanit:;;1 J1as been found 

north of Duluth in the Duluth GabbTo lex, I these its \·;ere to be 

ned, sulfuric acid 11·ould be rsd for p:roces.;;:; 
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POSSIBLE .BASE METAL OPERATIONS - EXPLORATION THROUGH TERMINATION 

The lack of specific projects, in the case of the Gabbro.Formation, 

and ore discoveries, in the case of the Greenstone Formation, makes it 

difficult to take more than a cursory look at the potential.environmen-

tal social and economic implications of a possible base metal industry 

to Minnesota. To provide a study base, it was ..decided to consider 

each mining phase from exploration through termination in general. Then 

by establishing two mcxiels, one for the greenstone and one for the gabbro, 
! 

an at tempt would be made to evaluate some of the major environmental and 

economic considerations in more detail. 

Table 1, although specifically designed to outline environmental 

concerns, lists many of the possible phases that could ~e involved in a 

possible operation. Basic steps involved in any mining operation are: 

(1) exploration, to discover an ore body; (2) development, delineation 

and preparation of the deposit for mining; (3) operations, which includes 

mining, beneficiation, extraction and refining and auxiliary facilitie's 

such as a water reservoir and waste disposal areas; (4) termination; and 

(5) ancillary operations. The numbers in the column, "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 exploration 

program will continue into step 2 and so on. If step 1 is not successful 

then all efforts will terminate. When step 5 is reached all those steps 

labeled 5 must be considered as a part of this stage . The portions of the 

. \\ I/ • • 5th stage prefaced by A denotes an optional or tmnecessary facility such 

as extraction and refining. \I II 
Those steps prefaced by a B are alternatives, 
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either open pit mining, underground mining or both could be involved. The ., .... 

. environmental portion of the table will be considered in the neA't two chap-

ters. 

Exploration 

This step involves the prospecting for an ore occurrence and the initial 

steps of evaluation; the ore bcdy is surveyed as to size, grade, and orienta-

tion. Exploration can be subdivided into 4 stages as follows: 

1. Regional Appraisal (selection of favorable regions) 

2. Detailed Reconnaissance (preliminary regional evaluation with selection 
of target areas) 

3. Detailed Surface Appraisal of a Target Area (geologic, geochemical and 
geophysical surveys) 

4. Detailed 3-Dimensional Sampling and Target Evaluation (includes initial 
evaluation work) 

Figure 1 shows the relations between these stages, and basically the se-

quence through which an exploration program proceeds. The philosophy of ex-

ploration is to start with a large area of ten thousands of square miles, having 

a potential for mineralization, then as the resuit of a step by step exploration 

program large tracts of land are eliminated until a few specific target areas 

r~main that can be explored thoroughly to determine the presence or absence 

of ore. It is important to point out that at any point in the exploration 

stage the project cari be terminated. The reasons for halting a project can 

range from problems involving economics, politics, the absence of anomalous 

target areas or simply the lack of a mineral deposit. 

The methods and techniques used in exploration are detailed in Figure 2. 

Ge~logic methods are utilized early in the program. These consist mainly 

of office work; studying published maps and geologic reports, observing aerial 
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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 
/ 

STAGE #1 STAGE #2 STAGE #3 STAGE #4 

.... REGIONAL _.'.'.:D........ DETAILED l""r"\ - DETAILED l""T' - DETAILED ,.,..., - ATTRACTIVE 
APPRAISAL ~.Y RECONNAISSANCE \...) - SURFACE \._) - THREE-DIMENSIONAL 16 - MINERAL 

OF FAVORABLE r+ APPRAISAL OF ~ SAMPLING AND DEPOSIT 
AREAS I TARGET AREA I PRELIMINARY I I 

t I I EVALUATION ECONOMIC I I 
I I I . MINERAL 
I I I DEPOSIT 
I I I 

I I I I I ORE 1 

L ~ l + 
L __ -REGTON NOT AREA REMA INS TARGET AREA UNATTRACTIVE DEPOSIT 

ATTRACTIVE i.- FAVORABLE ~--- NOT ATTRACTIVE .,._ --- MINERAL 
AT Tiil S TIME BUT NOT ATTRACTIVE AT THIS TIME DEPOSIT 

AT THIS TIME 

Normal EXploration s:=:----- . 1

- REJECT: ~quence ~ NOT A MINERAL 
REJECT: 
REGION ~ 

UNFAVORABLE .,.._ ___ - --- Recycling After Temporary Rejection DEPOSIT 

ED @ Key Exploration Decisions 



Detection* Capability for Non-Ferrous 
Us eab 1 e Stages Metal 1i c Deposits .. 

........ ~ Direct Detection Indirect Detection 
METHODS -o m ro ""O 'O 'V 

<l) ti) Q) • <l) 0 <l) ;j 

A.\TD .-1 •r-i rl ~ ...-4 u ~ ..µ High** Low •r-i d •r-i i:::: ....... ro ~·r-i U) 

TECHi~IQUES ro H ro 0 c'j 4-< ""d ro Discrimination Discrimination ..µ p., ..µ u ..µ H ~ ..µ 0 
a.> p., C> 0 C> ~ ..µ (l) I Good Questionable Capability Capability 0 <I'. o~ 0 U) U) Cl ~ 

GEOLOGIC 
Office compilation. x I 

' 
Photogeologic study x x I I 

Aerial observation x ' I 

Outcrop examination x x I I I I• 

I I . I 

Geologic mapping & 
investigations x x x x I I I 

I I . 
Geologic logging x I I 

I 

Boulder tracking x x I I 

I I 

GEOCHEMICAL 
Stream s e·dimen t sampling x x I I 

Water sampling x i . 
i ' 

Rock sampling x x x ! I 

I I 

Specialized sampling x x I I . 
Assaying x x x x I I 

I . 
GEOPHYSICS - AIRBORNE 

Aeromagnettc surveys x x I . 
Electromagnetic x x . 

I 

Radiometric surveys x I 

' 
Remote sensing surveys x I . 

GEOPHYSICS - GROUND 
Gravity x x I 

I 

Magnetic x x I 

I 

Radiometric x x I 

I I 

Seismic x x I 

Resistivity x x . 
I 

Self-Potential x x I 

Induced polarization x x I 

' 
Down-hole electrical x l 

THREE-DI\!E~SIONAL SAMPLING 

* 

** 

~\ID EVALUATION 
Trenching x x I I 
Rotary drilling x I I 

I I 

Core drilling x I I 

I I 

Tunnel/Shaft work x I I 
I I 

Mineral dressing tests x Not a detection method 
Economic evaluation x Not a detection method 

Detection refers to the ability to detect a deposit if it is there. Indirect de
tection refers to a geological, chemical or physical response showing a deposit may 
be the cause of the response; this is in opposition to direct evidence of the pres
ence of a.deposit. 

Discrimination with regard to indirect methods refers to the ability to determine if 
a certain response (anomaly) is due to a deposit or to another cause. 

I 

I 
I 

I 

I 

I 
I 

I 
I 
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I 
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I 
I 

I 

I 

I 

I 

I 

I 

I 
I 



- 3 -

photographs, and usually a look at some non-geologic items, such as, potential 

markets, economics, geography, weather conditions, and perhaps political sit

uations which may effect exploration or mining. At this point a large area 

with a potential for mineralization (based on the above studies) is chosen. 

Regional appraisal is usually followed by a reconnaissance program of 

airborne geophysical exploration ii; which the physical characteristics of 

the rock are measured (usually electrical and magnetic metho:is are used to 

search for metallic minerals). By studying such data, scientists can locate 

target areas thus eliminating large tracts of land from futher consideration. 

Target areas are further delineated by using geologic, geophysical 

(det.ailed airborne or ground reconnaissance), and geochemical survey techniques. 

Once again, areas with little or no potential are eliminated. Geochemical 

analysis of rock, soil, stream sediments ahd sometimes plants often yields 

trace quantities of metals. If anomalous or unusual quantities of these 

element.s are present, it is possible that they were derived from the under

lying rock, thus increasing the probability 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 

mi1e or two. At this point exploration costs can jump drastically because 

the rock itself must be probed and analyzed to determine the presence of 

metal. The metho:is used to do this are drilling, trenching and digging 

exploration or test pits. Drilling is used to gain knowledge of the 

mineralogy of a formation plus some idea of its extent. Both trenching and 

test pi ts give an idea of the character of the rocks near the surf ace but, 
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when used, generally preceeds drilling. 

In some instance shafts and underground workings are constructed in 

the rock, often as part of a canbined exploration and development program 

to obtain bulk samples for metallurgical tests. The evaluation work mainly 

consists of detailed drilling; where lalowledge 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; 
I 

as new reserves are constantly being sought. 

Development 

This stage primarily involves the preparation of an ore body for prcxiuc-

tion. Before development can be initiated a feasibility study is usually 

conducted. Such a study.takes into account the specific characteristics of 

the ore bo:::ly and makes recommendations on the best method. of mining, the size, 

location, the optimum and capacity of a mill, concentrator, work shops, stockpiles, 

tailings basins, reservoirs, pollution abatement etc. In general 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, 

and ore to and from the surface is installed. other necessary development 

steps inGlude providing fresh air ventilation systems, work shop areas, explosive 
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magazines, and ore crushing facilities, all of which can be underground. 

When open pit methcrls are used the soil and rock which overlies the ore 

body must be remOT.red and stockpiled and the development of a haulage road 

network is· required. 

rn general 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 amoillit of waste rock (overburden and lE?an ore) will 

be generated by the open pit mine. Depending on the underground method 

employed, some of the tq..ilings generated at.the concentrator could be re

turned to the mine '.ll 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 underground. T"ae only differences, as already indicated, would be in the 

size of some of the.se facilities. 

Development of tailings basins and water reservoirs usually require the 

construction of dar~s, and perhaps in sane specific cases the diversion of 

small rivers or st1.~eams. The construction of buildings (mills, shops, and 

offices), access roads, and railway lines may ~equire the clearing ·of trees 

and brush, plus some earthmoving. Stockpiles usually require little develop

ment work other than the construction of haulage roads which link them to 

the mine. 

• 
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Mirring 

This. stage primarily involves the removal of ore from the ground 

and haulage to the primary crusher where concentration begins. The most 

comnonly used metho:ls for mining base metals are open pit and underground. 

In ~linnesota 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. Whereas 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 shallow 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. Methcxis used for underground mining are open to con-

siderable speculation at this time. Each mine usually employes a methcxi 

adapted to resolve the peculiarities of a particular ore bcxiy. Some of the 

methcxis or variations of these methcxis that might be considered for utili-

zation in Minnesota include: block caving, room and pillar and cut and fill. 

1 . Block Caving 

This metho:l 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 

caving to proceed. 
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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 allow it to flow downwards. Ore cars catch 

the broken material and remove it. Once caving is initiated only peri

cxiic removal 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, drawn down points 

(funnel-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 bcxiy, this development 

wo:z:.k usually continues for many years; for wh~le 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. 

2 • Room and Pillar 

This methcxi is used to best advantage in horizontal (or nearly hori-

zontal) ore bcxiies in which the thickness is relatively narrow; usually 

where the ore is confined to a particular layer of rock in a bedded f orma

tion. The methcxi 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. These roof supports, or pillars, are sometimes removed 

when mining has progressed to a different area within.the mine, and the 

roo.f is allowed to cave. Room and Pillar is probably one of the most 

mechanized of all types of mL."1.ing, a great deal of new equipment has 

recently been designed to provide for rapid excavation of larger volumes 

of' ore .. 
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3 . Cut and Fill 

This methcxi is often used in narrow ore bod.ies which are vertical, 

or inclined to a high degree. Mining progresses in an upward direction; 

as the ore is blasted dcr~m from the roof. The broken ore is removed, and 

fill, 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 worlcLng: area between the floor and roof is kept to a 

point where drilling can be easily accanplished. In order to provide for 

ore removal a chute arm .. md 'Which fill is placed must be buiJt after each 

layer of ore is removed. 

Beneficiation of Sulfide Ores 

Copper and ni.ckel beneficiation consists of a series of mechanical 

steps that concentrate the contained metals by separating them from the 

unwanted gangue minerals. Most ores being mined today are low grade 

disseminated deposits irt 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 fran 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 

slurry of powdered rock in water called tailings, and the concentrate is 

dewatered in prepar.ation for metal extraction. 

1 . Crushing and Grinding 

The usual crushing procedure is as follows: The ore is crushed at the 

mine in jaw or gyratory erushers (Jaw crushers are often used in underground 

operations because they can be installed underground. Gyratory crushers 

· are usually used in conjunction "With open pit mines.) to a size suitable 
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.for transportation and mill handling. At the mill, the ore is crushed 

further by gyratory type cone crushers, followed· by roll crushers. The 

final stage is achieved by grinding. ,One of two methods can be used: 

(a) sequential grinding in rcxi and ball mills, 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. Classifiers 

are used for separating the fine material. The ground ore is sized by 

the speed with which it settles through a liquid medium. There are two 

types of classifier ~omrnonly in use, the hydraulic cyclone and the 

mecbanical classifier. 

2. Concentrating 

Following crushing and grinding, the ore is ready for concentration. 

In copper and nickel metallurgy, these operations are normally based on 

the surface characteristics or the magnetic susceptibility of the particles. 

The most vtldely used method is froth flotation. 

The operating principle 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 

".float11 to the surface are skimmed off in a froth, and the minerals that 

sink are rejected as underflow. The process 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 metho::i used for concentrating nickel sulfides is magnetic 

separation. This methcrl is based on the fact that minerals differ in 

.the degree to which they are attracted by a magnetic field. 

· 3 . Dewatering 

Concentrates come from the flotation machines as a dilute slurry. 

Some or all this water must be removed. before further treatment. De-

watering is usually done in two stages. Thickening settles the solids 

by gravity so that the overl~ng liquid car1 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 remove 
.. 

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. 

Traditional Pyrometallu...~cal Extraction 

Most of the world 1 s base metals are extracted.from their ores and 

concentrates by pyrometalJ.urgical treatment. This process traditionally 

includes three sequential operations: roasting, smelting, and converting. 

The operations are brie:fly summarized as follows: 

A. Roasting: Sulfur is driven off as sulfur dioxide and the iron 

is oxidized. This step is necessa..7 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 canbine with sul-

fur to form the valuable matte. 
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C. Converting: The sulfur from the metallic sulfides is driven 

off and the remaining iron is oxidized and fluxed. The silicate 

slag is removed, leaving only the nearly pure metals .. 

1 .. Roa.sting 

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 temperature at which oxygen combines ·with; the sulfur to 

f"orm sulfur dioxide and with the metal to form metallic oxides. The 

amount of sulfur removed is regulated by the ameunt of oxygen and the 

.furnace temperature. This must be controlled because sufficient sulfur 

mu~t remain to prcxiuce the desired grade of matte. There are three types 

o~ roasters. The multi-hearth roaster, the oldest, requires a relatively 

long roasting time, because of this it has· largely 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 concentrate for 

smelting in a blast furnace. 

2. Smelting 

Sulfide concentrates and ores are smelted either in blast furnaces or 

reverberatory furnaces. In the blast furnace, the ore is mixed with the 

.fuel and burned by blowing air through the mass. Traditionally, this type 

of furnace was used for massive sulfide lump ore. Flotation concentrate 

replaced direct smelting ores as the rich deposits became exhausted. If 

used in the blast furnace, these concentrates must first be aggicmerated 

to eliminate excessive dust losses. 
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In reverberatory smelting, the ore and fuel are kept separate, and 

the ore is me.lted by hot gases -\mich pass over it. With this furnace, 

,.fine concentrates can be used as feed without sintering. Consequently, 

the reverberatory furnace has almost totally replaced the blast furn_ace. 

At the high temperature of a smelting furnace, copper, nickel and 

other precious metals hav·e an affinity for sulfur. Therefore, these 

metals will combine with enough sulfur to convert a1:J- the cop:i)er and 

nickel to sulfides.. Any sulfu,r 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, sane 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 lost to the slag. Generally, a matte of 45% 

to 6C//> metal is sought. 

Both blast and reverberatory furnaees are used to proiuce a molten 

· mass consisting of" two distinct layers; matte and $lag. Matte is that 

portion of the melt which contains metallic sulfides of copper, iron, 

lead, nickel, and small amounts of other secondary metals. Slag is the 

portion which contains the valueless rock, or gangue, portion of the con

centrate feed~ Because the metallic sulfides are much heavier, they sink 

to the bottom of the furr1ace, entering the matte layer. Both the· matte 

and the slag must be removed pericxiically during the smelting to make room 

for the addition 0£ new concentrate. 
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3 . Converting 

A major objective is achieved in the reverberatory and blast furnaces: 

All of the rock and most of the iron is se:RB-rated and removed fr001 the metallic 

sulfides matte; the complex homogeneous melt containing nickel, copper, iron, 

and sulfur, and small amounts of other base elements, 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 

procudes 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. When the last of the slag (which forms as a layer above 

the molten metals) is skimmed off nearly pure metal is left. The final 

impbrities must then be removed by refining. Unlike the roasters and smelting 

furnaces the converting st.age is a noncontinuous or "batch" process. A certain 

amount of matte from the smelter is charged into the converter, where the 

remaining s.,_;lfur is driven off. When the process is complete the cor1verter 

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. 

Alternative-Extraction Methods 

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 methods are discussed 

in detail in the environmental chapter. If an extraction facility was to be 

built in Minnesota, it would probably include one or more of these alternative 

steps. 
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Refining 

To improve the quality of the metal, any remaining impurities must be 

: ·removed by refining. 

Three general methcd.s of refining are utilized: 

A. Fire RefL~ing: This process pro:iuces reactions similar 

to those which occur in the converter. Iron, lead, zinc, 

etc. are removed as a silicate slag, and sulfur, anti

mony, and arsenic are oxidized. 

B. Hydrometallurgical Refining: Commonly called electro

lytic refining, it is divided into two types: Electro

refining and electrowinning. The basic difference be

tween the two processes is: elec~rowinning has a net 

cell reaction (Ni3S2~ 3Ni +2S), whereas, electrorefining 

has none {Cathcrle reaction Ni-+++2e-). 

C. Vapornetallurgical 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 would probably 

be an electrolytic ty}:>e facility. 

Ancillary Operations 

These could. include expansion of an existing plant or possible one small 

new power plant, natural gas and oil pipelines, railroad spurs, access roads, 

expansion of existing or new townsites a.~d satellite industries (equipment 

• 
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and supplies). The main purpose of these operations is to directly support 

the mining industries. vlhile many of these may already e:xist in Northern 

· 1-linnesota (supporting the iron ore and taconite industries) it is likely 

that some expansion of old, and possibly additional new facilities will 

be required. 

Termination 

This is the final step in the.mining process. It includes the removal 

of buildings, railroads, power 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 ~he case of open pit mining reclamation usually includes pit slope 

stabilization, while termination activities in underground mines involve 

the filling of workings to avoid caving and surface subsidence. 





MODELS OF POTEN'.L'IAL lGlTEPi.AL DEll"El.C~:·IENT 

Informatio:i pertaining to potential mine:c·al operations in Minnesota 

is very limited and has not been sui'i'iciently delineated to allow more than 

a first approximation of the possible implicatio~1s. In order to interpret 

these impacts a general mod.el was prepared. 

As discussed in the previous chapter there are two distinct geologic 

environments favorable for base m_;=tal deposits) greenstone and gabbro. 

Thus two moiels were developed. The models were constructed using hypothetical 

o_re bodies aI1d impacts were considered for all operational phases from 

exploration through refining. 

Greenstone Hod.el 

In order to establish the med.els for base cetal mining in Minnesota> an 

assessment was made of base metal-precious metal operation in Canada. Since 

the so called 'greenstone belts 11 have beeri demonstrated to be continuous 

across the }finnesota-Ontario border> selected Canadian metal mines in Ontario) 

Quebec and Manitoba were studied in order to dra-.·: a parallel to l\finnesota 

geologic environment. 

T'ne Canadian greenstone survey is summarized in Table 1. The results 

indicate that a 11 typical 11 ore body is nonexistant; each mine is a unique 

situation. Therefore, the vario'J.s parometers from the table were averaged 

to create a hypothetical ore bcrly. 

Table 2 presents a summary of the greenstone mine moiel. From the 

table it can be seen that the ore boiy is fairly small but rather high in 

grade. Mining should proiuce rather small dail~r tonnages> and ·if the 

Canadian mines are any indication> mining 1·rill te undergro1md. Some open 

pits could exist in the initial phase providing the ore boiy is amenable 

to this mining methcd. 



TABLE 1 

GREENSTONE OPERATIONS OF CANADA 

TONS PER TONS PER GRADE - Lf OR oz. REPOHTED rlTME FROM IHSCOV l1Jt.Y 

QUEBEC EMPLOYMENT DAY YEAR Cu Ni Pb Zn A&_ A~ m.~c;J~~IlYES 

Mattagarni lake M. 1. 3,920 1,430,861+ .66 9.2 1.08 .012 16,696, 

Orchan M. L. 240 1,301 475' 786 1.1 9.7 1.02 .01 ;2 ;> ~)01 '1+9 5 
···"'· ,-

_•: 

.J outcl Copper M. L. eo 676 246, 76012.35 387 ,ooo 

J ontcl Copper M. · L. l .2 12.17 200,000 
'• . 

!\err Addison M. L. 
t 

Quemont.Mine 317 821 299, 6 3 6 I . 79 2.16 .84 .123 171+,000 
t 
I 
' f 
( 

Normetal Mine 499 954 6.0 ?06,ooo l 339,694. 1.94 I - ,·1 4 

Lake Dufault M. 1. 163 1,300 419,171 3.0 2.9 .9 .016 2,714,000 I 
.:.•-

i 
Mrrnl Lon Ba rvmo M. L. 800 273 ,200 t .38 2.J L~ .27 .019 1 ,021.,J/i.O 

t - ~ 

I 
! 

Manitou - Baiv.ue M. 1. 200 88, 970 ( 1.11 .13 .01 99,262 I . ~ 

1,258 ,34511. 88 
! 

Cambell Chibougamau M. L. 645 4,000 .043 10, 736,, ?Oh I Dev. 55:. Pro. 
I 

:·. 

~ 
Icon Sulliv-an Venture 670 219, 761+ ! 2.35 662,000 t Pro. (>'7 

' ~ . 
t 

t 

Patino Mining Corp. 685 2,307 83 7' 187 i 2 .1 7 .638 5 ,396 ,ooo i 
i 
I 

Opcm:Lska Copper Mine (Quebec) Ltd . 680 2,290 835,942 I 2.71 
' ~ 

7 ,063 ,000 f 
I ~ ~ 

65L~,ooo ! .186 Noranda M. L. 'j 1,800 2.38 1, 6/i,8, o~)() I 
l 

I l 
I 

ONTARIO 
t 
~ 

l 
~ 

I 

Matto.bi Mines Ltd. 730 l 3,000 1 ,000,000 r . 91 .81+ 7.6 3 .13 l :2 ' 900 '000 ~ Dis . 6:3) ' 1~ t'. 

·l l ! 
Karn--Kotia Porcupine Mines Ltd. 326 l 2,317 846,000} 1.03 3.0 1 ,,s30 ,ooo I 

I 

I f ! 
r I, 



QUT!~HIO (cont'd.°) 

EcfJkdJ Mining Ltd. (Kidd Creek lvrine) 

NoranrJ«) Mines Lt. (Geco Mine) 

WUlroy Mines Ltd. 

EMPLOYMENT 

935 I 

I 

: ; ou Lh Llny M Lne LLd. 1.70 

.Jnrncland Mlne~-3 Ltd. 

Jntcrrw.tion Nickel (5hebandowa.rt) 

Coripc~rfie1ds Mining Corp. Ud. 132 

M/\Nl'l10BA .. -. __ ____.._,,,.......~ 

·uud:;cm Lby Mining & Smolting Co. Ltd. 2,700 

Flin Flon 
'-1:-

.. ....r ,• 

;khist Lake 

/\nderc;on Lake 

F1cxar Rine 
... " •·· .. "' 

O:ibOJTJC Lake 

WhlLc 

GhoDL Lu.ke 

nJck:-Jtone Mino 

TONS PER 
DAY 

9,000 

4,000 

1,300 

500 

700 

3,000 

150 

1,740 

300 

780 

500 

1,000 

330 

900 

450 

600 

I 
I 
~ i. 

I 
I 
I 

TABLE 1 (eont 'd.) 

'rONS PER 
YEAR Cu 

3,000,000 1.33 

1,320,000 2.03 
ii 

477 ,000 I i.25 
~ 

180' 000 2 . 21+ 

260,000 f 1.20 
~ 

1 ,ooo ,000 l 
§ 

i 
54' 500 i 1. 04 

i 

I 
i 
i 
i 

622 ,300 I i. 8 

100,70014.3 

281,500" .8 
i 
' 179 ,200 .,~ 4 .J 

3 6 5 '000 ' 3 . 8 
i 

I 
120 J 700 ~ 3 . 9 

i 
319' 400 t 4. 0 

~ 

164,250 i 2.22 
~ 
! i 1. L~2 

. I 
22 5 '000 i 2 . 1 

! 
B 

GRADE - % OR OZ. 
Ni Pb Zn 

0.47 

7.08 

4.63 

.12 3 .6 

14.11 

2.28 

3.8 

5.9 

10.3 

.7 

.4 

1.6 

6.2 

11.6 

3.7 

4.85 

1.9 

1.62 

3.64 

.08 

1.0 

.9 

.6 

.J 

.. 2 

1.12 

1.14 

.4 

.05 

.03 

.03 

.06 

.03 

.04 

.02 

R.EPOHTED 
R.E;)ERVES 

90,000,000 

29,000,000 

1,,052,000 

No Heport 

392,000 

770,000 

3 53 ,000 

261,000 

734,000 

TIME FR.OM DJ.SCOVEHY 
TO PHODUCTION --------·-

! Dis. 63 ,Pro.67 ,4ym, 

I 
~ 

~ 
~ 

ll 
~ Cl ~ DL. {)8; Pro. 71, r:~. 

I . ~ Dis. 59, Pro. 69 ,lOyr:;. 

~ 
~Dis. J6, Pro. 72,Jc)yc:;. 

!. 
~ 
~ 
~ 
~ 
;1 

~ 

i Dis. 15, Pro. 30_,15yrs. 

i 
l Pro. 54 
;J 
j 

J Dis. 56, Dev. 57, Pro. 60 

J l Dis. 56, Dev. 57, Pro.64 

~ Dev. 6L~, Pro. ?O, • . 
~ 

Pro. 69 

~ 
Pro. 68 

I 
~ Dis.63, Dev.70, P1·0. ' 
~ 

·f Dis.56, Dev.70, Pro. 
~ 
~ 
~ Dis. 56, Dev. 66, Pro. 70 
1: 
~ 
i 
{ 



. !:1-~tlJTOBJ\ (cont 1 d.) EMPLOl'M:ENT 

~)hcrritt Gordon Mines Ltd. 

Lynn L..:ike 9$5 

Fox Mine 

Dumbarton Mines Ltd. I 

,·. 

'l'/\.lJLJJ; l ( c onL 1 d.) 

TONS PER. 
DAY 

2,986 

3,000 

700 

TONS PER. 
YEAR. Cu 

l I 
~ 
l 

11,090,0001 .38 

I 1,100,000 l i.84 ' ~ 
fi 260' 000 11,;.·. . 28 I' ' 

~ 

- 3 -

GR.ADE - 1>_ OR OZ . 
Ni Pb Zn 

.77 

2.7 

.87 

REPOR.TED 
RPiSER.VES 

12,600,000 

.13,100,000 

1,240 ,630 

TIME FHOM Dlc)COVEH.Y 
TO PRODUCTION 

-~-~--~_.,, 
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The ::·c:: ·::r~e mine and mill ccCJplex is estimated 

to be approximci"'"tel:;-' 220 w-::::~-:, A g:"'aph (Figure 1) was compiled to shrn.,r 

how the hypotheticaJ. greer:s::c:ns =.:d.el cc:r:pares ·with the producing Canadian 

tnines. Fy plotting -:."S?:"Sn.s mill capacities a dminant zone 

showing the probable. requ.i~·~d apparent. The 6F!'eenstone mcxiel 

seems to compare favorably -... 'ith the. Canadian mines; as it fits well in this 

probable employment zone. 

Little data is e::vailable on 0n.e mine life of a greenstone operation. 

However, from experience a reas c~iable mine life of 20 years can be assumed. 

After the first discovery in an area exploration intensity genera;Lly increases 

and more deposits are usually discovered. Thus a district life of about 50 

yeai:s may be assumed. Table 3 O"itlines the Flin Flon mining district from 

its original discovery in 1915 to the present. The district now has 42 years 

of prcxiuction and employs 2, 700 LJen. 

It should be kept in 
. , 

;nJJlQ tr.at this rncxlel is not necessarily a projection 

of what may occur in Minnesota, but is merely a means by which the impacts 

could be studied. 

Gabbro Hodel 

The problem of constructi..Dg a mine model for the Duluth Gabbro_, is that 

no comparable ore formation exists in wh:ich mining has occurred. Since there 

·were no factual. statj_stics e.vai l .~':>le for construction, many more assumptions, 

than ·were made for the gree.n.stor:e wcdel, "'..rere required. The first assumption 

made was that the irdicated. ciLeral resources is. an accurate evaluation of 

the Duluth Gabbro. P-relirrd.r:ar;:r i::cv·estigations by the Minnesota Geological 

Survey reveals. that the depGsits c.ssociated ·with the gabbro_, are large and 

low grade. A second assurr.].=r:ion =a::ie v.ras that a large-tonnage operation 

(something on the o:f 20, C::>::: -:o .30, C<:)O tons per day) would be necessary 
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Figure 1 : 

Orchan I A1kc Mini' · ng Ltd 

Joutcl c · ,opp er Mines I .Jtd. 

Qucmont M' 1no 

Norrnct"l M' (.I, inc 

5. I Jake Dufault Mining Ltd 
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7 · Patino w . · uung co rp. 
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%~,,:// / ~ 
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TABLE 3· 

HISTORY OF Ji1JDSO:\ BAY MINI\G A\1) S~·1EL TI~G CO. LTD. 

FLDJ FLO~~ '.\ff'H\G DI STRICT 

DISCOVERY DEVELOP\1E\1 PRODUCT IO::\ TER;11I:\ATIO~ 

Flin Flon 1915 1930 

Schist Lake 1954 

Northstar \!ine 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 }.970 

Ghost Lake 1956 1965 1972 

Dicks tone 1965 1966 1970 

\\l1i te Lake 1963 1970 Planned for 
1972 

Wirn 1968 Under 
development 

Centennial Hine 1970 

Rail Lake 1970 

Reed Lake 1970 
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and ths.t sometime in the future an extraction facility might· be required 

to handle these concentrates. The minimmn size 300,000 tons per year, was 

assumed by prepa:cing a list of. existing extraction facilities (See Table L+) 

and their annual concentrate fee:l capacity. Assuming a concentrate grade 

of 25% copper ·and an ore grade of 1%, one or more gabbro min.es would be 

requ:Lred to prcduce 20 > 000 tons of crude ore per ton to meet the smelter 

requirements. 

Mining methcds which might be considered for possible utilization 

Underground include room and pillar, block caving, cut and fill or some 

variation of these methods. Most of the deposits in the gabbro would have 

to be mined by underground.methcds. However, in some areas near the base 

of the forrr,.ation some open pit mining might be expected. Employment could 

vary greatly depending on the mining method., the mine life and district 

life and the extent ore processing (is an extraction facility included in 

proposed complex). 

Table 5 summarizes the gabbro model including the assumption necessary 

for its construction. Like the model for the greenstones, the gabbro· model 

was not created vrith the idea that it is a projection of what will occur in 

Minnesota. It is felt though, that the model can be used to explore the 

impacts that mining could create. 



Falconbridge ?\ickel 

Gaspe Copper 

Hud~on Bay Mining & Smelting 

International Nickel 
Copper Cliff 
Coniston 
Thompson 

Kennecott Copper Corp. 
:Nevada >1ines 
Chino >1ines 
Ray. :.fines 
Utah Copper 

Asarco 
Tacoma Washington 
Hayden Arizona 
El Paso Texas 

Phelps Dodge 
· Douglas Smelter 

01orenci Branch 
New Cornelia Branch 

Anaconda 

\fagma 

Copper Range 

Inspiration 

Cities Service 

TABLE 4 

United States and Canada 

Location 

Ontario 

Quebec 

:rani toba 

Ontario 
OntaTiO 

. :fa11i toba 

Quebec 

~eYada 

KeK ~·1exi co 
Arizona 
UtRh 

Washington 
Arizona 
Texas 

_2'.1.rizona 
Arizona 
Arizona 

Montana 

Arizona 

Arizona 

Tennessee 

Feed Capacity Tons/Yr. 

650,000 

.300,000 

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 

l_,000,000 

403,000 

300,000 

450,000 

90,000 





ENVIRONMENTAL IMPACT OF 

BASE METAL.MINING 

At Present the 

Chapter is incompiete. 

A porticn, however, is enclosed. 

The complete Chapter 

will be handed out and 

discussed at the 

WEDNESDAY MEETING!! 



REGUIATORY AUTHORITY FOR STATE ENVIRONMENTAL CONTROL 

There are two State Agencies, Pollution Control Agency and Department 

of Natural Resources, that share the primary authority for environmental 

control in Minnesota. In addition the Counties are primarily responsible 

for land use, through their respective zoning ordinances. 

The Minnesota Pollution Contro 1 Agency (MPCA) was created in 1967 

"to meet the variety and complexity of problems relating to water, air 

and land pollution in the areas of the state affected thereby, and to 

achieve a reasonable degree of purity of water, air and land resources 

of the state consistent with the maximum enjoyment and use thereof, in 

1 
furtherance of the welfare of the people of the stat~'. 

The Department of Natural Resources (DNR) was orginally established 

......... 

in 1931 as the Depai:tment of Conservation. The Depart-inent of Natural Resources 

through its commissioner has been given ''genera 1 charge and contro 1 over 

the waters of the state and of their use, sale, leasing or other deposition. 11 

He is given the power to devise and develop a general water resources 

conservation program for the state, which program shall contemplate the 

conservation, allocation and development of all the waters of the state, 

surface and groundwater, for the best interests of the people. 2 

The Department has also been given jurisdiction and responsibility 

to promote and regulate the exploration and extraction of state-owned 

minerals. The Minerals Section of the Division of Waters, Soils and Minerals 

acts as agent for the public schools, the University and the Department in 

leasing and administering of state-owned mineral rights. They also act as 

agents f.or the counties and local taxing districts in leasing and administering the 

\J1nnesota Statutes 84.027 

2 
Minnesota Statutes 105.39 



millions of acres of mineral rights acquired through tax forfeiture. This 

policy of promotion and regulation has been summed up in the 1969 Mineland 

Reclamation Act 1whi.ch covers all lands ·within the state as fo'tlows: 

DECI.lL~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 encouragement of good 

mining practices, and the recognition and identification of the beneficial 

f . . 2 aspects o mining. 

WATER RESOURCES 

Department of Natura 1 Resources 

The primary objective of Water Resources Management is to provide for 

the wise use and development of the water resources of the state in the best 

interests of the people of the state and to protect the public health, safety 

and welfare. In furtherance of these objectives, the legislature declared 

that the state shall control the appropriation and use of waters of the 'state, 

3 both surface and underground. 

Supplementory and complementory to this policy is the policy relating 

to control of activities in public waters which provides that all waters 

in streams and lakes within th~ state, which are capable of substantial 

beneficial public use, are public water subject to control by the state. 

This pol~cy further states that the public character of the waters shall 

1Minnesota Statutes 1971, Sections 93.44-93.51 

~innesota Statutes 1971, Secti.on 93 .44 

3 
Minnesota Statutes Section 105 .38 



not be de.termined by the O\>mership of underlying, overlying or surrounding 

1 
land or on the case law test of navigability of the lake or stream., 

Within this policy framework, the Commissioner of Natura 1 Resources 

is authorized to administer a regulatory program to control the appropriation 

2 and use of waters of the state and any changes in the course, current or 

cross-section of public waters e 
3 

WATER APPROPRIATION AND USE 

The present law provides that 11It shall be unlawful for the state, . 
any person, partnership or association, private or public corporation, 

county, municipality or political subdivision 'of the state, to appropriate 

or use, any waters of the state, surface or underground without a written 

pennit from the Coilllilissioner.114 Other provisions relating to water 

appropriation and use require measuring and submission of water use records 

and general information on the location, type and characteristics of any 

5 
water use system. 

CHANGES IN THE COURSE, CURRENT OR CROSS-SECTION OF PUBLIC WATERS 

Present laws provide that it shall be unlawful to construct, reconstruct, 

remove or abandon, or make any change in any reservoir, dam or waterway 

obstruction in any public water or to change or diminish the course, current, 

or cross-section of any public waters, wholly or partly within the state, 

6 
without a written pennit from the Coilllilissioner of Natural Resources. 

~iinnesota Statutes Section 105.38 

~innesota Statutes Section 105.41 

3M. · innesota Statutes Section 105.42 

\annesota. Statutes Section 105.41 

5
1bid 

6 . Minnesota Statutes Section 105 .42 

3 



PERHIT CONSIDERATIONS 

1 The statutes provide specific procedures for; applications for permits, 

d d 1 l 2 . 1 . . f. . 3 issuing permits an or er re ating to t1e pen~its, time imits o permits, 

4 5 6 
appeals from Commissioner's determinations, violations, and enforcement. 

There are several portions of the statutes which contain specific 

considerations and provisions relating to mining_. 

Pennits granted in connection with mining, transporting and concentration 

of taconite and the mining, production and benefication of copper, copper-
. 

nickel and nickel shall be irrevocable for the term specified in the permit 

when issued unless the permittee consents or unless there is a breach or 

non-perfonnance of any conditions of the permit.
7 

One section of the permit was specifically designed to establish 

procedures and guidelines for relating the general permit laws to the 

drainage, diversion or control of water resources to facilitate mining. 

. 8 
.!IB:AINAGE DIJERSION OR CONTROL OF WATER TO FACILITATE MINING 

The commissioner of conservation is permitted by statute to grant 

pennits for the drainage, diversion, contro 1 or use of waters when necessary 

for mining. In 1949, the legislature granted the connnissioner such powers 

as they related to the mining of iron ore and taconite. In 1967, the legislature 

expanded this pennit power to copper, copper-nickel, and nickel mining. 

Permits may be granted under this statute upon the following determination 

by the commissioner: 

1. That the proposed drainage, diversion, control or use will be 

necessary for the mining of substantial deposits, and that no 

other feasible and economical method therefore is reasonable available. 

~innesota Statutes Section 105.44 
5Minnesota Statutes Section 105.54 

2tannesota Statutes Section 105.45 
6
Minnesota Statutes Section 105.55 

3Minnesota Sta tut es Section 105.46 
7
rrinneso ta Statutes Section 105.46 

4M. 105.47 8 
11 - :4.l.nnesota Statutes Section Bulletin 

4 



2. That the proposed drainage, diversion, etco wi.11 not substantially 

impair the interests of the public in lands or waters except 

as authorized ii1 the pernrit. 

3. That the proposed mining operations will be in the public 

. 1 interest.. 

Other provisions of this statute relate to acquistio-n of rights and 

easements, terms of permits, and specific condtions relating to the modification, 

cancellation or sus.pensio~ of permits., All of t:re provisions in this section 

amplify the law as it relates to mining and compliment or supplement 

the existing basic permit laws.2 

ENVIRONMENTAL 1'-..SPECTS OF PER.HITS 

The various mining activities require that large amounts of water 

must be handled and used ranging frow drainage of mining areas to transporting_ 

of materials to actual processing. The State of Minnesota policy is to 

conserve water resources of the state through a program of wise use and 

development which will seek to preserve these resources from loss, injury 

and violations. The state should ensu:re, insofar as is reasonable and 

practical, that any proposed mining activity will ·be adjusted to confonn 

to the resource and its capabilities and will minimize encroachment, change 

and damage to the resources. Since many mining activities require major 

changes in the resources there must be provision for making adjustments or 

compensations which Will alleviate the detrimental aspects. 

Activities which might significantly affect the quality of the 

environment must be carefully· assessed in regard to: 

1. The changes in the water and adjacent land environment which 

could be anticipated as a result of the proposed activity. 

2. An analysis of all possible_ detrimental or unavoidable effects 

which would most likely occur if the activity were permitted. 

1
Minnesota Statutes 105.64 

2 
~innesota Statutes Section 105.41-105.55 

5 

• 



3. A comparison of immediate benefits or detriments with possible 

future (long term) benefits or detriments. 

4. The irreversible and irretrievable coilllllittments of wa.ter 

resources which 'WOU ld be involved. 

s. Consideration of all possible alternatives to the proposed action. 

The state agencies have many existing programs which must also be considered 

in the evaluation process. For example, in considering permit applications 

for mining activities the _:Commissioner of Natural Resources will be guided 

by assuring that the proposed activities are reasonably compatible with 

'the goals and objectives of other existing natu.ral resources management 

programs including: 

1. Flood Plain Management 

2. Sboreland Management 

3. Water Surface. Use Management 

4. Game and Fish Management 

5. Forestry and Land Management 

6. Recreation Management 

In granting permits for mining activities the· Commissioner of Natural 

Resources may impose any conditions he deems necessary to protect the public 

interest. In general the Department of Natural Resources recommends 

maximum development and utilization of underground water supplies from 

existing mine pits arid sumps in preference to creation of surface reservoirs. 

A recent pennit issued for a taconite processing operation contained the 

following specific conditions: 

1. Conserve, re-cover, and reuse as nruch water as possible. 

2. Reclaim for use any water from open pits located in the area 

of the plant. 

3. Provide a minimum ( specifi·ed) water flow below any impounded 

water supply. 

6 

• 



4. Prepare and carry out a management plan for present and proposed 

future use of the area involving fish, wildlife, E:l~.d the 

environment• 

5. Reimburse the State for stocking with fish any disrupted lakes. 

6. Provide and maintain public access to natural lakes and proposed 

reservoirs. 

7. Hake available, where practica 1, land for pub lie h·unting and 

fishing. 

B. Revegetate tailings basins to minimize wind and water erosion. 

9. Restore the watershed, in those areas where tailings basins 

become pennanently inactive, to the condition (similar rate and 

directon of water flow) which existed prior to the basin's 

construction. 

10. Post a performance bond for assurance of tailings basin restoration. 

11. Comply with all Federal and State laws and regulations. 

12. Constn1ct facilities (dams, water ways, pumping stations, 

tailings basins, etc~ to the specifications listed in the 

company's application for permit. 

SHIPSTEAD NEWTON NOIAND IAW 

In 1930 the Congress of United States passed the Shipstead Newton 

Noland Act to "promote the better protection and highest public use of lands" 

located in an ·area of Northern Minnesota as shown in Figure 1. The act 

provides for the preservation of shorelines, rapids, beaches and other 

natural features of the region by not allowing any further alteration 

of the natural water levels without the specific authority for granting 

authorization from the Congress of the United States. 1 

1 . 
Act of Congress of July 10, 1930 (Chapter 880) 

7 



LI TII.E SHIPS TEAD NEWTON NO IAN ACT 

The Little Shipstead Newton Noland Act 1
was passed by the State 

legislature in 1933 and encompasses the same lands as those described in the· 

Federal Act. It provides for essentially the same types of preservation as 

the Federal Act although in some details it seems to be mor~ specific. In 

1967 the Little Shipstead Newton Noland Ac~ was amended to allow for the use 

of waters in a limited portion of ~he area for the mining, and processing 

of copper, copper-nickel, or nickel ores under the following conditions and 

restrictions: 

1. A permit or permits for the use of such waters be first obtained 

from cormnissioner of conservation (now Connnisi?ioner of Natural 

Resources) under Minnesota Statut~s 1965, Chapter 105, so far 

as applicable, and under an_y other applicable laws; 

2. All water withdrawn from said· lake and said river in connection 

with said operations except such as may be lost by evaporation 

or as is contained in the concentrates produced shall be 

returned to the drainage basin from which taken in conformity 

with the water quality standards for the affected water 

systems which shall have been established by the water pollution 

control cormnission or other properly constituted state pollution 

control agency (now Minnesota Pollution Control Agency) having 

jurisdiction thereof; 

3. A permit shall have first been obtained from the water pollution 

control commission (now Minnesota Pollution Control· Agency) 

under Minnesota Statutes 1965 /IJ Chapter 115, insofar as applicable 

and under other applicable laws for the construction, operation 

and maintenance of disposal systems in connection with such operations; 

and 

~innesota Statutes Section 110.13 

8 



4. No lands owned by the state shall be flooded or otherwise 

affected thereby without pennit, license, or lease for such 

purpose having first been obtained from the con:nnissioner. The 

granting of such permits, licenses, and leases is hereby 

authorized. 

9 



REGULATORY AGENCIES, 

The following is a listing of local, state and federal agencies 

and possible permits that may be required for the exploration, develop-

ment, and operation of a base metal mine, mill, extraction-refinery 

complex. 

Agency 

~innesota Department of 
Natural ~esources . 

Minnesota Pollution Control 
Agency 

Description 

Prospect Permit 
(covered under lease provisions) 

Surface Water Appropriation 
(river or lake water for plant 
operation) 

Ground Water Appropriation 
- mine dewatering 
- possible plant use 
- domestic service water 
- stabilization of fine tailings 

Work in Beds of Public Waters 
- intake and discharge structures 

including dredging 
- diversion of natural watershed 
- dam and water reservoir 
- tailings disposal, dikes, levees 

Utility Crossing Permit 
(crossing public water and lands) 

Zoning Guidelines - Proposed Mine.land 
Reclamation Act 
(land use, reclamation, solid waste 

. disposal) 

Liquid Waste Disposal Permit 
(mine water, plant water, runoff) 

Certificate of Compliance 
(assurance of compliance with water 
quality standards) 

Gaseous Waste Disposal Permit 
(installation and operational permit 
for S02, particulates and other 
gaseous emissions and odors) 



~tinnesota Pollution Control 
Agency (con' t) 

Hinnesota Departmernt of 
Health 

Minnesota Department: of 
Labor and Industry 

~Iinnesota Department of 
Highways 

State Fire ~farshall 1f s Office 

FAA and 'Hnnesota Department 
of i\eronautics 
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Description 

Solid Waste Disposal Permit 
(construction wastes - land fill) 

Solid Waste Disposal Permit 
(tailings, stockpiles, lean ore piles, 
slag, sulfur disposal, overburden) 

Liquid Storage Permit 
(oil and chemical storage) 

Approval of Sewage Disposal Plans 
(sanitary sewage disposal system) 

Approval of P1umbing Plans 
(building and plant plumbing) 

Approval of Potable Water Supply 
(potable water supply) 

Water Well Construction Standards 

Approval of Industrial Waste Disposal 
(mine water, runoff, plant water) 

Approval of Occupational Disease 
Requirements 

Approval of Structures, Equipment 
.:lnd Facilities 
(during construction and operation) 

Approval of Industrial Health and 
Safety Requirements 
(during construction and operation) 

Proposed State Plan under Metals and 
Nonmetallic Mine Safety Act (1966) 
Occupational Safety and Health Act (1970) 
(approval of mining industry regulations) 

Utility ,Permit 
{power lines, pipelines, railways, etc. 
which cross trunk highways right of way) 

Approvals of Plans 
(buildi~gs, storage of combustibles and 
flammables) 

Notice of Proposed Construction 
or Alteration 
(chimney elevation authorization -
lighting and marking requirements) 

f 
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Agency 

United States Bureau of ~tines 

U. S. Army Corp~ of Engineers 

County 

Township 

Description 

Approval of Health and Safety 
Requirements 

Controls of Explosives 
(regulation of transfer, storage, 
use) 

Dredging Permit 
(intake and discharge structures 
and dredging) 

Construction Permit 
(power lines, pipelines, piers, etc. 
which are on, over, or under waters 
within jurisdiction of the corp) 

Building Permit 
(temporary and permanent buildings) 

Land Use Permit 
(re-zoning, special use, or conditional 
use) 

Approval of County Mine Inspector 

Burning Permit 
(site preparation clearing) 

" 





. MTI~E;LAND P..ECLAMATION 

Mineral resources often occur in environments of unique significance 

because of the combination of geologic events required for their deposi

tion. In some cases, these areas must be preserved and mining prohibited, 

however) in many cases where the lands natural significance is not over

whelming, a compromise can be reached through multiple land use planning. 

In many portions of Northern Minnesota this second case should apply. For 

example, 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 emergency. 

Mining operations generally result in intensive land use. In some 

phases such as mining, underground and op~n pit, the resource itself dic

tates the exact location and quantity of land required (resource oriented) 

whereas some leeway is available in locating such facilities as concentra

tors 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, thes~ facilities can be located many miles from the 

mineral resource. 

Mineland reclamation means the reconditioning or restoration of an area 

of land, water or both that has been disturbed or effected by mining. A 

good reclamation effort must be planned prior to operation and must be car

ried 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 that might be needed during and after an unsuccessful explora

tion stage. 

Existing Regulato:rv- 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 alli1ounced 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 V.iinnesota Legislature passed Chapter 774, an act 

whiCh recognized the effects of mining upon the environment, 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 ·Cor.w"Tiissioner' s major duties under the 1969 Act was to con

duct a comprehensive study to determine the extent of regulations necessary. 

After preliminary studies were completed by the Department's consultant, it 

was concluded that additional legislation was needed because of the extremely 

restrictive scope and authority under the 1969 L9.w. This legislation was 

prepared and intro:iuced 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 sub

sequent to the effective date of such rules and regulation for the following 

specific purposes: 

Ill 
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(a) 11 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 becaning permanently inactive ·where substantial natural 

vegetation is no:t e:x.-pected ,..,'ithin 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 a 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 dam

age to £ish and wildlife, the pollution of public waters, or 

which is causing or might cause injury to the property or person 

of others; 

(e) The 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 fo 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 f ootwall side 

of said pi ts; 
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(g) The control of surface overburden stockpiles; and 

(h) The clean up of plantsite 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 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 11 under any of the 

proposed Federal Legislation. 

An adequate reclamation program must be based on (1) planning for 

reclamation in the early stages of mine development, (2) the ability of 

the regulating agency to hold the operato1~ financially responsible for 

inadequate reclamation efforts, (3) a research program directed towards 

reestablishing biological prcxiuctivity on mined lands, and (4) a work~ble 

program for reclaiming previously exhausted mine properties. 

Proposed Federal Legislation 

Many mined land reclamation bills have been considered on the Federal 

level. Although none have been passed to date, it appears ·that it will 

only be a matter of time before one of these is enacted. As is the case 

with the Federal Metal and Non-Metallic Mine Safety Act of 1966 and the 

Clean Air Act of 1970 many of these bills provide for the establishment 

oi 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 
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the proposed bills vary significantly the majority of the following items 

would probably 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 those 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. 

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 penalties for non-compliance. 

8. Authorizes annual grants for the purpose of assisting States in 

developing, administering and enforcing State plans. 

9. Authorized matching funds to co\ter 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. 
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Interstate Mining Cow.eact 

The recently established Interstate ~tining Commission is an organization 

of states committed to protecting land, water and other resources through 

ip"Iproved mining techniques. It's 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." 

The Commission's interest extends to any mining activites that have a demon

stratable effect on the surface. Several of the programs that.the Conunission 

would like to initiate include: (1) persuade other states to enact the· 

Interstate Mining Compact and join the Commission; (2) analyze proposed or 

pending Federal mine legislation, particularly surface mining; (3) attempt 

to establish an early warning system through which to obtain advance notice 

of r"elevant Washington hearings; (4) analyze state laws and regulatory actions 

that effect surface mining; (5) collect a library of reports on state, federal 

and private studies of surface mining and related matters; (6) a public inform

ation drive to appraise the American peop:!..e of the contributions the ~i.~ing 

industry has made to their standard of 1i ving; 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. Member states are obligated to formulate and establish programs 

for the conservation and use of mined lands. F~ding is apportioned among 

the members states using the following formula: 50% in equal shares 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 
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appears that it was initially designed to circurn'vent Federal l~gis la ti on. 

Some of it's 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: North 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 stone, sand and gravel and feldspar. Because of the lack 

of representation on the Commission of state's with mining problems similar 

to Minnesota and becc;iuse of it's 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 r'ecommendation should be periodi

cally reviewed as the Compact matures into a functioning organization. 

:. ;· 





POTEXTIAL- ECONO:nc IHPACT OF A BASE .. METAL MINING INTIUSTRY 

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 comparison 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 figures for underground copper mining operations in the United 

States. Tnis 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. Tne statistics used by the Bureau of the Census 

may differ from those used by the Bureau of the Mines, 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 - the 1967 U.S. Census of Business. It must 

be noted that the statistics presented are heavily weigh\d by production and cost 

figures from the :Mountain Di vision States, Arizona, Colorado, and Idaho. Con

sequently the observations made here are not to be understood as a preci,se, 

Minnesota 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 mi Ilion short tons, of which 

17.0 or 13% came from underground operations. The total value of shipments 

and receipts was $310.6 million dollars .. Of this total, $82.7 million or 26.8% 

was realized from underground mining. Shipments include all products physically 

shipped from the establishments, including withdrawals from stockpiles and pro

ducts shipped on consignment. 
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The average aimual 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 40% of the employment. Other major 

economic factors which follow show this same relationship of higher pro-

duction cost to Value of Shipments and Receipts: 

EMPLOYMEJ\TT - EXPENDITURE STATISTICS OF SELECTED COPPER MINES 

Item Total 

Payroll (all employees) 86.3 
(million dollars) 

Promotion, development, 8.2 
and exploration workers 
average for year ex 1000) 

Supp)emental labor cos ts 14. 5 
not included in payroll 
(million dollars) 

Cost of supplies, etc. 129.5 
(million dollars) 

Value added in mining 292.8 
(million dollars) 

Capital expenditures 61.9 
except land and mineral 
rights (million dollars) 

Mineral development and 17.1 
exploration expenditures 
(million dollars) 

Man-hours worked by 18. 3 
production, development, and 
exploration workers 
(millions of hours) 

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% 

The above table 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 a9.¢ve statistics, 
·.· :..·· 

the economic model would be as follows: 

THEORETICAL SINGLE UNDERGROUND COPPER OPERATION 

Item 
Single Underground 

, Operation 

Value of Shipments and Receipts ...................... . 
Crude Ore Mined ... 1,000,000 short tons ............... . 
All Employees (average for year) ..................... . 
Payroll (all employees) .............................. . 
Pr-eduction, Development and Exploration Workers 
(average for year) ................................... . 
Supplemental Labor Cost Not Including 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 ..... . 
Man-hours worked by Production, Development, and 

Exploration Workers ...................... ~ .......... . 

$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 assumptions and on figures obtained 

from a Canadian operation similar to the gabbro, an emplo:~ent figure of about 

2,000 can be obtained for mining and milling activities. The Canadian opera

tion presently pays a weighhd average wage of $4.06 per hour to mine workers 

and $3.88 per hour to mill workers. The weiglted average includes shift and 

Sunday premiums, but excludes benefit items such as medical and dental plans 

that the company also supplies. 

rhe greenstone and gabbro areas of ~1innesota occur in or close to an 

area of the State that already supports mining operations, and that already 

has a population complex able to provide labor. Thus, many of the supplies 

necessary 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 1i ttle reason to· doubt that local residents wi 11 provide most of 

the work force necessary·. An underground 1,000 TPD copper mine at Blue Hill, 

Maine, is about to go into operation with a work force of 130 persons, 124 of 

whom· are local residents. Table gives an indication of the job shortage in 

the area that would be affected by a copper mining operation in Minnesota. 

It is readily discernable from the table that Ely is especially hard 

pressed and, it must be npted, that it is the Ely area that will probably be 

tlie 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 payroll and local purchase figures from the Blue Hill, Maine, 

mine mentioned above.. There the payroll is expected to be $1.S million 

dollars, with another $1.5 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 4.5 million TPY production madE! available a cost breakdown of supplies 

it obtained from local sources. From this breakdown, a set of ;figures for 

a gabbro operation can be projected as follows in Table 

As can be seen from the employm~nt and payroll figures given above, the 

economic impacts on a mining area would be both substantial and beneficial. 

The following distr1butors 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: 

Bearings, V-belts, Seals, Material Handling Equipment 
Builders Supplies 
Welders Supplies 
Safety Equipment 
l\bolesale Hardware 
Gasoline and Petroleum Products (lubricants) 

• 



Drill Steel and Bits 
Poopane for ~ine Air Heaters 
Tires and Ti.re Repairs 
Electrical Wire and Fittipgs 
Shop Tools and Supplies 
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Underground Equipment Parts Suppliers 

According to the 1970-1971 Minnesota Directory of Manufacturers, there 

are at least 60 manufacturing sources in the State which could provide supplies 

in 21 of the categories. Certain categories such as builders 

supplies were too vague to assign a specific SIC code number. 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 ~iinnesota, the region would be an ideal 

location for new companies engaged in the manufacture of mining equipment 

and machinery. According to a report by Northern Natural Gas entitled 

HThe ~lanufacture of Mining Machinery a_nd Equipment", Minnesota compares 

favorably with both traditional centers of such manufacture and other possible 

locations in the ~orthern 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 also reflect 

well on Minnesota. Furthermore, the U.S. ~partment of Commerce forecasts 

a bright future for the mining machinery and equipment industry because of 

current and planned expansion in the minerals industries. A Minnesota 

· location for such an industry, possibly in Duluth, would seem even more likely 

if copper mining in this area became a reality. 

• 



EMPLOYMENT COMPARISON - STATE WIDE/ST. LOUIS COUNTY 

State St. Louis Co. Dulµtfi Ely-
~-T96D- 1970 1969 1970 1972* 1969 1972 1972. 

·~· ~· -·-· 
1970 Census Population ... 3,805,069 - 120,150 "' ... 100,578 4848+ 

Work Poree 1,647,300 1,676,000 43,613 44,~57 42,586 ·. 49, 700 50,300 1920++ 

Total Employment 1,598,900 1,600,000 41, 264 42,306 38,471 47,900 47,400 1670++ 

Unemployment 48' 100 70, 100 2,349 2,656 4, 115 1,800 2,900 250 

Unomploymcnt Rate 2.9 4.2 5.4 5.9 9. 7** 3.6 7.4 13 

*Duluth not included. 

**Not adjusted for seasonal employment. 

+1970 Census 

++Estimated from unemployment. 

• 



POSSIBLE PURCHASES FROM LOCAL SUPPLIERS 

Commodity Canadian Operation Gab bro ----
Rock Bolts & Acces~ories *891.tOOO 1,490,000 

Mine Timbers 941,000 1,570,000 

Mine Ladders 56,000 93,000 

Exnl~sives (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 Mesh 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 Material 300,000 500,000 

Corn Dextrine 57,000 .. 95 ,000 

Nails - Ardox 5", 8", & 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 

* 1971 Dollars 

** Repairs to equipment are generally carried out in own shop because of geographic 
location. A Gabbro operation would probably contract these services out. 
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The following is an evaluation of the i1I}pact of copper mining in 

Michigan's Upper Peninsula as a result of the White Pine Copper Mine, White 

Pine, \fichigan. 

MINING 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, mill 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 e·conomics 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, ~arring unforeseen changes. 

Development of the White Pine project began in the mid 1940's with ex

ploration and bene:ficiation tests. Construction began in March, 1952, and 

mining got under way in ~!arch, 1953. The mill began handling ore in October 

of 1954 and the first copper was produced in January, 1955. White Pine has 

now produced 100 million tons of ore, yielding ne.arly two billion pounds of 

copper. 

Through 1949, Copper Range Company had invested $2 million in exploration 

and metallurgical studies aimed at opening \'bite 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. 

Transportatio~ costs on inbound and outbound freight are about $3 million 

annually. 

• 
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A pump station at Lake Superior brings the 31 million ga~~lons 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 consumpti~n of coal and natural gas will be about 134,000 tons and 

3,762,000 mcf respectively. Annual expenditures for these fuels amount to 

$3. 8 million. 

EMPLOYMENT 

White Pine employs 2,882 people, including 16 temporary and part-time, as 

of September 30, 1972. There are 527 salaried personnel and 2,355 hourly with 

the latter represent'ed 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 co~-rity: 

Ontonagon 
Gogebic 
Houghton 
Iron (Wis) 
Other (6) 

1,207 
970 
404 
188 
113 

In terms of road miles from White Pine, 29% of the work force lives within 

25 miles of the plant, 52% live between 26 and 50 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 !\bite Pine. 

No compilation is made on previous training or skills of employees, 

however, a large number of employees formerly worked at iron mines on the 

Gogebic and Menominee Ranges, and about 200 once worked at the Calumet and 

Hec1a cqpper properties in Houghton County. 

The average age of the employees 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\· n1ine employees are assigned to a special training 

:·unit where they receive up to 45 days training in mine procedures 

and operation of mine equipment. Other departments have their own training 

programs. Occasionally, ~1:ite Pine hires graduates of Manpower Retraining 

Programs in their speciali.zed 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, clerks, secretaries, 

supervisors,. administrators, guards, etc. 

As of August :figures, the average weekly gross wage for individual hourl·y 

• 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 P!PACT 

There are, in addition to White 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. 

White Pine's population prior to beginning of the main construction project 

in 1952 was approximately 30. Current population is about 1, 600. Almost all 

are directly related to the presence of the mining operation, either as 

employees of the company, members of their families, or related to the businesses, 
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schc;wls, etc., which contribute to a well-rounded, self-sufficient community. 

Facilities include two new, large connnercial shopping buildings. 

Close to one-third of the employed people i'n 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 ''ichigan' s Upper Peninsula and 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 clearly see that the presence of 

White Pine Coµper 1'-!ine has been a definite asset, socially and economically, 

to a relatively depressed area. 





SOCIO-FCO:\O>IIC ATTITUDES TOWARDS ISSUES RELATING TO NOP.THER\ ~\HNNESOTA 

During the summer and fall of 1972, a questionnaire i.rns 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 T\\·in Ci ties \1etropo1i tan Area; and Rochester, )fankato.., 

Marshall, Albert Lea, Worthington, and \d_ llmar in Southern :-.iinnesota. Gen

erally, this survey concerned people's attitudes towards various economic 

and environmental issues involving Northern J'iinnesota. 

The purpose of this paper is to swnmarize very briefly the Tesults 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 vaTious cities in Northern 01innesota sam1)le areas. A detailed 

discussion on _methodology and results is included in Appendix 

The first set of questions concerned are expansion of the mining industry 

and the development of a base metal industry and were for Northern Minnesota 

in general. 79% (vs. 1496) of Nortilern 1-Iinnesota residents favor an expansion 

of the mining industry as compared to 46% ·cvs. 41%) of Southern ~iinnesota 

residents and 39% (vs. 38%) of Twin Cities Area residents. The development 

of light manufacturing ind us tries in Northern ~linnesota received subs tan ti ally 

greater supporL·in all three areas, particularly Southern Minnesota and the 

Twin Cities. A sizeable majority of Northern Minnesota residents, and a very 

slim majority of Southern Minnesota and Twin City residents favored the e:x--plor·

ation and mining of copper and nickel in Northern Minnesota. Southern Minnesota 

and Twin Cities Tesidents oveTwhelmingly rejected exploration, mining and smelt

ing of base metals in the Boundary WateTs Canoe Area. Northern Minnesota resi

dents gave moderate support to exploration in the Boundary Waters Canoe Area 
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and ~ere about evenly divided regarding mining operations in the Boundary 

lfaters Canoe Area. Ely residents, in particular, gave enthusiastic support 

to exploration and mining in the Boundary Waters Canoe Area, Hmrnver, 

smelting facility operations in the Boundary Waters Canoe Area wa5 rejected 

overall. 

Residents of all three sample areas overwhelmingly agreed that it is 

possible to have more industry and environmental protection in Northern 

Minnesota. A moderate majority of Northern rhnnesota residents, and a 

somewhat small rnaj ori ty of Southern Minnesota and Tidn City residents felt 

that industries in Northern Minnesota have a concern with the welfaTe 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% of Northern Minnesota 

residents; 62% of Southern Minnesota residents R.nrl 67% of Tvdn City resi

dents had no opinion towards the adequacy of mine safety regulations in 

1finnesota indicating that many people, particularly 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 all sample areas, particularly 

those of Northern Minnesota, felt that the economy of Northern Minnesota 

is not a desirable one. In regards to the question of which is• more important 

for Northern \1innesota) more jobs or environmental protection, 64% of Northern 

~.Unnesota residents, 29% of Southern Minnesota residents and 309& of the Twin 

City residents felt that more jobs was more important. At the same time, 28% 

of NoTthetn Minnesota residents, 61% of Southern Minnesota residents, and 54% 

of Twin City residents felt that environmental protection was more important. 
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Hrn·;eyer, it is not "' residents of all sample areas ',·:eTe over-

whe1ning against a relaxation of present environmental controls. It 

\ms enphasized by Northern ~'.~:..::T~esota Tesidents that the Tegions economic 

goal should be to provide jo~s the present population,_ rather than 

economic growth. Southern \lirc.esota residents were evenly split on this 

question, while a slight maiori of T1.dn City residents favored economic 

grov:th for Northern ~\!innesot2, A slight majority of residents of all 

sample areas agreed with the prenise that the mining timber industry in 

Northern :,Jinnesota has no effect on the outmigration of young people_: 

however, a substantial minority felt that this industry does encourage the 

the outmigration of young people. As alternatives, manufacturing-, light 

industry and electronics, in order of response.• \·:ere felt by Northern 

' 
°!'1innesota residents as being attractive to a young labor force. Southern 

Minnesota residents felt that r;;a:rn.:Lfacturir<g, jobs I·clated to the environ-

ment, and also electronics, 1.\·ere fields which would attract a young labor 

force, while Twin City residents felt that manufacturing, tour is t-ancl 

recreation-related industries, and forestry would attract young people to 

Northern ~1innesota. 

To the questions regarding their attitudes towards "environmental groups 1
', 

4 7% of Northern >linnesota residents had a favorable impression and 33% had 

an unfavorable impression: s2s; of Southern ~1innesota residents had a favorable 

impression and 17% had an unfa\·orable impression; 51% of Twin City residents 

had a favorable impression '.·,·hile 10% had an unfavorable impression. Many 

responses were too ambiguous to be recorded as being favorable or unfavorable. 

According to ;'forthern ~·iinnesota residents, the major economic problem 

in Northern ~'1innes ota is in order or frequency of response: 1) Unemployment, 

2) Taxes, 3) The seasonality of the economy, 4) Reliance on ore industry for 
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an econo;:li c base, No jobs for young peop Ie. Southern :.Jinnesota 

residents felt the major economic problem in Korthern Minnesota is: 1) Un-

employr::ent, 2) The seasonality of the economy, 3) The lack of diversity 

in the economic base, and 4) Low wages. Twin City residents felt the rnajoT 

probler:t is: 1) .unemployment, 2) L&ck of diversity in the economic base! 

3) The seasonality of the economy, and 4) Low wages. 

lfuen asked to identify the major social problem of Northen1 Minnesota, 

Northern \linnesota 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 f'.1innesota residents felt the 

major social problem to be: 1) Poverty and welfare, 2) Indian-related prob-

-lems (such as indian-white relations, or "the indians are treated unfairly11
)) 

~ 

and 3) Unemployment. Twin City residents felt the major social problem in 

l~orthe.n1 Minnesota is: 1) Indiar1-Telated pTobl01;-is, 2) Low income, 

4) Lack of young people in the region, and 5) Unemployment. 

To the question regarding the major· environmental probleE1 in Northern 

Minnesota} the results of the NoTthern Minnesota sample area reflected locaJ.ly-

oriented issues. Range cities residents felt that tailings disposal and mine-

land reclamation are the major problems. Ely residents indicated problems 

in the Boundary Waters Canoe Area regarding misuse and overuse. Duluth resi-

dents specified pollution of Lake Superior and the St. Louis River. Southern 

Minnesota and Twin City residents indicated that water pollution: po1lution in 

general, and the mining tir.J.beT industry are the major environrr:ental pTob Jems 

in Northern Minnesota. Additionally, many Twin City residents felt that the 

discharge of taconite tailings into Lake Superior by Reserve ~!ining Company is 

the major environmental problem in Northern ~iinnesota. This may be accounted 

for by the fact that this specific case has received extensive media coverage 
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in the T~in Cities. 

\\11en asked to evaluate which of the above three questions ''1as most 

in;portant, 6696 of :\orthern !,iinnesota Tesidents fe~t the economic problem 

\»'as most important> 18%. felt the environmental prob lern was more important, 

and 16%. felt the social problem was of prime importance. On the other hand, 

37% of Southern ~iinnesota residents and 26~6 of Twin City residents felt the 

environmental problem was most irnpoTtant. 1596 of Southern !1Unnesota Tesi

dents and 19So of Th·in City residents felt the economic problem was most im

portant. Finally 10% of Southern ~linnesota res~_dents and 8% of Twin City 

residents felt the social problem was most important. As can be seen above, 

more often than not, the social problem identified '''as either a purely econ

onomic problem, or directly related to an economic issue. 





BASE METAL il~TI:-G PROCEJJJRES 

The administration of all state-owned minerals a.r:td rrineral, rights is 

the responsibility of the Department of Natural ·Resources under Chapter 93 

of Minnesota Statutes. This includes mineral rights received with Federal 

land grants, mineral rights acquired through tax-forfeit.ure3 and held in 

trust for the taxing districts, and other mineral rights acquired by purchase, 
' ! 

gift or transfer. However, it must be recognized that while the basic 

responsibility for mineral administration is vested with the Commissioner of 

Natural Resources, the ultimate authority regarding the issuance of mineral 

leases, approval of appropriate rules and regulations, etc. is vested with 

the State E.xecutive Council composed of the Governor, Attorney General, 

Secretary of State, State Treasurer and State Auditor. Therefore, the 

ultimate mineral lease administration body in the executive branch of 

government is the State Executive Council. The Department of Natural Resources 

serves as the technical arm of that body and prepares recommendations for 

their action and subsequently carries out the necessary implementation. 

In order to understand the historical background, development, and 

current status of the state's mineral lea.sing program, it is necessary to 

discuss the public land ownership, the statutor'J provisions of leasing, state-

owned minerals and the historical development of the state's copper-nickel 

rules and regulations. 

PUBLIC OWNERSHIP 

The Department of Natural Resources is vested with the responsibility of 

administering the vast resource of land the state has acquired through various 

means. The types of lands can basically be categorized into Trust Fund Lands, 

Acquired Lands, and Tax Forfeited Lands. 
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The first lands acquired by the state were as a result of congressional 

action and are commonly known as Trust Fund Lands. Under the· 1857 act aut}1or-

izing a state government, Congress granted to the new State of µ.innesota, millions 

of acres of land to be used for the support of public schools, a state university, 

for erecting public buildings, constructing public roads and other internal 

improvements. Congress in 186o further granted to the state all swamp and over-

flowed lands that had not already been conveyed; and in 1862 and 1870 granted 

additional lands for an agricultural college and for the university. In all, 

these congressional grants amounted to some 8~ million acres. Part of the Swamp 

land grants were subsequently conveyed to railroad companies, but the trust 

fund lands that were conveyed by the original State Constitution and the Swamp 

Land Amendment of 18.81 established permanent Trust Fund Lands that exceeded ~ 

million acres. Subsequent sales of the Trust Fund Lands has reduced this total 

to approximately 2.6 million acres. 

The initial change from a policy of disposal to a policy of partial reser-

vation of state lands came in 1889 and was in relation to mineral rights. An 

act passed that year provided that whenever state lands located in St. Louis, 

Lake or Cook Counties were sold, the State Land Commissioner could, in his 

discretion, reserve all mineral rights to the state. In 1901 this mineral 

reservation act was made mandatory and state-wide. Today these mineral reser-

vations apply to all state lands that are sold, including tax forfeited lands. 

In addition, mineral rights are reserved on lands disposed of by exchange. 

Consequently, the state has retained mineral rights on over 900,000 acres 

of trust fund lands that have been sold or exchanged since the passage of these 

acts. The amount of mineral rights administered by the department, therefore: 

is greater than the surface ownership. It includes 3t million acres of trust 

fund mineral rights - lands on which the title to the minerals is certain. 
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The revenues derived from the use of these lands must be credited to the 

appropriate trust fund for the benefit of our public schools and university. 

The Constitution prohibits the expenditure of any of this income. It is 

.therefore invested by the state Investment Board and the university, and the' 

· return on the investment i.s distributed to the university and school districts. 
-

Upon becoming a state in 1858, ~linnesota also was vested with title, 

below the ordinary low water mark, to the beds of all navigable bodies of water 

within its boundaries. These lake and stream beds are also under the juris-
~ 

diction of the Department of Natural Resources, and any revenues derived from 

them are credited to the School Trust Fund. 

The Department of Natural Resources periodically acquires certain lands in 

fulfilling its management responsibility. With legislative approval, over 

900,000 acres of land have been acquired for parks, forestry, fish and wildlife 

management, public accesses and other public purposes. T:b..is includes some • 

159,000 acres for parks, over 400,000 acres in connection with state forests, 

and approximately J6o ,OOO acres in connection wit~ the state's fish euid wildlife 

management programs. These lands have been acquired by purchase, gift or through 

transfer of tax forfeited lani from the counties to the department for management 

purposes. Title t.o the minerals varies with the means of acquisition and in 

many cases is unknown. Revenues derived are credited to the proper fund. 

The state began to take title to tax forfeited lands in 1936 under the 

first effective tax forfeiture law enacted in l935 (Chapter 278). During the 

next two years, the forfeiture of lands delinquent on the 1927 to 1930 tax rolls 

brought approximately 4~2 million acres into state ownership, in trust for the 

taxing districts haying a..ri interest in them. The amount of tax forfeited land 

constantly fluctuates due to continued tax forfeitw.-e, land sales, land exchanges 

arrl transfers. The present amount of tax forfeited surface lands totals approx-

imately 3~ million acres .. · However, minerals are reserved when tax forfeited · 
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lands are disposed of, and, consequently, these nrli1eral rights cover approxi-

ma~ely 5 million acres. In 1943, the department was authorizdd to lease tax .~ 

forfeited minerals with 80% of any revenues received being returned to the counties 

for distribution to the taxing districts. 

Another category is known as Consolidated Conservation Area Lands. These 

lands, totaling. over l~ million acres, were acquired through 
1

tax forfeiture • 
. 

However, through legislative action, title to these lands lies directly in fee 

with the state, rather than in trust for the taxing districts. The state took 

this action to prevent default on certain drainage bonds issued by seven counties 

in the northern part of the state. In return for the state's paying off these 

ditch bonds, tax forfeited lands in certain parts of these counties forfeited in 

fee to the state with 13Y1/o of any revenues resulting from the sale or management 

of these laDds being returned to the counties. Title to the minerals of tax 

forfeited lands is somewhat obscure, due to the fact that the minerals could 

have been reserved prior to forfeiture and not have been recorded. (See Chapter 

on Severed Mineral Ownership for further discussion on this subject.) 

Two other types of lands !mown as Volstead Lands and LUP Lands are 

administered by the Department of Natural Resources. The Volstead Lands were 

federal public domain lands that have been subject to Volstead liens for 

drainage projects in northwestern Minnesota. In 1963 the state received' 33,200 

acres of these lands by purchase from the federal government. The LUP Lands 

(Land Utilization Project Lands) resulted through the purchase by the federal 

government of submarginal agricultural lands from private individuals as author-

ized under the National Industrial Recovery Act of 1933· Certain of these lands 

have subsequently been deeded to the State of Minnesota and are administered by 

the Dapartment of Natural Resources. Title to the minerals of Volstead Lands 

were acquired with the surface but may not have been acquired on LUP Lands. The 

federal government reserved an undivided three-fourths interest in all minerals 
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not of record in third. parties and reserved the remaining one-fourth interest 

in all fissionable materials on LUP Lands deeded to the state.·. Mineral revenue 

received from these lands is credited to the state forest fund which appropriates 

· lJJ'fo to the county where the land is situated and 50% to the general revenue fund~ 

STATUTORY PROVISIONS FOR LEASING STATE--OWNED MINERALS 

The first mineral lease law was passed by the legislature in 1889 and has 

been substantially modified and expanded since that time. The authority and 

guidelines for the Department of Natural Resources' management of state-owned 

mineral rights are set forth in Minnesota Statutes, Chapter 93. Under state 
I 

mineral laws, mineral rights are not sold, but state larids believed to have 

mineral potential are leased at public sale or under certain cases are negotiated. 

The mineral leases provide for payments to the state of annual minimum royalty 

or ground rental when no ore is mined, and royalty for each ton of ore mined 

and/ or shipped. 

Most of the laws governing the leasing of state-ovrried minerals have 

naturally been directed at iron ore and taconi te. However, the following laws 

relate to the leasing of non-ferrous minerals: 

1. Minn. Stat., Sec. 84.027, empowers the -Commissioner of Natural Resources 

to have charge and control over public minerals of the state and their 

leasing. 

2. Minn.· Stat., Ch. 93, basic law relating to state mineral ownership and 

leasing. 

93.01 - 93.04 Reserves minerals in state-owned lands. 

93.05 Requires compensation to be paid by a state lessee to any surface 

owner damaged by the lessee's mining operations. 

93.06 Reserves minerals under navigable lakes and rivers. 
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93.oB Authorizes prospecting, leasing, and mining of non-ferrous 

minerals, such as gold, silver and copper underthe waters 0-f 

public lakes or streams pursuant to rules and regulations adopted 

by the Commissioner of Natural Resources and approved by the 

State Executive Council. 

93.24 Authorizes the mining of ores, such as gold, copper and silver, 

by a lessee having an iron ore lease only pursuant to a 

supplemental written agreement entered into between the state 

and the lessee. 

93.25 Authorizes pr~specting; leasing and mining of non-ferrous 
I 

r 

minerals, such as gold, silver and copper, upon any lands owned 

by the state (including tax-forfeited lands) and the beds of 

adjacent waters, pursuant.to rules promulgated by the Commissioner 

of Natural Resources. These permits and leases must be approved 

by.the State Executive Council. 

93.335, Subd. 4 Provides for t~e apportionment of rents and royalites 

derived from leasing of tax-forfeited minerals: 20% to the 

state general fund; 00% to local taxing districts to be apportioned 

3/9ths to the county, 2/9ths to the town, village or city, and 

4/9ths to the school district. 

93.34 Makes. it unlawful to mine under public lakes without proper 

authorization from the state or without the consent of the State 

Executive Council. 

93.43 Authorizes the Commissioner of Natural Resources to give permits 

or licenses across state-owned laDd to businesses engaged in 

copper-nickel mining for pipelines, pole lines, sluiceways, roads, 

flowage, etc. 
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HISTORY OF THE PRO:.:DLGATIO~~ OF THE STATE'S CDPPER-NICKEL RULE3 

During the 1950's, industry and local government officials interested in 

copper-nickel mining and its possible benefits urged the Commissione·r of 

,.Conservation (now Matural Resources) to establish rules and regulations 

· governing the prospecting for and mining of copper-nickel and associated 

minerals on land under State control. After the required public notice, and 

after all interested persons had received a draft of the preliminary version. 

of the proposed rules and regulations and after the Commissioner had received 

written suggestions 1rom some .of those notified, a public hearing was held on 

January 15 7 1959, at which time all interested persons were heard and testimony 

taken. However, no action was taken by the Executive Council to approve these 

rules and regulations and, as a consequence, they n'ever became effective. For 

various reasons interest waned at this time and no further action was taken uptil 

the mid 196o's. 

In 1965 interest revived and in February, 1966, the Commissioner of 

Conservation again proposed rules and regulations. Written suggestions in 

response were again submitted to the Co:nmissioner, who then fixed a date for 

another public hearing. After the required public notice was given and after 

the Commissioner again received written suggestions in response to the notice, 

a public hearing was held on July 15, 1966, attended by representatives of 

government, industry and groups concerned with the environment, such as the 

Izaak Walton League. The Deputy Commissioner of Conservation then formally 

recommeriied the rules and regulations to the Executive Cormcil. After proper 

notice of their meeting, on November 8, 1966, the Executive Council una.rd.mously 

approved the rules and regulations, af-:er making one change, the addition of a 

provision authorizLn.g the Executive Council to reject any and all bids. The 

rules and regulations were approved as to form and execution by the Attorney 

.. 
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General and filed with both the secretary of State and the Connnissioner of 

Administration on November 18, 1966. 

RULES AND REGULATIONS 

The rules and regulations adopted by the Executive Council in 1966 

·provide a leasing program for copper, nickel and other associated minerals. 

Major items contained in the rules include: provisions for public and 

negotiated lease sales, bidding procedures, and the actual lease form. The 

lease form contains the basis for royalty and rental payments; safety pro

visions; 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. 

1. The basis for royalty and rental payment is essentially as follows: 

·a) Annual Rental Payments 

$1.(X)/acre/year for the first 5 years 

$5.CXJ/acre/year for the next succeeding five years 

$25.00/acre/year for the remainder of the term 

b) Royalties on Metals and Mineral Prod~cts Recovered 

Rentals are always paid, but under certain circumstances can be credited 

toward earned· royalties on ore produced. Royalties are based on the 

market value of metals and mineral products recovered in the mill 

concentrate for each ton of dried crude ore. The royalty is a base 

percentage rate plus an additional percentage that is b~d to obtain the 

lease. 
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2. Saf"ety Provisions 

a) Paragraph 23: Lease provisions are subject to all state and federal 

statutes, orders, rules and regulations,, and all operations under the 

lease shall be conducted in conformity therewith. Thus, for example,· 

the operation is subject to the 1966 Federal Mine Safety Act, the 

authority of the Co1Il1ty Mine Inspector, and other state and federal 

controls. 

b) Paragraph 24: The lessee shall conduct operations as is usual and 

customary in skillful and proper coppe~-nickel mining operations. 

c) Paragraph 30: During the termination period the lessee shall make 

preparations to leave the premises in a safe and orderly condition 

to protect against injury or damage to ·persons or property. 

3. Environmental Considerations 

a) Paragraph 3: A lease does not grant the absolute right to construct a 

smelter on State land: " ••• but such right to mill and concentrate shall 

not include the right to reduce or smelt ore upon said mining li.nit 

.. without an agreement between the lessee and the commissioner, author

izing such use of the surf ace of the land and providing for the 

necessary protection of life and property." 

b) Paragraphs 20 and 24: Lease does not authorize use of surface except 

as approved b! the Commissioner: "Surface lands owned by the state in 

said mining unit are not to be cleared or used for construction or 

stockpiling purposes unless and until the plan for such use has been 

approved by the Commissioner. The surface use of said mining unit shall 

be conducted in such manner as to prevent or reduce scarring and erosion 

of the land and pollution of air and water." 
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·"Stockpiled materials • • .. shall be stockpiled only in such manner 

and on such.sites as may be authorized by the connnissioner in writing." 

If surface is not owned by the State, the lessee must satisfy the surface 

owner prior to proceeding in accordance with para. 5. 

c). Prior .to proceeding und.er the lease the lessee must secure all 

necessary permits, etc., and comply with all state and federal laws 

and regulations in compliance with para 23: 
. 

"The provisions of this lease are subject to all applicable state and 

federal statutes, orders, rules and regulations, and all operations 

under this lease shall be conducted in conformity therewith. No inter-

ference, diversion, use of appropriation of any waters over which the 

commissioner or any other state agency has jurisdiction, shall be 

undertaken unless authorized in writing by the connnissioner or the 

said state agency." Therefore, be.fore proceeding the lessee ·will have 

to secure numerous permits after the necessary public hearings. 

d) T:b..e lessee is required to restore the area in accordance with para. 30: 

"· •• the lessee shall do all other work which the commissioner deems 

necessary to leave the premises in a safe and orderly condition to 

protect against injury or damage to persons or property, and shall 

restore the premises as nearly as the commissioner deems practicable 

to the natural conditions of the surrounding area." 

This paragraph is general to give the Commissioner greater latitude in 

environmental protection. The type of mining methods, means of concen-

tration and refining which might be utilized under any given operation 

are not known at this time and therefore, the type of restoration which 

will be required must be general and flexible. 

4 •. Paragraphs 4 and 5 reserve the states right to lease iron ore, taconite, 

·and surface; and to sell the timber. 
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5. Monthly and Annual Reports, Exploration Data and Samples .. 

a) Paragraph 12: The lessee must transmit ·with each royalty payment a 

statement of the tonnage and the value o·f the ore mined and removed • 

. b) Paragraph 15: Monthly_ reports covering tonnages and analysis of all 

material mined, milled, concentrates producedt materials stockpiled 

and connningled materials are required. 

c) Paragraph 16: Lessee must make monthly reports giving copies of all 

exploration data, maps, and development plans. A portion of all ex- , 

ploration and operating samples must be made available when requested 

by the Commissioner. All exploration information is classified until 

termination of the lease. 

6. State Inspection 

Paragraph 18: The Commissioner has the right to inspect the operations 

rurl conduct &"1y necessary engineering .or sampling procedures. 

7. Lessee's Obligation 

a) Paragraph 25: The lessee must satisfy all other owners having an 

interest in the lands and/or minerals within the mining unit prior to 

commencing work. 

b) Paragraph 26: ihe lessee is responsible for all taxes, general or 

specific which are assessed while the lease is active. 

8. Right to Terminate 

a) Paragraph 28: The _lessee may at any time give written notice of intent 

to terminate, termination occurs sixty (60) d~ys after delivery of 

notice. 

b) Paragraph 29: Lessor may give notice to terminate should lessee not 

perform all conditions of the lease. Termination becomes effective 

sixty (60) days after notice is delivered. Such termination does not 

relieve lessee from any liability incurred prior to termination. 
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Attached is a copy 0£ the Rtlles and Regulations (Appendix I) which contains 

the basic lease form. 

PUBLIC SALE OF LEASE3 

Section 5 of the Rules &"'1Cl Regulations provides for a public sale of leases 

to prospect and mine copper, nickel and. associated minerals. Other provisions 

are the legal notice, a $25.00 mining unit book fee and the bid opening and 

awarding subject to Execut~ve Council approval. 

Section 4 prov.ides for a 50 year lease and allows the Commissioner to 

designate the lands ·Contained in a mining unit. Therefore, all lands administered 

by the department in a given government.al section have been included in a mining 

unit subject to deletions for conflicting ~agement use. The beds of public 

waters have been incluied only in the sales covering the Duluth Gabbro Complex •. 

Although the state owns 93,000 acres of mineral lands in the Boundary Waters· 

• 
Canoe Area, none of these mineral rights have ever been designated as mining units 

or offered for lease. 

A description of the current procedure involved in holding a public lease 

sale is as follows: 

1. Department of Nat.ural Resources reviews indicated interest with available 

data including geologic, geophysical, general ownerships, etc. 

2. Department of Natural Resources asks prospective bidders to submit 

general area's of' interest. 

3. An evaluation is made to determine if there is sufficient interest· to 

have competitive bidding. 

4. Tentative lease sale area boundaries are set, in conjunction with an 

evaluation of natural resource values, identified historic and archeo-

logical sites, outstandirig ~natural or scientific areas and other 

possible conflicts and environmental concerns. The following groups 
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and agencies review the tentative lease sale areas prior to designating 

mining units to be included in the lease sale: involved counties, 

various divisions of DNR, Historical Society, Pollution Control Agency, 

Natural and Scientific Area Advisory Committee, Natural Resources 

Advisory Council and other interested groups. 

5. DNR reviews comments of above agencies and groups for possible conflict 

areas and finalizes lease sale areas • 
. 

6. Tutailed ownership data is accumulated and mining units are established, 

(mining unit description). 

7. Mining Unit Books (specific parcels are identified) and maps showing 

the lands being offered are prepared. 

8. Legal notification of the lease sale is made in the counties involved 

as required in the Rules and Regulations. Prior to the 1971 lease sale, 

the entire program ar1d the specific plan ... Yled lease sale was reviewed ·with 

the press to provide public information. 

9. P~cspective bidders and other interested parties are notified and 

provided bidding materials. 

10 •• Bidders prepare sealed bids and submit them to rnR. 

ll. Bids are opened lli"ld recoroed at a meeting of the Executive Council. 

l2. High bids are reviewed in regard to the potential environmental effects 

and the prospective lessee's ability to comply with the lease. During 

the 1971 lease sale, before submitting recommendations to the council, 

:llJR held meetings with representatives of numerous groups and interested 

parties to consider their concerns in regard to specific mining imits 

that were bid on. 

13. DNR submits reconnnendations to the Executive Council for action on 

lease awards. 
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14. The Executive C{n:rncil awards or denies leases to the high bidders. 

It may also table certain bids pending receipt of more detailed 

information. 

Since the adoption of these regulations in November, 1966, five state 

lease sales have been held.. The first lease sale, held in December, 1966, in

cluded lands in the Duluth Gabbro geologic formation lying north of Duluth in 

St .. Louis, Lake and Cook Cmmties. The next three lease areas included lands 

in the Greenstone geologic. formation lying in St. Louis, Itasca, Koochiching 

and Lake of the Woods Counties; and the fifth lease sale, held in Tucember, 

1971, included certain lards previously offered in both the Gabbro and Greenstone 

formations, plus additional state lands in Lake, St. Louis, Itasca, Koochiching, 

Lake of the Woods, Beltr&"1i and Roseau Counties. Of the 1.9 million acres of 

mi.neral rights offered by the State to date, 904 leases encompassing over 

362,000 acres were awarded to 15 companies. On July 1, 1972, 173 leases cover:i.ngi 

75, 902 acres were still in effect (See Table I) • Appendix II is a sunnnary 

report on the leases that have been issued aYld administered under the 1966 

regulations and a s1m1rnary of leases effective as of July 1, 1972. 

It is importan:t to recognize that as quickly as the lessee determines an 

area is adequately prospected and the evaluation is negative, the lease is 

terminated. Conseqaently, it is necessary to provide additional areas for leasing 

in order to keep the exploration comparr:'Les in Minnesota and to increase the 

opportunity of making a base metal find .. 

The lessees have conducted extensive geologi.cal, geochemical and geo

physical surveys and have also carried out exploration drilling in excess of a 

quarter-million feet. It is estimated that over $5,CXX>,OOO has been expended 

to date by these companies in explori..11.g the state lease areas. Rentals paid to 

the state under the terms of these leases have amounted to $824,196 as of June 

30 1 1972. Because of the Tax Forfeited and Consolidated Conservation Area Lands 



Table 1 

STATUS OF LEASES AT VARIOUS TIMES 

Gab bro Greens tone Total 
No. of No. of No. of 
Leases Acreage Leases Acreage Leases Acreage 

3/1/69 228 73,231 367 146,316 595 219,547 

8/20/69 197 59,860 368 146,316 565 206,176 

6/2/70 161 49,136 339 134,158 500 183,294 

1/1/71 143 46,037 336 146,823 479 192,860 

4/3/71 101 26,403 308 . 136,733 409 163,136 

7/1/71 79 18,748 301 134,073 .380 152,821 

1/2/72 63 15,800 261 122,279 324· 138,079 

7 /1/72 39 10' 181 134 65,721 173 75,902 
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included ·in these leases, $396,245 of this amount is being returned to the 

counties involved, f'or distribution to the local taxing districts. See 

summary of revenue distribution-in Appendix III • 

. NEGOTIATED LEASES 

Negotiated leases are considered. in Section 6 of the Copper-Nickel Rules 

and Regulations. Yne provision allows the Connnissioner to negotiate a lease 

when it is impractical to hold a public sale on any unit because of its 

location or size or the ert.ent of the state's inter·e-st in the minerals therein. 

The State Executive Council considers the award of negotiated leases upon the 

recommendation of the Commissioner. 

To date, there have -been four negotiated leases issued to one company 

covering 84D acres of Greenstone Formation in Lake of the Woods and Roseau 

Cormties. Several applications for negotiated leases have been turned down, · 

because they did not meet the requirements, and other applications are pending 

subject to further :review and evaluation. 

PUBLIC INVOLVEMENT I.N MIN"ERAL LEASE S.ALI§. 

Sec. 5 Subd. l of the Rules and. Regulations outlines the procedure for 

legal notification of public sale of leases as follows: 

The commissioner shall give public notice of each sale by publication 

for three (3) successive weeks in a legal newspaper printed and published 

in the county seats of the counties in whi,ch the mining units to be leased 

are located. 'lne first publication shall be at least thirty (30) days 

before the. date of sale. Like notice may be published in not to exceed 

• 

two (2) additional newspapers a~ two (2) trade magazines as the commissioner 

may direct. Each notice shall contain the following information: 

a) Time an.d place of holding the sale. 

b) The place or places where the list of mining units to be offered 
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for sale will be available for purchase or inspection, and where 

application and bid forms nay be obtained. 

c) Such other information as the commissioner may direct. 

The current procedure of the Executive Council at the time of the sale has 

been to recess ·for several days to allrn'IT the Department of Natural Resources to 

tabulate and study the bids. Upon reconven.i..ng, the Executive Council receives 

the report from DNR, questions the high bidders, receives comments frcm any 

interested individuals or groups and awards the leases according to their 

determinations. Action on awarding or rejecting a certain lease may be delayed 

pending requested further infqrmation or study. 

Members of the ·press have covered each of the five lease sales and have 

written other.articles from information received from the Department of Natural 

Resources and other sources, both prior to and after a sale. 

The first formal involvement from the public sector on individual lease 

sales appeared prior to the 1971 sale of leases when the Minerals Subconnnittee 

of the Natural Resources Advisory Council, the Nature Conservancy and Natural 

and Scientific Area Advisory Committee groups reviewed the proposed sa~le. 

other environmental groups became involved after the department issued a press 

release concerning the sale. 

Certain problem areas regarding leasing procedures were brought to the 

department's attention as a result of the public involvement. One criticism 

was the lack of public involvement prior to selection of mining units to be 

offered. Another cited the need for additional time between the opening of 

bids and the awarding of leases. others objected to such a large area being 

offered on the basis that it was difficult to appraise the recreational and 

environmental impacts of the area involved. 
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CHAPTER EIGHT: 

PERMITS TO PROSPECT FOR AND LEASES TO MINE COPPER, 
NICKEL AND ASSOCIATED MINERALS 

1'1R 94 Permits and Leases, Copper, Nickel and A...i;;sociated Minerals 

[Note: The original numbering of this rule has been changed to conform 
to the style required hy the State Publication Board. The original section 
numbers and references thereto are found in brackets [ ].] 

{a) [Section 1.) Purpose. The purpose of these rules and regulations is 
to promote and regulate prospecting for, mining and removing copper, 
nickel, and associated minerals, and the rules and regulations hereunder 
shall be construed to carry out that purpose. 

(b) [Section 2.] Definitions. 

(1) For purposes of these rules and regulations, the follmving words 
shall have the meanings ascribed to them: 

(2) "Commissioner" means the Commissioner of Natural Resources of 
the State of Minnesota, or his designated representative. 

(3) "Ton" means 2,000 pounds avoirdupois after removal of all free 
moisture from the material weighed, by drying at 212 degrees Fahrenheit. 

*(The Department of Conservation was renamed Department of Natural 
Resources by LATVS 1969, Chapter 1129, Article 3.) 
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(4) '"}.fining unit" means the land and water area designated as such 
by the commissioner, wherein the state owns an interest in the minerals 
and mineral rights. 

(c) [Section 3.] Permits. The first two years of any lease issued pursuant 
to these regulations shall be deemed the prospecting permit1 and no permit 
to prospect for copper, nickel, and associated minerals shall be issued 
separately or independently from such lease, provided that nothing in this 
section shall restrict such mining operations as may be authorized by the 
lease. 

(d) [Section 4.] Leases. The commissioner, with the approval of the 
state executive council, shall adopt rules and regulations for the issuance 
of leases to prospect for, mine and remove copper, nickel, and associated 
minerals: on lands wherein an interest in the minerals is owned by the state, 
including trust fund lands, land forfeited for non-payment of taxes and 
held in trust by the state, the beds of public waters, and lands othenvise 
acquired that haYe been designated by the commissioner as mining units. 
Each such lease shall cover one mining unit. No such lease shaII be issued 
for a ten:Il longer than fifty (50) years. -

(e) [Section 5.] Public Sale of Leases. 

(1) Time, place, notice. Except as othenvise expressly provided by law, 
or as othenYise provided in (f) [Section 6], leases to prospect for, mine and 
remove copper, nickel, and associated minerals owned by the state shall be 
issued only upon public sale al!thorized by the co!ll..rnissioner. 

The public sale of leases shall be held at such times and places as may 
be designated by the commissioner. The commissioner shall giYe public 
notice of each sale by publication for three (3) successive weeks in a legal 
newspaper printed and published in the county seats of the counties in 
which the mining units to be leased are located. Tue first publication shall 
be at least thirty (30) days before the date of sale. Like notice may be 
published in not to exceed two (2) additional ne\Yspapers and two (2) trade 
magazines as the commissioner may direct. Each notice shall contain the 
follo\Ying information: 

(aa) Time and place of holding the sale. 

(bb) The place or places where the list of mining units to be offered 
for sale will be available for purchase or inspection, and ·where application 
and bid forms may be obtained. 

(cc) Such other information as the commissioner may direct. 

(2) .Mining unit books. Those interested in bidding may obtain a 
COPPER-NICKEL UNIT BOOK by making application to the commis
sioner, accornp2.nied by a certified check. cashier's check, or bank monev 
order, payable to the state treasurer, in the sum of twenty-five (25) dollars 
as a fee for such mining unit book. Unit books will be available for in
spection at the Hibbing a-nd Saint Paul offices of the Division of Lands and 
J\,linerals. 

(3) Lease application and bid. Each application and bid shall be sub
mitted on a form obtained from the commissioner and shall cover onlv one 
minim! unit. as desilffiated in the mining unit book. The rovalrv rate offered 
in the- bid shall be -designated by inserting a figure in the blank space in 
the following clause of the bid form: "The royalty rates bid herein to be 
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paid to the state per ton of crude ore for the copper, nickel, and associated 
metals and mineral products recoYered from the ores mined from the 
mining unit shall be the base rate per ton of dried crude ore, plus an 
additional . . . . per cent of the v2lue of the metals and mineral products 
recovered in the mill concentrate." The application and bid, together with 
a certified check, cashier's check, or bank money order, payable to the 
state treasurer in the sum of fifty ( 50) dollars, shall be submitted in a 
bid envelope obtained from the commissioner. Each sealed bid envelope 
shall be enclosed in another envelope and shall be delivered in person 
or by mail to the commissioner at Saint Paul, 11innesota. Bids may be 
submitted at any time prior to the time specified for the opening of the 
bids, and no bids submitted after th2t time shall be considered. Upon receipt, 
the commissioner shall endorse upon each sealed bid envelope the exact 
time of presentation and preserve the same, unopened in his office. 

At the time specified, the commissioner, together with the state executive 
council, shall then publicly open the bids and announce the amount of each 
bid separately. Leases shall be awarded by the commissioner, with the 
approval of the state executive council, to the highest bidder for the re
spective mining units, but no bids shall be accepted that do not equal or 
exceed the base royalty rates set fonh in (g) [Section 7 .] of these rnles and 
regulations. The right is reserved to the state, through the executive coun
cil, to reject any or all bids. Upon the award of a lease, the certified check 
submitted with the bid shall be denosited with the state treasurer as a fee 
for the lease. All bids not accepted shall become void, and the checks 
accompanying the bids shall be returned to the. respective bidders. 

(f) [Section 6.] Negotiated Leases. Whenever the commissioner shall find 
that it is impractical to hold a public sale on any mining unit because of 
its location or size or the extent of the state's interest in the minerals therein, 
and that the best interests of the state \Vill be served thereby, the commis
sioner, \Yith the approval of the executive council, may, without holding a 
public sale, issue a lease to any qualified applicant to prospect for. mine 
and remove copper, nickel, and associated minerals. Applications shall be 
in such form and shall contain such information as the commissioner may 
prescribe. The leases so issued shall be in the form set forth in (g) [Section 
7 .] hereof, '\Vi th such additional terms ·and conditions not inconsistent there
with as may be agreed upon. The rental and royalty rates agreed upon 
shall be not less than those prescribed in said (g) [Section 7.]. 

No lease shall be issued under this section for the removal of copper. 
nickel, and associated minerals from any mining unit for which notice of 
public sale has been published, until such public sale has been held. No 
lease shall be issued under this se.:tion until at least one public sale has 
been held under (e) [Section 5.]. 

(g) [Section 7.] Form of Lease. The form of lease for prospecting for, 
·mining and removing copper, nickel. and associated minerals belonging to 
the state shall consist of the following provisions, with such insertions, 
changes, or additions as may be necessary to incorporate the royalty rates 
and other particulars applicable to each lease as may be authorized under 
these rules and regulations: 

This indenture, made this - day of , 19-. by 
and bet\veen the State of Minne:Sota, hereinafter called the state. and 
-------------------, hereinafter called the lessee, 
WITNESS ETH: 

. ;' 
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(1) Term; Description of mining unit. That the state, for and in con
sideration of the sum of Dollars, to it in hand 
paid by the lessee, being the rental hereinafter proYided for the unexpired 
portion of the current calendar year and for the next succeeding calendar 
year, the receipt whereof is hereby acknmvledged, and in further consid
eration of the covenants and conditions hereof to be kept and performed 
by the lessee, does hereby lease and demise unto the lessee for a term of 
----------(-) years beginning the - day of ------
------, 19-, the following-described mining unit, hereinafter called 
"said mining unit", situated in the county of ------------~ 
in the State of Minnesota, to-wit: 

(2) Definitions. For the purposes of this lease, the following words 
shall have the meanings ascribed to them: 

(aa) "Commissioner" means the Commissioner of Natural Resources 
of the State of 11innesota, or his designated representative. 

(bb) "Ton" means 2,000 pounds avoirdupois after removal of all 
free moisture from the material \Veighed, by drying at 212 degrees Fahren
heit. 

(3) Purpose of lease. The said mining unit is leased to the lessee for 
the purpose of prospecting for, and the mining and removal of ores con
taining copper, nickel, and associated minerals found on or in said mining 
unit, except the iron ore and taconite ore that is a part of the Biwabik iron 
formation. 

The lessee shall have the right to construct or make such buildings, 
excavations, openings, ditches, drains, railroads, roads, and other improve
ments thereon as may be necessary or· suitable for such purposes. The 
lessee shall have the right to mill and concentrate the ore so mined, either 
upon said mining unit or elsewhere in 1finnesota, but such right to mill 
and concentrate shall not include the right to reduce or smelt ore upon 
said mining unit \vithout an agreement between the lessee and the com
missioner, authorizing such use of the surface of the land and providing 
for the necessary protection of life and property. The lessee may contract 
with others for doing any \Vork authorized or required hereunder, or for 
the use of said mining unit or any part thereof for the purposes hereof, 
but no such contract shall relieve the lessee from any duty, obligation, or 
liability hereunder. No such contract pro\·iding for shipping, handling, 
or removal of ore-bearing material shall become effective for any purpose 
until three executed duplicates of such contract have been filed with the 
commissioner. 

(4) State's right to lease iron ore and taconite. The state reserves the 
right to lease or grant to other persons or corporations the right to explore 
for, mine, remove, and beneficiate iron ores, including taconite, that are a 
part of th~ Biwabik iron formation and located in said mining unit. The 
state agrees that any permit or lease granted by it to any person or cor
poration to explore for. develop, mine, or dispose of such iron ores, in
cluding taconite, shall contain a provision that the permittee or lessee 
thereof shall exercise such rights so as not to cause any unnecessary or 
unreasonable injury or hindrance to the operations of the lessee herein 
in the exploration for, or the development, mining, or removal of copper, 
nickel and minerals other than iron ores covered by such permit or lease. 
Lessee herein agrees that it will exercise the rights granted to it by this 
lease in such manner as not to cause any unnecessary or unreasonable 
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injury or hindr.2.Il.::e to the operations of any permittee or lessee of the 
state in tbe exploration for, or the development, mining, or removal of 
such iron ores,. i.n.:luding rnconite. 

-(5) State~s. :right to lease .surfa..:e and sell timber. The state reserves the 
right to sell an.d dispose of all th.: timber upon said mining unit without 
let or hindrance from the lessee and pursuant to the la\Y nmv or hereafter 
governing the sale of timber on s:J.te lands, and reserves to the state and 
to the purchaser of such timbeL a12d their agents, the right at all times to 
enter thereon, and to cut and remove any such timber therefrom according 
to the ierms of lie purchaser's contract \Yith the state, provided that such 
purchaser shall .rav't unduly interfere \Yith the prospecting or mining opera
tions thereon. Th-c: state further re'5erves the right to grant leases, permits, 
or licenses to <:il::.Y portion of the surface of said mining unit to any per
son, partnership,. corporation, or 0ther association under the authority of 
.Minnesota Statuta. Se.ction 92.50. or other appiicable la\vs, after con
sultation with les:5-ee, and provided that such leases, permits or licenses shall 
not unduly interfere with the prospecting or mining operations conducted 
thereon. 

(6) .A.nnua.1 :rental. The lessee covenants and agrees to pay to the state 
rental for said mining unit at the rate of One Dollar (S 1.00) per acre of 
land and v.-ater art>a included in said mining unit, per calendar year, payable 
in ad\-ance, for lhe unexpired portion of the current calendar year from 
the effe.ctiYe date hereof and for tbe next succeeding cah'!ndar year; and 
payable quarterly for the four (4) succeeding calendar years; and thereafter 
at the :rate of Fi..-e Dollars (S5 .00) per acre per calendar year, payable 
quarterly for the five (5) succeeding calendar years; and thereafter at the 
rate of Twenty-nve Dollars (S25.00) per acre per calendar year, payable 
quarterly for the remainder of the term hereof: provided that the rate shall 
not exceed Five Dollars (55.00) per acre per calendar year for any calendar 
year in ".vhich the lessee is actiYely engaged in mining ores containing 
copper, nickel~ and associated minerals from any copper-nickel mine 
located ,..-ithin tr1e government tO\YDShip in \vhich said mining unit is situ
ated, or from a mine \\ithin a government tov;nship that has at least one 
point in common along its bound2.:~Y line \Yith the goYernment tmmship 
in which said mining unit is located. and produces within such calendar 
year from such mine not less than 100,000 tons of such ores; provided 
further that uruess the lessee is acuYely engaged in mini.i1g ores containing 
copper~ nickeL 2.D.d associated minerals from said mining unit leased here
under, or from any copper-nickel mine located \dthin the government 
tmvnshio in which said minim! unit is situated. or from a mine within a 
government toc:,:n:iship that has at least one point in common along its 
boundary line wi:h the government tmvnship in which said mining unit is 
located. and h.2.s produced, within C':ne calendar year. not less than 100,000 
tons of such or:es bv the end of 1.be twentieth full calendar vear of this 
lease, then the state may. at its option during the twenty-first ca-lendar year, 
cancel this. lease in the manner herei.:lafter provided. 

Said mining unit may include st:::te-owned minerals under water, in trust 
fund lands, in acquired lands, and in lands forfeited for ta.'{es. Any amount 
paid for rental. at the time of such payment. shall be allocated to the 
proper fund as determined by the mineral mvnership. 

Any amount paid for rental 2.Ccrued for any calendar year shall be 
credited on an ... - ro...-altv that mav bccome due for ore removed hereunder 
during the same calendar year b-Ul DO further, and only to the extent that 
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such rental was paid or deposited into the particular fund to which the 
royalty for such ore is due, and any amount paid for royalty in excess of 
such credit during such year shall be credited on rental, if any, subse
quently accruing for such year but no further, and only to the extent that 
such royalty \Vas paid or deposited into the particular fund to which such 
rental is due; however, any amount paid for rental in excess of five 'dollars 
($5.00) per acre for any previous calendar year may be credited on any 
royalty that may become due for ore removed hereunder during the cur
rent calendar year in excess of any credits for current rental, but only to 
the extent that such rental \Vas paid or deposited into the particular fund 
for which such royalty is due. 

Rental payments shall be made on the 20th day of 1fay, August, Novem
ber and February for the previous calendar quarters. The first calendar 

. quarter shall be the first three calendar months of the year, and so on. 

Upon surrender of any part or parts of said mining unit by lessee pur
suant to the provisions of this lease, the annual rental payment may be 
discontinued as to such part or parts for all subsequent calendar years; 
however, the rentals paid on the part or parts surrendered shall not be 
credited on any royalties due for ore removed from that part of the 
mining unit \vhich remains under lease. 

'\'here the state owns only a fractional undivided interest in the minerals 
in any portion of said mining unit, only that fractional part of the rentals 
and royalties established herein shall be paid for such portion. 

If at any time during the term of this lease it is determined in a proper 
proceeding that the state does not own th.e mi11ernls in a part of the area 
included in said mining unit, the commissioner shall delete from the de
scription of said mining unit the part not O\Vned by the state, and only if 
such determination is made prior to the fifth anniversary date of this lease 
shall the lessee be entitled to a refund, or in the case of tax forfeited 
minerals to receive credit on future payments due the same fund, for pay
ments made to the state on said part prior to such determination. If the 
commissioner deems it necessary, additional time to make such determina
tion may be granted. 

(7) Tonnage for royalty purposes. Royalty shall be computed on the 
dry weight of the crude ore. The dry weight of the crude ore shall be cal
culated from moisture samples taken at the time the crude ore is weighed. 

(8) Royalty rates. The royalty rate to be paid to the state by the lessee 
for the copper, nickel, and associated metals and mineral products recovered 
from each ton of ore mined from said mining unit shall be the base rate 
described hereinafter, plus an additional - per cent of the value of the 
metals and mineral products recovered in the mill concentrate from each 
ton of dried crude ore. 

For ores mined by either underground or open pit methods during the 
unexpired portion of the calendar year in which the lease commences plus 
the first succeeding ten (10) calendar-year period, the base rate shall be 
two (2) per cent of the value of the metals and mineral products recovered 
in the mill concentrate from each ton of dried crude ore, plus an additional 
two (2) per cent of that portion of the value of the metals and mineral 
products recovered in the mill concentrate that exceeds seventeen (17 ) 
dollars per ton of dried crude ore. 
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For ores mined by underground methods during the second ten (10) 
calendar-year period, the base rate shall be two and one-quarter (2 1;~~) per 
cent of the value of the metals and mineral products recovered in the 
mill concentrate from each ton of dried crude ore, plus an additional two 
and one-quarter (2.;{i) per cent of that portion of the value of the metals 
and mineral products recovered in the mill concentrate that exceeds seven
teen (17) dollars per ton of dried crude ore; and for the third ten (10) 
calendar-year period, the base rate shall be nrn and one-half (2 1/2) per cent 
of the value of the metals and mineral products recovered in the mill con
centrate from each ton of dried crude ore, plus an additional two and one
half (21/l) per cent of that portion of the value of the metals and mineral 
products recovered in the mill concentrate that exceeds seventeen (17) 
dollars per ton of dried crude ore: and for the fourth ten (10) calendar
year period, the base rate shall be tv•'O and three-quarters (2%) per cent 
of the value of the metals and mineral products recovered in the mill con
centrate from each ton of dried crude ore, plus an additional nm and 
three-quarters (23l+) per cent of that portion of the value of the metals 
and mineral products recovered in the mill concentrate that exceeds seven
teen (17) dollars per ton of dried crude ore; and for the remaining portion 
of the lease term thereafter, the b:J.se rate shall be three (3) per cent of the 
value of the metals and mineral products recovered in the mill concentrate 
from each ton of dried crude ore. plus an additional three (3) per cent of 
that portion of the value of the metals and mineral products recovered in 
the mill concentrate that exceeds seventeen (17) dollars per ton of dried 
crude ore. 

For ores mined by open pit mmmg methods, after the first ten (10) 
calendar-year period, the base rate shall be thirty-three and one-third 
(33;;§) per cent greater than those shovm above for underground ore. 

(9) Value of metal and mineral products. The value of metals and 
mineral products recovered in the mill concentrate from each ton of dried 
crude ore shall be determined monthlv as follows: Multiply the total pounds 
respectively of copper, nickel, and each associated metal and mineral prod
uct recovered during the month in the mill concentrate from the mining 
unit, by the average market price per pound respectively for that month 
of each such fully refined metal c.nd of each such mineral product. The 
total amount of copper and nickel recovered in any form in the mill con
centrate shall be valued for royalty purposes as fully refined metal. For the 
purpose of this lease. associated r::lineral products shall mean the mineral 
products other than those that are principally Yaluable for their copper or 
nickel content. When less than fifry (50) per cent of any associated metal 
or mineral product recovered in tbe mill concentrate is sold or othenvise 
gainfully disposed of, then only tbe quantity of such associated metal or 
mineral product actually sold or othenvise gainfully disposed of shall be 
multiplied by the market price in determining the value of such metal or 

. mineral product for royalty purposes. Add the values thus obtained for 
each such metal and each such mineral product for the month, and divide 
the sum by the total number of tons of dried crude ore from the mining 
unit concentrated in the mill during the month, to obtain the value of 
the metals and mineral products recovered from each ton of dried crnde ore. 

The average market price of copper per pound for each month shall be 
that quoted for domestic refinery electrolytic copper in carload lots. f.o.b. 
Atlantic Seaboard Refineries, as reported in the ":Metals and Minerals 1f ar
kets" section of the Engineering and Mining Journal. The average market 
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price c-f nickel per pound for each month shall be th3.t quoted for nickel 
cathodes, in carload lots. f.o.b. Port Colborne, Ontario, Canada, United 
States import dmy (if any) in('.luded, as reported in said Journal. The aYerage 
market price of other me~ls and of mineral products per pound for each 
month shall be mat quoted for their usual and customary shipping quan
tities, f.o.b. the usual and customary place of shipment~ United States im
port duty (if any) included. as reported in said Journal. If said Journal or 
its successors ceases to fu..rnish such quotations, or its quotations cease to 
be recognized in the trade. or a particular metal or mineral product is not 
listed, then the quotations of such other source as the parties may agree 
upon shall goYern. 

(10) Commingled ores. The lessee shall have the. right to commingle 
ore from said mining unit \•.ith other ore, either in the mine, in stockpile, 
o.r in ilie mill.,. provided. however, that the ores shall be kept entirely 
separate and distinct until their quantities and metal and mineral contents 
haYe L--een separately measured and determined. 

(11) Quarte'fly payment on ore removed. The lessee covenants and 
agrees to pay to the state, on or before the 20th day of May, August, 
November, and February in each year during the period this lease continues 
in fon:«e, royalty at the rates hereinbefore specified for all of the ore re
moved from said mining unit and milled during the previous calendar 
quarter. 

The lessee sh;..'1..ll be liable for payment of royalty \vhen due on all ore 
removed from said mining unit for concentration elsewhere or for any 
other j::Urp0se, frDm th.; a('.tual time of such removal; and if any of such ore 
is not concentrated, or if tbe royalty due thereon is not determined and 
accounted for <:!S herein provided by the next royalty payment date, the 
commissioner may determine such royalty by such method as he deems 
appropriate and consistent v.-ith the royalty rates set fonh in this lease. Any 
amount paid for royalty shall be allocated to the proper fund as determined 
by the mineral ov;-nership. 

(12) Lessee to transmit statement of ore removed and royalty due. The 
lessee shall transmit to the commissioner \Yith each royalty payment an 
exact and truthful statement of the tonnage and rovaltv value of the ore 
mined. and remo...-ed from said mining unit and milled during each of tbe 
three months for ·which such payment is made, and the amount of royalty 
due th·~reon, separated as to the various state fund mvnerships. The lessee 
shall provide foir all the operations required for such determinations except 
as othen..-ise specified. 

(B) 'Veighing. The method or methods of obtaining the \veights used 
to determine tonnage for the calculation of royalty, or to determine other 
weights required by the state, shall be subject to the approval of the com
missioner. 

(14) Samplir1g. Samples for royalty purposes shall be taken of the ores 
and mill produ.;:ts at places and intervals subject to the approval of the 
commissioner. A portion of each such sample or composite sample shall 
be delivered to the commissioner unless, by mutual agreement, it has been 
decided that certain of such portions are not needed by the state. Except as 
otberv.ise permitted by the commissioner, all ore mined from this mining 
unit shall be sampled and its v;eight determined before being commingled 
with any other ores. 
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Each royalty sample shall be analyzed at the expense of the lessee by 
competent chemists or assayers approYed in \Yriting by the commissioner. 
The elements in the royalty sample for which analytical determinations will 
be made, shall be subject to agreement between ·the commissioner and the 
lessee. 

(15) 1vfonthly reports. Except as otherwise permitted by the commis
sioner, the lessee shall transmit within thirty (30) days after the end of each 
calendar month, statements for said calendar month in such form as the 
commissioner may require, covering the tonnages and analyses of the 
follmYing: All material mined ·from said mining unit, all material milled 
from said mining unit, all material stockpiled from said mining unit, all 
concentrates produced from said mining unit, all material mined from any 
source and commingled with material from said mining unit, all commingled 
material concentrated, all commingled material stockpiled, all commingled 
concentrates produced during the said calendar month, and such other in
formation as may reasonably be required by the commissioner for the 
purpose of verifying the amount cf royalty due. 

The weight of ore as set forth in said monthly statements shall prima facie 
be binding as bet,veen the parties, but the state shall have the right to 
sample the ore, check the analyses, and inspect, reYie,,· and test the correct
ness of the methods, books, records and accounts of the lessee in sampling, 
analyzing, recording, and reporting such weights, and to inspect, review, 
and test the correctness of the weights and scales· and other equipment used 
in measuring the amount of ore, it being understood that any errors in 
these reports, when ascertained, shall be corrected. 

(16) Additional monthly and annual reports to be furnished by lessee; 
exploration; mine samples required. Except as otbenvise permitted by the 
commissioner, in addition to other reports or statements required herein, 
the lessee shall furnish the following: 

(aa) Copies of all exploration data, laboratory test data, geophysical 
survey data, and periodic mine maps, analyses maps, cross-sections, and 
development plans customarily prepared for permanent record of the 
operations on said mining unit. Material furnished to the commissioner 
under this sub-paragraph (aa) and sub-paragraph (bb) below shall be con
sidered confidential during the life of this lease or any extension thereof. 

(bb) At least a quarter-portion of an exploration samples, and \vhen 
requested by the commissioner in writing, a quarter-portion of mine or mill 
samples. In the event that the lessee requires cert3in exploration samples in 
their entirety, the commissioner or his representati\·e may waive the re
quirement for a quarter-portion of such exploration samples, provided 
that the lessee grants the state an opportunity to examine and classify such 
samples before they are crushed or processed. 

(cc) A monthly report shO\ving the estimated weights and analyses 
of all materials stockpiled, including lean ore, waste and tailings, and divided 
as to property of origin and deposition. 

(dd) Copies of smelter statements or receipts from sales involving 
materials produced from this mining unit. 

(ee) Not later than March 1st of each year during said term, a 
summarv statement of the tonnage of all ore mined and all ore milled . 
from the premises and all ore materials placed in or removed from stockpile 
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during the pre..-ious calendE ye3.T, divided as to the property of origin and 
the d.isp.osition cf .such er-: materials and showing such analyses of the 
same as· the conu:nissioner m2~ . .- require. 

(11) Ho~.- remittances 2.Dd reports are to be transmitted. All remit
tances by the Iess.:-e hereu:o.d.:r shall be made payable to the state treasurer, 
and ail -such remittances :llld all reports, notices and documents required 
hereunder shall bie transmi::;;..d to the commissioner through the director 
of the rliYision oi waters, s-JL:s and minerals at Saint Paul, 11innesota. 

(1 SJ State inspection; irrspectors at plants and mines. The commissioner 
may at .all reasonable times enter said mining unit and. any other premises 
used or .operated by the le:ss.e.e in connection \Yith the operation of said 
mining unit, in.spc;::t the oper::.I.ions conducted hereunder, and conduct such 
engineering and sampling p:0:.edures and other investigations as the com
missioner may require, noi unreasonably hindering or interrupting the 
operations of the lessee. 

The lessee shall provide. upon \nitten request of the commiss10ner, -a 
suitable rnom in the dry or v.ash house or in some other suitable place on 
said rni.IDng unit or elsewhere when necessary, with water, light and heat, 
all withDut cost to the sta~e. for the use of state inspector:.s. Such room 
shall be at least equal in size and equipment to that customarily furnished 
for the use of the mine engineer or captain at comparable operations. 

'''henever royalties or ren~2ls due the state are required to be distributed 
to more than one fund, or wben ore from said mining unit is commingled 
vd!h 0ther ore, or \vben ore from said mining unit is con,.::entrated at the 
same plant as other ore, the commissioner may appoint such special in
spectors as he deems necess:::_ry to insure proper accounting and protect 
the inter!l!sts of the state, an~ the lessee shall reimburse the state monthly 
for the cost of all such inspe.ction service upon notification by the com
mission:cr. 

(19) RemoYaI of ore for experimental purposes. Notwithstanding the 
provisions of par:eg:raph (11 l terein. upon written application of the lessee, 
the commissioner may authorlZe the removal of ore from said mining unit 
for experimental purposes '7'.-:tbout payment of royalty; and it is further 
understC"od that the removal of samples obtained by drilling, trenching, or 
testpittmg, for the purposes oi exploration, shall not be subject to the pay
ment o1E royalty. 

(20) Stockpiled materds. All materials mined from said mining unit 
and not shipped to the con.;;~:mating mill, and all mill rejects derived from 
crude IDllfe from said mining unit, shall remain the property of the state 
and sh:ill be st~kpiled onl',- in such manner and on such sites as mav be 
authorized by the -commiss1o::er in \\Titing; provided, hov;ever, that ~·hen 
the commissioner a£rrees th:::.: sL:bstantiallv all minerals of value have been 
extracted from the mill tailin ;s. such material may be used for st ope filling 
on said mining unit or else".-::.ere. and the tailings material so used shall be 
deemed to be a::-andoned. cd title to such material shall revert to the 
mineral ·owners of the property in which it is deposited. 

(21) Reversion of title en land conveyed to the state for stockpiling 
purposes. \Vhen the commiss:oner determines that it is necessary and that 
the interests of the state ..,.,-iJ be fully protected thereby, the lessee may 
convey iand to the state u;;0.n the condition that it shall be used for the 
storage of ore or other mater:.?Js having present or potential value belonging 
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to the state, and that the state's interest in the land shall terminate and 
title shall revert to the lessee \vhen the land is no longer needed or used 
for that purpose. No consideration shall be paid for such conveyance unless 
authorized by law. 

(22) Cross-mining rights. The lessee is hereby granted the right to 
mine and remove any ores from said mining unit through any shafts, 
openings, or pits that may be made upon adjoining and nearby premises 
controlled by the lessee; and the lessee may, if it so desires, use said mining 
unit and any shafts, openings, pits, made thereon for the mining or re
moval of any ores from any ~such adjoining or nearby premises, not, how
ever, preventing or interfering ,,·ith the mining or removal of ore from said 
mining unit; provided, however, that the ores taken from said mining 
unit shall at all times be kept entirely separate.and distinct from any other 
ores until measured and sampled as herein provided so that the rights of 
the lessor shall be at all times preserved and protected; and the lessor 
agrees hereby to and does hereby recognize the rights and liens of the 
owners of any nearby or adjoining premises in any ores mined therefrom 
and transported through said mining unit. 

(23) Lessee's obligations under state and federal laws and _regulations. 
The provisions of this lease are subject to all applicable state and federal 
statutes, orders, rules and regulations, and all operations under this lease 
shall be conducted in conformity therewith. No interference, diversion, use 
or appropriation of any waters over which the commissioner or any other 
state agency has jurisdiction, shall be undertaken unless authorized in 
writing by the commissioner or the said state agency. 

(24) Operations to be conducted in ·accordance ·with good mining and 
metallurgical engineering. The lessee shall advise the commissioner when 
exploration drilling, trenching, or testpitting on said mining unit is about 
to begin. The lessee shall open, use, and work the mine or mines on said 
mining unit and conduct metallurgical operations in such manner only a5 
is usual and customary in skillful and proper copper-nickel mining and 
milling operations in accordance \Vith the requirements, methods, and prac
tices of good mining and metallurgical engineering, and in such manner as 
not to cause any unnecessary loss of minerals~ or unusual permanent injury 
to said mining unit. Surface lands owned by the state in said mining unit 
are not to be cleared or used for construction or stockpiling purposes unless 
and until the plan for such use has been approved by the commissioner. 
The surface use of said mining unit shall be conducted in such manner 
as to prevent or reduce scarring and erosion of the land and pollution of 
air and water. 

(25) Lessee's obligation for damages. It is understood and agreed that 
in case any interest in the land or minerals covered by this lease is owned 
by anyone other than the state, this lease shall not be construed as author
izing any invasion of or trespass upon such other interest. The lessee is 
obligated to save the state harmless from all damages or losses caused 
directly or indirectly by operations under this lease, ·whether to land, tim
ber, minerals, grO\ving crops. or buildings, or to any person or other prop
erty, including damages suffered by such other O\l.Tier of the surface or 
mineral rights, and the state shall not be liable therefor. 

(26) Lessee to pay all ta'\:es. The lessee covenants and agrees to pay 
when due all taxes, general and specific, personal and real that may .be 
assessed against said mining unit and the improvements made thereon, and 
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the ore materials therein or mined therefrom, and any personal property 
thereon mrned, used or controlled by the lessee. This covenant shall not 
apply to taxes assessed against any part of said mining unit as a result 
of any other lease granted by the state to other parties. The cancellation, 
termination, or expiration of this lease shall not relieve the lessee of the 
obligation to pay taxes assessed during the continuance of the lease, even 
though such taxes may be due or payable after such cancellation, termina-

. tion, or expiration date. 

(27) State lien for unpaid sums due. The state reserves and shall at 
all times have a lien upon all ore mined from said mining unit, all ore 
concentrated therefrom, s~lter returns due the lessee therefor, and all 
improvements made hereunder for any sums not paid when due. 

(28) Lessee's right to terminate lease. The lessee may at any time deliver 
to the commissioner \vritten notice of intention to terminate this lease, and 
this lease shall tem1inate sixty ( 60) days after such delivery unless such 
notice is revoked by the lessee by further \Hitten notice delivered to the 
commissioner before the expiration of said sixty (60) days. On December 
thirty-first (31st) follmving the tenth anniversary date of this lease, and on 
any succeeding December thirty-first (3 lst), the lessee may surrender its 
rights and privileges herein granted on any governmental descriptions or 
on beds of public \Vaters included in said mining unit, by giving the lessor 
\Vritten notice of its intention so to do at least si..xty (60) days before the 
date of such surrender. All sums due to the state under this lease up to 
the effective date of such termination shall be paid by the lessee. 

(29) Lessor's right to cancel lease upon default. This lease is granted 
upon the express condition that, if any sum O\Ving hereunder by the lessee 
for rental, royalty, or otherwise shall remain unpaid after the time when 
the same became due as herein provided, or if the lessee or any agent or 
servant thereof shall knowingly or \Villfully make any false statement in 
any report, account, or tabulation submitted to the state or to the commis
sioner, or any of his agents pertaining to any matter hereunder, or if the 
les~ee shall fail to perform any of the covenants or conditions herein ex
pressed to be performed by said lessee, the commissioner may cancel this 
lease by mailing or delivering to the lessee shty (60) days' notice there.of 
in writing, specifying such nonpayment or other default as the case may 
be, and this lease shall terminate at the expiration of said sixty (60) days, 
and the lessee and all persons claiming under the lessee shall be \Vholly 
excluded from said mining unit except as hereinafter provided. Such ter
mination shall not relieve the lessee from any liability for payment or other 
liability incurred hereunder. If the default consists of a nonperformance 
of an act required hereunder other than payment of royalty or rental, the 
lessee may perform '\Yithin said period of sixty (60) days and the lease 
shall continue in full force and effect, and if the correction of any such 
default requires more time than sixty ( 60) days after the notice has been 
received by the lessee, the commissioner, upon \Hitten request of the lessee 
and for good cause shovm, may, at his discretion. grant an extension of 
such period of sixty ( 60) days. If the default consists of a nonpayment of 
royalty or rental and the lessee performs within fifteen (15) days from the 
mailing or delivery of notice of cancellation, the lease shall continue in 
full force and effect; and if the lessee performs at any time thereafter \Vithin 
said period of sixty (60) days, the commissioner, at his discretion, may 
continue the lease in full force and effect. 

(30) Rights of lessor and lessee during 180-day period follo~g 
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termination. Upon tem1ination of this lease, whether by expiration of the 
term hereof or by act of either party, the lessee shall have one hundred 
eighty (180) days thereafter in which to remove all equipment, materials, 
railroad tracks, structures and otber property placed or erected by the 
le.ssee upon said mining unit, and any such property not removed within 
·said time shall become the propeny of the state. The lessee shall not remove 
or impair any supports placed in any mine or mines on said mining unit, 
or. any timber or framevwrk necessary to the use or maintenance of shafts 
or other approaches to such mine or mines or tramways within said mining 
unit, all of which shall become the property of the state. During said period 
of one hundred eighty (180) days, the lessee shall, at its own expense, 
properly and adequately fence all pits, level banks, and refill all test pits 
and cave-ins that may be deemed dangerous or are likely to cause damage 
to persons or property, and the lessee shall do all other work \Vhich the 
commissioner deems necessary to leave the premises in a safe and orderly 
condition to protect against injury or damage to persons or property, and 
shall restore the premises as nearly as the commissioner deems practicable 
to the natural conditions of the surrounding area. Subject to the foregoing, 
upon the termination of this lease. v.'hether by expiration of the term hereof 
or othenvise, the lessee shall quietly and peaceably surrender possssion of 
said mining unit to the state. During said period of one hundred eighty (180) 
days, the lessee shall not be relieved of any obligation or liability resulting 
from the occupancy of said mining unit unless the lessee bas wholly vacated 
said mining unit prior to the expiration of said period and has notified the 
commissioner thereof in \Vriting. 

(31) Mining of minerals other than copper, nickel, and associated 
minerals. If any minerals not covered by this lease are found on or in said 
mining. unit. the terms and conditions upon which such minerals may be 
mined or products recovered therefrom shall be as may be agreed upon by 
the lessee and the commissioner and approved by the state executive council. 
ThiS provision does not apply to iron ore and taconite ore that are a part 
of the Bhvabik iron formation. 

(32) Agreements, assignments. 0r contracts. AH assignments, agree
ments, or contracts affecting this lease shall be made in \"\Tiring and signed 
by all parties thereto, \vitnessed by two \Vitnesses, properly acknowledged 
and shall contain the post office addresses of all parties thereto, and when 
so executed shall be presented in quadruplicate to the commissioner for 
record. No such instrument shall be valid until approved in writing by the 
commissioner and approved as to form and execution by the attorney 
general. l'\o assignment or other agreement shall relieve the lessee of any 
obligation or liability imposed by this lease, and all assignees, sublessees, 
and sub-contractors shall also be liable for all obligations or liabilities 
imposed by this lease. 

(33) Lease binding on assignees and successors. The covenants. terms, 
and conditions of this lease shall run with the land and shall extend to and 
bind all assignees and other successors in interest of the lessee. 

(34) Notices. For the purposes of this lease, the addresses of the 
parties shall be as follO\vs, unless changed by \Vritten notice to all parties: 
For the state-Commissioner of ~atural Resources, State of 1Iinnesota, 
Centennial Office Building, Saint Paul, Minnesota 55101; for the lessee-
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(b) [Section 8.] Effective Date. These rules and regulations shall be
come effective upon filing of same in the offices of the secretary of state and 
commissioner of administration in accordance with Minnesota Statutes 
1965, Section 15.0413, and shall remain in full force and effect until 
modified, amended, or revoked. 

(Rule NR 94 was adopted by the Commissioner of Natural Resources and 
approved by the State Executive Council on November 8, 1966, under 
mahority of Minnesota Statutes 1965, Sections 93.08 to 93.12, inclusive, and 
Section 93.25. Rule NR 94 was filed in the office of the Secretary of State on 
November 18, 1966, and in the office of the Commissioner of Administration 
on November 18, 1966.) 
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APPENDIX III 

TOTAL ACCUMULATED COPPER-NICKEL ROYALTY (July 1, 1972) · 

Total 
Fiscal Consolidated Acquired Tax School University Royaltj_es 

Year Conservation Forestrl. Forfeited Trust Fund Trust Fund Received 

1967 $ $2,778.36 $ 48,899.31 $33,1.56.17 $303.26 $ 8.5,137.10 

1968 714.77 14,6.5?.3.5 i2,15L..16 85.80 27,612.08 

1969 65,876.45 4,968.6.5 104,435.22· 60_, 2~8. 89 28.5.2.5 23.5,814.1.i.6 

1970 10,935 .. 07 2,418.53 48' 95 9. 2 0 34,.54.5.62 186.1.5 97' 044 .5'7 

1971 86,788.87 2,072.91 106,510.19 74,08.5.93 184.22 269,642.12 

19'72 33,327.49 650 • .51 · 40' 262. 72 ... 34z644.90 60.00 10822h2.62 

Total $196,927.88 $13,603.73 $363,723.99 $248,835.67 $1,104.68 $824, 195. 95 

DISTRIBUTION OF COPPER-NICKEL ROYALTY* 

'rot el 
Consolidated Acquired Tax School University Royalties 
Conservation Forestry Forfeited Trust Fund Trust Fund Received 

C. C ~ A. F. $ 98,463.94 $ 98 ,:4;63. 94 

County 98,463.94 $ 6,801.81> $290, 979.19 396,2h5.00 

General Revenue· 6' 801. 86. 72,74h.8o 7 9' .546. 66 
Trust Funds 248,83.5.67 l,lOu .. 68 249.,.940. 35' 

Total $824,195.9) 



Fiscal 
Year Beltrami --
1969 $ 

1970 

1971 

1972 16,361.93 

Total $16,361.93 

ACCUMTJLATED COPPER-NICKEL ROYALTY 

CONSOLIDATED CONS~RV.A TION LA ND 

(July 1, 1972) 

K~och:i.ching: Lake of the Woods 

$55·, 268 .. 7 9 $10,607.66 

'9,572 .. 03 1,363.04 

23' 708. 92 63' 07 9. 95 

J0,000 .. 04 13,16.5.5'2 

$91, 549. 7 8 $88,216.17 

Roseau 

$ 

800eOO 

$800.00 

Total 

$ 65,876.45 

10J935.07 

86,788.87 

33,327.49 

$196,927.88 

DISTRUBUTION OF CONSOLIDATED CONSERVATION LAND ROYALTIES* 

Beltrami Koochiching Lake o~ the Woods Roseau Total 

C.C.A.F.$ 8,180.96 $45,774 .. 89 $44,108.08 $400.00 $ 98,463.94 

County a,180.97 _hS,774.89 44,108.09 400.00 98,463.94 

*SO% to the Consolidated Conservation Area Fund 

50% to the Counties 



· ACCUMULATED COPPER-NICKEL ROYALTY 

Fiscal 
Year 

1967 

1968 

1969 

19"/ 0 

1971 

1972 

Total 

Itasca 

$ 

37.70 

15.13 

249.61 

81.45 

$383.89 

ACQUIRED FORESTRY LAND 
(July 1, 1972) 

Kooch:i.ching 

$ 

3,080.95 

514.95 

1,745.JO 

569.06 

$5,910.26 

St. Louis 

$2,778.36 

714.77 

1,850.00 

1,888.45 

78.00 

$7,309 . .58 

DISTRIBUTION OF ACQUIRED FORESTRY LAND 

Itasca Koochichin~ St. Louis 

County $191. 95 $2' 955 .13 $3,654.79 
General 
!-levenue 191. 94 2,955.13 3,654.79 

*50% to the County 

SO% to General Revenue 

Total 

$ 2,778.36 

714.77 

4,968.65 

2,418 • .53 

2,072.91 

650.51 

$13,603.73 

ROYALTY* 

Total 

$ 6,801.87 

6,801.86 



ACCUMULATED COPP:E:R-NICKEL ROYALTY 
' 

TAX FORFEITED LAND 

(.July 1, 1972) 

1-"isca:i. 
Year Beltrami Cook Itasca ~oochiching_ LAke St. Louis Total --

' .·> 

,1967 $ $ 378.62 $ $ $ 97 L.. s 3 $ 47,.546.16 $ 48,,899.31 

1968 94.11 484 . .52 14,078.72 14,657.35 

1969 376.58 13,798.24 11,168.42 898.02 78,193.96 104,435.22 

1970 329 .so 3,318.44 2' 07 8. 4.5 464.48 h2,?68.33 48,959.20 

1971 3.5,107.52 11,130.23 726.88 59,545.56 106,510.19 

1972 11,172.18 7 ,437 .63 .1,719.07 lzl3S.75 _1:8,798.09 40J262.J.2 

Total $11,172.18 $1,178.81 $59,661.83 $26,096.17 $4,684.18 $260,930.82 $363,723.99 

DISTRIBUTION OF TAX F'ORFEITED LA ND ROYALTY* 

Beltrami Cook Itasca ~oochiching Lake St. Louis Total 

County $ 8,937.74 $ 943.05 $47,729.46 $20,876.94 $3,747.34 $208,744.66 $290,979.19 

General Revenue ·2,234.44 2JS.76 11,932.37 s,219.23 936.84 s2,1a6.16 12,744.ao 

*80% to tho Counties (3/9 - Counties; 2/9 - Town Village or City; 4/9 - School District) 

20% to General Revenue 





Mine Health and Safetv 

Historically, mining has been one of man's most hazardous 
I 

occupations. While explosions, fire and cave-ins have been most 

spectacular, it is the day-to-day accidents which have taken 

a greater toll in life and limb. Stories of silicosis, lead 

poisoning and mercury poisoning among miners make dramatic reading 

and point to the incidious nature of occupational disease. The 

cost in money, lives and human well-being cr.eated ·by occupational 

disease among miners may well exceed that of accidentse Black 

lung among soft coal miners currently illustrates the prospective . 
cost of disability and compensation when control of a health 

hazard is neglected or ignored. 

In Minnesota, granite is processed for monuments and buildin.;r 

_stone, quartzite is quarried for grinding pebbles and tube mill 

linings, clay is used for brick and tile, pure silica sand is 

used for glass production and other pu~oses, sand and gravel are 

quarried extensively for construction work and the extensive peat 

resources wait for a market. However, mining in Minnesota general2.y 

has meant iron mining. Geological .and technological advances have 

aided man in providing the State's iron mining industry in 

developing an enviable health and safety program for mines. 

Geological techniques have provided iron ore bodies of direct-ship?~ng 

·grade with a low silica content, limiting the ravages of silicosis 

associated with many other metal mining operations. Technological 

/ advances exemplified by the diesel-powered truck, made it feasible 

to convert from underground mining to the much less hazarcous open

pi t mining. The mining and processing of taconite, with its high 

free silica content, pose a potentially serious silicosis hazard, 

but this hazard should be circumscribed by the engineering and 

medical control programs adopted by the industry. 

Potential Problems of a Base Metal Ninina Industry 

It is highly probably that the mi~ing of copper-nickel ores 

in Minnesota will be underground operations. The following table 

of l.-1ork injury rates for 1967 indicates the greater freque..ncy and 

severity of injuries where underground work is dominant (i.e., coal, 

gold-silver, lead-zinc, and uranium). The iron mining data 

reflect the Ninnesota experience. 



Industry 

-_ Coal mini:ng and. :pre para ti on 

Metal r.rl.ning and r.Ulling 

·· Copper 

Gold-Silver 

Iron 

Lead-Zinc 

Uranium 

Hiscellaneous metals 

nonmetals cining and milling 

Primary metals industries 

Table 1 

Blast furnaces, steel works, basic steel ITOiucts 

Non-ferrous pri~ary sr:elting and. rc:fininG 

Prinary smelting and. re1"'ining - cop1}3r 

Pri~ary snelting and refining - zinc 

Pri8ary prod.uction - altu::inu..~ 

}~u£acturing Q All 

~-Frequency rate = injuries per ;:-dllion :r:anhours worked 
~-*Severity rate = days lost per cillion rr.a.nhours worked. 

Injury 
Frequency 

Rates* 

41.2 

22.8 

17.9 
36.3 

' 13~7 

49.3 
35,1 
17.2. 

22.2. 

15.l 
5.4 
9.2 

lJ.5 
16,0 

4.6 
14.0 

Injury 
Severity 

7,0!.n 
4,041 
4,123 
8r881 

2,089 

7,052 
4,625 
3,257 
2.361 

1,037 
821 

i.057 
1,219 

I 

2,493 
462 
709 



The 1970 Annual Report of the Secretary of Interior on the Administration 

of the Federal Metal and Nonmetallic Mine Safety Act reveals that the nonfatal 

injury-frequency rates for underground mines has been twice as high as that 

for surface mines (coal mines excluded) for the past 20 years and that rate for 

fatal injuries has been more than twice as great in the underground mines. 

Underground mines have many of the safety hazards encountered in manufacturing 

or construction but, in addition, have special problems ,,·i th falls of ma~erial 

from roofs or walls, narrow haulageways, special machinery, gas hazards, use 

of explosives and electrical hazards. Recently, mandatory regulations have 

been adopted by the U. S. Bureau of Mines under authority granted by the Metal 

and Nonmetallic Mine Safety Act of 1966. 

Underground mining poses some natural health hazards. The elevated temper-

· atures in mines in some parts of the world are not expected in Minnesota mines. 

The mines of Michigan seldom exceed so°F .. In the wintertime it is only neces

sary to raise the temperature of the incoming air to prevent freezing of water 

lines. Generally the ventilation air soon reaches the temperature of the 

. surro~~ding rock. Rock temperatures tend to increase 7 or 8°F for every 1,000 

feet of increased depth. Humidity can b~ a problem in the summer months when 

the outside temperatures and humidity are high. In some cases fogging will occur, 

cooling of men by evaporation of sweat is minimized, and mold growth can develop. 

Low oxygen content in mine air is an ever-present potential hazard and requires 

constant vigilance especially in older, inactive parts of a mine. Methane is 

probably the most common gas naturally present in mines. It is not toxic up 

to the level where it will explode, but it is extremely dangerous as· an explosive 

gas. It is known to occur in hard rock mines (not as often as in coal mines) 

from natural rock strata and from old timbers or other organic debris. Hydrogen 

sulfide gas is flammable and highly toxic. Its presence should be suspected in 

the Minnesota operations since the metals to be mined are likely to be in the 

form of sulfides. Radioactivity is not expected in Minnesota mines but its 

absence should be confirmed. 



Heal th hazards from· work processes and p·rocedures arise f rorn 

the use of explosives (toxic gases), operation of internal

cornbustion engines(primarily di~sel engines), production of dust, 

the dispersion of oil vapors and mis~s, application of foaming 

materials for sealing surfaces, and the creation of noise. Mining, 

like any other industry, constaJ1tly a;}plies new technology to 

· increase production, a:.1d with these changes come changes in hazards 

to the workers, sometimes lessening them rand sometimes increasing 

them. 

Control of heal th .. hazards depends upon the recognition that 

a potential hazard exists. Attention must J:?e given·.~o the use 

of the least hazardous material or method possible, protective 

clothing and respiratory protective devices. Ln underground r-nines 

major reliance must be placed on ventilation for control 0£ airborne 

contaminants, both ger1eral and local ventilation, and on the use 

of water to control dust. Then, the key to successful control 

is monitoring of the work area at suitable· intervals to assume 

that safe conditions exist or to initiate remedial action~ 

Health and sa:fet~{ hazards extend to surface operations, 

transportation, beneficiation or processing plants and to the 

satellite industries that support the basic mining operationse 

Existina Authority to Regulate. Influence and/or Guide Action 

The State Mine Inspectors 1 Act (HS 180) authorizes the appointment 

of, and defines the duties and standards of, county mine inspector,s. 

The Department of Labor and Industry has broad responsibility £or 

health and safety in all places 0£ ehlployment. The Department of 

Health has broad responsibility for t~e health of all people in 

the State with some specific responsibi~ity for the investigation 

and control of occupational disease. The Bureau of Mines of the 

u. s. Department of Interior had investigative and advisory 

responsibilities £or mini~g and mineral industries prior to 1966, 

but with the passage of the Metals and Nonmetallic Mine Safety Act 

of 1966 has both advisory and mandatory regulatory authority. 

The Act encourages states to coordinate their mine health and 



safety efforts \·Ji th those of the Peder al governnent and provides 

for financial assista.1ce to state prograr.is. The passage of the 

Occupational Safety a.i.1d Heal -th Act 0£ 1970 gives to the U. Se 

·Department 0£ Labor broad powers over the hazards of the workplace, 

:but its jurisdictional respon.si.biliti.es regarding mining an.d the 

mineral industries are not sharply defined. There are indications 

that the two Federal programs will at least be \·1ell coordinated 

i£ not integrated and the regulations adopted by eitper agency 

will be compatible with the other. The Occupational Safety and 

Health Act of 1970 also gives the u. s. Department of Health, 

Education, and Welfare responsibilit~/ for the investigation of 

health hazards in the workplace and for the establishment of 

criteria for occupational heal th standards. Criteria. and standards 

contained therein could be Qade applicable in part to the mining 

industry. This latter act also encourages states to develop 

effective occµpational safety and heal th prograus and provides for 

financial assista."1ce to state prograils v1hich cover identical issues 

included within the Federal Occupational Sa£ ety a.i"!d Heal th Act. 

The safety hazards of mining in northern Minnesota and in 

the Lake Superior district have been reduced substantiall~/ ove!..~ 

the past 25 years as measured by injury frequency and severity 

statistics. A goodly part of this reduction must be attributed 

If 

to safety departments 0£ the mining companies which, in some cases, 

are backed up by more sophisticated safety and health organizatio~s 

at their corporate headquarters. A part of the apparent improvement 

also reflects the changing nature of mining and processing operations 

and perhaps to such factors as the generally improved educational 

level of the miners and workers and the greater attention given by 

organized labor to heal th and safety matters. A new base metal 

mining and processing industry is likely, however, to reverse 

the trend of injury statistics especially during the mine development 

and early operational periods. 



Possible Inadecuacies to Deal with Mine Health and sa.fetz 

Hhile an injury frequency rate of 13 .,7 may be the envy of 

other mining industries, it still means that one man in 30 can be 

expected to lose time for injury each ye?r,.. If current statistics 

regarding underground mining remain somev1hat static, then one can 

expect one man in 10 to be injured on the job each year. This 

heal th and safety level wouJ.d be considered unacceptable in 

Minnesota and obviously Congress has judged that injury rates such 

- as these are ·unacceptable as indicated by the passage of the Metal 

and Nolli"Ttetallic Hine Safety Act and the Occupational Safety and 

Health Act. 

A few states have excellent occup~tional safety and occupational 

health programs (relatively speaking)" A few states do not have 

any programs for occupational safety or health. Most states, 

inc"luding l·'linnesota, have marginal programs... The Federal governme!1~ 

also has had a marginal program regard2-i1g the hazards of the workpl2ce o 

While programs lD~e Minnesota's may well have been a partial 

reason for congressional action, Minnesota does have the nucleus 

for an effective program. During the past y2ar ar1 Occupational 

S_afety and Health Project within the State Planning AcJency has 

developed an Occupational Safety and Health Plan for the State 

of Minnesota that should, in time, meet the criteria of effectiveness 

proposed by the u. s. Department of Labor and should qualify for 

Federal funding on a one-for-one basis. Under the plan primary 

responsibility for administration an9 enforcement of the State 

program will be vested in the Deparhnent of Labor and Industry. 

The Deparinnent_of Health "shall provide such services and informatio:-i 

as are reasonably appropriate to effectuate the provision and 

policies of this program" and will continue its concern with 

occupational disease hazards. The proposed program \vith its ties 

to the U. s. Department of Labor excludes those employees co·vered 

by the Federal Metal and Nonmetallic Hine Safety Act for reasons 

of Federal jurisdiction. This exclusion includes the.actual mining 

and quarrying operations in the State and also certain initial 

processing steps. It also excludes railroad workers and longshoring 

operations. 



Anticipating a prospective base metal mining complex in 

Minnesota, the State should be prepared to• assume its jursidictiona2-

responsibility for tl1e occupational safety and health of all \·JOrkers 

in the St2te and specific2lly should investigate the conditions 

·for becoming an agreernent state under provisions contained in 

the Federal Metal and Nonmetallic Mine Safety Act. Since the 

proposed Minnesota Occupational Safety and Heal th Plan is a develop=-=--~~ta. 

plan, responsibility £or mine safety could and should be added 

as a developmental step. The timing and requirements of such 

addition should be dependent·upon the findings and recommendations 

of a study project similar to the Occupational Safety and Health 

Project which operated within the State Planning Agency. 





. SEVERED MINERALS 

At Present the 

Chapter is incompiete. 

It will, however, 

· be handed out and 

discussed at the 

WEDNESDAY MEETING!! 
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