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INTRODUCTION 

The purpose of this study is to present in one concise volume, the e-qvironmental 
problems which have been created as a result of the minin~ industries which have 
operated on 'the Minnesota Iron Ranges during the past 80 years and some considera­
tions on how theae problems can be minimized. It is also meant to be used as an 
approach to the future metallic mining activities which may occur within Minnesota, 
such as co;ppe r,.,,nick~l. 

The 6Wdy is three-fold. First, .to present the oJ:>tainaJ:>le facts, on what envirpnm~ntal 
haiards have been creat.ed as a result of the extra,ction and beneficiation of metalli~ 
m-'nerals; ~econdly, to p:vesent a series of reclamation methods, uses, evaluations 
and recommendati.011~ 011 how· the proJ:>lems of reclamation are being met and; thirdly 
ta suggest a set of generalized land use recommendGt,tions @n how the reclaimed 
land might J:>e used in the highest and most 'beneficial way~ 

Th@ first segment of the report deals primarily with an outline of preliminary 
soals and policies which the consultant feels are fundamtmtal in any reclamation 
effort. These roa,y include existing as well as proposed metallic mineral mining 
or beneficiation reclamation effortso 

Segment two deals with the various environmental and social problems that have 
resulted from past mining acitivity. A discussion is presented on each area such 
as overburden stockpiles, open pits, derelict structures, etc. Each is discussed 
with relation to the environmental problems created as well as the public safety 
hazards evidenced. · 

TP.e third section deals with the reclamation methods in general, demonstra ti.on 
projects which have been carried out or are in process and a general evaluation 
and recommendations on how the existing met;tllic mining lands can be restored 
to an acceptable state. 

Section four of the report makes specific recommendations on liow each subse­
quent post-mining landform could be utilized to a bett.er degree. Examples of 
land use types are discussed and graphically portrayed. (Please see map II , page 33). 
For each landform, recommendations have been carefully and objectively con­
sidered with the surrounding land use patterns in mind. 

For the cont.ext of this report, "reclamation" shall mean to restore or reclaim a 
metallic mining site to a useful condition. Once reclaimed under this definition, 
the resultant landscape will be suitable for use as a natural area, or capable of 
being utilized for residential, recreational, commercial or industrial purposes. 
Development of future uses beyond that of natural, vegetation shall be held respon­
sible by those using the land and not necessarily by those who reclaim the land. 

GOALS AND POLICIES 

The need to establish rules and regulations for the metallic mining industry is 
an area which has had a tremendous amount of controversy. The Department of 
Natural Resources is now in the process of formulating a set of reclamation rules 
and regulations that both the mining ~ompanies and the State of Minnesota will be 
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able to follow during the extraction of metallic minerals. For the purposes of 
this report on Minnesota Mineland Reclamation, the consultant felt it necessary 
to formulate a set of goals and policies. These would achieve a balance between 
the future rules and regulations of active and future mining and the inactive 
mining sites, of which there are a good number. 

These goals and policies are quite broad in nature. However, their intent is not 
to be strictly adhered to but rather to be referred to when reclamation plans are 
presented on .either abandoned, existing or future mining sites. 

Goals 

1. To minimize the impact on the environment by: 

a) preventing erosion; 

b) avoiding air, water and visual pollution; 

c) ree~tablishing vegetation, improving drainage, and landform 
contouring; and 

d) requiring cleanup of debris of all types at inactive mining sites. 

2. To achieve objectives of state and local comprehensive land use plans by: 

a) providing for preplanned utilization of lands and waters upon the 
completion of mining activities; 

b) providing for access to reservoirs and adjacent lands, after mining; and 

c) reducing conflicts betwee1' mining and non-mining areas. 

3. To a void public health and safety problems by: 

Policies 

a) promoting practices in the interest of the general welfare; and 

b) reducing potential hazards to public health and safety during and 
following mining activities . 

1. Reclamation methodology must be based on present and future land use 
potential of the site being mined. Restoration plans shall be in confor­
:inHy with any state and local comprehensive plans and must be followed 
with as much vigor as the mining operation itself. 

2. Even where specific post-mining land use is undetermined, soil 
stabilization and the establishment of natural biologic succession shall 
be achieved at all reclaimed sites . 

3. The temptation must be avoided to provide mere superficial treatment 
rather than permanent land renewal. that deals comprehensively with 
environmental quality and future land utilization. 
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4. The reclamation program must give recognition to the responsibilities 
of mineland owners and· operators as well as governmental agencies 
and planning authorities in the long-term rehabilitation of mined areas. 

DEFINITION OF PROBLEMS 

There are a number of problems which have arisen as a result of the mining 
activities throughout the Iron Ranges, some of which may be extremely hazardous 
to the enviro~ment as well as to people, if not rectified within the near future. 

In the following paragraphs, some of the better known problems resulting from 
the mining activities in Northeastern Minnesota will be discussed. No attempt 
has been made to single out all examples falling into one or more of these defini­
tions, as the purpose of this section is to define the overall problem and not pin­
point specific examples. 

In each instance, the problem is defined by identifying the harmful effects, 
physically, aesthetically and socially, which have been produced by the techniques 
used by the mining companies in Northern Minnesota. 

Fig. 1 One of the many open pit 
iron ore mines in Northern 
Minnesota's Iron Ranges. 
Depths may exceed 300 feet. 
Lack of adequate safety 
measures near community 
edges have resulted in serious 
accidents. 
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Stockpiles 

Overburden stockpiles are created when topsoils and surface materials are 
removed from the orebody. These unmarketable materials generally are 
stockpiled near the open pit operation and gradually built up into large landscape 
features. Individual overburden stockpiles may cover areas of one or more 
square miles and reach heights of several hundred feet. The size of the stock­
piles, however, directly relates to the size and rate of the operation and any 
one open pit operation may operate several stockpiles at one time, depending 
on various fa.ctors . 

The existing overburden stockpiles create a number of reclamation problems 
because of their shape, height and consistency, however, future deposition of 
these materials represents the least of our reclamation problems. 

One of the most obvious problems of the overburden stockpiles is the soil 
characteristics. Because the good topsoils are absent or buried far below, the 
larger the site becomes, the less desirable the soils on the top. These sterile 
leached out surface soils make it extremely hard for grass or tree covers to 
germinate and mature on these sites . The result is generally barren features 
with little or no natural vegetation to improve the stark appearance. This 
condition remains until sparce vegetation naturally seeds itself and becomes 
established. 

Because of a lack of ground cover, the erosion problems become very evident 
on many of the overburden stockpiles. During periods of heavy rains, the run­
off causes a large amount of material to erode away from the stockpiles and 
often end up in nearby lakes and streams. The heavy rains and subsequent 
runoff can also cause vast areas of slumping to occur on the sides of overburden 
stockpiles. Literally tons of materials may slide down the sides. of overburden 
stockpiles and cover large areas of adjoining property, and may even alter the 
drainage patterns of streams or rivers. 

Fig. 2 
Example of over­
burden stockpile 
located adjacent 
to a major U. S. 
highway route. 
Note lack of vege -
tation and erosion. 
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Erosion is also caused by the wind during dry seasons. With little or no 
ground cover, severe dust problems may occur, especially on active dump areas. 

From an aesthetic viewpoint, these numerous overburden stockpiles appear 
rather naked and unnatural in their forested surroundings. This appears 
even more pronounced where the stockpiles occur within communities or along 
major transportation routes. They appear out of place because of their steep 
slopes, flat tops and often, the lack of vegetation. 

Another aesthetic problem is created when mining companies dump overburden 
very near communities or major transportation routes with no screening 
between the stockpiles and the community or highway. 

The lack of protective measures on mine stockpile areas can be a safety problem. 
Jn many instances, roads are left intact and no barriers or effective controls are 
placed -around overburden stockpiles. This may present dangerous situations when 
people drive or walk around the many steep-sloped overburden stockpiles. 

Very little has been done in the way of reclaiming or reusing overburden stockpile 
areas. Lack of stable soils, limited vegetation, and erosion are problems which 
need immediate attention to insure a safe and more presentable environment. 

Open Pits 

Open pit mines present a more serious problem to solve than 1he overburden 
stockpiles. The open pits are created as the overburden and ores are removed. 
Pits may cover several square miles and depths may exceed several hundred feet. 

Problems relating to open pit areas are much harder to solve because of the 
size and shape of the pits themselves. The steep pit slopes present a very hazardous 
situation as well as an environmental concern. People approaching them care­
lessly to peer over the edge or even people who are unaware of their presence, 
could easily drop off a sheer cliff many hundreds of feet deep. Most open pits 
have wire fencing placed around the perimeter to discourage people from venturing 
too close. Over the years, however, it has been realized that these fences do not 
keep people out. Many examples have been cited where the fences have been cut or· 
stolen, and access to the open pit edges is generally obtainable . A!round working 
open pits the fences are maintained much better than around inactive pits; however, 
there is still the problem of people not knowing exactly where the edges are. 

Inactive open pits are sometimes a problem because of the road networks which 
are usually left intact. These mining roads are usually found within the site and 
around the edges of an open pit winding downward. They become inviting for 
access by bicycles, IU>tor· bikes, autos and snowmobiles. Earthern barriers, which 
are often deposited on mining roads to prevent access, generally do not discourage 
vehicles other than autos. 
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Fig. 3 

No longer used open 
pit operation. Water 
has accumulated and 
banks are non -vegetated. 
The fence has been 
pushed over making 
access easy to anyone 
wishing to trespass. 

Bank erosion occurs at nearly all of the open pit areas because of the steep sides. 
During times of heavy rains, large sections of topsoil and tree cover may break 
off and slide down into the open pit. Sometimes this occurs in such a way that 
even the safety fences are missing because of erosion of the open pit edges. 

Water accumulation in abandoned open pit mines can be a problem. Immediately 
after mining operations cease, and the water pumping is stopped, the open pits 
begin filling with water. The rate is, of course, dependent on seepage, the number 
of springs in the mine, and the amount of runoff entering the pit. Generally, 
however, they fill to depths of hundreds of feet in a matter of several years. 
People of all ages have also been seen swimming and fishing in the filled open pits 
and the dangers here may be fatal, due to the rapid drop-offs and steep-sloped 
edges. If a swimmer were to get into trouble or a boat overturned, the consequences 
could be disastrous. Drownings in water filled pits have occurred over the years. 

While water quality problems in existing open pit mines are not now apparent, it 
may be that the water quality in these open pits may deteriorate or change in the 
future. Close attention in the form of water quality sampling should be a consid­
eration in all existing and future mining operations including all future nonferrous 
mining operations . 

Lean Ore Stockpiles 

Lean ore stockpiles or save rock consist of large dump-like piles of ore and rock 
that had insufficient commercial value at the time of active mining. The material 
is generally sorted as to size or grade and stockpiled for possible use at a future 
time . For many stockpiles, that time seems to be approaching, as there is an 
increasing need for the sized material by contractors and builders who are using 
the rock as aggregate and fill. Information regarding reserves and use rates of 
lean ore should be more accurately compiled and more widely circulated. 
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These lean ore stockpiles appear rather out of place and unattractive if not 
properly contoured and shaped. 

The lean ore stockpiles may also pose a problem when erosion occurs and the 
material is deposited in nearby lakes and streams. When deposited from certain 
natural ore operations, they cause streams and portions of lakes to turn a deep 
red. While tbe red water phenomena may not pose a chemical pollution problem. 
their deposition is certainly an area that requires attention. 

Fig. 4 

Many open pi ts, 
overburden and 
derelict struc­
tures are open to 
trespass as evi­
denced here by 
youngsters climb­
ing a low barrier 
in order to ride 
their bikes on the 
rim of an open pit. 

Tailings 

Tailings ponds are created when metallic ores are processed by a number of 
different methods. The result, after processing, is a slurry consisting of ground 
rock, which ranges in size from 3 / 4 of an inch to a dust like material as fine as 
face powder., suspended in water. The material is pumped into large diked areas. 
which, in the case of a large taconite operation ~ay cover several square miles. 
These diked areas present a number of environmental problems due to the nature 
of the material contained within them. 

As the material dries out in the tailings basins, high winds can carry the fine dust 
for miles , affecting vegetation and communit'ies. It has been reported that the wind­
blown dust has adhered to surfaces and acted as a sandblasting agent, wearing the 
paint from homes and autos and stripping the vegetation from the surrounding forest 
cover. 
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Within the diked tailings areas, it has also been very difficult to get plant materials 
to grow, and because any uncut forest cover died off when the material was pumped 
in, they appear for many years as barren waste lands or "deserts". 

There have also been instances where the dikes have broken and the tailings materials 
have escaped into the nearby streams and lakes. 

The tailings ponds may also alter the drainage pattern of an area by rerouting the 
course of streams as well as natural runoff. The probability of that happening 
today is much less , as newer tailings areas are better planned than the older, now 
abandoned, tailings areas. The engineers did not always take runoff and stream 
course into consideration in planning the older ponds. 

Test Pits 

The test pits of the Range area are those which were dug to test the potential 
of an orebody and to determine whether or not a full scale open pit should be 
established. They may range from approximately ten feet in diameter to several 
acres and the depths may var y from a few feet to over 100 feet. 

The main problem with test pits is the lack of knowledge about their locations 
and conditions . A good many of these test pits were dug and later covered over 
with boards and timbe r s, and in some cases were posted and fenced. In a matter 
of years, these timber s and boards rotted away and the fences disappeared. 
People walking through the area could easily fall into one of these partially water­
filled test pits . Today, test pitting of this sort is not commonly practiced in 
Minnesota, However , many test pits are still located throughout the mining districts 
of Northern Minnesota. 

Derelict Structures 

The subject of derelict structures and leftover mining materials is gradually being 
solved due to the high cost of scrap metal. At one time, there were a number of 
mining sites which contained abandoned structures and buildings. The most common 
were shop buildings, loading platforms, crushing machinery and abandoned rail-
road sidings. Within the last few years, a good many of these sites have been fairly 
well cleaned up. However , there still remain a number of sites which need additional 
work if restoration to their original condition is to be the accepted policy. 

The problems related to these de r elict structures are centered around the ease 
of trespass and subsequent dangers to people. There are a number of areas where 
stairways can be climbed to old loading platforms and other structures of great 
heights. Jagged pieces of metal and glass litter the grounds of many closed mining 
sites, and with many of these sites located near communities, the attraction for 
exploration by youngsters is r eal and dangerous. 

The aesthetic viewpoint is another area worthy of mention. Whenever these 
derelict structures and buildings are within. close proximity to communities and 
highways, their appearance does little to enhance the surrounding landscape, and 
they often detract from the wilderness character of much of the Range. 
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Fig. 5 

Abandoned struc­
tures such as these 
can still be found 
on the Iron Ranges. 
Jagged metal and 
dangerous stair­
ways are extre­
mely hazardous . 

In some cases, · these structures and the surrounding area may be considered 
historically significant and where possible, could be preserved as historic sites. 

]J_nde rground Mines 

A problem which is more isolated and not as evident is that of underground mines 
and the actual potential hazardous conditions left behind. Once the underground 
operation ceases. The shaft area is us.ually sealed off and the above ground 
structures removed. The mine workings off the shafts and drifts below, however, 
begin to deteriorate and gradually subsidence occurs in many of the areas that 
were mined in this manner. Large acreages of ground have begun to cave in because 
of this subsidence, and damage to surrounding structures is sometimes evident. 

Future underground mining may pose subsidence problems of a different nature 
than that experienced with underground iron ore mining. 

Summary 

It should be stressed that these problems occur throughout the three Iron Ranges 
and are not limited to small localized areas. Ne·arly every inactive open pit 
operation has at least some and many times all of the problems mentioned in 
the preceding pages. 

The mining companies are doing a better job today in preventing problems such 
as those discussed. Under existing state law, those counties having 5 or more 
active mines are required to have a county mine inspection system. The county 
mine inspectors are responsible for the safety of the mine workers as well as the 
general public. The implementatio:ri:. of the county mine inspection system has 
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reduced a number of the safety problems discussed above. 

METHODS OF RECLAMATION 

Mineland reclamation problems can and should be solved in a manner which 
will require a minimum of maintenance. "Permanent" solutions may cost more 
initially but the projected long term cost will be substantially lower. 

The purpose .of this section is to explore some general approaches to and methods of 
reclamation which have been used,in the past, and to suggest ways in which these 
methods may be modified to achieve greater success and permanence. While 
remarks are confined to "revegetation", similar techniques may be applied to other 
reclamation processes. In direct relationship to mine reclamation procedures 
in the past, many times the method used was to effect the simplest, quickest, and 
least expensive solution. Today, with a new awareness for the environment and the 
need for permanent solutions to the post mining landscape, many reclamation 
procedures need to be improved that will assure a permanent solution to reclamation 
problems. 

Given a 11umber of years, nature would heat many of the scars left by mining opera -
tions. Through trail and error, natural selection dictates which plant species will 
survive and flourish. These same lenghty natural processes could easily be speeded 
up if the naturally selected successful plant species were noted by those respon­
sible for rec!riming a post mining site. In this way, only those successful species 
would be used and the entire reclamation process would take far less time than 
natures method of revegetation. 

The major elements necessary to the support of vegetation in a given latitude 
include : 

1. Soil suitability 

2. Stability of slopes 

3. Slope orientation and angle 

4. Moisture conditions 

5. Appropriate plant materials 

By reacting to and correcting any of the first four elements in the search for 
adequate growth of vegetation, land reclaimers have fertilized, added humus and changed 
the pH of the soil. Slopes have been altered in an attempt to prevent erosion, wind­
breaks have been erected and drainage patterns have been altered. Each of these 
approaches were a reaction to an immediate problem, i.e. , water or air pollution, 
cosmetic treatment, etc. A lack of permanence has been the result of these fast 
and easy solutions. 

One solution may very well lie in the fifth major element, namely, appropriate 
plant materials. By providing a wide diversity of seeds and plant materials to a 
given site, the land reclaimer can assure that through natural selection the appro­
priate plant mat.erials will establish themselves for any given micro area. Those 
areas which resist a program of broad spectrum seeding can then be examined for 
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necessary action in one or more of the first four elements to allow a 
reapplication of the broad spectrum· seeding method. 

One of the major objections to such a program is the non-availability of 
certain seed and non-omimental plant material. Establishment of special 
reclamation plant nurseries and methods of economically gathering needed seeds 
may become a necessary part of successful reclamation of mined lands. 

In selection of a planting method, the choice of plants may restrict the use of a 
particular planting method. The method of planting to be used should be the 
one which will giv~ the most satisfactory stand of the .desired species for both 
the present and for the future. Depending upon the physical and chemical properties, 
there are a number of methods which can be used in reclamation projects. 

One of the oldest known methods of seeding is broadcasting. Broadcasting involves 
a hand seeder mounted on a shoulder harness . The area to be seeded is walked by 
one or more persons carrying these devices. The result is a thin mixture of 
grass or other plant materials spread evenly throughout the parcel. 

Hydroseeding is another method which has seen wide spread use in the revegetation 
of tailings basins and overburden dumps . Grasses, other seeds, fertilizers and 
mulch are combined in a water solution to form a slurry and pumped through a 
hose from a truck-mounted tank . Depending upon the type of hydroseeder nozzle 
used, the area seeded can range from 20 feet to 100 feet in depth, using different 
mixtures of slurry for specific soil conditions . Road access is necessary for hydo­
seeding equipment to carry out its work, thereby restricting its use to accessible 
areas. 

Aerial seeding is also a common practice which scatters dry seed from the air. 
Aerial seeding has been carried out on waste rock areas, clearings, and tailings 
ponds in many areas. The inaccessibility for othex. seeding methods in remote 
areas lends itself to aerial seeding. The seed is usually composed of a mixture 
of grasses, fertilizer and legumes which can be released from a seeder mounted 
on either an airplane or helicopter. 

Seedling planting is a revegetation method whereby planting is done by hand or 
a planting machine. This method utilizes young nursery seedlings which can be spaced 
at desired distances and patterns to provide uniform growth and development of 
the seedlings. Hand planting can be most fully utilized in rocky or rough areas 
where there is sufficient topsoil for the seedling to develop. 

One further mechanical method, not utilized as much as other methods, is the 
furrow seeder. Developed for operating in rough and stony terrain of Northeastern 
United States, the furrow seeder is pulled by a small crawler tractor with two main 
components - - a fireline plow and a beet planter. These components of the seeder 
prepare a fine seed bed and the planter spaces the seed while planting them at a 
uniform depth. The furrow seeder is designed for direct seeding of pines, but can 
also handle certain hardwood species . 

Natural regrowth may be the most advisable method for certain areas which require 
self maintenance and cannot be handled by other methods. Natural regrowth, of course, 
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·has the limitation of time, with the succession of plants being left to chance. 

To gain a better insight into the method of natural plant succession, the following 
section has been prepared. It summarizes what is now known about natural 
succession within the mined lands of Minnesota. 
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NATURAL PLANT SUCCESSION 

Extensive r evegetation is the invariable first step toward controlling the by-products 
of surface mining prior to futur e land utilization. Few publications exist to indi­
cate that the history of experimentation has been well documented or that natural 
succession on mine lands is fully understood. 

Before seeking to select plant materials for future reclamation efforts, some known 
facts about the process of pioneer plant communities that naturally invade spoil 
banks, stockpiles and tailings basins need to be reviewed. Little research appears 
to have been done on the subject of the natural revegetation of evacuated mines and 
wastes . A major exception is research conducted by Gilbert A. Leisman in 19 52 
and 19 53. A paper entitled A Vegetation and Soil Chromosequence on the Mesabi 
Spoil Banks , Minnesota provides several interesting facts. 

Leisman found that invariably, the fi r st invaders of the spoil banks are species of 
herbaceous weed species brought in by wind, birds and animals. After these weedy 
species a r e established, the woody plants are first represented by quaking aspen 
(Populus tremuloides) and balsam poplar (Populus balsamifera). Kentucky bluegrass 
and white sweet clover then advance as ground covers with the weedy species remaining 
mostly in the depressions of banks. After the woody species are well established 
and variations of shade begin to exist, the ground cover types change to species 
such as Timothy. The Populus species usually dominate through approximately 50 
years of plant succession on the spoil banks although pin cherry (Prunus Pennsylvanica) 
is also common. 

Inventory of Herbaceous Plants 

In an effort to learn more about natural succession of plants already established on 
waste areas of the Minnesota Iron Ranges, an inventory was taken by the special 
consultant during the summer of 1971. The detailed investigation included selected 
stockpiles, tailings basins, abandoned plant sites and other former mine units on 
the Mesabi, Vermillion and Cuyuna Ranges. It was discovered that most herbaceous 
(fleshy, non woody) plants growing in waste areas are not ''native" but are 
"naturalized aliens 11

• Most native flowers and weedy species cannot compete with 
the immigrants that almost invariably grow in disturbed soils. 

Many weed types will be pushed out by the vigorous growth of more desirable plants 
if the soil is fertilized. Because they help control erosion, provide organic matter 
and pave the way for invading thickets and woodlands, it is important to learn more 
about all plants that help stabilize banks, rocky ledges and poor soils. 

A total of 62 wildflowers and weedy species were identified by the field study team and. 
they are listed in the following matrix entitled "Selected Herbaceous Plants". In 
addition to the identification , their habitat, locat~on preference and special features 
have been included as well as selected comments for each. 
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SELECTED HERBACEOUS PlANTS (WILDFLOWER & WEED SPECIES} 

IDENTIFIED GROWING ON MINNESOTA MINED LANDS CHART I 

Botanical Name Common Name 

Achillea Millefolium Yarrow 
Ambrosia Artemisiifolia Common Ragweed 
Anaphalis Margaritacea Pearly Everlasting 

Antennaria Neglecta Field Pussytoes 

Antennaria Plantaginifol ia Plantain-Leaved 

Anthemis Cotula 
Aquilegia Canadensis 

Aragis Canadensis 
Aragis Laevigata 
Aragis Lyrata 

Arenaria Serpyllifolia 

Arenaria Stricta 
A 
A 

ster Ericoides 
ster Ptarmicoides 

Aster Umbellatus 

Brassica Hirta 
Brassica Nigra 
Cassia Fasciculata 
Castilleja Coccinea 
Cirsium Altissimum 

irsium Arvense 
irsium Discolor 
lematis Virginiana 
igitaria Sp. 
rige ron Annuus 
ragaria Vesca 

c 
c 
c 
D 
E 
F 
G 
G 
H 
H 

napitalium Macounii 

L 

L 

L 
L 

napitalium Uliginosum 
elianthus Annuus 
ypericum Perforatum 

espedeza Capitata 

inaria Vulgaris 

obelis Cardinaus 
otus Corniculatus 

Pussytoes 
Mayweed 
Columbine 

Sickle pod 
Smooth Rock Cress 
Lyre-Leaved Rock 

Cress 
Thyme-leaved 

sandwort 
Rock sandwort 

-· Heath Aster 
Upland W'hite Aster 
Flat-Topped White 

Aster 
White Mustard 
Black Mustard 
Partridge-Pea 
Indian Paintbrush 
Tall Thistle 
Canada Thistle 
Field Thistle 
Virgin's Bower 
Crab Grass 
Daisy Fleabane 
Wood S tra wbe rry 
Clammy Everlasting 
Low Cudweed 
Commom Sunflower 
Common St. Johns-

wort 
Round-Headed Bush 

Clover 
Butter-and-eggs 

Cardinal-Flower 
Birdfoot Trefoil 

Habitat · 

~ k=,J ~di tn 
~ ~ 

~ e.~ ~ 
Ul . 
M- ' 

x x 
x ~ . 

x x 

x x 

x x 

x x 
x x x 

x x 
x x x x 

x x 

x x 

x: x 
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On Features 
U1 1-:3 . 1-"rj 1-"rj 1-"rj 
M- ~ 0 ...... 

~ 0 I-'• ...... 0 (') ...... I-'• ~ ~ I-'• ~ 
I-'• 
M-

~ a-q ('t) 

~ a-q ('t) "."J 
I-'• Ul ...... 
('t) Comments Ul 

x x Common in open fields 

x x Common in open areas 
x x Collected & Dried for 

Winter Arrang~ 
x x Often Forms Dense 

Mats 
x x x Widespread on Dry 

open slopes 
x x x Covers Waste Ground 

x Found on slopes, 
Rocky Woods 

x x Woods, Moist tailings 
x x x Woods, rocky ledges 
x x 

Rocks and sandy soil 
x x 

Sandy soil, open areas 
x x x Widespread 
x x x Dry open places 
x x x Rocks and Sandy Soil 
x Thickets, Forest 

Edges 
x x x x Fields, Waste Places 
x x x x Fields, Waste Places 
x x x x Dry, Sandy Soils 

x x Open Fields 
x x x Woods, Thickets, Banks 
x x x Widespread 
x x x Fields, Waste Places 

x x x Thickets, Streambanks 
x x x Anything Helps! 
x x Wasteland, Roadsides 
x x Rocky woods , fields 
x x x Dry soil, Clearings 

x x Damp ground, Ditches 
x x Bottomlands, Roadsides 

x x x 
Waste places, Fields 

x x x 
Dry Soils Sandy Fields 

x x x . Throughout Waste 
Places 

x x A favorite wikL:1ower 
x x x All waste places 



Habitat Common Special 
On Features 

~ ~ 
Ul Ul Ul 

~ 
Urj fzj fzj § ~ M--

0 0 0 r-i 

~ I-'• r-i 0 I 
I-'• 

ft ~ r-i I-'• 

~ 00 ~ I-'• 

~ 
I-'• 

M--

~ 
M--

~ {'!) 1-1 
I-'• 00 
r-i 

Bontanical Name Common Name 
{'!) Comments 00 

Melilotus Alba ;white Sweet Clover x ~ x x x x x Roadsides, waste ground 
Melilotus Officinalis Yellow Sweet Clover x ) x x x x x Roadsides, waste groun4 
Oenothera Biennis Common Evening 

Primrose x x x x x Roadsides, Waste grounc 
Parthenium Integrifouum Wild Quinine x x x x x Open fields , fry woods 
Parthenocissus Quinquefolia Virginia Creeper x x x x x x x Birds attracted to fruit 
Pastinaca Sativa Wild Parsnip x x x x x Waste places 
Potentilla Arguta Tall Cinquefoil x x x x x Rocky Soil, dry areas 
Potentilla Canadensis Dwarf Cinquefoil x x x x x Open fields, woods 
Potentilla Simplex Common Cinquebil x x x x x ~ Fields, dry woods 
Raphanus Raphanistrum Wild Radish x x x x x x Waste places 
Rhus Radicans Poison-Ivy x x x x x x Watch Out! 
Rosa Blanda Meadow (smooth)Rose x x x x x x ). x x Most hardy native rose 
Rosa Carolina Pasture Rose x x ·- x x x Dry soil, rocky banks 
Rosa Palustris Swamp Rose x x x x x x For wet or heavy soils 
Rubus Allegheniensis Blackberry x x x x Good wildlife habitat 
Rudbeckia Hi rta Black-Eyed Susan x x x x x x Dry fields & waste areas 
Silene Cucubalus Bladder Campion x x x x x Widespread pioneer plant 
Solanum Nigrum Common Nightshade x x x x x x Waste ·places 
Solidago Altis sima Tall Goldenrod x x x x x x Beautiful but bad 
Solidago Canadensis Canada Goldenrod x x x x x x for hayfever suffers 
Sonchus Oleraceus Common Sow-Thistle x x x x x x x Waste places 
Stellaria Media Common Chickweed x x x x x x x Waste places 
Taraxacum Officinale Common Dandelion x x x x x x x Familar lawn weed. 

anywhere! 
Tragopogon Pra tens is Yellow Goa ts-beard x x x x x x Widespread 
Trifolium Repens White Clover x x x x x Spreads by creeping 

runners 
Verbascum Blattaria Moth Mullein x x x x x Waste places 
Verbascum Thapsus Common Mullein x x x x x x Waste Places 
Viola Papilionacea Common Blue Violet x x x x ~ Damp woods, clearings 

SOURCE: 

Field Investigation by Special Consultant - Sumlll3r, , 1971 ; using A F .. IELD GUIDE to WILD 
FLOWERS .OF NORTH~ASTERN AND NORTHCENTRAL UNITED sfATEs;; By: Roger Tory 
Peterson and Margaret Mc Kenny, Boston 1968. 

15 



POTENTIAL PLANT MATERIALS 

The matrix of potential plant materials lists 95 trees, shrubs and ground-covers 
suitable for mineland locations of the Northern Minnesota Iron Ranges. Features 
of each plant's hardiness, height, form habitat, uses, texture, special features 
and growth are provided as a guide to potential use in reclaiming waste areas and 
for landscape design of former mine lands. Botanical names are given in 
alphabetical order as well as common names and general comments about each plant. 

The plants were selected for their suitability in helping restore drastically disturbed 
surface mine areas, abandoned plant sites and waste disposal stockpiles or tailings 
basins. Many have little or no value as ornamentals for gardens or park areas but 
are important because of certain characteristics considered necessary to rehabil-
itate and restore natural and manmade landscape qualities. Hardiness, growth speed 
and potential revegation success were given prime consideration in making the selection. 

All plants are suitable to the hardiness zones found on the Minnesota ranges and 
three plants are hardy to Zone l located far to the north where the average annual 
minimum temperatures fall below -500 F. Zone 2 plants withstood temperatures 
between -50° to - 35° F. Zone 3 plants are hardy in the temperature range between 
-350 and -200 F. 

The plant selection process includes many native plants as well as hardy plants 
introduced from Siberia, China, Japan and other countries. While a number of these 
plants are now growing in Northern Minnesota, many have not yet been used in 
mineland reclamation efforts . Trial and experimentation by iron ore and taconite 
operators will prove or disprove the worthiness of this preliminary list and aid in 
the development of an official materials selection list for future use. Agencies such 
as the University of Minnesota, U. S. Soil Conservation Service and U.S. Forest 
Service should be consulted and results exchanged with the private mining companies. 
In time, a computerized tape file and printout system should be designed and 
exchanged between all concerned. Such a cataloging system would identify the plants 
tried with data on soils, microclimate conditions, moisture deficiency, fertilizer 
program, and other related information. The overall objective of such a system 
would develop a method for rapid, reliable, systematic cataloging and retrieval of 
information about plant material success in mineland areas. 

In planning for revegetation programs, it is best to follow the procedure of matching 
selected plant growth characteristics to the characteristics of the lands to be -reclaimed. 
The plant materials and comments noted on the following chart become more meaning­
ful when cross referenced and selected using the discussion of typical mined lands 
soils characteristics below. 

Soils characteristics found within overburden stockpiles may vary greatly depending 
on the depth at which the material was removed. Generally, they are glacial drift 
materials which are medium to moderately coarse textured, limy in reaction and 
which have been compacted to a large degree. They are also well drained with 
moderate to high percolation and contain little or no organic matter. Their pH 
factor is generally calcareous to neutral thereby limiting the acceptance by certain 
plant materials without the addition of certain fertilizers or organic material. 
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POTENTIAL PLANT MATERIALS MATRIX 

Ablo1BGloamM 

Aoe r GJ nnala 

Acer NegunOO 

Ace r Ntgrum 

AcorPla tanotdn1 

Acer Rubrum 

Acor Sacohar1num 

Aoer S..cohaNID 

Amorph.a C1neec1N1 

Botula Allegllenletl411 (tut..) 

Bolula Nana 

Botul& Pap)' rllol'll 

Bolula Pondula (Albo) 

Caragana Arbore1oen1 

C1IU1 Ocoldo ntalll 

Cornua A Ibo Blblrl .. 

Cornu1 AltemllO<I& 

Comu1 Canadentl1 

Comu1 Berl - Stololll lon) 

Coronllla V1rl1 

Cre.taogue l!lucculenll 
Frutnwi Amerl oam. 

Fl'11Klnu1 PoMl)'lvant .. L&noeolala 

U..Vuijotlllll 

ol'Wllptl\llC11ma1\11111 

Jun lpol\l1Vtl"(lnlan& 

Ll rl • Deoldu& 
14r1x Ler1ctna 

L11(Uetrum Amuren• 

Ltguo t Nm ObluolloUum llopltonurn 
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Lonloera 'h tu1m 
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P lcea Enge lmann 11 

Pion Olauca 
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Plcea Pungen1 
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CHART II 
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Hardiest of Hawthorn• ~ Xattve 

Rapid Grower 

Var. SwnmH Developed at St1 llwator , Mlnne11ota 

Xteida Motet, AcldSolla 

Many Varletle1 Ranging from 3 Ceat to SO fee t Tall 

Hard.Jost and Moat Popular of the Tree Junipers 

Excellent Fall Color Before Loo1tng Needles 

One of Hard.teat Plants , Beautiful Fa ll Color 

Hardy Hedgo Plant 

Low Growing , Hor1z.onta l Broaching Variety 

Xatlve 

Recommended for He Hardlncu &, Height 

~commended for Ila Ha.rdJnoaet Height 

Moat Hardy Honoyeuckle Vine 

90~10 Varie tl ee Bloom 1 11 Swnmor Long 

Dependahlo and Hnrit• Shruh ~ Many Var1otles 

One of Ha r d.lent Crabapple ; Co lumner Variety 

Developed by Univen lty of MJMeaot.o. 

Natl\·e Crabapple , Mnny Varietles 

Many V11.rletle11 , Som e Columna r and Dwa rf 

Nt\l lve Spruca . Var . ' Den.all.' - Blnck Hills Spruco 

Nath·o Spruce for Wot Solll 

Many VnrloUas Including Blue t. S!h·e"t Colors 

Good fo r Loose , Ory Solb 

Dense foliage, Ver)' Hardy 

Low Dwarf Varie ties; ' Mugho' , 'Comrac t.a' 

Grows W~ll l n Poor Soll a 

Oie o{ Best Plne1 for Ornamenta l Use 

PJturesque nnd ope n. At Leut 25 Va.rie llea 

Fast Gro~1ng Ground-Cover for Poo r SoJls 

Boa t Large-Tree Poplar 

Hybrid of Na rrow Habita t. \YUhstandt Cold Hea t 

Son:.etlmee Cal led Balsam P oplar (P. BalsamHer1) 

Rapid Growe r , Stand.a Drought1 I.: High Temperature 

Hardy Early Invader of Spoil Bl.nka 

Extrumely HudY Nat1 ve , Ca lled "Popple" 

l'iat1vo Fruit Tree Favored for Bloom b Fruit 

Nath·e Ornamental 

Purple Leafed Crou Ue. In South DaJ<ota 

Dark Pee ls Off In Th in Str1ps lJkc Birch 

Dense Shrub, Good Fruit, Li ght , Sandy Ac id Soll. 

One of First 'Nurae' Trees to Appear After Cutting 

Of ton Prostrate, Try aa Ground Cove r 

Hardy Shrub F rom Soutbeutem Europe 

Hardy Shrub [ram China t.c J apan 

Favori te Fru it for P lo1 1 Jame , J el11e1 t.c Wi ne 

Hardy Memt>er of While Oak Group 

Fnato1t Growtng Oak. Exce Uen t Fa ll Color 

Useful for Steri le Soll a and Bankl 

tiprlKht Wtll ow For Molal Soll a , Fas t Growth 

GlotBy Loavee 

Oood Shrub fo r Mol1I Solu, lllpld Orowlh 

Poor Soll Ground Cover. Hard to F ind In Nune r1 ea 

Cruop1ng i\Ia t l lko. 010111)' Leave1. Ve 11' Hardy 

Nath "I 

Ta ller and Moro Colorful th an N1.tivo Mounta in Aah 

Lo.rger, Br lghtu Frui t Than South Ame ricana 

Valued fo r Ber r1 ea . WHl Hol d Boll on Stcop Dank.a 

Hard.Jost of Yow1 , Wlth1tanda Sha.do 

Native wi th Many Vartetlee 

Nntivo Common Jn 1-Unnoaota Woodlanda 

Va luable For Poor Solle . 

Of Va lue For Shaded Arena 

fQst Growing In Moat Sotl a 

Colorful FOllngo o.nd Fruit 

Excellen t for eros1on control Jn hot dry soil s 

SOU nCES: Minnesota , Unive rsity or, Various Agricul tura l Extenalon Bulle ti ns , 
St. Pau l , l960-7l. 

Robinson, Florance De ll. U"c;fu!l Trees 11na Shrubs. Card File or 
!)99 Hardy woody pla nts . Cha mpaign , ll ll nole, 1948. 

W}'mnn, Do1ia ld , .Y!l.m..!!!l's G!rdqnlng Encyc!ooed!a. Now York, 1972. 

Shnibe ;,nd Vlnoe fo r American Gardena . Now Yo r i<, 1911 1. 

TrC'es Fnr American G11rdsno Nnw Ynrk, lfl!i9 
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Soil characteristics of tailings areas are quite variable, however, certain 
characteristics are similar. They ·consist of finely ground rock fragments to 
coarse materials which have been compacted to ·a high degree. Their rate of 
permeability is quite rapid, however~ and the nature of their construction usually 
leaves water standing in a portion of the tailings bas in. The pH factor is variable 
and chemicals that were added druing the ore dressing process may be present 
in the tailings material. 

Lean ore or save rock usually consists of coarse and very coarse textured materials 
which have been removed from the min~ and stockpiled for potential later use. 
Slopes are generally steep, permeability is rapid and organic material is low to 
non-existant. As in tailings, the pH factor varies greatly and more analysis is 
needed in each site before appl~cation of fertilizers or organic materials. 

There are a number of other reclamation alternatives which should be briefly 
discussed in addition to the revegetation of sites. 

During the actaal open pit mining operation, thought should be given to various 
ways of contouring or sloping the pit faces, creating a more desirable slope. In 
this way, it would be far easier to replant the sloped edges of open pit areas and 
the dangerous drop offs and erosion problems would be reduced or even eliminated 
in some instances. 

Substantial new techniques for underground mining operations should also be 
explored to reduce the reclamation problems posed both during and after operation. 
The topic of subsidence has been discussed. However, the problem may be greatly 
enlarged if any new underground operations are initiated. A subsidence .control 
program would keep the problem of sinking ground to a minimum in the future 

· mining districts of Northern Minnesota. One area that has had limited study and 
testing, has been in the area of overburden reshaping. More effective methods 
of overburden shaping should be explored to reduce the problems of revegetation, 
slumping, and related post mining reclamation problems.' 

In summation, reclamation techniques and methods have been given much more 
attention in the past decade than ever. New processes and planting methods have 
been developed that will greatly reduce the existing and anticipated reclamation 
problems. 

It should be stressed that the final outcome of all reclamation efforts should be 
toward that of creating environmentally suitable landforms, consistant with or 
similar to those surrounding the site. 

It would be sheer folly to expect that mining sites be returned to their previous 
natural state. What should be expected, however, is that once mining has ceased 
in a given location, that site be reshaped and vegetated so as to create a suitable 
environment, at least similar to that of the surrounding terrain and free of 
unnatural dangers to both animal and human populations. 
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DEMONSTRATION PROJECTS 

There is presently not enough research and practical field experience data 
readily available in Northern Minnesota to make a realistic evaluation of 
present and past mining reclamation accomplishments. In other parts of the 
country, the reclamation efforts have received much more publicity and the 
results are more easily obtainable . In this section, a discussion will be made 
of some metallic mining companies in both Minnesota and throughout the country 
who are actiyely involved in the reclamation of metallic mining areas . 

Erie Mining Company 

Erie Mining Company, located in the eastern end of ·the Mesaba Iron Range 
near the community of Hoyt Lakes, seems to be a leader in Minnesota in 
publishing accounts of reclamation efforts . Since a good part of their actual 
mining operations are not within an urban influence area, their efforts toward 
reclamation cannot be easily recognized by the surrounding citizenry. 

They have put into practice and follow very closely the concept of "multiple 
resource management". This program deserves close attention and recognition 
for othe r mining areas, due to its success. All mining companies should plan 
their reclamation programs within such a management concept that fully utilizes 
land use planning of the total environment for any compatable use including those 
of minerals, timber, water, wildlife and recreation. 

The reclamation work at Erie began back in 1948 when the decision was made to 
use vegetation to stabilize the exposed slopes of the tailings basins. A study was 
undertaken with the University of Minnesota to experiment with plant materials to 
determine the types that would thrive on such a sterile, hostile environment as the 
taconite tailings. This work is frequently referred to as the first attempts at 
revegetation of taconite tailings basins. 

Over the next decade or so, literally dozens of plant species have been experimented 
with along with fertilizer mixes, planting techniques, moisture and temperature 
control. The main objective of these early efforts was to stabilize and reduce the 
erosion problem on the backslopes of the taconite tailings ponds . Because the back­
slopes are constructed on approximately 1:2 inclines, the use of standard farm 
equipment was rendered ineffective. The process of hydro-seeding (as explained in 
the ·methods section) has been used with considerable success. Separate applications 
of fertilizer, seed and mulch are shot onto the backslopes. The results have 
proven to show thick summer plant growth and stabilized conditions with the oldest 
slopes having developed limited sod and natural soil conditions. 

The high success ratios experienced on the backslopes and ponds is due largely 
to the inclusion of commercial fertilizer in the tailings. Approximately 1, 000 
pounds per acre of ll-55-0 fertilizer is applied to the surface of tailings ponds for 
temporary vegetation and approximately 2, 000 pounds of the same type is applied to 
the permanent backslope plantings per acre . The need to apply the root developing 
phosphorous compound to the tailings resulted in the development of the "Klodbuster", 
a specialized piece of equipment which break's up the top layer of tailings and 
allows the phosphorous to leach into the tailings four to five inches. 
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Seeding variety on the tailings basins and backslopes has been a never ending 
trial and error method. Over the years approximately 50 varieties have been 
attempted and the results to this date are promising. Legumes, because of 
their nitrogen fixing ability have shown the greatest promise. Varieties 
such as clover, alfalfa, birdsfoot trefoil, caragana and European alder have 
been tested and show -a large degree of success. -

Through the years, Erie Mining has worked very closely with the Soil Conservation 
Service in setting up test plots for experimental seed varieties such as the 
western wheats, reed canary, hard fescues and rye grasses. 

In addition to extensive work and success on the backslopes of the tailings basins, 
much has also been done on the interior of the basins to reduce wind erosion 
and to experiment with ·methods of stabilization when the basin is completed. 
The main effort has been to plant annual species, since the basins are constantly 
being raised and anything permanent would be eventually lost. Varieties which 
have had great success include oats, barley and millet, where one year of protection 
is necessary . If several years of cover is needed, annual rye grasses and alfalfa 
are used. 

Erie Mining has also started reclamation efforts on overburden stockpiles. Exper­
iments have been conducted in the shaping of the stockpiles to hold the plant materials 
while maturing. Many varieties of plants ranging from legumes and grasses to 
deciduous and coniferous seedlings and hybreds have been established with good 
results. The growth on the overburden is much slower and the erosion problems 
are somewhat greater to overcome, than that experienced with tailings backslopes. 
However, effort is being made to reestablish plant growth and return the subsequent 
landform to a more natural environment. 

All efforts at Erie Mining have not been totally successful. However, through trial 
and error selection and experimentation they have eliminated a number of species and 
techniques which other owners will not have to try. Their efforts have met with 
steady progress and their concern to return the environment to a more natural 
setting are evident in the reclamation programs. 

Erie's staff forester has authored several resource articles which explain in 
much greater detail the role Erie Mining has played in reclamation programs. Two 
are available from the organizations listed in the bibliography at the end of this report. 

Hanna Mining Company 

Hanna Mining Company, also located in Northern Minnesota, operates a number of both 
natural ore and taconite facilities on the western end of the Mesabi Iron Range. They 
too, have a concern for the revegetation of mined areas and tailings ponds and have 
written several reports and project papers on the subject. 

Efforts toward reclamation of both tailings basins and stockpiles began in the 
form of experimental plots more than twenty years ago to select hardy species 
that would flourish on the sterile soils remaining. The planting and seeding was 
done in the form of test plots ranging from three to over 350 acres at over 40 
Hanna locations throughout the Mesabi Range. Nearly all of the seeding done 
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Lduring the early years was through the use of a seed drill which has compartments 
for fertilizer, grass seed and legumes. 

Attempts have been made at terracing the sloped areas prior to seeding and adding 
mulches to the soils to curtail erosion during germination. The use of snow fencing 
was also initiated by Hanna operations to reduce wind velocity on tailings basins. 

It was . determined in these formulative years that the most favorable periods 
for planting falls between May 15th and June 15th. Prior to this time, the winds 
are usually much more frequent and the precipitation is lower, causing more seeds 
to fail. The period from June 15th on into the summer was also found to be inadequate 
because of high temperatures reaching as much as 130° on the basins and slopes. 

Trees and shrubs have also been hand planted with rather high success. The varieties 
which have had the highest success rat.es are black elder, locust, golden willow 
and russian willow. There are failures in a number of plant varieties tried such 
as walnut, cottonwood, roses, kudzo and trumpet vines. 

After much experimental work was completed with sufficient data collected on 
vegetation type, fertilizer and planting techniques, Hanna went ahead with extensive 
planting on many of their sites. Very dramatic results can be seen in areas which 
have received a good amount of reclamation effort. 

The Mesabi Chief natural ore tailings pond near the City of Keewatin has been 
extensively planted and shows great promise. The Harrison tailings pond at Cooley 
was also planted with black locust, brome grass and clover as well as other plants 
with adequate success. 

Other natural ore tailings ponds such as the Perry pond near Cooley, the Mississippi· 
group of ponds near Keewatin and the Hanna ponds near Coleraine, have also been 
planted with grasses, legumes and trees to hold erosion and to reclaim the area 
for a future use. 

Hanna has also voluntarily adopted a four point policy which is worthy of mention. 
Very briefly, they attempt to (1) remove the topsoil and save for future cover; 
(2) remove overburden and deposit in mined out areas; (3) cover overburden with 
topsoils; and (4) slope and plant final excavation areas. 

Hanna Mining has had many years of reclamation efforts behind them and while 
many have been very successful, there have also been failures and frustrations. 
They are, however, concerned with new methods and ideas and have worked with 
the University of Minnesota, College of Forestry on revegetation programs. 

Other Minnesota Mining Companies 

The remainder of the metallic mineral mining companies in the stat.e of Minnesota 
have also been experimenting to different degrees on processes and ways of reclaiming 
specific sites within their operations. There are no known published findings, 
however, on the methods and degrees of effectiveness actually accomplished, and for 
that reason they are not included within this 'section. 



Reclamation In Other States and Countries 

It has long been held by some Minnesota mining companies that there are many 
differences between surface mining operations on the Mesabi Range and surface 
mining reclamation experience for other minerals elsewhere. Certainly reclamation 
techniques and methods must recognize regional, topographic and climatological 
differences as well as different types of mining and land use potentials. Successful 
reclamation programs in other states and other countries should be studied, however, 
as methods, techniques, equipment and even many plant materials have been successfully 
used in varied types of mining operations. 

A Canadian firm, Erocon Limited, has pioneered reclamation of various mineral 
a:rreas on a wide range of sites extending from northern Ontario to central Florida. 
They Claim to have successfully reclaimed mined land waste ranging from a pH of O. 5 
to '9 . 8 and from unsorted boulders to fine-mesh material in settling ponds. Erocon's 
methods are advertised to build up topsoil at the rate of up to one inch in ten years. 
(It takes nature about 100 years to build up one inch of topsoil) . The company has 
pioneered a combination of crownvetch and other legumes such as ten varieties 
of trefoil, according to prevailing climate and soil conditions. Bacteria, an 
essential prerequisite to successful plant growth, is added to sterile tailings at the 
rate of about one pound per acre, together with seeds and fertilizer . A more rapid 
formation of organic matter in the soil and dramatically improved rate of growth 
is thus claimed. 

In another instance, the Henderson Project of American Metal Climax represents 
a $200 million venture to mine molybdenum in some of Colorado's most scenic country. 
During early work on the project, the company met periodically with conservation 
groups to develop a plan whereby the ore body could be mined with minimal impact 
on ecological values. Reclamation was only part of the plan of action adopted. An 
important decision reached was to make the mining operation blend as gracefully as 
possible with the surrounding landscape. 

In the state of Georgia, some 25 commercial products are now mined including 
metallic ores such as iron ore, titanium, bauxite, barium and zircon. While better 
known for its national leadership in marble and granite quarrying, Georgia also 
leads the world in surface mining ofkaolin, the clay used widely in coating of paper. 
The Georgia Surface Mining Act became effective January I, 1969, and since that 
date, mining companies have prepared reclamation plans as an integral part of 
mining plans 1 both in the expansion of existing mines and in the opening of new 
mines. In developing reclamation plans, surface miners can choose the purpose 
for which lands are to be reclaimed, provided the use is of an economic or social 
benefit and receives the approval of the Land Reclamation Section, Environmental 
Protection Division, Department of Natural Resources. Mining companies are required 
to post bonds to insure that reclamation is completed. Posted bonds are not released 
until reclamation of a mined area is approved. Although developed prior to the laws 
now in effect, open pit iron ore mines and stockpiles of overburden in West Georgia 
have been converted to gently rolling lands that now support stands of pines or row 
crops of peanuts or corn. 

A number of other states also have implemented mineland rules and regulations. 
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'Among these is Montana which has enacted rules and regulations which require the 
operator to reclaim all affected miriing lands so as to encourage productive land 
uses and guarantee the protection of health safety and general welfare of the 
people. Furthermore, an operator is required to secure a permit which covers 
securities and fees as well as restrictions for permitted and non-permitted 
mining practices with reference to post mining activities. 

Various other stat.es have also implemented strict mineland practices covering 
the bonding, .permit requirements and reclamation of the land used for mining 
purposes. Among these are Colorado, Kansas, North Dakota, Iowa, Oklahoma 
and Ohio. · 

Ontario, Canada has also taken a strong position for the reclamation of mining 
sites. They require a complete site plan prior to mining and the site plan must 
cover the size and extent of the project as well as reclamation procedures 
which will be implemented when mining ceases. They also require a fee program 
of up to $5, 000 yearly to a total of $100, 000 after 20 years of mining to cover 
any reclamation costs not performed by the operator. 

In 1965 a Federal Interagency Field Appraisal team made field reconnaissance 
examinations to evaluate 56 reclamation projects in the Appalachian states. While 
most of these were reclaimed bituminous coal strip mines, there were also iron 
and manganese surface mines involved in the study. Among the conclusions of the 
appraisal team: 

• Reclamation effort was unsuccessful in each case where surface mining 
was conducted on slopes greater than 28 degrees. 

• Effective protective cover was established on only 48% of the disturbed land. 

• Nearly all sites lacked adequate storm runoff control although stream 
sedimentation was reduced in most reclaimed areas after several growing 
seasons where an adequate vegetative cover had been established. 

• The most common form of reclamation practiced consists of tree planting, 
with some legume and grain seeding. 

• Reclamation efforts have been only partially successful due to failure to 
recognize water quality control as a major problem. 

Strip mine reclamation demonstrations have been conducted by the Tennessee Valley 
Authority (TVA) ,cooperating with mining companies, state agencies and forest 
experiment stations. A series of booklets and before and aft.er colored slides are 
available from the TVA as a guide to what the areas were like upon abandonment 
of the mine, what was done, and the types of vegetation and wildlife existing after 
a few years. One of the demonstrations, where cost records are readily available, 
was accomplished for approximately $100 per acre. Although the TVA demonstration 
booklets describe only abandoned coal strip mines, they are also cooperating on 
research projects of copper and other metallic ore mining areas within their region 
that extends into seven states. 

In England, already short of land, the problem of changing derelict mine land into 
healthy and useful landscapes has been an important issue for some time. While 
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much of Britain's reclamation is related to coal, clays and building stone quarries, they 
also have many thousands of acres of derelict land resulting from metalliferous 
mining including iron ore, copper and tin . 'Most recent efforts have resulted 
from .the Landscape Reclamation Research Project of the University of Newcastle. 

Work relating to design principles as well as techniques for specific operations and 
· circumstances since WWII has been carried out at nine selected areas with varying 

kinds of problems. Among the types of research being conducted in 1971, the 
following have particular :;tpplication to the mineland problems of Minnesota: 

• Survey and analysis of both naturally occurring and artifically planted 
vegetation. 

• Regional landscape reclamation plan to avoid confusion and duplication of 
effort. 

• Evaluation of previous techniques of reclamation (Great Britain, West 
Germany, Holland and other countries). 

• Landform design based upon economics, aesthetics, topographic factors 
and functional requirements of land use. 

• Visual assessment and attitudes of citizens before and after reclamation. 

• Legal and financial aspects of reclaimed land management. 

• Long-term maintenance and management. 

The research projects are designed to avoid going over ground already covered in 
. previous studies and to document failures as well as demonstrations of success. 

Despite the hundreds of references to reclamation easily traced down in a literature 
search, most technical publications on the engineering aspects of mining still fail 
to consider reclamation as an important part of the mining operation. A case in 
point is Methods of Working Coal and Metal Mines in three volumes published in 1966, 

, in New York, as well as several foreign countries. With a total of l, 545 pages, 
less than one page is devoted to "land reclamation" and the entire reference is to 
strip mining of coal. 

EVALUATION OF RECLAMATION EFFORTS 

A brief evaluation of the efforts put forth thus far by the various mining concerns 
on the Minnesota Iron Ranges is necessary for beginning a formal continuing recla­
mation program. 

A comprehensive investigation to determine the effectiveness of past and present 
reclamation in Minnesota is recommended for the future and it will be necessary to 
establish goals and define criteria for measuring effectiveness. If, for example, 
the primary aim was to stabilize the soil and this was achieved, the effect would be 
termed "effective ",even though restoration of aesthetic values left much to be desired. 
Likewise, screen planting along highways does nothing toward eliminating the more 
serious problems of health and safety hazards or the usability of. reclaimed lands 
and watercourses. ' 
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As evidenced by selected field work. inspections by the consultant, since 1961, 
efforts are being made by several mining companies to reclaim areas which 
they have disturbed (pits) as well as to reclaiming man-made areas they create 
(tailings/stockpiles). 

In most instances, the operating companies are aware that reclamation must 
take place within their operations if they are to maintain good liaison with the 
general public. At least three companies employ a staff forester who is respon­
sible for all reclamation efforts. Others have consultant foresters assisting 
the mining operator with erosion control and reclamation. 

The selection and exr)erimenting with various plant materials can also be considered 
a step in the right direction. If many plant varieties are attempted, each company 
quickly deems which cover to rely on and which are rendered ineffective. More 
must be done to catalogue and exchange lists of the most successful plants. 

Another positive feature noticed is that in the area of new tailings ponds, vegetation 
is being reestablished. Some companies are _not waiting until a pond is complete; 
rather, some are immediately planting on the backslopes and within the pond to 
rectify past problems of air pollution. 

It was also evidenced that some companies are experimenting with non-native 
trees and shrubs, exotic grasses and hybred species which could provide more 
growth to barren areas. 

In the area of cleaning up derelict structures and post mining waste, it was 
noticed that a good percentage of the no longer used facilities have disappeared 
since the consultant's last previous investigation in 1969-70 . It is r ealized that 
this is due in part to the high cost of scrap steel; but more so, to the county 
mine inspection system. 

In an evaluation such as this, we must also look as objectively as possible at some 
of the efforts which are not obtaining the results of creating a more natural environ­
ment or the capability thereof in the future. Without downgrading the efforts now 
being made; there is much additional work which remains to be done. 

More work is needed in the revegetation and contouring of stockpiles. It appears 
extremely difficult to establish and hold vegetation on steep slopes. Efforts were 
made to plant these slopes. However, erosion, wind and extreme temperature 
stunted and many times rendered useless the efforts being made. Other instances 
were noted where no vegetation except the natural succession varieties were sur­
viving. It is the opinion of the consultant that additional reclamation work is 
needed throughout the Iron Range. What is being done represents but a small part 
of the vast areas which are in immediate need of reclamation. Actually, no 
company has yet come forward in Northeastern Minnesota with a unit of land that 
they claim has been "reclaimed 11 for a new use. 

We do not know the permanency of much of the ongoing reclamation effort. Not 
enough research and technical data has been assembled on whether or not the 
fertilized slopes and tailings ponds will continue to revegetate or whether they will 
eventually be leached out and begin to erode away, again causing serious problems. 



A critical evaluation was also made of the need to alter or redesign the abandoned 
open pit mine features located throughout the mining regions. Extensive engineering 
feasibility is needed to explore ways to check the erosion problems and lack of 
any life-supporting ground cover on the edges of open pit. The new open pit mines 
are being developed in somewhat similar fashion to the abandoned open pits and 
will therefore cause the same concerns and problems when the operation ceases. 

RECOMMENDATIONS FOR FUTURE RECLAMATION PROJECTS 

In the preceeding section on demonstration projects, an appraisal of the various 
methods of mining reclamation as commonly practiced was offered as well as an 
overall evaluation of successes and failures observed. In order to bring that 
discussion into perspective, a series of recommendations on the improvement of 
reclamation practices and theory follows with the expectation that the general 
post-mining landscape can become a positive feature for our changing environment. 

The following recommendations will require the cooperation of the state and local 
governments as well as the various mining companies if the Minnesota Iron Ranges 
are to achieve a more natural and useful environment: 

1. SURFACE MINE RECLAMATION COMMITTEE 

This committee should be formed of public agency. and mine industry 
representatives and the public, similar to the committee that was active 
about. five years ago in developing the Iron Range Trail and reviewing 
the early drafts of proposed rules and regUlations of mining areas. Its 
purpose wotrld be to assist and update reclamation activities and to .promote 
support and demonstrate better techniques of mine land restoration. 

2. DEVELOPMENT OF PLANT LISTS 

Through federal, state and local agricultural groups as well as private 
organizations, a complete cataloging of plant types and their basic devel­
opment needs should be established. The plant listings should include 
their fertilizer, moisture and nitrogen fixing capabilities and other solid 
and micro-climate needs. This comprehensive list could be assembled 
with the help of various mining companies who have had many years of 
experience in the selection of appropriate grasses, legumes, shrubs and · 
trees. It would be highly valuable to companies who either do not have 
the time or the resources to develop their own suitable plant lists for 
their reclamation effort. 

3. DEMONSTRATION SITE 

Somewhere within the Iron Ranges, the surface mine reclamation committee 
should pick a site for a major demonstration effort on. post mining recla­
mation. The demonstration would include many of the basic components 
found within the problem section so that various methods can be attempted. 
Such a site is the Giants Ridge Unit or any of the twelve sites recommended 
for experimental projects in the 1972 report, A Plan for the Reclamation 
of Mined (Metallic) Lands in Minnesota. 
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4. DEVELOPMENT OF EXPERIMENTAL NURSERIES 

There is a need to establish improved or additional sources of seed for 
use in the reclamation effort. Many times a staff foreste r or consultant 
tes t s a seed variety and obtains excellent results. The problem then 
becomes evident when the seed type is not available or in a short supply . 
If private nurseries cannot be persuaded to raise seed type s necessary 
for reclamation needs, it is suggested that the state or federal agricultural 
depa rtments begin their own. It is quite possible that a Unive r si ty Experi ­
mental Station could also assist along these lines. The only problem 
that could be envisioned is the reluctance to raise seed type s which may be 
controversial in nature. If, for example, thistles are proven to be 
extremely hardy for establishing permanent ground cover on overbur den 
slopes, then the public nursery may want to raise that particular seed or 
make it enticing enough for private seed growers to do s o . (In or der to 
achieve the above recommendation on questionable plant species, a 
thorough examination and possible amendment to the existing "Noxious 
Weed Law" would be required). 

5. LANDFORM DESIGN 

The need to further the work started on the design of man-made landforms 
is an area of importance . Much could be done on the design factors for 
overburden stockpiles , open pits and tailings ponds so that the end product 
could produce beneficial landforms which could have numerous uses . In 
many mining areas, the plant sites and landforms are being developed in 
the same way as during the very early periods of mining 40 to 50 yea r s 
ago. A research program for improved site design standards could be of 
extreme importance to future mining activity. Clearly, the talents of 
landscape architects must be used in addition to engineers , fo r esters 
and other disciplines. 

6. REGIONAL RECLAMATION PLANS 

There are two separate reclamation plans which the consultant feels 
are necessary for an improved environment occurring within the m ining 
regions of the Iron Ranges. The first major reclamation plan should 
include all land use considerations for future mining areas . These would 
include areas where mining activity may enlarge and come into conflict 
with urban areas or transportation corridors. It also may include new 
mining endeavors such as copper- nickel or precious metal s . If such a 
plan were developed and closely coordinated with other state , county 
and local plans, the chances for conflicts between the mining company and 
the remainder of the environment may be reduced substantially in the future. 

The second of these should be formulated and adopted by the State of 
Minnesota for the entire list of abandoned mining sites. Careful analysis 
should be made of each abandoned mining area and reclamation effor ts 
could then be begun on a site by site. cleanup and planting cam paign. Since 
the current legisltaion calls only for reclamation of future metallic mining 
areas, such a plan for abandoned areas would be extremely important. 
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7. GOVERNMENT - - COMPANY-PUBLIC INFORMATION EXCHANGES 

At the present time, informational exchanges in the reclamation efforts 
being made by the various mining concerns and the state and federal govern­
ments along with the public, is not as substantial as it could be. Many 
times, as evidenced by the consultant's research, the state or federal agencies 
know very little about the actual reclamation efforts being made. The 
proposed State Mineland Reclamation Committee would overcome this 
deficiency. If, once a year, leaders of both groups -- the government 
and the mining officials -- could get together in a symposium atmosphere 
and frankly discuss efforts being made by both parties, it would surely 
result in improved recognition of all efforts. Progress reports on success 
and failures, · a series of before and after slides, movies and printed book­
lets should also be part of an exchange of information program. 

8. COMPANY TO COMPANY EXCHANGES 

Exchanges of information, successes as well as failures, and proven 
techniques could also be done on a company to company exchange basis. 
Symposiums could be held dealing wi1h reclamation techniques exclusively 
and could be attended by the many mining officials dealing with reclamation, 
and public interest as well as conservation organizations. Key reclamation 
speakers could be brought in to discuss new techniques and research 
results. 

9. ENCOURAGEMENT OF STAFF EXPERTS AND CONSULTANTS 

At the present time, there are a few mining companies in Minnesota 
who employ staff foresters to organize and implement reclamation efforts 
on their particular site. Other mining concerns have used consultants 
in the past to organize reclamation projects and then follow through with 
analysis. None presently employ or engage landscape architects as is the 
case in other states. We would encourage all mining comnanies to hire 
reclamation staff or consultants to plan for the orderly reclamation of all 
mining operations. 

10. SPONSORSHIP OF RESEARCH GRANTS 

Government officials and the mining concerns should also begin a program 
of grants for research and design projects to deal in reclamation efforts 
exclusively. These grants could be used by educational institutions or 
private foundations to further develop plant species or techniques that 
would result in improved reclamation. The Department of Landscape 
Architecture at the University of Illinois is a key example of an institution 
which actively carries on research projects in the area of reclamation. 
Their research projects and experiments are sponsored by the National 
Sand and Gravel Association. Programs of similar nature could be 
initiated in Minnesota, and if all mining companies cooperated, the 
results would be far greater than if each company attempted such research 
on their own. 
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11. LEGISLATION 

A critical recommendation for improving the reclamation efforts 
presently underway in the metallic mining areas of the state is legis­
lation that would deal with the improvement of the abandoned or "inactive" 
mines. These areas have been either exhausted or held inactive for many 
years, and little effort has been put into reclamation. The 19 73 legis­
lation provides only for reclamation of present and future mining 
activity; it does not include the now abandoned areas. The most serious 
mistakes and problems are not found in the actively mined areas, but 
in the old mines which have been closed in the last few decades. 

FUTURE USE OF MINED AREAS 

The matrix chart entitled "Potential Land Use" indicates some of the major mining 
components found at most mine sites and the types of land uses that might be con­
sidered usually suitable or acceptable under certain conditions after mining operations 
have ceased. Mining-associated uses such as warehousing and service industries 
frequently occupy former mine sites in Northern Minnesota, although a fine residential 
neighborhood is situated on a surface stockpile in Hibbing and some mining com­
ponents have been converted to recreational us es. In other states, such diverse 
us es as schools, fairgrounds, industrial parks, airports, hospitals, state and local 
parks and apartment complexes have been constructed in mined-out, drastically 
disturbed surface mined areas . 

The chart helps emphasize the fact that mining components, such as surface stockpiles, 
caved ground, and abandoned plant sites, are generally most suitable for open space 
type uses including recreation, forestry and wildlife habitat. Residential, commercial, 
industrial and other urban-type us es have more restrictive site requirements and thus 
do not have the potential ·of being located in as many of the listed mining components 
as the open -type us es. 
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Two additional graphic aids have been prepared to assit in completing 
the picture on mineland reclamation problems and opportunities for the 
future. While these two maps are general in nature and do not pertain to 
specific sites, they do present an overview of the existing mining-related 
problems and the possibilities for future land use relationships. 

In order to gain a better understanding of specific inactive mines and 
specific post mining problems, it is suggested that the reader refer to 
A Plan For The Reclamation of Mined (Metallic) Lands in the State of Minnesota. 
prepared for the Minnesota Dept. of Natural Resources in 1972. 

Map 1 - A "Cluster of Exhausted and Inactive Mines" illustrates the pattern 
formed by clusters of existing exhausted and inactive mines across more 
than 100 miles of the Mesabi and Vermillion Iron Ranges . Also shown on 
this map is a generalized indication of the type of mining components found 
within each cluster. All sites outlined contain open pits and surface stock­
piles of overburden. Most units also have lean ore and save rock stockpiles 
and many contain tailings basins . Although the main buildings and derelict 
structures have been removed from most abandoned plant sites, rock debris 
and remains of minor structures should be cleaned up at a number of sites. 
Such ''housekeeping" improvement is especially needed on the Cuyuna Range 
where unsightly conditions are readily seen from several public roadways . 

Test pits exist throughout the region but a complete inventory does not exist. 
Caved ground resulting from land subsidence and settling of underground mines 
are found in several areas of all three ranges . The largest caved ground area 
is located within Ely where an area of about two miles in length has subsided 
due to underground mining activities of nearly 70 years . 

There are eight inactive and six exhausted mines on the Cuyuna Range. Most 
of these contain lean ore stockpiles and abandoned structures. Caved ground 
and tailings ponds also exist to a lesser degree. 
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MAP 1 
CLUSTERS of EXHAUSTED & INACTIVE MINES 
In addition to open pits and surface stockpiles, the following 
mining components are present: 
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MAP 2 
FUTURE LAND USE RELATIONSHIPS 
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In order to gain a better perspective on how these no longer used mining sites 
might be able to be used in the future land use. plans for Northern Minnesota, 
a second graphic aid follows: · 

Map 2 - "Future Land Use Relationships" is a generalized land use analysis 
indicating how existing mined-out areas might be reclaimed for non-mine....: 
:i;-elated uses. Although it will be the responsibility of local governments to 
establish future land use controls through zoning ordinance enforcement, the 
major land uses shown are consid~re.d by the consultant to be among those 
most suitable for currently inactive mined areas.* Of the ten selected sites, 
five have suitable lands for residential and commercial uses' three provide the 
requirements for certain types ' of industry' all have park and recreation 
potential, eight have the attributes for forestry and three could provide the 
requirements for certain types of industry, and three could provide possible 
habitat for game and fish. 

In determining the future and use suggestions, a major criteria was the location 
of the particular segment. It can readily be seen that all · mining sites were 
not included. A majority of these sites not shown have a potential for future 
mining activi fy and until a determination is made on their future, it would 
be impossible to suggest post mining land use potentials. 

With relation to residential, commercial and industrial uses~ the main criteria 
was the potential for these uses in any given area. They were selectec only in 
those areas where they could actually be needed because of anticipated commun­
ity growth. 

*The consultant has prepared the official land use plans and zoning ordinances 
for St. Louis and Itasca Counties, as well as ten commlinities and one township 
within the study region. 
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DEMONSTRATION UNITS 

To illustrate possible ultimate reuse of minelands, three demonstrations 
or experimental projects are shown in map and sketch form for locations in 
the west, central and easternmost sections of the region. These demon­
stration projects have been developed by the consultant and it is felt that 
they could serve a useful purpose in the Minnesota State Mineland Rec lam -
ation project. The demonstration sites suggested' contain environmental 
problems typical o.f other locations where mining · activity has ceased. For 
a more detailed descrition of the proposals and existing conditions within 
each unit, · see the January, 1972 Plan for the Reclamation of Mines 
(Metallic) Lands in the State of Minnesota. 

It should be noted that while these three demonstration units may seem rather 
complicated and expensive, their purpose is meant solely to suggest what 
potential there is for particular post-mining sites in Northern Minnesota. 
Prior to any construction of any portion of these suggestions, extensive 
engineering and architectural studies must be completed to guarantee their 
safety. It may be that portions of these units may not be economically or 
structurally feasible, however, the potential for wide and varied uses on the 
mining sites of the Iron Ranges of Minnesota sh,ould not be underestimated. 

35 



PROPOSED TROUT LAKE DEMONSTRATION UNIT 

On the western shore of Trout Lake adjacent to the southern limits 

of the City of Coleraine is a large stockpile of surface overburden 

which was once used for a landing strip. This could be a model area 

for demonstrating how a planned unit development could be created 

from a mine dump. Amenities such as a golf course, marina and 

other recreation facilities would separate an industrial-office park 

from clusters of single family homes and apartments. Plantings on 

the slopes would reduce noise from nearby U.S. Highway 169. 
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PROPOSED VIRGINIA EDGE UNIT 

The redevelopment and rehabilitation of the north and eastern 

edge of the City of Virginia is an ideal place to demonstrate the 

various techniques and possibilities for use of the margin of a 

deep pit in an urban area. Experiments here include the screening 

of industrial hazards, promotion for multi -purpose trails and 

waysides, protective fencing and other barriers, re-establishment 

of vegetation and incorporation of visitor related facilities and 

institutions. 
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PROPOSED ELY CAVED GROUND UNIT 

The Ely . Guide Plan prepared by the consultant in 1962 recommended 

that the caved ground resulting from underground mining within the City 

of Ely be made into a boat basin by allowing water flowage from Shagawa 

Lake. This is an unique natural area with sites of historic and 

geologic interest. A planned development might include tourist facilities, 

recreation, a range of housing types and limited industry and research 

establishments. 
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