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ABSTRACT

The purpose of this study was to examine the effects of past' present and potential

mineral development on the Manitoba Model Forest 0/n/ß) region' Specifically, the

objectives were to describe selected mineral development sites, to consider their implications

on natural resources management, and to make recommendations for individual sites and

integration of mineral development into the ecosystem-based management strategy for the

MMF area.

The following mineral developments wefe examined: central Manitoba' Gunnar'

Diana, Ogama-Rockland, San Antonio (Bissett), Masln¡ra-Dumbarton' Tanco' Solo-Oro

Grande, Packsack, Cat Lake and Jeep. Most mines produced gold' Former mineral

development sites were investigated in the field, and described in terms of artificial landforms,

vegetation, wildlife and safety. Tailings and water samples were collected and analyzed' The

regional past and potential effects of mineral development on the MMF area \¡rere assessed'

MneraldevelopmentintheMMFareainthesecondquarterofthiscenturywasthe

keystone that determined future development in the MMF region north of the Winnipeg

River. The current provincial road network in the MMF is a direct result of the past provision

of access to the difFerent mine sites. The boundaries of Nopiming Provincial Park were based

in part on this existing road network. The current cottage subdivisions in the area are all

located at, or near, former mineral development sites' The abandoned mine sites and

concomitant artificial landforms are now development nuclei, and a resource in terms of

MøútobaModel Forest: An øssessment of mineral recommendatiota e c o sy s t em- b a s e d management'
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building materials, access, recreation, historical heritage and unique habitats' A number of

sites have safety issues outstanding, including acid mine drainage' Former and future mineral

developments will need to be considered in the ecosystem-based management strategy for the

MMF area.

IheMøtitobaModel Forest: An qsses&nent ofmíneral developrcnt, with e eo system-b ase d management'
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CHAPTER I: INTRODUCTION

1.1 PREAMBLE

Mineral development is one of the aspects of natural resource use in the Manitoba

Model Forest (MI\ß) being examined by the Integrated Resource Management working

Group of the MMF, leading to the preparation of an ecosystem-based management strategy

for the MMF region. An examination of the past, present and potential future mines in the

MMF was considered important as a means to gather pertinent information that might be used

in the management of abandoned mine sites. As well, this information could be useful in

indicating measufes for the potential mitigation of future mineral development impacts on

other natural resource stakeholders in the MMF'

Mining activity in the first half of the twentieth century was largely responsible for the

initial development ofthe MMF north of the winnipeg River. Mining will probably continue

to play an important role in the MMF due to the known and expected mineral resources of

the area, and will need to be considered when assembling an ecosystem-based management

strategy, one of the Integrated Resource Management Working Group's central goals'

Manitoba Environment, Terrestrial Quality Management Branch and Manitoba

Natr¡ral Resources, Parks Branch were partners in this study. Manitoba Environment has an

interest in this research because the study was to assemble some data on old mine sites'

assisting the department to possibly proceed further with future environmental monitoring

activities at these sites. The Parks Branch has an interest in the study because most of the

former producing mine sites are located in Nopiming Provincial Park and offer opportunities

The Manitoba Model Forest: An asses$nent ofmineral development, with recotnnendatiow for e cosystém-b ase d management.
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for interpretation. It has also been suggested that these sites may pose potential hazards to

visitor safety due to the presence of industrial garbage, old machinery and tailings at the sites'

1.2 OVERVIEW

1.2.1 The Manitoba Model Forest (MMF)

The ManitobaModel Forest (N,ß/ß) was created under the Federal Green Plan, as one

member of a network of a dozen Model Forests, primarily located across Canada' The MMF

is an independent non-profit corporation that administers approximately l, r million dollars

per annum, The MMF does not have legal jurisdiction over any of the lands contained within

its boundaries, rather it can be viewed as an entity that conducts research into' and

recommends, new forest management practices to the relevant management agencies' The

stated vision of the Model Forest partnership is to:

...build on the unique attributes (environmental, economic and social features

and broadly-uur.¿ siakeholder involvement) already existing in the area to create

an operationally-viable, ecologically-sustainable.model forest in which a wide

spectrum oi int.r.rts and louíu., áre integrated into a harmonious partnership

working towards an improved understandiãg -of 
canada's and Manitoba's Boreal

forest ecosystems and human impacts on them'2

A diverse group ol organzations are represented on the current Board of Directors

of the Manitoba Model Forest, including Pine Falls Paper Company Limited and their

employee unions, the federal, provincial, and local governments, the Manitoba Métis

2 This is the vision as espoused in the initial Model Forest proposal to Forestry canada (The Manitou Abi

Model Forest Projeot Parhership, 1992.21)'

The An assessment ofminetal development, with e cosystem-b as e d mønagement'
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Federation, the three universities in the province, environmental organizations, business

development groups and others.

The MMF is located in the southeastern portion ofthe Province of Manitoba, bounded

on the west by Lake Winnipeg, and on the east by the Manitoba-Ontario border, covering an

area of slightly over a million hectares of boreal forest (Figure l),

Figure l.The Manitoba Model Forest, showing greenstone belts (shaded). Approximate

scale: I centimetre: 14 kilometres.

o
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Manitob ø Model Forest : An sssessment of minera I deve loPment, wìlh recottmændalions e c osy s t em- b ase d management'
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Geologicall¡ the MMF can be divided into two distinct regions. An area of glacial till

covers the southwestern portion of the forest, whereas the Precambrian Canadian Shield is

largely exposed in the northeast. The two regions are roughly separated by the Winnipeg

River. Mineral development activity has been concentrated in the Rice Lake and Bird River

greenstone belts ofthe exposed Shield region (Figure l). Consequently, this study will focus

on those arças

1..2.2 Mining in Manitoba

Mining ranks second only to agriculture as the most important primary resource

industry in Manitoba. Total Manitoba mineral production in 1989 reached l 69 billion dollars

(Bamburak, 1990:1), although this dropped significantly to just over one billion dollars in

l99l and 1995 (Mining Association of Canada, lg92'.18 and Skinner, Lyle pers. comm')

(Figure 2),largely due to a substantial drop in commodity market prices. Manitoba nickel

production accounts for approximately a third of total Canadian production (Mining

Association of Canad a, l99Z:14) and represents approximately half of the total value of

Manitoba mineral production.

At present, Manitoba is one of the few provinces in Canadathat is clearly and actively

welcoming new mineral development (Chapman, 1993), This is reflected by a number of

taxation measures providing assistance to new mines, mineral exploration and prospecting

(Manitoba Energy and Mines, lgg3'.3). Metal exploration expenditures in the province

totalled approximately 25 million dollars in 1992 (Manitoba Energy and Mines, 1993:6) and

Ihe Manitoba Model Forest: An øsses$nent of mineral development, with re c ownendations þr e cosystem- b øse d managemenl.
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Figure 2. Yalueof total Manitoba mineral production (1970 - 1995)

rose to approximately 40 million dollars in 1995 (Skinner, Lyle, pers. comm.),

Inco Limited and Hudson Bay Mining and Smelting Co. Limited are the main

companies currentþ operating mines in Manitoba, but numerous other mineral development

companies are active in the province. In additional to nickel, cobalt, copper, zinc, tantalum

and gold are produced in significant quantities in the province. Twenty-five of Manitoba's

The Mønitoba Model Forest: An ossessment of mine ral dev e lo pment, with recom¡nendations for ecosystem-based monagemenl'
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fifty-eight metal mineral development sites produce tailings. Ten metal mine sites produce

acid-generating tailings. Numerous abandoned mine sites are point sources of acidic

discharge.

Mineral development activities have had a visible impact on the landscape of

Manitoba. Seismic lines, rock piles and tailings ¿lreas are clearþ visible on aerial photographs.

Mining has played a significant part in the development of certain regions due to the

construction of power lines, roads, buildings, and other infrastructure.

1.2.3 Mineral Development in the Manitoba Model ß'orest

Mineral development activity in the last seventy years has, to a large extent, driven the

development of the Model Forest area northeast of the Winnipeg River. Water was the

predominant mode of transport in the early phases of development, following the

Manigotogan and Wanipigow river systems. In the 1920's and 1930's pontoon equipped

aircraft increasingly became the main mode of summer transport. Trails and roads radiated

from numerous prospective shafts, connecting them to each other and to the closest major

water body. A power line was built in 1927 fromGreat Falls, on the Winnipeg River, to the

Central Manitoba mine site. In l934,this initial stretch of 80 kilometres was extended by 25

kilometres to the San Antonio Mine at Bissett. \ilinter transport was along this right of way,

and a railroad was proposed to link the gold fields to the rest of the country.

In the 1940's tourists began seeking out the good fishing that existed near the gold

camps, especially since there \¡ras accommodation available. \{hen the gold ran out at a

The Manitoba Model Forest : An assessment of mineral deve lopnent, with recotwnendattons for ecosys tem- b ased mønagement.
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particular site, many buildings and much of the machinery \¡/ere moved to the next producing

property. Waste rock piles, tailings areas, the road/trail infrastructure and some buildings

remained, and these formed the nucleus of several small seasonal cottage communities. In

lg5¿,theBissett road network was linked to the provincial highway grid through Pine Falls'

Nopiming provincial Park was established in 1972, covering much of the area initially

developed by mining. A Pine Falls-Bissett-Lac du Bonnet loop road was completed in the

same year (Figure 3).

1.2.3.1The Rice Lake Greenstone Belt (Uchi Domain)

Gold discoveries in the Bissett area in the first two decades of the twentieth century

led to the exploitation of the Solo-Oro Grande, Central Manitoba, San Antonio, Diana,

Gunnar, Ogama-Rockland and Jeep gold mines from the 1920's to the 1960's (Figure 3).

Numerous other shafts were also sunk, including Sannorm, Gold Seal, Packsack, Gold Pan

and Cryderman, and many properties were staked, but these produced little or no gold.

Today, mineral exploration activity continues in the Bissett area with diamond drilling and

sporadic tailings reprocessing attempts. Rea Gold Corporation has recently begun work

towards the reopening of the San Antonio mine in the village of Bissett'

1.2.3,2 The Bird River Greenstone Belt (English River Domain)

Tin prospecting in the Bird River area led to the discovery of a unique pegmatite at

Bernic Lake, The Tantalum Mining Corporation of Canada Limited (Tanco) now produces

The Møtiloba Model Forest : An assesnønt of mineral development, with reconønendations for eco system-b as e d nnnagement.
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tantalum, spodumene and an ore containing cesium at this, the only currently operating mine

in the MMF, Approximately five kilometres north, on the Bird River Road (Provincial

Highway 315), the small Maskwa and Dumbarton copper and nickel deposits were mined in

the early 1970's, The Bird River Road was built to service the Gordon Mine, a nickel mine

located at Werner Lake, Ontario. Although the Gordon Lake mine was outside of what is

now the MMF, it had an important impact on the development of the Bird River area in that

construction of the road allowed other user groups relatively easy access to the area. In 1956,

a road was extended twenty miles north from the Bird River road to service a sulphide deposit

atCatlake. However, the latter never became a producing mine due to a significant drop in

metal prices. The viability of the second largest ch¡omite deposit in North America, also

located in the Bird River area, is improving as a result of new metallurgic techniques, and it

may be developed before the turn of the century.

1.2.4 Purpose of the Study

The purpose of this research is to examine the effects of past, present and future

mineral development on the MMF region and its natural resources. The natural resource base

of the MMF is conducive to a number of possible uses, Many of these activities are being

pursued at present, and this is reflected by the wide range oftenures and administrative bodies

that exist over the area. Some of these resource uses can be compatible with mineral

exploitation activities, others less so. For example, recreationalists and other stakeholders

make extensive use of abandoned mine road infrastructure, However, tailings, waste rock

The Matúøba Model Forest: An assessûrent of mineral deve lopment, with recottnnendatiow for e cosys tem-b øse d management'
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areas and right of ways built to service now abandoned mines remove a portion of the land

base from silvicultural activities and facilitate increased access to undisturbed wilderness.

When first contemplated, one of the original aims of the study had been to examine

revegetation on sites of different ages. This was not feasible due to disparate characteristics

ofthe sites (e.g, type and amount of rock mined, location in the landscape, access, etc), and

also due to continued, undocumented disturbance by a number of stakeholders. For example,

waste rock and tailings have both been used for construction purposes. The colonizing

vegetation is but one of a number of users, or stakeholders, of the sites.

Abandoned mine sites, unless reclaimed, effectively remove land from productivity

from the viernrpoint of many other natural resource stakeholders. However, abandoned mine

sites and infrastructure can also be considered a resource in themselves. Abandoned mine

roads can be, and are, used by other resource users for access. Waste rock and tailings from

abandoned mines is employed for construction of local roads, driveways, etc. A wide

spectrum of wildlife, including bats, snakes and woodco cks (Philohela minor), use the special

habitat niches provided by the artificial landforms generated by mining activity'

Because of multiple administrative jurisdictions, and lack of guidelines in the past,

most abandoned mines in the MMF have not been actively reclaimed, or managed in an

integrated m¿ìnner, Documentation ofreclamation efforts on these sites is not easily available.

euestions arise as to the status, safety, ownership, and current users of these lands'

Mining and mineral exploration followed trapping, and allowed access to the MMF

north ofthe V/innipeg River. Other resource users such as forestry and recreation have in turn
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followed mineral development. Increasing demands on the land base by diverse user groups

call for the integration of all areas, including abandoned mine sites, into a holistic natural

resources management strategy. The strategic plan of the MMF Integrated Resource

Management Working Group identifies one of the working group's long term goals as an

ecosystem-based management plan. Mineral development will play an important part in the

future development of the MMF north of the Winnipeg River, Consequently, an ecosystem-

based management plan will need to address mineral development as one of its components.

This study will provide some of the information required in order to incorporate mineral

development considerations into such a management plan. Potential future mineral

development must be considered, as well as the opportunities and constraints presented by

former and current mining operations.

1.2.5 Objectives

The primary objective of this study is to examine past, present, and potential mineral

development activity in the Manitoba Model Forest, with specific attention to its effects on

other natural resources. It is conducted with the intent that resulting information could assist

managers, researchers, and stakeholders in the MMF to integrate mineral resource

development into their decision making processes and into an overall ecosystem-based

management plan. Accordingly, this study has the following specific objectives:

L to describe selected past and present mineral development sites in the MMF;

2, to describe currentþ anticipated future mineral developments and areas of mineral potential

in the MMF;
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3, to consider the implications of past, present and potential mineral development in the MMF

on the natural resoufces and on natural resources management; and

4. to make recommendations concerning individual mineral development sites, and the

integration of mine sites into a comprehensive ecosystem-based management strategy

for the MMF.

1..2,6 Synopsis of Methods

In order to accomplish the above objectives, the following methodological approach

was adopted. A survey ofthe literature regarding the specifics of mineral development in the

study area and integration of mineral development in natural resources management was

undertaken and important mine sites selected. Field visits to former, current, and potential

future mine sites were then conducted. During the field visits to mine sites, vegetation types

and artificial landforms such as tailings and waste rock areas were identified and mapped. A

limited number of water and soil samples were also collected from abandoned mine tailings

areas. The locations of shafts, building foundations, main mine roads and other important

features were recorded using a Global Position System (GPS) unit. A detailed discussion of

methods is presented in ChaPter 3'

1.2.7 Scope

Limitations of time and funds will only allow this study to be an initial project,

concentrating on the larger former producing mines. These larger operations are characterized

by the presence oftailings and relatively large waste rock areas. Quaries and gravel pits are

substantially different from other types of mineral development. Inasmuch as The Mines and
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Minerals Act treats quarries and gravel pits separately, under Section S (The Mines and

Minerals Act,1992'30), those developments will not be considered in this study. Excavations

associated with this type of development are shallow, little or no processing is generally

required, and few wastes are generated, as most of the mined material is product (Young,

1992:18).

This research will attempt to examine mineral development in the MMF in a

comprehensive manner, taking into account all resource users and stakeholders, However,

due to time constraints, it will concentrate on the biophysical, rather than the socio-economic

issues, and all mineral development sites will not be examined in detail. Descriptions and

management recommendations will be provided for each of the larger abandoned mines in the

area. General recommendations will be made regarding the smaller abandoned mineral

developmerús. Descriptions of sites currently under active management are followed by only

a brief discussion of potential management considerations because the Mines Act outlines the

reclamation responsibilities of current tenure holders.

1.2.8 Organization of the Study

This introductory chapter is followed by a chapter reviewing the literature describing

the integration of mines and other resource uses as it pertains to this study. Chapter 3

provides a detailed description of the research methodology employed. Chapter 4 contains

the study results, organrzed as case studies, by individual mineral development site.

Management options for these sites, integrated with other resource uses, are proposed and
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discussed in Chapter 5, The closing chapter provides conclusions regarding mineral

development, and its relationship to ecosystem-based management in the Manitoba Model

Forest area. A short glossary is provided; maps and raw data are appended.
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CHAPTER II: LTTERATURE REYIEW

2.1 INTRODUCTION

The general effects of mineral development are well documented in the literature

(Ripley et al, 1978:245; Marshall, 1983a; Mason, 1978:15). Effects can be visible and

relatively innocuous, as in the case of loss of a pleasing vista, to invisible but dangerous' as

in the case of acid mine drainage, Effects can also be incidental, for example the use of access

roads by other groups. Siltation is a short term effect that is immediate and very visible, but

acid mine drainage is long term, slow and subtle. The exploration stage of mineral

development has the least effect, but noise, improved access, sedimentation and loss of visual

aesthetic values can all result (Ripley et al, 1978:8).

As well, there is literature examining mineral development with respect to a specific

sector, which ranges from broad assessments dealing with the environment (Bird, 1976:

Marshall, 1983a), to examination of more specific sectors such as wildlife (USDA, 1982),

or species, such as little brown bats (Myotis lucifugas) (Nagorsen, 1980).

However, there is less literature on the subject of the regional evaluation of mineral

development. The aim of this study is not to concentrate on one specific site, or sector, but

to attempt to examine mineral development and its effects on the Manitoba Model Forest

region. Rather than conduct a detailed quantification of one particular site, the study seeks

to examine all mineral development in the MMF, and then identify and evaluate the linkages

between mineral development and natural resource management in the region. As such, the

focus of this literature review is an examination of reclamation principles, as well as the
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sectoral impacts ofmineral development pertinent to this study area and mine types, and the

history of the specific sites examined in the study.

2.2 MINERAL DEVELOPMENT AND THE ENVIRONMENT

Mineral development can be separated into a number of phases including exploration,

development, extraction, beneficiation, and abandonment (Ripley et ø1, 1978)' These

overlapping steps geographically concentrate their associated activities from the broad remote

sensing exploration phase to the specific mine and mill extraction and beneficiation phases

(Ripley et al,l97B). The exploration phase has a very light footprint on the region as a whole,

while specific extraction/beneficiation locations are highly impacted (Marshall, 1983a). Unless

reclaimed, these nuclei of development can spread contaminants through aeolian and

hydrological transport, diluting, but dispersing tailings or other compounds over a potentially

wide area (Marshall, 1983a;Mason, 1978:15).

Until the 1960's, old mines were simply abandoned, while in the 1970's, in response

to new legislation and awareness, there was a push to revegetate sites (Marshall, 1983b:l l).

The l9g0's brought the more considered approach of decommissioning former mine sites in

an attempt to accomplish what was reasonable and practical (Fraser, 1991). However, many

abandoned mines remain untreated due to costs involved, and the lack of clarity as to which

party should bear this cost. This backlog of disturbed areas is not adequately addressed

(Marshall, 1983a:3)
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There are many socio-economic impacts of mineral development (Ripley et al,

lg78'.246),but these will only be briefly discussed in this study'

2.2.1 Acid Mine Drainage

Long term maintenance of water quality is one of the most important challenges in

reclamation (Kalin, lgST',4). Acid mine drainage is currently one of the most important

challenges in the Canadian mining sector. Base and precious metal deposits often occur in

association with iron sulphides. When iron sulphides are exposed to oxygen and moisture,

sulphuric acid is produced through oxidation, This oxidation reaction, once started in very

reactive minerals such as pyrite or pyrrhotite, can spread to other, less reactive minerals

(Filion et al, 1990). Fenic ions and the chemotrophic bacteria Thiobacillusfenooxidnns, that

obtain energy from this oxidization, can catalyze the reaction, accelerating it up to one

hundred times, especially at low pH levels (Anon., 1991:l 1-10), Both tailings and waste rock

can be subject to this process. Acidic drainage can contaminate ground and surface waters

with high concentrations of heavy metals and low pH. Acid mine drainage can continue in

virtual perpetuity, Constant liming of waste rock or tailings to raise alkalinity is not a

sustainable solution. Flooding of tailings, so as to cut offthe supply of oxygen, currently

appears to be emerging as one possible method of mitigating the effects of acid mine drainage

(Amyot and Vachon, 1993'.21).

Acid mine drainage was not recognized and acknowledged as a problem until the late

1970's, although it had been noted as early as the fifteenth century (Anon., l99l:l l-9). Much
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research will still need to be carried out before the problem is fully understood, and effective

solutions identified and implemented. The MEND (Mine Environment Neutral Drainage)

program, established in 1988, is an attempt to study and remedy this situation. Private

industry, as well as Canadian federal and provincial governments jointly fund this program

aimed at the prediction of acid waste levels, the prevention and control of acid mine drainage,

and the treatment and monitoring of existing sites.

In Canada, over fifteen thousand hectares of acid generating waste sites were

identified in the mid-1980's in a study that only examined base metal mines, Abandoned mine

sites that had reverted to the cro\iln, gold mines, coal mines and uranium mines were not

considered in that investigation. Acid generating waste rock and tailings are not necessarily

generated in equal proportions at each mine site. Although British Columbia has only 4Yo of

the Canadian total of acid generating tailings, it has 80% of the Canadian acid generating

waste rock. Conversely, although Manitoba has less than 0. lYo of Canadian acid generating

waste rock, it has approximately 25o/o of Canadian sulphide tailings (Anon., 1991:ll-11).

Acid mine drainage is not a concern at the majorþ of sites in the study area, however there

are some notable excePtions.

Tailings areas that result from the beneficiation of ore are difficult to revegetate due

to generally poor fertility, impermeability and small particle size, Tailings revegetation

increases in difrcuþ ifthe tailings are acid generating. Contouring, topdressing, fertilization,

seeding, and irrigation in dry climates, are needed to reestablish vegetation and stabilize the

site (perry and Kresse, 1981). It was once believed that revegetation would also serve to
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reduce acid mine drainage, but that does not now appear to be the case, The effectiveness of

other methods, such as flooding the tailings to remove the supply of oxygen, is being

investigated. Each scenario is different, and early attempts to transplant technologies have had

a relatively low success rate (Marshall, 1983b:112).

Fine particulates from dry tailings ponds can be transported by wind up to 50

kilometres from their source (Ripley et aL,1978',9). However, prompt revegetation can reduce

aeolian transport, as well as slowing hydrological transport of tailings material. Benign and

acid generating waste rock are not separated at most abandoned mine sites. The result is that

in order to treat what may be but a small percentage of the total waste rock at a site, all the

waste rock must be handled, increasing costs and disturbing established pioneer vegetation.

Acid generating waste rock has also been unwittingly removed for use in construction,

spreading the problem to other sites.

2.2.2 Wildlife

Each of the phases of mineral development, from exploration to abandonment, has

associated impacts for wildlife. These may range from the specific, such as disturbance of a

calving area, to the general, such as increased hunting pressure due to improved access and

an increased local population of hunters and fishers. Effects vary in temporal duration. Acid

mine drainage may last for centuries, while noise associated with helicopter activity is purely

transitory. Animal migration routes may be affected by right of ways built to service mines,

and aquatic wildlife may be affected by a decrease in pH and increase in heavy metâl
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concentration (Ripley et al,,1978:16). Future mineral developments in the MMF will address

these issues on a site specific basis in keeping with legislated obligations. Although the

exploration phase will continue to have impacts, these are slight to insignificant (USDA,

l9S2:58). Careful siting and design are important in mitigating effects on wildlife (Ripley et

al,l97B.20), and this will be done for new mines in the context of the environmental review.

However, the abandoned mines of the study area were developed in a different era, when

these criteria had not yet been understood'

During the exploration, development, extraction and beneficiation phases of mineral

development in the MMF, impacts on wildlife were potentially significant due to improved

access, localized hunting and fishing pressures, and clearing of vegetation. Some of these

effects continue to be felt. For example, the current age and composition of the forest stands

near former mine sites stems from the previous stands' use for mine lumber at the time of the

development, extraction and beneficiation phases, especially near sites where wood fired

sterrm boilers provided power for the mine. Access patterns created during these phases still

impact on the relative fishing and hunting pressures in the MMF region.

The majority of mineral development sites examined in this study are no longer

producing. The effects of these former operations are now chiefly the result of the

abandonment phase of mineral development. These can be classified under the heading of

habitat disturbances such as changes in vegetation, soil and topography. New landforms can

also create niche habitats, Examples of these are mine shafts for bats, and waste rock areas

for snakes and ground nesting birds such as nighthawks (Chordeiles minor). Initial mineral
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development will nearly always result in locally adverse effects on wildlife numbers, duê to

removal of vegetative cover. However, this may be followed by early successional vegetation,

or other characteristics, which may be desirable in the landscape.

For exampl e,29 of the43 species of bats in North America are known to use mines

as roosting areas (Pierson and Brown, lgg2), Large numbers can be attracted, and sealing of

openings can prove fatal. When sealing openings, if signs of bats are present, gates or cages

should be used rather than a cement cap. As long as mesh size is adequate, bats will continue

to use the roosting site (Belwood and Waugh, l99l), The second largest little brown bat

(A6yotis tucifugus) hibernaculum in North America is an abandoned mine in Michigan' A

number ofbats species overwinter in abandoned mines in northern Ontario (Nagorsen, 1980),

so it would appear likely that bats could be found in the mine shafts of the MMF.

Unless reclaimed, these sites are potential sources of environmental contamination.

There has been virtually no reclamation of any of the sites examined. As a result, they are

sources of habitat contaminants. This effect is exacerbated due to hydrologic, aeolian and

anth,ropogenic dispersal of materials over a wider area' ùway from the extraction/beneficiation

site (Ripley et al, 1978).

2.2.3 Snfetv

Four categories of abandoned mine hazards to public safety have been identified.

These are: open mine workings, buildings or machinery, toxic substances, and areas of

potential collapse of underground mine workings (Mackasey, 1989), Openings to the surface
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include shafts, open pits and trenches and are generally easily recognizable. Surface structures

are also easily recognizable and afford the opportunity for immediate physical injury to the

hiker or tourist.

Toxic substances can include reagents used during the life of the mine, or acidic mine

drainage, which introduces heavy metals and acidic waters to the environment. Acid mine

drainage does not pose an immediate physical threat, but is a long termhazard to surface and

ground water quality \{eak surface crown pillars are the most cornmon reasons for areas of

collapse. Other collapse hazards include underground storage tanks and unstable tailings

dams.

Abandoned mines afford an irresistible attraction for many adventure seekers, history

buffs, children (Mackasey, 1989:137) and rock collectors. This is especially true when one

considers the location of many abandoned mines examined in this study: in a provincial park,

many easily accessible and visible, with some Parks Branch interpretation in place to lure

tourists into possible perdition, Litigation is a serious concern, and civil liabilþ must be

protected, as well as ensuring public safety.

2.3 NATURAL RESOURCE MANAGEMENT CONCEPTS

2.3.1 Integrated Resource Management

Integrated resource management (IRM) is a term that has been used for several

decades, yet is still a concept that needs definition (Carrow, 1994',19). A narrow view of IRM

is that it is the management of a particular resource, with constraints. This is often the view,
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because now managers of a specific resource have to deal with other resource stakeholders,

and this necessarily slows their efforts. Conflicts arise between stakeholders vying for the

same parcel of land (Marshall, 1983a'.213).

McKnight (1995:3) argues for a separate land allocation process dealing with only

mining based on an argument of greater benefits. Many other groups would argue that their

piece of the puzzle had more associated benefits, but this is just another justifïcation for

dividing up the figurative sandbox. However, land access rights need to be defined so as to

create a more predictable climate for the development of all resources, The environmental

impact assessment process is a form of ersatz IRM (Anon .,1991'.ll-21), but is project driven,

and will deal with new projects only. What is needed is a form of a priori land use planning.

Options need to be kept open so as to allow for currently unrecognized resources, or in the

case of mineral development, undiscovered resources (Robertson, 199 l',27)'

2.3.2 Ecosystem-Based Management

Ecosystem-based management (EBlvÐ is a relatively new concept, consequently its

definition is evolving, In essence it is a form of management that ",..integrates scientific

knowledge of ecological relationships within a complex sociopolitical and values framework

toward the general goal of protecting native ecosystem integrity over the long term'"

(Grumbine, 1994:31), Put a different way, EBM combines data from the sciences with current

socio-economic considerations on a land base, which allows for a maximization of benefits

while maintaining ecosystem processes and integrity. Confusion as to the definition of EBM
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is introduced because EBM has other names that are similar. For example, EBM is often

referred to as ecosystem management (Grumbine,1994), a misleading name, which implies

that society has the knowledge and ability to manage ecosystems. Another synonym for EBM

is the ecosystems approach to management (Rowe, 1992), and while this moniker is

descriptive ofthe idea ofEBM, its lengthier name does not make the central concept as clear

as the term EBM does.

Ecosystem-based management provides the structure around which the planning

process can be built. IRM examines the integration of a particular resource sector with other

resource uses and necessarily focuses on resources. The environmental impact assessment

(EIA) process focuses on the linkages of a specific resource development to other ecosystem

components. The results of a number of these processes is that it is now publicly clear that

appropriate management can only be achieved if all ecosystem linkages are considered. EBM

allows society to plan resource use based on the characteristics and attributes of the land base'

Society now realizes that rather than attempt to manage resources, or the environment itself,

we need to manage society's use of the environment (KPMG, n.d.'.2),

Our sense of sight separates a blur of images into discreet bits of information, and in

an analogous process, in order to understand and manage the world around us, humans have

put names on the different parts of the ecosystem, and lopped the ecosystem into a number

of separate resources (Rowe, 1992'.222). EBM follows IRM, is a direct result of the EIA

process, and is a return to a more holistic view of land management, adopting the ecosystem,

as opposed to resources, as its central theme.
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There are three central parts to EBM: involvement of stakeholders in the decision

making process (KPMG, n.d.:l), utilizing available scientific information, and redefinition of

management units (Wedeles and Williams, 1995). In order to accomplish EBM, there needs

to be suflicient information available so that adaptive management can occur while

information gaps are being filled, there needs to be a willingness to adjust to the new

paradigm ofEBM onthe part of decision makers, and the progress of EBM implementation

must be monitored, so as to ensure that sustainability thresholds are not being exceeded

(KPMG, n.d:4). EBM has recentþ been adopted by both the Manitoba Department of Natural

Resources (KPMG, n,d.), and by the MMF (Wedeles and Williams, 1995) as a key

management concept.

Some of the components of ecosystems that need to be considered in EBM are the

soil, water and rock substrate, the atmosphere and concomitant climate and hydrology, the

species composition that has evolved, as well as societal demands and human activities.

Humans are not only a component of ecosystems, but, due to high population numbers and

technological advances, can also affect ecosystems in a profound manner. Part of the

information needed in order to implement EBM is a complete understanding of how humans

have affected a given ecosystem through past activities, and how they are likely to affect it

in the future. Anthropogenic activities in the MMF have largely been resource based, and it

is therefore convenient to examine these activities by resource sector. This study will attempt

to define the role of mineral development in the MMF because this seminal development has

largely set the framework for subsequent development and human activities in the area.
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One of the problems associated with IRM is a lack of communication between

govemment, industry and land users (Mackasey, 1987:137), and this same problem is evident

when implementing EBM (Slocombe , 1993'.617). The creation of a multi-partite group of

stakeholders when dealing with the management of a specific sector is one of the first steps

towards a land use plan. The U,S. Forest Service has had success with such a group in place

to assist in the management of mineral development in the National Forest network (King,

1991:19).

In the MMF, diverse groups have a stakehold in the management of former mineral

developments. These include a number of provincial government departments (Natural

Resources; Parks Branch, Energy and Mines, Environment, Industry, Trade and Tourism,

Highways and Transportation, Culture, Heritage and Citizenship), local government, trappers,

hunters, fishers, minnow farmers, construction contractors, various recreationalists and their

groups, and, of course, claim holders and others engaged in the business of mineral

development. Mineral development nuclei have had a profound influence on the surrounding

area in the MMF. Their relatively large number and cumulative duration increase the

magnitude of their effects. However, it is necessary to describe and discuss management

options at each individual mine site before one can discuss integrated ecosystem management

concerns. The following chapter will describe the methods employed to achieve that end.

Chapter IV follows with a description of selected past, present and potential mineral

development sites in the MMF.
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The broad mineral development footprint has an effect on the access to a hither

undeveloped a¡ea. In turn, this access drives further development of other resources. At each

specific mine site, new artificial landforms are created, and these sites can be resources in

terms of habitat, construction materials, historical heritage and recreation. However, safety

concerns carr also result and need to be resolved. Mineral developmeût in the MMF is of

seminal importance, and should be considered in the ecÖsystem'based management strategy

for the area.
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CHAPTER III: METHODS

3.1 INTRODUCTION

A literature review was initially conducted, focussing on the history of mineral

development in the Mtf,tF, and specifically the history of the larger mine sites, and the eflects

of mineral development on other values. This review was followed by a selection of sites for

field inspections and sampling. There were three major field components to this study: site

description, water and tailings sampling and GPS mapping, in addition to the literature

review. Initial field visits to the mineral development sites were conducted in late April, 1993,

and continued until October, lgg4, with the bulk of the field activities conducted in the

summer and fall of 1993. A number of visits were made so as to observe the sites during

different seasons. The Diana site is in a relatively remote location, therefore only one fly-in

visit was conducted,

All gold mines in the MMF that produced over 100 kilograms of gold were visited

during the course ofthe study, as well as a number of the smaller mineral development sites.

The operating Tanco mine site was visited, as well as the Maskwa'Dumbarton nickel-copper

mine and Bird River chromite deposit, The level of detail of the site descriptions varied due

to a number of site-specific factors that included the amount of visible disturbance, size of the

development, presence of artificial landforms, available time at the site, and form of mineral

tenure. Larger developments are described in greater detail. Time at the Diana site was limited

due to its inaccessibility. Falconbridge Limited has sold the Maskwa-Dumbarton site to

Canmine Resource Corporation (CMR), Rea Gold Corporation is actively managing the San
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Antonio mine site and Tanco is actively operating the Bernic Lake mine. Because these

companies were actively exercising mineral tenures on those sites, less time was spent on

them since a level of management was already in place, Variations in age, size, tenure, access

and other characteristics dictated moulding of methods to suit specific site features'

3.2 SITE DESCRIPTION

3.2.1 Vegetation

One ofthe original aims ofthe study was to compare the types of vegetation existing

at abandoned mine sites that had been closed for different periods of time. However, it was

determined that these sites had been redisturbed at various times, by various anthropogenic

activities, or by wildfire. Disturbances were piecemeal, haphazatd, and, for the most part,

undocumented. It was then decided that the most useful form of vegetation assessment would

be a description of the plant communities of the waste rock and tailings areas. This would

identify the existing vegetative cover, an important consideration for management of the area.

The latter listing of plants that readily colonize abandoned mine sites could serve as a species

list of plants that could be encouraged to coloni ze the waste rock and tailings areas of future

mineral development sites in the MMF area.

Maps showing vegetative cover \¡/ere prepared for the San Antonio, Central Manitoba,

Gunnar and Ogama-Rockland and Tanco tailings areas. Vegetation on the sites of the former

Diana, Jeep and Solo-Oro Grande mines was also described. In the majority of cases an initial

famtlianzation visit was followed by a visit to map vegetation communities using an enlarged
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photocopy of aerial photographs, Distinct vegetation areas were marked on this map and

notes were supplemented with oral descriptions using a Sony M-175V microrecorder. If

unsure of a plant species, samples were collected in plastic bags, then pressed in a plant press,

and subsequently identified, Where field time and expertise permitted, plants were identifïed

to species, however plants such as some mosses, grasses and sedges, \ryere only identified to

genus, An experienced botanist, Ms. Elizabeth Punter, also visited a number of sites.

The intent of the vegefation survey was not to compile an exhaustive species list for

the site, but to provide an indication of the main species present at each site, locations of

concontration, afld to note any unusual species present.

3.2.2 Safetv

As discussed, four categories of hazards to public safety at former mine sites have

been identified; open mine workings, old machinery (Figure 4), toxic materials, and above

ground subsidence of underground mine workings (Mackasey, 1989:136), Any open mine

workings or old machinery that could constitute hazards to public safety were noted during

field visits, Part ofthe rationale for the water and tailings sampling described in the following

section was to assess, in a preliminary manner, the concentrations of substances toxic to

humans or wildlife. The last category of safety concerns, subsidence of old mine workings,

was not addressed by this study. It is of relatively minor concern in the comparatively remote

areas where the studied mines are located, and due to the nature of the mines in the study

area.
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Figure 4. Cat Lake, abandoned machinery

3.3 WATER AND TAILINGS SAMPLING

Water and tailings samples were collected in order to acquire preliminary information

regarding the presence of heavy metals or other toxins in tailings areas. This information is

used in the study to determine, in a preliminary manner, limitations to primary productivity

(plant growth) in the different tailings areas, and their degree of conformity with Canadian

and Manitoba water and soil quality objectives, Manitoba Environment has entered this

information in their annual compendium of provincial sampling locations, and will determine

whether there is a need for further monitoring at these sites.

I1rc tr[anitoba Model Forest: An assessment of ntineral development, with reconmrcndafions þr ecosystem-bosed nsnagement.
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Only limited funds were available for analysis of samples, so sample numbers were

relatively low, The elements for which concentrations were determined represented a balance

between cost and desired information, This was meant to be a reconnaissance sampling, rather

than an in depth investigation. Because the results do not come from a statistically valid

number of locations, and due the heterogeneous nature of mining tailings, these results must

be considered only as a preliminary indication of the need for fuither monitoring'

3.3.1 Tailings Sampling

Tailings are generally rather heterogeneous and therefore difücult to sample

representatively (USDA, l98l:18). Tailings areas sampled were Central Manitoba, Gunnar,

Ogama-Rockland and Diana (also called Gem or Bon). There were two sampling locations

at each site. A large portion of the Diana tailings have been recently reprocessed, and these

are currently stored in a large plastic lined vat. For this reason, th¡ee tailings samples were

taken at the Diana mine, two inside the lined vat, and one in the unprocessed tailings. There

were therefore nine separate sets of tailings samples.

A soil sampling method developed and used by Manitoba Environment to test for the

presence of heavy metals was employed (Phillip s et al,l989). Due to the preliminary nature

ofthe sampling, and low number ofreplicates, sampling locations were not chosen randomly,

but selected so as to achieve a preliminary representation of undisturbed tailings

characteristics.

The Manitoba Model Forest: An assessment development, with reeotnnendations for ecosystem-based nondgenent.
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Sampling pits were initially excavated using a large shovel, A sterilized trowel was

used to smooth offthe vertical face of the pit where the sample was taken. Sterilized trowels

were also used to take three soil samples of approximately 200 cmz. One sample was taken

at the surface, one at a depth of 30 centimetres, and one at a depth of 100 - 110 centimetres

(Frgure 5). The variability of the last sampling depth was due to the objective of this sample,

Figure 5, Central Manitoba, tailings sampling pit; note banded layers and grey, unoxidized

tailings near the bottom.

Ihe ManitobøModel Foresl: An assessment of mineral development, with reconnændations þr ecosystem-based management.
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to retrieve unoxidized tailings, and the difficuþ in digging much past the water table because

of collapse of the sampling pit walls. One sampling pit in the Gunnar tailings area was also

sampled at a depth of 20 centimetres, because of a very distinct change in coloration at that

depth. The sampling pit at the Diana mine outside the reprocessing vat was only sampled at

two depths because the tailings areas were not very deep. This procedure resulted in a total

of twenty seven separate soil samples.

Samples were sealed in tied and doubled plastic bags. These were frozen immediately

and delivered as soon as possible to the W. M, Ward Technical Services Laboratory of

Manitoba Environment, where they were analyzedfor a number of parameters. The following

is a comprehensive list of analyzed parameters: pH, moisture content, cyanide, arsenic,

cadmium, chromium, copper, iron,lead, manganese' mercury, nickel and zinc (Appendix I)'

These standard parameters were recommended by the Manitoba Department of Environment.

Due to technical problems at the laboratory, it was not possible to test the samples for

mercury concentrations.

3.3.2 Water Sampling

A total of nine water samples were taken, one each from the Gunnar and Ogama

Rockland mines, three at the Central Manitoba tailings, and four at the Diana site. The reason

for such a variability in the number of samples was the lack of surface water at the Gunnar

and Ogama-Rockland sites and a desire to take a larger number of samples at the Diana mine

because the recent nature of reprocessing attempts has resulted in several disparate sampling

The Møtitoba Model Forest: An assessment of mine ral deve I opment, wilh re cot¡ntendations þr e co sy s tem'b ase d managemenL
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sites. Most of the water sampled was surface water, and locations were chosen to give an

initial overview of surface water quahty In one additional case, at the Diana mine, one sample

of vat outflow water was collected'

The Ogama-Rockland sample was taken at the west end of the tailings, from a pool

of relatively still water in a small stream that flowed over the tailings area, originating in the

east end ofthe tailings and flowing out through the west end, The Gunnar sample was taken

in a similar pool at the east end of the tailings area, from a stream flowing from west to east

over the tailings, At the Central Manitoba tailings, one sample was taken at the eastern

outflow, one at the western outflow, and a third at a point below the former ball mill where

water was seen to be seeping onto the tailings, At the Diana location, one sample was taken

from standing water in the reprocessing vat, one from a tap that drained the vat from below,

one from standing water in the area where old tailings had been dug up for reprocessing, and

one from Kickley Lake, approximately fifty metres from the outflow of a small stream that

drains the area where the old tailings were deposited.

Samples were collected in sterilized plastic sample bottles that were triple-rinsed on

site. The samples were refrigerated within an hour of collection, and were submitted to the

W. M. Ward Technical Services Laboratory within 24 hours after collection, The following

is a comprehensive list of analyzed parameters: total alkalinþ (CaCOr), bicarbonate

alkalinity, carbonate alkalinity, hydroxide alkalinity, pH, specific conductivþ, true colour,

free cyanide, filterable and non-filterable residue, turbidity, ammonia, soluble chloride, nitrate-

nitrite nitrogen, total phosphorus, tÖtal dissolved LF phosphorus, soluble reactive silica,
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soluble sulphate, total Kjeldahl nitrogen, total arsenic, extractable cadmium, extractable

calcium, extractable copper, CaCO, hardness, ertractable iron, extractable lead, extractable

magnesium, extractable manganese, extractable nickel, extractable potassium, extractable

sodium, extractable zinc, total anions and total cations (Appendix II). In addition, the four

Diana samples were analyzed for extractable mercury because this was the only sampled mine

that had used a mercury gold extraction process when it was operational in the 1930's. As

with the tailings samples, these standard parameters v/ere recommended by the Manitoba

Department of Environment,

3.4 GPS MAPPING

A subsequent visit to each site with a GPS unit was conducted with the goal of

accurately mapping tailings and waste rock areas, the vegetative cover, mine site structures

still extant on site, as well as tailings and water sampling locations' However, due to

unpublished data regarding the limitations of the Magellan Nav Pro 5000, it was not possible

to apply corrections to this data using the Pine Falls base station. Unfortunately, the

information garnered from the GPS data is virtually worthless because an error of up to 150

meters can be assumed, It is not possible to correct it using known GPS locations due to the

required precision ofthe data, Remapping of the area using superior equipment was planned,

but technical problems with the new GPS units prevented completion of this portion of the

study, Instead, annotated aerial photographs were used to describe the mine site vegetation.
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CHAPTER IV: CASE HISTORIES

Individual mineral development sites were examined with the view of cumulating their

characteristics into a holistic description of mineral development in the MMF, Past, present

and potential mineral developments are examined in this chapter. The majority are former

gold producers, and these sites have become nuclei of other, non-mineral development.

However, base metal and industrial mineral mines are also examined. Specific case histories

examined are Central Manitoba, Gunnar, Diana, Ogama-Rockland, San Antonio, Maskwa-

Dumbarton, Solo-Oro Grande, Packsack, Jeep, Cat Lake and Tanco mines, and several

potential mineral developments.

4.1 PAST MINERAL DEVtrLOPMENTS IN THE MMF

4.1.1 Central Manitoba

4.l.l.l Location and Access

The Central Manitoba Mine site is located approximately 170 kilometres northeast of

Winnipeg, in what is now Nopiming Provincial Park (Table l). The tailings area is bisected

by Provincial Highway 304 (Figures 6 and 7). This makes Central Manitoba the most

accessible and visible ofthe sites studied, with the possible exception of the San Antonio mine

which is located in the town of Bissett,

While it was in operation, access was by water or air in the surnmer, while after

fieeze-up, a winter road closely followed the power line from Great Falls, the nearest rail link.

The Mmitoba Model Forest: An assessment of minerøl developnent, with reconmendstionsþr e cosystem- b ase d monagement.
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(Top) Figure 6. Central Manitoba, aerial oblique view to southwest; note the waste rock
and mill area at top left.

(Bottom) Figure 7. CentralManitoba, view north onto causeway and tailings; note rusting
barrels, erosion gullies, with vehicle tracks in foreground.
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In 1928, there were two proposals to build rail lines to Wadhope (Kerr and Holdsworth,

1987:44), but neither was ever realized. Water access was up the Wanipigow and

Manigotagan Rivers to Long Lake, while aircraft landed at Long Lake, approximately seven

kilometres to the southwest of the mine. A wagon road provided access to the mine proper'

The development of the Central Manitoba mine coincided with the explosive growth of

frontier flying in Canada's north. Before the mine opened in 1927, aircraft were considered

rare, but in 1930 scheduled air service began between Winnipeg, Lac du Bonnet and Long

Lake (Minton, 1988).

4.1.2 History

The Central Manitoba Mine was in operation from L927 ' 1937, making it the first

producing mine in the district. The mine site was originally staked in l9l5 - 1917, and during

its productive life, ore was obtained from five shafts: the Kitchener, Growler, Tene, Roger

and Hope. The W.A.D. syndicate (derived from Henry A. Wentworth, T.C. Anderson and

Howard Clark Davis, Directors, lg24) first started work on the mine in 1924. Central

Manitoba Mines Limited resulted from a subsequent amalgamation of the syndicate and

Anglo-AmericanExplorersin 1925, Apowerlinewasconstructed inl92l fromGreatFalls

on the Winnipeg River seventy kilometres northwest to the Central Manitoba mine. A rail link

was planned, but the mine never lived up to expectations, as little ore was found at depth.

After a number of near-closures, the mine finally closed in 1937 after reprocessing some
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tailings, Most of the equipment and some of the buildings were subsequently sold and

removed (Minton, I 988),

During its ten years of production, the Central Manitoba mine yielded nearþ five

tonnes of gold, and over 800 kilograms of silver. The average grade of the ore was 12.69

grams of gold per tonne (Bamburak, 1990)(Table 2)'

The town of Wadhope, located to the southeast of the Kitchener shaft, obtained its

name from the combination ofW.A.D. syndicate and Hope shaft. At the height of operations,

approximately 200 people lived in Wadhope, including a score of school age children. The

townsite included a general store, barber shop, pool room, community hall (which housed the

school) and a three bed hospital (Minton, 1988). Although Wadhope still appears on some

maps, no buildings currently remain at the site.

4.1.1.3 Current site characteristics

4. 1. 1.3. I General description

The area formerly occupied by the mine is situated on Provincial Highway 304,

approximately two and a half kilometres from the north boundary of Nopiming Provincial

park. The tailings area is the most prominent feature marking the former mine site' The

Highway 304 causeway bisects the orange-coloured tailings, known locally as the'cyanide

flats', This moniker is employed due to the use of the cyanidation process of gold milling at

the Central Manitoba mine. There are no significant quantities of cyanide left in the tailings,

although many piles of rusting barrels from the cyanide bricks remain scattered in different

lhe Manitoba Uodel Forest: An assessmmt oftninetal development, with recomnendationsfor e cosystem-b ase d møtagemenl'



|.l

ß

È

ðs
È
à\

G

a

as
b(\

o

4

*
s

$

d
oìl
ìs
G

o
ø

I

)a(\

(\
ö
.q
4

qr

È

ûa
G

s
>

Tailings
Present

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Total
Tonnes ore

mined

411,588

22,680

296,229

16,318

1,905,020

r55,862

4,440,000

15,100

2.000.000+

Total
Production

(kgs of gold)

4,977.5

235.6

3,155.8

432.0

n.a.

1,497.8

4r,993.9

165.3

n-a-

Average
grade ofore
(eold" e\t)

12.69

10.39

11.02

26.40

n.a.

9.6r

926

11.31

î.4.

Total years

operational

I0

7

5

J

7

4

36

3

2 1

Operating
period

1927-1937

1

I
I

928-t932
934-t938
940-1941

r936-1941

1947-t950

r969-t976

1942
1948-195 I

t932-1968
1982-1983

1932-r934
1938-1940

1969-1982
1986-Present

Name of Mineral
Development

Central Manitoba
(Wadhope)

Diana
(GemLake,

or Bon)

Gunnar

Jeep

Maskwa-
Dumbarton

Ogama-Rockland

San Antonio

Solo-Oro
Grande

Tanco

Table 2. Production statistics for examined mines in the Manitoba Model Forest (adaptedfrom Bamburak,l990).
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places on the site, some with original labelling still clearly legible (Figures 8 and 9). Drainage

(Top) Figure 8. Central Manitoba, a pile of rusting garbage near the edge of the tailings.

(Bottom) Figure 9. Central Manitoba, a sixty year old shipping container, the other end of
Love Canal.

The Manitob a Model Fore s t : An assessment of mineral development, with recommendations for e cosy s t em- b as e d management.
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from the tailings is in two directions, west into a series of swamps to Halfuay Lake, and east

through a lowJying area into Wentworth Lake. The remains of the mill, and town of

V/adhope, are situated on the south side of tailings area, immediately west of and partially

visible from, the causeway. One of the most prominent landmarks presiding over the tailings

area is a cylindrical piece of milling apparatus, almost certainly an Oliver drum filter. It is one

of the few large pieces of equipment that have not been removed from the site'

A waste rock area surrounds the site of the Kitchener shaft around which the town

grew. This area is easily accessed from the highway. East of the highway, another road leads

to the contþous Tene and Rogers waste rock areas. Farther along the same road, a smaller

waste rock area marks the site of the Hope shaft on Wentworth Lake, approximately two

kilometres distant from the Kitchener shaft. Acid generating rock is only present at the site

of the former Kitchener shaft.

An electrical transmission line right of way passes through the site, joining Great Falls

in the south and Bissett in the north. Numerous small trails and remnants of roads radiate

from the site, especially toward Long Lake. Three Parks Branch interpretive signs, situated

on both sides of Highway 304, describe some of the aspects of the mining operation at

Wadhope. The presence of the tailings, large machinery and building foundations attract

people to enter the site. Empty beer bottles and other recent garbage, spent shotgun and rifle

shells, campfire remains and tracks in the tailings, as well as other evidence, testify to visitors'

past presence on the site.

TheMmitobaModel Forest: An assessmmt ofmineral development, with re cotmnendations for e c o system'b as e d managemettt.
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The whole site is loosely connected by a series of roads and trails. Waste rock areas

are lightly sprinkled with small heaps of rusting garbage. The waste rock a.rea is subject to

repeated redisturbance, especially due to its proximity to Highway 304'

4.1. 1.3.2 Artificial Landforms

There are th¡ee artificial landforms at the site, the tailings, the waste rock areas, and

the road network. The tailings area is oriented east-west and is approximately 1800 metres

long by 300 metres wide at its widest point, covering an area of approximalely 20 hectares,

The tailings are largely bereft of vegetation and appear virtually identical on aerial

photographs taken inl934and in 1986 (Figure l0). Unlike some of the tailings areas at other

mines in the region, there has been very little natural revegetation. In 1971, the Mnes Branch

of the Manitoba Department of Energy and Mines began a pilot seeding and fertilization

project on a portion of the tailings. However, this came to an abrupt end in March of 1977

when the seeded and fertilized tailings were used for improvements to the highway. Several

plant species still growing on the site, including alfalfa (Medicago sativa)and tall crested

wheat grass (Agropyron elongatum), a Eurasian grass used in reclamation programmes,

remain from this project of twenty years ago'

Nitrogen, phosphorus and potassium levels are very low in the tailings (Russell,

lgTl). Vegetation on the tailings is generally limited to a narrow band around the edge'

Where small streams flow into the tailings, a 'delta' of vegetation arises (Figure I l), probably

The ManitabaModel Forest: An assessmenl of mine ral deve lopment, with re c ommendations for manageilrent.
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Figure 10. Central Manitoba, aerial photographs from l93a (top) and 1986 (bottom),

both scales are 1:16 000

Pase 57
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Fþre I I Central Manitoba tailings, view west; a delta of vegetation cut by a stream channel

due to the nutrients that are being washed onto the tailings, and moderation of the low pH

levels,

The tailings are used by all terrain vehicles for access to the swamps to the west, as

well as for recreation. The nature ofthe tailings (hard surface, some gullying, water in places,

largely free of vegetation, easy access from the highway) makes the area very attractive for

recreational use by all terrain vehicles and offroad motorcycles. The fragile vegetation that

does establish on the tailings is visibly scarred in several places by off road traffic. Even a

single pass of a motorcycle leaves a definite trail in the fragile pioneer vegetation (Figure 12),

TheManitoba Model Forest: An assessment of mineral development, with recotnmendølions for ecosystem-based managemenl.
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Fþre 12. Central Manitoba tailings,a single pass of a motorcycle leaves a visible scar on the
pioneering plant community.

The tailings area is also used for an annual golf tournament by local cottagers. Ice

cream pails serve as holes, while supermarket bags on wooden stakes are used in the place

of flags. The tailings had been used for golf when the mine was active, but this activity had

to be curtailed due to tailings sampling and reprocessing near the end of the minels life. The

The Manitoba Model Forest: An assessment of mineral developmmt, wilh recotmrcndølionsfor ecosystem-bøsed management.
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tailings ilea offers relatively flat, very open terrain, and evidence of clay pigeon shooting has

been found in the form ofshattered targets.

A mineral lease held by Golden Hat Resources Inc, covers a significant portion of the

area. Tailings reprocessing is a distinct possibilþ, Samples to this end have been taken from

the central Manitoba tailings by different o\ilners over the years, and reprocessing has been

carried out at several of the other mines in the area. As technology improves, chances of

tailings reprocessing also increase.

The total area occupied by waste rock is approximately four hectares. Waste rock

from the site is being used for construction by both the public and private sectors. Most of

it is used in road construction, but there are more esoteric uses. For example, in the late fall

of 1993, a quantity of waste rock from the Hope shaft was used to dam the outlet of

Wentworth Lake. Minnows have been raised in this lake in the past, and this action is part of

that eflort. Fortunately, Hope Shaft waste rock is not acid generating. Since gravel deposits

are infrequent in the are4 continued use of waste rock can be anticipated, Due to the presence

of a significant proportion of acid generating rock, unmanaged exploitation of the Kitchener

waste rock is not desirable. Unfortunately, this is also the area of waste rock that is closest

to, and most easily accessible from, Highway 304'

The waste rock areas are frequently used by individuals to sight in firearms and for

target practice, as evidenced by the numerous targets erected. However, the possibility of

ricochet does not make these sites ideal for that purpose. All the shafts are capped with

cement

The Manitobø Model Forest : An assessment of mineral deve loPment, with recotnnendations þr ecosystem-b as e d mønagement.
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The original road network connected the different shafts, as well as linking the Central

Manitoba site to Long Lake and the Gunnar and Solo-Oro Grande sites. Hunters frequently

drive the old roads on the site, and they have been used for commercial forestry purposes.

These same roads also improve access for berry pickers and others wishing to easily enter the

forest from Highway 304, Highway 304 has been realigned and straightened, and this has

resulted in a trail that parallels the main highway for over 7 5o/o of the distance from the

tailings to the intersection ofHighway 314 andthe Beresford Lake Road, a distance of about

eight kilometres. Built by making liberal use of the abundant waste rock from the mines, these

roads will remain enduring physical features, exploited by humans, as well as wildlife.

4,1.1.3.3 Water and tailings analysis

Chemical analysis results of surface water at the Central Manitoba site are presented

in Appendix II. Water was sampled at three locations. One sample was collected at the

seepage onto the tailings from the former mill site, while the others were taken at the outflows

at the west and east end of the tailings. The water at the seepage had a pH of 4.18, while at

the outflows this had moderated to 7 .97 andT ,36 at the west and east end, respectively. The

seepage pH is very low, well below the Canadian Interim Remediation Criteria for Water

(CIRCW) guidelines of 6.5 to 9.

At the seepage site, zinc levels were over 100 times the Manitoba Surface Water

Quality Objectives (MSWQO) for aquatic life and wildlife, while concentrations were

approximately 24times the MSWQO, and eighty times the CIRC\ry guidelines, Copper, iron,
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nickel, lead and cadmium levels at the seepage exceeded the MSWQO and CIRCW guidelines

for freshwater aquatic life, However, at the outflows, only iron and coppef concentrations

exceeded CIRCV/ guidelines, while the zinc CIRCW guideline was exceeded at the eastern

outflow

Tailings analysis results are presented in Appendix IIL Cyanide levels are negligible,

notwithstanding the local nickname for the site. Cyanide concentrations are above CIRCS

Agricultural guidelines, but well within the other categories, The only elements present in

unusually large amounts are copper and iron. The average ore milled graded over 0'5olo

copper (Stewart, 1980), so high copper values in the tailings are not surprising. Copper values

are an order of magnitude greater than the Canadian Interim Remediation Criteria for Soil

(CIRCS) guidelines for commerciaVindustrial sites, Alloway (1990:171) indicates that copper

levels of 25-4e mdkg were toxic to plants at a pH of 5,5. The Central Manitoba samples

ranged from 1000 to 9800 mdkg copper. Since copper toxicity increases with decreasing pH,

one can conclude that copper toxicity will be a concern in any revegetation attempts at this

site. One of the six samples anaþed showed cadmium levels higher than the CIRCS

guidelines for the Agricultural or Residential/Parkland categories, but well within the

Commercial/Industrial guidelines.

Values ofpg in the top layers of the tailings afe very low, 3'50 and 3'40 at both the

surface sample points, and2.66 at one of the sample points at 30 centimetres depth. This is

well below any samples at the other mine sites, where the lowest pH value recorded was 7'70,

and well below the CIRCS guidelines of 6 to I units'
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4.1..2 Gunnar

4.1.2.1 Location and âccess

The Gunnar site is located approximately eight kilometres southeast of the Central

Manitoba site, and is also within Nopiming Provincial Park. The tailings and mill site are

locæed on the south and north sides, respectively, of the Beresford Lake road (Highway 315)

(Figure l3). They are easily accessible, but unlike the Central Manitoba site, they are hidden

from the view of the casual tourist.

While it was in operation, access was much the same as for the Central Manitoba

operation, the power line being extended to the Gunnar site. Aircraft, however, could land

at Beresford Lake, where the townsite was located, only half a kilometre from the mill site.

Figure 13, Gunnar, aerial oblique view to the north; note part of the former mine site at top
left, and naturally revegetated tailings at top right.
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4,1.2.2 History

Initial claims were staked in the early 1920's, and the Gunnar mine was in operation

from 1936 to 1942. Ore was produced from two shafts, Over three tonnes of gold were

produced, as well as 290 kilograms of silver. The ore had an average grade of I1.02 grams

of gold per tonne (Bamburak, 1990), During its last year of operation, the Gunnar mine

processed ore from the ogama-Rockland mine. Homestead Resources Inc, currently holds

the claim to the tailings and mill sites.

power was brought in eight kilometres from Central Manitob a in 1934 (Shepherd,

lg3g:SZ),By 1938, 48 houses had been built on the lakeshore townsite, and all had electricity

(Anon., l93S). At its zenith, the community boasted a population of over four hundred' with

such amenities as a hotel, community hall, two sheet curling rink, tennis and badminton

courts, and aseven hole golf course. In addition, a one-room school was built for over 30

students, the community had a three bed hospital, and of course a post ofñce' Even during

the life of the mine, tourists from Winnipeg came to the hotel on Beresford Lake for the

fishing opportunities to which it provided access (Minton, 1988).

4,1.2.3 Current site characteristics

4. 1.2.3. I General description

The mine site and milling area are situated north of the Beresford Lake road, on the

top of a rocþ hill. Many cement building foundations are still visible among the clumps of

woody vegetation, but the mill was dismantled and moved to the Ogama-Rockland
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development in 1948. Numerous trails crisscross the mill site, which is approximately four

hectares in size. unlike the central Manitoba mine, however, there appears to be relatively

little of historical heritage value remaining at the site, other than the building foundations.

The tailings lie in a depression approximately 150 metres south of the road to

Beresford Lake, covering an area of approximately eleven hectares, the southeastern half of

which is vegetated (Figure 13). Two trails, one from the northeast, the other from the

northwest, connect the tailings area to the Beresford Lake road. A Parks Branch interpretive

sþ is located on the mill site, and a waste brush pile as well. Unfortunately, the waste brush

has attracted other, non-decomposable, forms of garbage'

4. I .2.3.2 Artificial Landforms

There are three artifïcial landforms at the Gunnar mine site, the mill and waste rock

area, the tailings (Figure l3), and the road network. The rocþ and exposed mill site is

covered by a sparse growth of balsam poplar (Populus balsømrfera) and trembling aspen

(Poputus fremuloides)up to five metres tall, as well as other woody vegetation' Much of the

waste rock from the mill site has been removed, apparently for use in construction' All shafts

appear to be caPPed with cement'

A small stream feeds into the tailings area from the south, and exits at the east end'

It has contributed nutrients to allow establishment of a substantial vegetative cover over the

eastern portion of the original tailings. A recent forest fire has burned to the western and
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southern edges of the tailings area, and nutrients from overland flow are currently

contributing substantially to the nutrient budget of the tailings edges (Figures 14 and l5 This

(Top) Figure 14. Gunnar tailings, view west; note preferential stoloniferous colonization of
reddish tailings.

@ottom) Figure 15. Gunnar tailings, view west; ATV trail cuts the band of vigorous pioneer
vegetation near the perimeter of the tailings.
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is reflected by vigorous recent growth. The tailings area is regularly used by woodcock for

courtship displays.

Some tailings were reprocessed in the early 1980's, with limited success. As

technology improves, opportunities for successful tailings reprocessing increase. The tailings

are also used by offroad motorcycles and all terrain vehicles. There is evidence of clay pigeon

shooting at the site.

The large number of trails, and the proximity to the Beresford Lake cottage

subdivision make the area a favourite place for hikers, all terrain vehicles, off road

motorcycles and snowmobiles. Judging by the number of spent shells on the ground, it is well

travelled by hunters. The trail from the Gunnar mill site to the Solo Oro-Grande mine allows

dry weather and winter land access to the northwest end of Beresford Lake. Highway 315

was built south ofthe original road to Gunnar from Long Lake, and this abandoned trail alone

now adds another seven kilometres to the undeveloped trail network of Nopiming Provincial

Park.

4.1.2.3.3 Water and Tailings Analysis

Both water and tailings pH was normal, and the surface water samples collected

showed no unusually high concentrations of metals, or other compounds, Some of the tailings

samples exceeded the CIRCS Agricultural and/or Residential/Parkland guidelines for copper,

arsenic and cyanide. one surface sample exceeded the CIRCS Commercial/Industrial

guidelines for a¡senic by a factor of almost six. In addition, another sample slightly exceeded

the CIRCS Residential/Parkland guidelines for zinc.
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4.1.3 Diana

4.1.3.1 Location ând Access

The Diana mine is located just offthe northwest shore of Kickley Lake. This small one

kilometreJong lake straddles the Manitoba-Ontario border, approximately 170 kilometres

northeast of Winnipeg. The Diana mine, also known as Gem, or Bon, after two larger nearby

lakes, is accessible only by air, The nearest road, Highway 314, is over l0 kilometres away

.as the crow flies'. An old road to the site now allows only winter access. Even during the

operation of the mine over half a century ago, an inspector's report indicated that summer

access to the mine was poor (Mclaren, n.d,). Temporary stone fords were built across two

creeks during tailings reprocessing in 1987, but terrain and lack of water access have kept this

site relatively remote.

4.1.3.2 History

Gem Lake Mines Limited operated this property for a short period in its earlier years

from l92g to 1932. The property was later owned by Diana Gold Mines Limited, with the

main period of operation being betwe en 1934 and 1936. The mine was operated for a couple

of years after that, but with only limited production. In total, approximately 235 kilograms

ofgold and 13 kilograms of silver were produced at the site using a mercury amalgamation

process. Hydro power was not available, so wood-fired steam was the source of power for

thc mine, Large quantities oftimber were consequently needed for fuel (Brownell, l93l"4a).
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In 1987, Ausgold Recovery Systems Limited, an Australian company, reprocessed

approximately 8000 tonnes of tailings on site using a cyanide vat heap leaching process

(Anon., 1988a:28), Manitoba Mineral Resources, a Crown corporation, had a 3l9% interest

in the Diana property at the time (Anon., 1988b).

4.1.3.3 Current site characteristics

4. 1.3.3. 1 General description

The shaft and mine site are located approximately 300 metres from the northwest

corner of Kickley Lake, on a height of land up a moderately steep slope, The tailings

reprocessing vat is located just east of the shaft (Figure 16). The tailings were originally

Figure 16. Diana, aerial oblique view of heap leaching vat; note waste rock pile at top left.
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deposited at the bottom of this rise, in a small wetland that is drained by a creek, east into

Kickley Lake.

Numerous short trails link the lake, mine site and tailings area. Several cabins, in

various stages of deterioration, are scattered along these trails. Besides the reprocessing vat,

which is a rectangular structure just under half a hectare in size, the most prominent feature

at the site is the steep-sided waste rock pile immediately west of the shaft. This sparsely

vegetated conical structure, sitting as it does on a height of land, affords an excellent view of

the sunounding countryside. The grizzly used at the mine lays at the bottom of this artificial

hill. The mine shaft is located between the waste rock pile and the new reprocessing vat. It

is fenced, and the cage used to access the mine is plainly visible in the shaft, approximately

five metres down. The integrity of the barbed wire fence built to secure the open shaft is

threatened by plastic pipins from the recent tailings reprocessing which is laying on the fence,

and disappears into the shaft. Some distance away, a number of ore buckets over half a

century old are still in exçellent condition (Figure l7).

4. 1.3.3.2 Artificial landforms

Five artificial landforms are noìil present on the Diana mine site: the waste rock pile,

the mine shaft, the trails, the reprocessing vat and the original tailings area. The waste rock

pile is relatively concentrated, with alarge conical hill overlooking a small area of broken

rock. No rock was visible that exhibited the properties of acid generating gangue' The slopes

of the main pile were unstable, but a number of plant species were present. Scrubby spruce
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Figure 17.Diana, ore buckets over half a century old.

(Picea sp.) and white birch (Betula papyrfera) were sommon, but balsam poplar, balsam fir

(Abies balsamea), currant (Ribes sp)., bearberry (Arcostapltylos uva-ursi), bunchberry

(Cornus canødensß), Rosa sp., pin cherry (Prunus pennsylvanica), trembling aspen, juniper

(Juniperus sp.), mosses and grasses were also present, More vegetation was growing on the

shaded north side of the waste rock pile.

The shaft surface area is by definition small, however, its importance is due to the

possible safety hazards that it presents, as well as due to its potential as bat habitat. It is one

Case histories
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of the few sites visited where a major shaft is not capped with cement and therefore might

have a resident bat population, The shaft has not been active for half a century, and is

relatively remote and undisturbed, increasing its potential as a bat hibernaculum. It is not

known ifthe plastic piping left behind after the recent tailings reprocessing had been used to

discharge material into thç shaft and what effect this might have had on bat use of the shaft.

The same piping is compromising the viability of the barbed wire fence erected to secure the

shaft opening.

The roads at the site, although used infrequently, are still well defined after a half a

century, underlining the long term nature of mining roads. The remote character of the site

and the short length of the trails reduces their impact on the area. The trail to the site from

Highway 304 can serve to provide winter snowmobile access to a relatively remote section

of Nopiming Provincial Park.

The reprocessing vat is a rectangular structure, approximately half a hectare in size'

It is located on a flat area immediately northeast of the shaft opening, approximately 220

metres northwest of Kickley Lake, The vat walls are approximately three metres tall; the

contained tailings are approximately two metres deep. The vat walls are well vegetated, but

all woody stems, consisting chiefly of willow (Salix sp.)and balsam poplar, are heavily

browsed by ungulates down to a height of approximately l 5 rnetres. The tailings inside the

vat are sparsely vegetated, mostly by clumps of grasses and rushes.

Standing surface water was evident on the day of the site visit. It appears that the vat

was constructed further to the south and east than originally planned in the environmental
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impact statement. As a result, the easternmost vat wall is located at the edge of a gully. The

drainage in the vat appears to be to the east as well. This effectively precluded tailings

sampling at the one metre level at the easternmost of the two sampling sites in the vat. The

position of the vat and direction of drainage could combine to result in a failure of the east

vat wall, and escape of the tailings into the gully with consequent environmental

contamination. Two small emptyvats, approximately 15 by 5 metres and 2 metres deep, lined

with plastic, and with plastic piping laying about, are located near the main vat.

The originally deposited tailings are covered with vegetation, Speckled alder Q4lnus

rugosa) and willow are up to six metres tall, while luch(Larix laricina) is up to eight metres

tall and growing vigorousþ. Larch leaders \ /ere generally over 30 centimetres long. Since the

tailings were deposited over a half century ago, there has probably been a significant amount

of nutrients deposited onto the tailings by the creek that flows through them. Lack of large

woodyvegetation, as well as mounds of exposed tailings up to one metre high, charactetize

the area where tailings have recently been removed for cyanidation.

4.1.3.3.3 Water and tailings analysis

Tailings analysis indicates no unusual characteristics in either the reprocessed or

originally deposited tailings. The Diana mine was the only major mine site visited that

employed the older mercury amalgamalion process to extract gold from the ore. For this

reason water samples from this site were tested for mercury content. Levels in the vat were

up to th¡ee levels of magnitude higher than those in the original tailings surface water.
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Mercury levels were measured in some freshwater clams near the mouth of the creek draining

the tailings, but no abnormally high levels were detected. If a more detailed study of residual

mercury were undertaken, then it would be interesting to sample material from the east end

of Kickley Lake, as examination of aerial photographs indicates that this is where sediment

appears to be accumulating.

Cyanide levels, surprisingly, are one order of magnitude greater in the unprocessed

tailings than in tailings in the cyanidation vat. It has been suggested that this is possibly due

to contamination of the sample with cherry (Prunus sp.) litterfall (Beck, N,pers. comm.)'

Cherry trees were not noted growing in the tailings, but the sample was taken at the edge of

the tailings area, Tailings along the edge of the original tailings area were not reprocessed in

the vat due to the increased cost of extracting a thin layer. Therefore the only sample from

the original tailings was obtained from the edge of the tailings area. Free cyanide levels in the

surface water sample taken on the originally deposited tailings were also very high, one order

of magnitude higher than water samples from the cyanidation vat, and two orders of

magnitude higher than any water samples obtained from other tailings areas. This may have

been caused by cherry leaves, although the water sample was not taken near the tailings

sample.

Not surprisingly, water collected from the vat outlet tap had a high specific

conductivity. It also had a somewhat lowered pH, and artificially high levels of ammonia, total

Kjeldahl nitrogen, iron, zinc, mercury and sodium.
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4.1..4 Ogama-Rockland

4.1,4.1 Location, Access and llistory

The Ogama-Rockland mine is located approximately one kilometre north of the

cottage community of Long Lake, on the border of Nopiming Provincial Park @igure 3).

During the operational life of the mine, access was by air or water to Long Lake, and then one

and a half kilometres up a road to the mirte site, The current cottage community of Long Lake

arose ftom the mining town of the same name. Present day access is by road, from Highway

304, through Long Lake, and north along a trail to the mine site.

The mine first produced org in1942. This first ore was processed at the Gunnar mine,

since reserves at that mine had been exhausted. In a climate of renewed labour availability at

the end of World War II, the mill, equipment and a number of buildings, were purchased from

the Gunnar Mine and moved to the Ogama-Rockland site. Production began in 1948, in

response to the financial incentives of the Emergency Gold Mining Assistance Act, and

continued until 1951 GvfVsVk et al, 1986), The mine produced 1497 .8 kilograms of gold and

172.9þ,Jograms of silver, with an average grade of 9.61 grams of gold per tonne (Bamburak,

1990). In its short heyday, the community of Long Lake boasted a school, beauty salon, and

a variety of other amenities (Mysyk et al,1986)'
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4.1.4,2 Current Site Characteristics

4. 1.4,2.1 General description

The Ogama shaft is within Nopiming Provincial Pæk, directly on the power line from

Great Falls to the Central Manitoba mine. A trail leads approximately 600 metres northwest

out of the park to the Rockland shaft. The tailings area is located between the two shafts,

approximately 100 metres south of the trail, and well hidden from view.

The mill was located near the Ogama shaft, and the foundations of the mill and other

buildings are still very much in evidence. A Parks Branch interpretive sign stands near this

shaft, which is capped with cement, The capping was done at the same time as a number of

other shafts in the Bissett area, in 1970 (Anon., l97l). A number of roads as well as

numerous smaller trails radiated from the site, to the Central Manitoba and Gunnar mines, to

Long Lake, to the Rockland shaft. A power line right of way stretches in two directions,

south to Great Falls and north to Central Manitoba and Bissett'

4. I .4.2.2 Artificial landforms

Three artificial landforms are present on the site, the relatively flat Ogama shaft waste

rock area and mill site, the network of trails, and the tailings disposal area. The waste rock

does not exhibit any properties associated with acid generation. Trembling aspen and balsam

poplar clumps dot the site where there has not been recent disturbance, Waste rock has been

removed in significant quantities, undoubtedly for use in construction, Building foundations

and other enduring remnants of buildings are scattered throughout this waste rock area, A
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row of cement sinks from the dry is shaded by the five metre tall balsam poplar and trembling

aspen growing through and around the foundation.

On one visit to the Ogama site, over a dozen common garter snakes (Thamnophis

sirtalis)were observed basking on the waste rock not far from the interpretive sign. The

extensive area of waste rock on a southern aspect, with copses of small deciduous trees and

shrubs surrounded by mature boreal forest, creates a variety of habitat niches; the open areas

of sun-warmed rock are particularly attractive to snakes, The foundation of the main mill

building fills with water, creating ponds that remain filled throughout the summer. Well

established stands of what would normally be considered littoral vegetation, such as cattails

(Typha tatifolia),are evidence that this artificial pond has existed for a number of years.

At the northeast end of the waste rock area, an old backhoe sits in a large excavated

depression, mute testimony to the current usefulness of the waste rock from the mine.

Cottage piñs (Dianthus plumarius) are common, and widely distributed across the whole

waste rock area. The original plants must have been brought to the site a number of years

before, probably while the mine was in operation, judging by the species' widespread

colonization of the site and the fact that they are a Eurasian species, popular with gardeners'

Due to remote nature of the site, the population has been isolated from other genotypes for

many years, likely since the mine was operational, nearly a half century ago, This genus is

commonly used as an ornamental, and this population represents a gene pool well adapted to

the relatively harsh conditions of the northern boreal forest.
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Many ofthe old roads are accessible to vehicular trafüc. They also provide attractive

corridors for all terrain vehicles and snowmobiles, as do numerous trails, and the power line

right of way. This transportation network is also used by a small forestry operation, as well

as by the local trapper, berry pickers, hunters and prospectors. Some of these users actively

maintain the roads for their o\ryn use, while others degrade them through careless use. The

builders of the roads made liberal use of the abundant waste rock from the mine, and like

many mining roads, these roads are enduring features in the boreal landscape.

The tailings area is relatively far removed from the mill site. For this reason, and due

to its relatively small size of five hectares, it is not the prominent feature that tailings areas are

at the Central Manitoba, Gunnar or San Antonio mines. Another characteristic that sets it

apart from other tailings areas is that existing vegetation was not removed before tailings

were pumped onto the site (Figure 18).

The imposition of a tailings regime onto several existing stands of trees, in an area of

little topographic relief, has resulted in a tailings area whose edges are feathered. Organic

matter from the litterfall oftrees that survived flooding by tailings, and from the carcasses of

the trees that did not, has resulted in an improved nutrient regime at this site, The small size

ofthe tailings area, its feathered boundaries, and irregular figure eight shape allow effective

influx of nutrients from the edges of the tailings area.

A small stream flows thnough the tailings area, from east to west; much of the access

trail to the tailings from the main Ogama to Rockland trail is now the channel for this
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watercourse. The stream channel is relatively well defined at the east end of the tailings, but

at the west end the stream flattens out as it flows into a stand of phragmites.

Figure 18. Ogama-Rockland tailings, view northwest of forest {looded by tailings
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There are several distinctive veg€tation zones (Appendix III). Unlike the other tailings

sites visited, trees and shrubs \ /ere not removed over a large portion of the area flooded by

tailings, and they form part of the currently existing vegetation, as well as providing nutrients

and vertical structure to the tailings area. Spruce and larch are small and stunted near the

centre of the tailings are4 while the edges are fringed with vigorous larch and spruce that are

up to nine and six metres tall, respeøively, Larch appears to be the most vigorous of the two,

as estimated by relative leader and shoot lengths. Willows, balsam poplar and dwarf birch

(Betula pumita) arethe other woody species that are common in this tailings area. Stands of

phragmites, goldenrod (Solidago sp.), clumps of grasses, sedges (Carex sp.) and horsetail

(Equisetum sp,) form the majority of the other tailings vegetation (Appendix III).

4.1.4,2.3 Water and tailings analysis

No unusual values appear in either the tailings or water analysis data. Arsenic levels

in the tailings samples were relatively high, peaking at290 pglg, md averaging approximately

173 ¡,ry1g, above the Canadian guidelines of 50 ¡,rylgfor industrial site soil remediation.

Potassium levels in the water were higher than any of the other tailings analyzed, perhaps due

to the influx of nutrients.
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4.1.5 San Antonio

4.1.5.1 Location and Access

The San Antonio mine is located on the north shore of Rice Lake, in the town of

Bissett, Originally, surnmer access from Winnipeg \ilas by rail or automobile to Riverton or

Selkirk, and then by boat to Manigotogan or Wanipigow. From there the travçller embarked

on barges or canoes for the trip up either the Manigotogan or Wanipigow (then called Hole)

Rivers, The former has over twenty five portages, so most travellers preferred the latter route

which involved an overland journey. Nevertheless, the summer trip could initially be

accomplished in under two days, and this was reduced to twenty hours by the early 1930's'

Sleds were substituted for watercraft in the winter. The road to Bissett from Pine Falls was

completed in 1957.

4.1.5,2 Histoty

Although accounts vary, it seems that the initial discovery at Bissett was made by a

Cree, Duncan Twohearts. In 1911, the discoverer showed some rock samples to E'4.

Pelletier, formerly an Inspector with the Royal Northwest Mounted Police. Pelletier staked

the initial claims on the north shore of Rice Lake in early 1912. These were patented claims,

as were all mining claims in Canada before June of 1912, and conferred full propefy, as well

as mineral, rights. The first bullion was produced in the summer of 1932, at the same time as

hydro power became available, an extension of the line from Wadhope, By the spring of 1933,

350 people lived in the town associated with the mine. Bissett grew with the mine and
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reached a population of almost a thousand before World War II. The mine was in decline

when a fire in 1968 burned the surface hoist, and San Antonio Gold Mines Inc. was placed

into receivership. A larger 500 tonne mill was built in the early 1980's, but the mine only

operated for one and a half years before suspending production (Mysyk et al,1986).

The mine's total production was approximately 42 tonnes of gold and some silver. It

has the distinction of being the first dividend-paying gold mine in Manitoba, and accounted

for approximately 80% of the gold produced from the area (Figure l9). The mine was in

operation for much longer than any of the other mines, and Bissett is the only remaining town

in the area, Known reserves are considerable, and eventual production is a near-certainty,

with timing dependant largely on the world gold price and Manitoba mining investment

climate. A more detailed discussion of current reactivation plans is presented in this study

under the heading "Potential Mineral Developments".

4.1.5.3 Current site characteristics

In the west corner of the mine site, the large waste rock pile crowned by the hoist and

mü buildings dominates the area. A group of trailers is situated north of that, while the north

corner of the site is occupied by a baseball diamond. The rest of the forty hectare area is

covered with tailings (twenty hectares) and waste rock. Some of the waste rock from the site

has been used to construct alwge rock quay for recreational use. This structure is situated

a couple of hundred metres to the west of the mine site proper.
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Figure 19. Gold production of the larger mines of the Manitoba Model Forest, in tonnes

At the time of the field visits, the hoist building had just been repaired; cladding was

being replaced. These repairs were being conducted in conjunction with a three million dollar

feasibility study being conducted by Rea Gold, the present owners of the mine. Because the

site was actively being managed by Rea Gold with the prospect of reactivating the mine, and
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the mine was not on crown land, it was felt that for the purposes of this study it would be

unnecessary to extensively investigate this mine site. However, due to its importance as the

largest and longest lived of the mines in the study area it merits inclusion in this study.

Two tailings revegetation projects were undertaken some fifteen and six years earlier,

so permission was obtained from Rea Gold to examine the present plant communities on the

mine site. The results are presented in Appendix III. The areathat had been revegetated in the

mid-I970's now supports a dense stand ofbalsam poplar approúmately five metres tall. Other

woody species include willow, trembling aspen and bearberry. A thin soil layer is slowly

forming, and a fox den was noted in this area. Alfalfa is the main plant species present in the

more recently seeded tailings, but willow and balsam poplar are now seeding in'

4. 1.6 Maskwa-Dumbarton

4.1.6,1 Location, Access and History

The Dumbarton underground mine, and the Maskwa open pit are located adjacent to

the Bird Lake Road (Highway 315) inside Nopiming Provincial Park. The site is located

approximately five kilometres from the intersection of Highways 3 14 and 315, on the south

side of the road, north of the Bird River. The Dumbarton mine site is located immediately

beside the road and currently consists largely of a waste rock area. A one kilometre long trail

leads southwest to the 300 metre long Maskwa open pit. A second trail leads 600 metres

straight south from Dumbarton to the Bird River.
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The Dumbarton mine operated from 1969-1974, while the Maskwa open pit was

exploited from 1975-1976, producing nickel-copper sulphide ore. A total of 1.9 million

tonnes of ore was mined and trucked east along the Bird River Road to be milled on the rail

line at Werner Lake, Ontario (Anon., 1970). Approximately 75Yo of the ore ca,me from the

Dumbarton mine, where all resources have been exhausted. Over 0.7 million tonnes of

nickel/copper ore still remain under the Maskwa open pit, The site was held under surface

lease by Maskwa Nickel Chrome Mines Limited, a company closely associated with

Falconbridge Limited. In June of 1996, the property was sold to CMR. This company is

exploring the possibility of trucking a cobalt ore from the Werner Lake vicinity in Ontario,

and processing it at the Maskwa-Dumbarton site. The site is cleared and has an appropriate

hydro connection, in addition to the currently favourable mining tax climate in Manitoba. The

cobalt would be mined from a rare skarn deposit, and due to the calcium content would

produce acid consuming tailings that could be stored in the water-filled open pit at the

Maskwa-Dumbarton site.

Falconbridge has retained a controlling interest in the nickel reserves at the site, and

CMR is undertaking a half million dollar drilling program to determine if reserves warrant

current exploitation of the copper nickel deposit at Maskwa-Dumbarton. This would be

exploited by underground mining methods. Acid generating rock from this deposit might be

neutralized by the acid consuming cobalt tailings.
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4.1.6.2 Current site characteristics

Falconbridge has complçted reclamation ofthe site, but the final report is not publicly

available. It was decided that for the purposes of this study, detailed examination of the site

was perhaps premature, however, a brief surnmary was felt to be in order due to its

importance. It occupies a relatively large area, is located within Nopiming Provincial Park,

and has easy acoess. Four artificial landforms have been created at this site: the open pit (now

filled with water), the adjacent waste rock pile, the waste rock area around the Dumbarton

shaft, and a small network of trails. Some of the issues that will need to be dealt with during

site rehabilitation efforts will be removal of garbage, management of acid generating rock, re-

establishment of natural drainage patterns and contouring of unstable slopes of waste rock'

The road from the Dumbarton mine to the Maskwa pit skirts a wetland for much of

its length of approximately 1.2 kilometres, A creek has been cut offfrom the wetland by the

road, and now flows over the road. Beaver activity is exacerbating this condition. The

Maskwa waste rock pile also appears to have backed up the same creek, as evidenced by dead

trees in the resulting wetland. This creek appears to naturally drain into the Bird River, and

any re-establishment ofthe natural drainage pattem will need to be undertaken in concert with

acid generating rock management strategies so as to avoid contamination of the Bird River.

Contouring waste rock areas will also need to take into account acid generating rock

management, as well as re-establishment of natural drainage patterns, The recent acquisition

of the Maskwa-Dumbarton property by CMR serves to underline the concept of reclaimed

mines coming back into use as a mineral development site.
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4.1.7 Other notable mine sites

There are numerous other mine sites in the Manitoba Model Forest. Four of these are

examined in this section, These are the Solo-Oro Grande, Packsack, Jeep and Cat Lake sites'

These were chosen because they are the larger of the remaining mineral developments in the

MMF, but did not merit a separate section each, A brief historical summary is presented,

followed by a site description.

4.1.7.1 Solo-Oro Grande

This property is located offthe northwest end ofBeresford Lake, approximately three

kilometres north of the Gunnar mine. A dry weather trail connects the two sites. Hydro power

was available from an extension from Gunnar in 1938 (Welch, 1979'.40),In the summer, the

site is currently most easily accessible by water from Beresford Lake. Solo-Oro Grande was

first staked in 1919, with initial development beginningin 1924. Most of the equipment was

moved to the Central Manitoba mine in 1926 inresponse to positive discoveries at that site.

Sporadic development attempts resulted in two shafts that were connected underground, and

operated as one mine (Stewart, 1980). Minor production occurred in 1932-34 and 1938-

1940, with a total of 165 kilograms of gold and some silver produced (Bamburak, 1990).

In sharp contrast to the other mine sites examined, some of the mine equipment is still

on site, and in good condition. The wood fired steam power plant is virtually intact. Much of

the hoist machinery is also relatively undisturbed, and although none of the wooden parts

remain, some of the levers used to operate the hoist still move (Figure 20).
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Figure 20. Solo-Oro Grande, manipulating the hoist machinery

The two main shafts are capped. Deep red staining on some rocks is mute testimony

to the mercury amalgamation process that was used to extract gold at this site, The small

tailings area is currently flooded due to beaver activity. The main rock pile is approximately

one hectare in size, and does not appear to contain any acid generating rock. It is sparsely

vegetated with balsam poplar, white birch, willow, larch and jack pine (Pinus banksiana),

approximately one to two metres tall,

The relative inaccessibility of the site has protected its machinery somewhat from the

scrap metal market, and as a result, it has significant potential historical interpretive value, and

a historical heritage assessment is strongly recommended. The numerous trails that criss-cross
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the area between Beresford Lake and the shaft sites, as well as evidence in the form of spent

shotgun shells indicate frequent use. The site is relatively hidden from most park visitors, but

could be developed for its interpretive potential, with access either by boat or by upgrading

the existing trail to make it accessible to hikers in the summer from the Beresford Lake

campground area. This is a round trip hike of approximately eight kilometres.

4.1.7.2 Packsack

The site lies to the west of the current road from Highway 304 west of Bissett to

Quesnel Lake. This road, now considered a rough road by any standards, was originally the

most important road in the district, linking the Wanipigow and Manigotogan water corridors.

Originally staked in 1917, a 160-metre shaft was developed on the Packsack property in

1936.In 1985, an open cut was made into the north side of a hill, several tonnes of ore

removed, and processed partly on site, partly at the San Antonio mine (Mysyk et ø1,1986)'

The Packsack site stands on the north face of a hill, with a beaver swamp below that

impedes access. The recent rock cut is the most visible feature. The original shaft has been

fenced, not capped; the opening is partially filled with debris. A number of concrete pads are

all that remain of any buildings on the site. The hill above the shaft and open cut is peppered

with exploratory cuts ranging in dimensions from three metres deep, fìve to fifteen metres

long, and one to three metres wide. This profusion of rock trenches, many of which are filled

with standing water, has the effect of creating a rather unique, though somewhat dangerous,
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landform. Some white and grey tailings are present at the bottom of the hill. No evidence of

acid mine drainage was observed,

The site holds little of interest to the casual tourist, but the waste rock is of interest

to rock collectors because specimens of quartz with visible gold can be found. The shaft

should be investigated to determine if there is any bat activþ. It has existed for sixty years,

is not capped, and has four horizontal levels, with a total of approximately 250 metres of shaft

and horizontal levels. With published reserves of 21,800 tonnes, grading over 12 grams of

gold per tonne (Bamburak, 1990), the Packsack development has the potential in the future

to become a satellite mine to alarger mine in the area'

4.1.7.3 Jeep

The Jeep mine was mined as a satellite deposit to the San Antonio mine from 1947

to 1950. It is located approximately seven kilometres east of Bissett. Access is via a trail, less

than two kilometres north from Highway 304. A fork to the east at approximately one and

a half kilometres leads to the garbage dump near a small swamp. The shaft site to the west

is a three hectare area of waste rock, topped by the capped shaft and hoist foundations, as

well as the wooden remains of a fire tower. \{aste rock surrounds these remains, covering

approximately one hectare, Two old rectangular trenches four by twenty five metres, and four

metres deep, are cut into the bedrock to the southwest of the waste rock area. A recent

smaller (one metre deep and two metres square) trench is located west of the waste rock area.

There is no evidence of acid generating rock at the site. There is no hydro right of way to the
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mine, as electricity was supplied by diesel generators (Anon., 1948). The access road is

currently not passable due to beaver activity, yet due to the abundance of waste rock used in

its construction, will remain an enduring feature in the landscape, It has been used to access

timber resources, and provides access for recreationalists such as hunters, berry pickers and

snowmobilers.

4.1.7.4 Cat Lake

This mineral development site is located thirty kilometres southeast of Bissett,

approximately three kilometres west ofHighway 314. A 190 metre shaft with four levels was

developed, and a concentrator \¡ras nearly completed, when due to a drop in world nickel

prices, operations were suspended in 1957 , It is probably not coincidental that the huge

Thompson nickel development in northern Manitoba had been officially announced in

December, 1956.

An electrical right of way and transmission line twelve kilometres long had been

constructed east to the site from the Great Falls-Bissett line. Forestry roads also access the

site from that direction. The site itself consists of a number of scattered building foundations,

the capped shaft, and numerous piles of rusting mining equipment, A number of trails were

constructed as part of the site development. These include a catwalk through a swamp that

would be an excellent interpretive resource. An interpretive trail could be developed from

Highway 314, featuring wildlife, forestry, mining and resource integration, with the Cat Lake

site as a destination. The site should have the garbage component removed, while retaining
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the heritage component of the rusting mining equipment. The clean-up of the site has added

priority when one considers that it is located in a provincial park. However, its relative

remoteness downgrades its potential as an interpretive resource; a leisurely round trip hike

from the highway would take half a day.

4.2 CURRENT MINDS

There is only one currently operating mine in the MMF, the Bernic Lake Mine,

producing tantalum, spodumene and pollucite.

4.2.L Tantalum Mining Corporation of Canada Limited (Tanco)

4.2.1.1 Location, History and Characteristics

The only currently operating mine in the MMF is the Bernic Lake Mine, operated by

the Tantalum Mining Corporation of Canada Limited (Tanco), The mine is located on the

northeastern shore of Bernic Lake. This is a headwater lake, with a very low flow of water.

A road approximately ten kilometres in length leads east to the mine from Highway 315,

crossing the Bird River at approximately the seven kilometre mark. Electric power is provided

via a twenty kilometre long transmission line that runs northeast from Pointe du Bois,

crossing Bernic Lake at the latter's narrowest point. Most of the mine workers live in the

town of Lac du Bonnet and surrounding area.

The deposit being mined is a unique pegmatite, discovered in 1929 during the

exploration drilling of a tin deposit. Tantalum was the original main product of the mine,
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produced by a 500 tonne per day mill from 1969 to 1982, when production was halted due

to low prices and poor markets, Two years later a pilot plant began producing spodumene.

In 1986, a 300 tonne per day spodumene plant began operation, and the tantalum mill

resumed full production in 1988. Amblygonite, pollucite and rubidium ore have also been

produced in small quantities.

Tantalum is used principally for electrical capacitors and high strength, corrosion

resistant alloys. All of Tanco's spodumene production is curently used by specialized ceramic

and glassware industries, especially in the production of high temperature resistant glass,

Pollucite ore is used for production of cesium or cesium chloride and is produced from this

deposit, It is the largest and highest grade pollucite deposit in the world, and possibly contains

the world's largest reserves of cesium. This unique deposit contains over 300,000 tonnes of

ore, grading almost 25% Cs2A. Other potential products from the Tanco mine are beryllium,

rubidiurn and gallium. Product is shipped from the mine by truck to the railhead.

4.2.1.2 Current Site Characteristi,cs

\Maste rock is not produced in any appreciable quantities by this mine. The room and

pillar method mining method and nature of the deposit ensure that virtually everything mined

is processed into either product or tailings. The three principal artificial landforms created at

the site are the shaft (an incline), the tailings wea and the road network. The tailings area is

approximately 32hectares in size, and is located in what was formerþ a small bay of Bernic
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Lake. The tailings are not acid generating, composed largely of feldspars and quartz. Older

tantalum tailings are reprocessed in the summer months (Figure 21),

Figure 21, Tanco, reprocessing of tantalum tailings; note the dense grass cover on
undisturbed tailings at top right.

Vegetation readily colonizes the tailings, and a successful seeding project was

undertaken on the tantalum tailings in the early 1970's, Unfortunately, it is these tailings that

are now being reprocessed. A description of existing tailings vegetation is provided in

Appendix III. No tailings analysis was conducted, as the mine is being actively managed at
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this point in time. Upon deactivation, revegetation of the tailings will not likely pose a

problem. The road into the site crosses the Bird River. The power line right of way from

Pointe du Bois completes an eighty kilometre long closed loop winter trail that includes the

mine access road and Highways 315 and 313. Due to the speciaþ nature of its products, it

is difficult to estimate the productive life span of the mine. New products, and new uses for

products currently produced may change the mine's life span. At present, it appears to be a

stable operation.

4.3 POTENTIAL MINERAL DEVELOPMENTS

While it is impossible to predict with certainty where and when mines will begin

production, it is useful in terms of the ecosystem-based management of a particular

geographic area to attempt to anticipate the probable locations of future mineral

developments. The presence of greenstone belts, former mines, tailings areas (with potential

for reprocessing), and the large number of existing claims in the MMF strongly indicate that

mineral development will continue in some form in the future. Some of the currently

anticipated developments are described below, The timing of individual developments might

be in question, but the existing proven reserves in a number of locations make development

at some future date avirtual certainty. Four potential developments are examined, Rea Gold

at Bissett, the Bird River chromite deposit, Quartz Mountain, and possible gold tailings

reprocessing.
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4.3.1 Rea Gold Corporation (Bissett)

Rea Gold began a fundamental internal restructuring of the company in 1992, with a

view to reactivating several gold mines in North America. The Bissçtt San Antonio property

is one of four past producers that Rea Gold currently owns and is seeking to reactivate' In

order to acÇess the known gold and silver reserves at the site, a new shaft will have to be built

to connect to the lower level, This will bypass a series of levels through which ore previously

needed to be hauled on its way to the surface, causing difüculties in handling the material.

From the lower level it is projected that ramps would follow the ore body to depth (Sorenson,

1993). Tailings would no longer be deposited at the present mill site due to environmental

considerations. It is anticipated that alow-þing area to the north of the town of Bissett might

be used for tailings storage,

Initially, the 500 tonne per day mill built by Brinco in 1981 will be operated, but plans

call for the construction of a 1000 tonne per day mill. The new mine is anticipated to create

up to 200 direct jobs. The project has been granted 'new mine' status, with the concomitant

development tar< incentives. Athree million dollar exploration and development program has

been completed, feasibility appraised internally (Anon., 1994), the mine has been dewatered,

and production is anticipated to commence in the fall of 1996.

4.3.2 Gossan Resources Limited

New technological advances in the field of metallurgy have brought the chromite

reserves ofthe Bird Lake area closer to the production stage. The iron component of the ore
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no longer needs to be separated from the chromium in the production of stainless steel. A

master alloy can be produced that can be used to supplement scrap in the manufacture of

recycled stainless steel. Relatively inexpensive Manitoba electrical power, and a supply of

nickel from Thompson, combine to create a favourable climate for exploitation of this deposit.

The main deposit is located several hundred metres east of Highway 315,

approximately six kilometres north of the intersection of the Bernic Lake Road (which leads

to the Tanco operation). This deposit is located outside Nopiming Provincial Park. However,

some ofthe smaller satellite deposits, that might be economically exploited if the main deposit

were mined, are located within the boundaries ofNopiming Provincial Park, and include the

former Maskwa open pit property.

The main chromite mine would be operated as an open pit, with a life expectancy of

thirty years assuming production of one hundred thousand tonnes per year. Approximately

65 direct jobs would be created by this mining operation, The gangue and waste rock

generated from the main deposit contain no sulphides, so acid mine drainage should not be

a problem at the main site. However, the Maskwa-Dumbarton site has reserves of chromite,

and has a significant acid mine drainage concern.

4.3.3 Ouartz Mountain

The Silicon Energy Systems Inc, Meadow Materials (a division of Dow Corning

Canada) silicon plant in East Selkirk is in need of a source of high purity lump quartz for

silicon production, because the original source in Western Ontario has been depleted. With
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this in mind, potential sources of this high grade qvartz were investigated in 1993 in

southeastern Manitoba. One of these deposits, approximately four kilometres south of Long

Lake and known as Quartz Mountain, was found to be of suitable size and grade. This quartz

vein exceeds the required minimum size of one million tonnes, and is of sufficiently high purity

to be employed in silicon metal production (Theyer and McRitchie, 1993:149)'

The deposit lies outside of Nopiming Provincial Park, and is within a couple of

kilometres of Pine Falls Paper Company's Happy Lake road system, Due to the nature of the

deposit, only minimal processing would take place on site. Using existing forestry roads to

haul the quartzrock would obviate the need to pass through the park. One of the interesting

features ofthis deposit is that it lies outside of the areas that had previously been considered

to have significant mineral potential.

4.3.4 Tailings Reprocessing

There are six tailings areas of appreciable size in the study area. These are the Central

Manitoba, Gunnar, Ogama-Rockland, San Antonio, Diana and Solo-Oro Grande tailings. The

latter two are of minor importance in terms of reprocessing, Solo-Oro Grande because of

their small total volume, and the Diana tailings because of the 1988 reprocessing. Each of the

tailings areas represents a unique reprocessing opportunity. Because of the age of the mines,

initial processing was undertaken using techniques that missed recovering significant

quantities of gold and silver. In addition, the Central Manitoba tailings contain significant

quantities of copper (Appendix III) that might provide a further economic incentive to initiate
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reprocessing. The proximity of the four principal tailings areas to the provincial highway

system increases the opportunity for economically viable tailings reprocessing, especially as

reprocessing technology improves. The reopening of the San Antonio mine represents a

possible opportunity for tailings to be reprocessed in that mill.

4.4 Summarf

The past mineral developments in the MMF are still very much in evidence. These

became, and still are, the centres of further resource development in the area. Many other

stakeholders now lay part claim to the land base that was once staked by a solitary

prospector. Mineral resources are being exploited at present, but in order to maximize

benefits to society, mineral development should be harmonized with other stakeholders' use

ofthe area.

Although there have been few base metal deposits found in the greenstone belts of the

MMF, more base metal discoveries in the future are possible. Exploration is also being

conducted with the intent of finding new pegmatitic deposits. It must be also recognized that

although the greenstone belts are thç areas where mineral discoveries are more likely to occur,

the recently identified Quartz Mountain deposit indicates that there may be exceptions to that

rule. That case underlines the need to retain some flexibility in the determination of protected

areas that will be unavailable for mineral development in the future. The Manitoba Natural

Resources, Parks Branch is cunently in the process of identifying the boundaries of resource
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management zones in Nopiming Provincial Park. The first round of publio consultations has

been completed, but the results of these consultations have yet to be released.

Playrng the stock market would be a simple game if one could predict with absolute

certainty the location and timing of mineral developments. The above case studies only

attempt to describe the primary currently envisioned developments. Changes in provincial and

world political and economic climates could accelerate or delay these developments.

Cunently, Manitoba is very receptive to mineral development, and new tax incentives aimed

at exploration and new mines support this strategy (Ball, 1992). These incentives appear to

be working (Redekop and Cash, 1996). New technology also changes not only the economic

viability of specific deposits, but also the exploration focus, as mineralized rock turns into

economically viable ore. Due to the presence of former gold mines, the area will always

attractthose who are seeking to find a new HemloJike bonanza.Diamond exploration is

nearly ubiquitous in Canada, and the possibility of finding a viable deposit in the MMF is

not out of the question.
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CHAPTER V: MANAGEMENT CONSIDERATIONS AND

RECOMMENDATIONS

5. 1 PROPOSED INDTVIDUAL MANAGEMENT STRATEGIES

5.l..L Central Manitoba

Park visitors entering Nopiming Provincial Park from Bissett and Wallace Lake

encounter the Central Manitoba mine site 2.5 kilometres into the park, the first feature other

than boreal forest that they see. Since the Highway 304 causeway crosses the large tailings

area near the latter's widest point, the site is very visible (Figure 7). The site is of interest due

to its historical significance and prominent location.

A combination of factors dictate the need to rehabilitate this site. It is very visible and

located in a provincial park. Visitors to the site do not get a favourable impression of the

mining industry when they see the tailings bereft of vegetation nearly sixty years after the

mine's closure, especially since they are locally known as the'cyanide flats', Garbage piles lie

scattered around the site, and it is difücult to access the heritage component of the site due

to metallic and wooden garbage in one's way.

The site offers an ideal opportunity for historical interpretation due to remaining road

and other infrastructure. However, there needs to be a clean up of the site beforehand. The

existing interpretive signs begin the interpretive process, but also lure park visitors into

potentially dangerous situations because the site has not been evaluated for safety, nor has

potentially dangerous garbage been removed. No signs at this site make any reference to

exercising caution when visiting the site, with some unofficial exceptions (Figure 9).
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This is the only one of the abandoned mines examined by this study that has an acid

mine drainage problem. This is due to the type of gold-bearing ore that was mined, especially

from the Kitchener shaft. There are small piles of heavily oxidized rock on the surface, and

a signification proportion of the visible waste rock shows signs of being acid generating. The

extremely acidic nature of the water seeping onto the tailings (pH of 4.18) confirms this

suspicion (Figure 22). The accessible nature of the Central Manitoba site, coupled with its age

and two drainage directions make it an ideal candidate site for a study of the medium-term

effects of acid mine drainage.

Based on the preceding evaluation of the site, the following management actions are

proposed:

L Seriousness of acid mine drainage on the site needs to be investigated further, and

mitigated as warranted;

2. Use of waste rock should be examined and regulated, so as to prevent unnecessary

disturbance of colonizing vegetation, but especially so as to curtail the spread of acid

generating rock to other locations. Acid generating rock needs to be separated from benign

rock;

3. A historical heritage assessment should be conducted;

4. Garbage needs to be removed so as to provide a suitable site for heritage tourism and

interpretation. Warning signs should be placed near the road so as to be visible to those

entering the site, alerting visitors to the presence of dangers due to old machinery, crumbling

foundations, etc,;
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Figure 22. CentralManitoba, multi-colored seepage; note the azure colour from the copper
component.
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5. Tailings need to be fertilized (N, P and K) and seeded so as to stabilize the site and allow

native vegetation to colonize;

6. Before any work occurs Ðt the site, one should contact: Ms Elizabeth Punter'

Crescent Botanical Surveys,700 Wellington Crescent, Winnipeg, Manitoba R3M 0C2

or Botanist, Manitoba Conservation Darta Centre, 200 Saulteaux Crescent, \ilinnipeg'

Manitoba R3J 3W3 regarding an extremely rare and vulnerably located plant at the

site. The area where these adder's mouth orchids (Msloxìs monophylla vat, brachypoda)

are growing would need to be protected during any kind of operations at the site,

including tailings reprocessing.

5.1.2 Gunnar

The site contains no acid generating rock, Much of the garbage has been cleaned up

or buried, only the odd piece of metal remains. Quite a few concrete foundations remain as

testimony to the mine and mill site, but these are of minimal interest from the point of view

of heritage tourists. However, there may be opportunities for interpretation, and these should

be explored, especially in view of the proximity of the Beresford Lake campground, boat

launch and cottage subdivision. The selection of the mine site as a brush disposal area is a

positive action, because it brings organic matter onto the site. Some organic matter, albeit

perhaps slow to decornpose, is better than none. However, in its current location, the brush

pile is obstructing access to the Parks Branch interpretive sign.
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Based on the preceding evaluation of the site, the following management actions are

proposed:

1. Erect a warning sign so as to warn visitors of potential dangers at the site such as

crumbling foundations and conduct a formal safety audit;

2.Erectan interpretive sign to direct visitors to the tailings area along one of the two existing

trails;

3. Evaluate the site from the point of view of historical heritage resources, and decide on

further interpretive measures if warranted;

4. Move the brush disposal site fifty metres to the west so as not to obstruct the existing

interpretive sign;

5. The tailings should be revegetated at the same time as the Central Manitoba tailings,

5.1.3 Diana

There do not appear to be any regular users of the site at present, mostly due to its

relatively remote location. However, there are a number of items that need to be addressed,

The plastic piping that is resting on the fence around the shaft opening needs to be removed.

The mine shaft seems to have potential as a bat hibernaculum, and bat presence should be

investigated by expert observers,

Heap leaching can be result in a cyanide hazard to wildlife and groundwater (Young,

1992:24). A double lined vat assists in isolating the reprocessed tailings from the environment.

In their environmental impact statement, Ausgold Resources committed to fencing the
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cyanidation vat upon completion of the project. This was not done, If fencing is no longer

being contemplated, atleast a sign should be erected advising any visitors as to the nature of

the reprocessing vat. No drainage system was evident for controlled overflow of natural

runoff as proposed in the environmental impact statement (Ausgold Recovery Systems,

1987:17). The tailings were not left in a more stable condition than the now revegetated

original tailings, and active revegetation of the vat needs to be undertaken so as to assist in

stabilizing it.

The east side of the cyanidation vat needs to be monitored due its proximity to the

gully and consequent potential for that side to collapse, releasing vat contents to the

environment, The unexplained elevated cyanide levels in the originally deposited tailings, as

well as the tailings surface water, might perhaps merit more extensive testing. Samples could

be collected when the vat wall is monitored.

The sides of the waste rock pile should be flattened out to at least their natural angle

ofrepose. This would not only make the slopes safer, but also allow vegetation to colonize

the waste rock area much more rapidly, The mine site should be examined for any items of

historical significance. Due to its remote nature, it has not been disturbed as much as most

sites. The ore buckets, for example, could be removed from the site and displayed in a more

accessible location as part of the interpretive efforts at Nopiming Provincial Park.

The Diana site was visited only once, and only for a brief period, while the chartered

float aircraft waited. Therefore, it is possible that certain features were overlooked in this

TheMønitobaModelForest: An assessment of mineral development, with reconnnendationsfor e c o sy s t em- b as e d manag e ment.



Manasement cons iderations and recommendations Pape 107

study. There was little time remaining for site examination after \¡/ater and tailings samples

were recovered, even though a team of four carried out this work.

Based on the preceding evaluation of the site, the following management actions are

proposed:

l. The reprocessing vat should be fenced, revegetated, and monitored for possible failure;

2. A historical heritage assessment should be conducted;

3. Piping should be removed from the shaft fence, and a safety audit of the site conducted;

4. Waste rock pile should be flattened to its natural angle of repose;

5, Bat presence in the shaft should be investigated, especially if any capping is contemplated.

5.1.4 Ogama-Rockland

This site receives a high degree of use by a number of stakeholders due to its

proximity to Long Lake and ease of access. The tailings area is visited by very few of these

users due its discreet location, and relative difücuþ of access. Most visitors would not know

of its existence. However, the fact that most of the site is situated within a provincial park,

and is easily accessible by car, justifies a higher level of management.

The waste rock area serves as a source for building aggregate, has historical resource

value, provides specialized habitat niches for flora and fauna, as well as having a potential for

use because of its extensive cleared, relatively flat area. Waste rock management needs to be

considered in some form because present haphazard utilization has the potential to have

negative impacts on other site users. Fortunately, there appears to be no acid generating rock
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on the site, therefore waste rock management does not have a relatively high priority at

Ogama-Rockland. Management ofthe waste rock at this site would serve to prevent damage

to capped shafts, minimize the disturbance of colonizing vegetation, and preserve historical

values, as well as species and niches.

Reclamation of the Ogama Rockland tailings would not necessitate large monetary

expenditures. The area involved is relatively small, with nutrient ingress from the edges. The

stream channel would need to be more clearly defined, the tailings fertilized, and re-vegetated

to the desired species.

The roads and trails that radiate from the Ogama-Rockland site are numerous and well

defined. The principal access to this network is the trail from Long Lake. Mapping and

monitoring are the key aspects of the management of this resource. Road degradation and

improvements need to be monitored, especially as there is some conìmercial and industrial use

of these roads within a provincial park.

Based on the preceding evaluation of the site, the following management actions are

proposed:

L Conduct a safety audit of the site.

2.Manage waste rock so as to reduce impact on existing vegetation.

3. Revegetate tailings at the same time as the Central Manitoba site.

4. Conduct historical heritage assessment of the site.
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5.1.5 San Antonio

The location of the mine, right in the town of Bissett, and the private land status of

the land (due to early patented claims), has an important bearing on management strategies.

The tailings area has been used by the residents for work and play; as a training and

operational site for loading and unloading of Ministry of Natural Resources fire-fighting

helicopter crews, a hydro pole storage area by Manitoba Hydro, for construction of a baseball

field, as well as more esoteric uses (Figure 23).

Figure 23. San Antonio tailings, view west: toy trucks on tailings dam, mine in background.

Beck (1984) indicates that there was an increase in the mercury content of fish tissues

in Rice Lake due to sediment loading from the San Antonio tailings. Especially now that the
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mine is reopened and dewatered again, Rice Lake should be monitored for heavy metal

content. The tailings area dries out to the point where the wind-borne dust is a problem in

town, hence the reason for recent seeding. Some of the waste rock produced by the mine

could potentially have a number of construction uses due to its proximity to the town. These

factors should be considered when evaluating management options for the San Antonio mine

site.

5. 1.6 Masliwa-Dumbarton

Garbage on the site, diversion of a stream and acid mine drainage are concerns that

need to be addressed at this site. Since the area is now within Nopiming Provincial Park, a

special effort should be made to integrate reclamation activities with Nopiming Park

stakeholders' needs, and due to its ease of access, perhaps consider showcasing the

reclamation activities at the site.

The removal of garbage is a relatively simple proposition. The bulk of the garbage

remaining on site had originally been buried beneath waste rock, but some has been exposed

due to water erosion by a creek. Management of acid generating rock is a more difficult

matter which is even made more complex by the fact that it is often mixed in with benign

waste rock. Levels of acid generation will need to be determined, and actions taken based on

those results. Virtually all of the waste rock material will need to be handled in order to

manage the acid generating rock. Acid generating rock is in evidence in many places on the

site, and during certain atmospheric conditions a strong smell of sulphur hangs in the air. The
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proximity of the Bird River, and high visibility of the site within a provincial park add to the

urgency for acid generating rock monitoring and management. In addition, at least one

contractor has been removing acid generating rock from the mine site for use on residential

sites. One ofthe uses of the rock is for stabilization of driveways. This practice disperses the

acid generating rock problem to other sites and other water bodies,

In order to maximize the benefits of rehabilitation efforts, the Parks Branch needs to

be consulted as to its views ofthe future ofthe site. The easy access, cleared land, and access

to the Bird River might lend themselves to development of a campground or picnic site. A

rock jetty has been built into the Bird River, and this could be used as part of an eventual

facility' s infr astructure.

It must be noted, however, that existing mineral resources still in the ground at the site

might be developed at some time in the future, either for their nickel or chromite values. With

the recent change in ownership, there is now the possibility of a mill complex, and possibly

a mine, being built on the site by CMR.

5.1.7 Tanco

The Tanco mine is curently operational, and as such is subject to all applicable

government statutes and regulations. Because closure does not seem imminent, and so as not

to infringe onto what is clearly a private corporation's responsibilities, discussion of the

Tanco mineral development is abbreviated in this paper. However, since it is on the edge of
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Nopiming Provincial Park, is exploiting a deposit unique in the world, and is the only current

producing mine in the MMF, it was felt that some brief discussion was appropriate,

The access road and hydro right of way, unless actively and intensively rehabilitated,

a¡e features that will endure long after mine closure. The tailings area will be another artificial

landform that will almost certainly remain. Monitoring will need to be undertaken after

closure, especially because Bernic Lake is a headwater lake. However, due to the variety,

quallty and specialty nature of existing mineral reserves, it can be anticipated that mining will

continue, possibly with intemrptions, at the Bernic Lake location for a considerable length of

time.

5.1.8 Other examined sites

No acid mine drainage concerns were noted at any of the other sites visited.

Interpretation may be warranted at some ofthese sites, especially the Solo Oro-Grande mine,

because of the latter's proximity to the Beresford Lake development and interesting

abandoned machinery still on site. An assessment of heritage resources at this, the Sannorm,

and Cat Lake sites should be undertaken. A formal safety audit of all the sites, especially the

ones in Nopiming Provincial Park should be conducted, although no immediately dangerous

conditions were observed. Bat presence at Packsack should be investigated, especially if

capping of the Packsack shaft is contemplated,
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5.2 INTEGRATED MANAGEMENT CONSIDERATIONS

The extensive history of mineral development in the MMF, coupled with the definite

potential for its continuance, ensures that it will have a strong influence on the region in the

future. However, some ofthe resources that former mine sites may contain will no longer be

created due to deactivation legislation. Tailings areas will be revegetated, no longer remaining

bare, shafts will be sealed, and all equipment (that could become a historical artifact a half-

century hence) will be removed. Artificial landforms such as tailings areas and access roads

will continue to be created by current, or new, mineral development. However, due to

environmental legislation, these will be reclaimed more quickly than was the case with the

currently abandoned mines. This is assuming that there is adequate enforcement of

regulations, which should be the case with the larger, higher profile sites. Smaller, more

remote, mineral developments could be overlooked due to the stretched human and financial

resources ofthe regulatory bodies.

Each mineral development has its unique characteristics, however, there are some

common issues that emerge. The discussion of the issues and proposed recommendations

evolve from the examination of the individual mineral development sites. One of the primary

objectives ofthis study was to describe sites of mineral development in the MMF, The broad

issues that emerge from this examination, and the case histories are: safety, access and

recreation, vvildlife, and stakeholders. Many of these issues overlap, the preceding list is only

intended to indicate the order in which the issues will be treated in this concluding section.

Other than the San Antonio mine, all the mines examined l¡/ere on crown land.
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5.2.1 Safetv

There are two broad safety categories that are present at abandoned mine sites in the

MMF: immediate physical hazards and long term environmental safety issues. Immediate

physical hazard categories can be divided into two categories: open mine workings and old

machinery. Environmental safety issues include acid mine drainage and tailings management.

Acid mine drainage will continue to compromise the health of the surrounding ecosystem in

virhral perpetuity, and is therefore a critical long-term health and safety issue. Safety concerns

are heightened in importance because many of the sites are in Nopiming Provincial Park.

Visitors to the park should be able to expect that any immediate physical hazards

would be removed, or at least prominently posted with warning signs. This is not currently

the case, The Parks Branch needs to address this question so as to fulfill their civic

responsibility, and at least to the point of removing its civil liabilþ if a park visitor were to

get injured. The inattentive rock collecting tourist on holiday with the family in a provincial

park is likely to receive quite a bit of latitude as to what a 'reasonable man' would do when

pleading a negligence case in a civil court of law, All mineral development sites within the

park, especially the most accessible ones, need to be posted with warning signs, systematically

evaluated for safety, and cleaned up,

The Central Manitoba site is the most important one, and demands immediate

attention. This is because it is the most visible and accessible site, has several interpretive

sþs that can potentially 'lure' a visitor into a dangerous situation, as well as being the site

with the greatest amount of remaining industrial'garbage'. Ogama-Rockland and Gunnar
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appear to be relatively safe, but still should be systematically evaluated, The Diana site is

relatively remote, and is a lower priority. However, it is the only site investigated in the park

that has an uncapped shaft. The shaft is fenced, but the fence may collapse under the weight

of plastic piping from the tailings reprocessing. The only other site visited where a shaft is not

capped is the Packsack site, and that is outside Nopiming Provincial Park, This shaft is

fenced, but that is not a permanent solution, and since accessibility is good at this site,

capping should be considered. However, evidence of bat hibernation should be sought

beforehand at both the Diana and Packsack sites, since the shafts have not been used for over

half a century. Capping techniques can be modified to accommodate bat populations.

Acid generating rock at abandoned mines examined in the MMF appears to be a

problem only at the Central Manitoba site. The Maskwa-Dumbarton mine has significant

quantities of acid generating rock, but is being rehabilitæed and is not considered abandoned.

However, acid generating rock is being removed from both these sites for use in construction.

This has the effect of spreading the acid generating rock problem from one central site to a

number of small satellite sources of acidification, If the rock is used in private construction,

settlement patterns ensure its final resting place will be in close proximity to a body of water.

Management of acid generating rock needs to be addressed as part of a management plan for

the Central Manitoba and the Maskwa-Dumbarton sites.

Seven mines examined in this study had associated tailings areas. Both the Tanco and

San Antonio mines are being actively managed at present, so suggestion of management

directions is outside the scope of this study. The Solo-Oro Grande tailings are small in size,

The Maniloba Model Forest : An assessnent development, with recomnendations þr ecosystem'based mønagement.



Manasement c ons iderations an d re comm endations Pase 116

and covered by water, so could not be examined. The original Diana mine tailings are \¡/ell

vegetated, and do not need treatment. The cyanidation vat needs monitoring, and a decision

needs to be made regarding the need for fencing. Fencing was proposed in the environmental

impact statement, but not erected at the close of operations. The Ogama-Rockland tailings

area is relatively small, covering only five hectares and much of the tailings area is

revegetating. The Gunnar tailings are revegetating,but due to their considerably larger size,

this is a slow process.

A number of factors combine at the Central Manitoba site to inhibit natural

revegetation. The tailings sit on a height of land, rather than in a depression. Drainage in two

directions is actively eroding tailings material, creating an unstable substrate for colonization.

In addition to lacking nutrients necessary for plant growth, the acidic nature of these tailings

inhibits pioneer plant establishment. The east-west alignment of the 1.8 kilometre long site

serves to expose it to higher wind strengths, increasing desiccation in the summer and snow

abrasion in the winter. For these reasons, the shape of the tailings area, as viewed from the

air, has changed little in over sixty years. A small half hectare patch of revegetated tailings

remains from a project undertaken in the 1970's. The use of revegetated tailings for the sake

of convenience by a different government department underscores the need for multi-party

cooperation in reclamation efforts.

The Central Manitoba tailings area needs to be revegetated as part of a management

stratery for the site. This will prevent continued aeolian and watçr borne spread of the tailings

and their heavy metal components to the surrounding ecosystems, In concert with this effort,
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the Gunnar tailings should be revegetated, and perhaps the Ogama-Rockland tailings as \ilell,

depending on costs. Conducting revegetation efforts at the same time at all three sites should

result in substantial cost benefits for the smaller areas. Due to the acid mine drainage concern

at Central Manitoba, revegetation is not a permanent solution, but it will at least limit the

spread of the tailings, Both the Gunnar and Central Manitoba unvegetated tailings have served

as a firebreak in the recent past. If revegetated, they might no longer be useful in that

capacity, The Gunnar tailings are particularþ useful in that they shield the Beresford Lake

cottage subdivision from fires coming from the southwest. The desirability of revegetating the

Gunnar tailings will need to be evaluated with this in mind.

5.2.2 Access and Recreation

One ofthe most lasting influences of the mineral development footprint is improved

access to previously undeveloped areas. In the MMF, current forestry development is

establishing the pattern of roads in the region. Future mineral developments will likely seek

to tie into this network, as in the case of the Quartz Mountain deposit. Conversely, roads

initially built in conjunction with mineral development, are now used by the forest industry.

The main highway system through the MMF north of the Winnipeg River connects the

mineral developments. of the region. Nopiming Provincial Park boundaries appear to have

been designed, at least in part, on the basis of this existing road network.

The road and trail network that is one of the legacies of mineral development in the

region is already extensively used by a variety of recreational groups including hunters,
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snowmobilers, offroad vehicle users, berry pickers, hikers and cyclists. Due to their solid

design, these are relatively low maintenance trails, Well over seventy kilometres of this type

of trail are in evidence in Nopiming Provincial Park. Unfortunately for recreationalists, the

trails tend to radiate from a central point in a dendritic fashion, as opposed to being a closed

loop design. A number of industrial users also utilize the roads initially built for mineral

development. These include the forest industry, prospectors and trappers. If, in a land use

plan, it is deemed desirable to retain all, or parts, of this unofficial road network, it will be

necessary to ensure that industrial users of these roads do not degrade them.

Through development of access, and creation of unique artificial landforms, the

abandoned mine sites of the MMF have developed into nuclei of curent recreational

activities. In addition to the above list of trail users, waste rock areas are used for target

practice, and tailings are venues for clay pigeon shooting, moto-cross and all terrain vehicle

riding, and the occasional golf game, as well as being interesting historical sites. Current use

of these sites is already extensive, and further interpretation is needed to increase these

stakeholders' awareness of management issues. The Quesnel Lake, Wallace Lake, Long Lake,

and Beresford Lake cottage developments are all located near former mineral development

sites. Initial access to these lakes was built in response to mineral development, and future

mineral development at these locations should not be ruled out.
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5.23 rilildlife

Mineral developments in the MMF have altered the vegetative cover and created

artificial landforms. Unique landforms from former mineral development present an

opportunity, and are exploited by a number of animals and plants. Although bats were not

noted during the course of this study, the age of some abandoned uncapped shafts, coupled

with their relatively remote locations, makes them possible bat hibemaculum sites. This should

be investigated further by the experts in this field. Numerous snakes were observed in the

waste rock areas of several former mines, Woodcock make use of the open Gunnar tailings

area for courtship rituals. Canada geese (Brønta canadensis) make some use of the Gunnar,

Ogama-Rockland and Central Manitoba tailings areas during migration. Moose (Alces alces),

white tailed deer (Odocoileus virginianus), beaver (Castor canadensis), black bear (Ursus

americanus), geese, ducks, grouse, swallows and other birds, snakes and frogs have been

observed to have used abandoned mine sites in the MMF during the course of this study.

The network oftrails, roads and right of ways provides travel corridors for a variety

of large animals, as well as providing access for human hunters, trappers and fïshermen. The

large tailings areas of Gunnar and Central Manitoba are barriers to travel, and divert animals

that do not want to cross these open areas. Both the Gunnar and Central Manitoba tailings

areas have acted as firebreaks for forest fires in the last twenty year period and in so doing

they have influenced plant and animal communities in those areas.

Plants also fìnd specialized niches in the unique substrates present at former mineral

development sites. These can be escapees, remnants of revegetation attempts, or native
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pioneer vegetation. Waste rock areas are generally colonized first on the more humid north

facing slopes, by woody vegetation. Pioneer vegetation communities withstand an especially

harsh environment on abandoned tailings areas, Summer droughts, winter snow abrasion,

erosion and frost heave, coupled with an absence of nutrients and presence of toxic

substances make these sites the true test of a pioneering plant communþ. The vast majority

of these are non-native invaders. Weedy species propagate along travel corridors, while

perennial or prolific species imported for tailings reclamation efforts are still present. A rare

orchid population occupies a surprising spot at the Central Manitoba tailings. Cottage pinks,

probably a garden escapee, now colonize and add colour to the grey Ogama-Rockland waste

rock area. Consideration ofthe current floral and faunal stakeholders is necessary in the

successful holistic management of former mine sites.

5.2.4 Stakeholders

A wide variety of groups and individuals have an interest in the management of former

mineral development sites. Evolving legislation, jurisprudence and public awareness will

ultimately decide who manages these sites, and to what extent. It is neither equitable, nor in

society's interest to burden current holders of leases or claims with the full responsibility to

manage existing environmental problems at former mineral development sites. However,

enforcement of current environmental legislation is important with regard to new mineral

developments. Due to the large number of stakeholders, management directions should be

determined in consultation with these groups or individuals.
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A number of government departments have a role in former mine site management.

The principals include the Mines Branch ofthe Department of Energy and Mines, due to their

records and technical expertise, the Department of Environment, for their monitoring and

enforcement functions, as well as the Parks Branch of the Department of Natural Resources,

because most ofthese sites are located within Nopiming Provincial Park. Other departments

involved in a supporting role include the Department of Highways and Transportation, who

use waste rock and maintain the road network, the Department of Culture, Heritage and

Citizenship for their role in assessing heritage values at the sites, and the Department of

Industry, Trade and Tourism, for their role in promotion of these historical resources. The

Bissett municipal government should be involved, especially in decisions regarding the San

Antonio mine, and cottage ol¡rners' associations have also expressed interest in the

management of former mine sites near their seasonal communities.

5.2.5 Recommeqdations for Ecosystem-based Man¡gement

One of the key components of ecosystem-based management is assessment of the

types of human influence that have moulded the development of a specific region, and are

likely to continue to be a part of the dynamics of a particular area.It is useful, purely for

convenience, to examine individual resource development sectors and their interactions

separately. In the MMF, mining has been a seminal force, that has dictated subsequent

development patterns. Future development patterns will be influenced, at least in part, by new

mineral developments. The following is a prioritized list of recommended management actions
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involving the mineral development sites examined, with proposed responsible organizations

or agencies bracketed. A list of site specific management recommendations has previously

been provided at the end of each site case study,

1. All sites should be marked with clearly visible warning signs, until a comprehensive safety

audit is undertaken, (Parks Branch and Mines Branch)

2. A holistic management plan should be prepared for the Central Manitoba site that considers

the issues of public safety, stakeholder identification, acid generating and waste rock

management, tailings area reclamation, and the interpretive potential of the site, Concomitant

tailings reclamation at the Gunnar and Ogama-Rockland tailings areas should be evaluated.

(Parks Branch and Mines Branch, Manitoba Department of Environment, MMF, I\ßND)

3. The Diana cyanidation vat, as well as the acid mine drainage from the Maskwa-Dumbarton

and Central Manitoba sites should be monitored on an ongoing basis. (Manitoba Department

of Environment)

4. A comprehensive mineral development component of an interpretation/tourism plan should

be developed for the region, including an assessment of existing trail resources, and possible

development of a community mining museum in Bissett. @arks Branch, Tourism, Mines

Branch, Vß4IF)

5. A study that evaluates bat use of the abandoned mine shafts of the region should be

undertaken before any further capping of openings is conducted, (Wildlife Branch, MMF,

Manitoba Museum of Man and Nature, Mines Branch)
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6. A detailed heritage assessment of each site needs to be undertaken, in order to prevent the

potential loss of historically valuable objects, This needs to be extended to the smaller, more

remote, less disturbed sites (Heritage, Parks and Mines Branch, MMF)

7. It must be recognized in any land use planning process that new mineral development is a

near-certainty, and will attract other anthropogenic activities. (Manitoba Natural Resources;

Parks, Forestry and Wildlife Branches, Pine Falls Paper Company, MMF)

5.3 SUMMARY

The abandoned mineral developments of the MMF are characterized by mixed

jurisdiction, and a large number of disparate stakeholders, Many partnerships will need to be

formed in order to manage abandoned mine sites in a holistic manner. However, these

partnerships should increase understanding between the partners, and a management strategy

coordinated among stakeholders will make better use of scarce financial resources. Table 3

summarizes the important site specific management issues for selected past and present mine

sites in the MMF. Table 4 synthesizes management recommendations and suggests possible

partners for selected mine sites in the MMF.

New mineral developments will have a different influence on the region not only due

to new legislation, but also due to different worker demographics. Towns will no longer grow

around mine sites, because workers are no\ry generally transported to remote mine sites for

extended work stays. However, artificial landforms will still be created in most cases and

access will be improved. Environmental impact assessment will serve as a substitute for
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Issues

Mine Site

Acid
mine

drainage

Safety
concern

Ease
of

access

Interpretive
potential

Recreational
resource

Wildlife
niche

Central
Manitoba

Y Y Y Y Y Y

Gunnar N P Y P Y Y

Diana N Y N N P Y

Ogama-
Rockland

N P Y P Y Y

Maskwa-
Dumbarton

Y Y Y N Y Y

Miscellaneous
small sites

N Y Y&
N

Y Y Y

Tanco N N N N N Y

Table 3. Major mine sites and management issues. (Yes: Y, No : N, Possible: P),

integrated resource management, but what is really needed is a broad land use plan that

examines and evaluates ecosystem attributes, and describes sustainable directions for future

development. One of the first steps towards this type of plan is the discussion of specific

sectors by all stakeholders involved. Reclamation of the Central Manitoba site could serve as

a catalyst for initiating such a discussion among stakeholders. The MMF should serve as a

vehicle to launch these discussions leading to integrated management of all individual sites.

The ManitobaModel Forest: An assessnent of mineral development, with recottmændations for ecosystem-based management.
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\)

Historical Heritage
Assessment

MH

MH

MH

MH

MH

Tailings
Reclamation

MP

MP

MP*

MP

Waste Rock
Management

MT, MP

MT, MP

MT, MP

MT, MP

Removal of
Garbage

MP

MP

MP

MP

Further Acid Mine
Drainage Investigation

ME, MB, MENI)

ME, MB, MENI)

Safety
Audit

MP

MP

MP

MP

MP

MP

Actions
Mne Site

Central Manitoba

Gunnar

Diana

Ogama-Rockland

Maskwa-
Dumbarton

Miscellaneous
small sites

Tanco
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CHAPTER VI: CONCLUSIONS

Mineral development in the MMF has been a seminal force in determining current

development patterns, and therefore must be considered in the ecosystem-based management

strategy for the MMF. The purpose of this research was to examine the effects of past,

present and potential mineral developments on the MMF region and its natural resources.

Consequentþ, selected past, present and potential mineral developments were described. The

implications of mineral development on natural resources management was assessed.

Concomitant recommendations were proposed for individual mine sites, and

recommendations made for integration of mineral development into the ecosystem-based

management strategy for the MMF area.

Examination of mineral development in the MMF reveals that abandoned mine sites

are not being managed ef[ectively, even though they have had a profound influence on the

area as a whole. Safety needs to be addressed as a first priority. The Central Manitoba mine

site should be reclaimed. Sixty years after closure, the tailings remain as they were then,

unvegetated and causing an acid mine drainage concern. This alone would merit remediation.

However, the site is easiþ accessible, and is within a provincial park. Not taking action at this

juncture calls into question the designation of the area as a provincial park. The absence of

reclamation or regular monitoring of such a site in a provincial park only serves to entrench

negative public attitudes towards mineral development. In addition, reclamation of the Central
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Manitoba site could serve as a catalyst for bringing together all the stakeholders of old mine

sites in the MMF.

Approximately one hundred hectares of artificial landforms such as waste rock and

tailings have been created by mineral development in the MMF. However, this number is

deceiving, not only because contaminants from these point sources have been dispersed, in

some cases for over sixty years. In addition trails, roads, and right of ways opened access to

the area. The main influence that mineral development has had on the MMF area north of the

Winnipeg River is that it has been the first industry to develop the area, and, as such, has

unwittingly determined the locations of subsequent development, such as recreation. In this

way, mineral development has had a significant, seminal effect on the whole area, although

individual mineral development sites are mere pinpricks on the landscape. However, the

mining industry has suffered a 'black eye' in that many ofthese sites are visible and accessible.

Although they operated according to the norrns of their era, the fact that they have not been

reclaimed for over half a century creates a poor impression of the mining industry, especially

when these lands are now on display in an otherwise largely undeveloped provincial park.

Curent developments in the area need to actively work towards improving this image.

According to a recent poll conducted for the Mining Association of Canada, mining

companies are at the bottom of the public's list in terms of who to trust. Mining and

environmental impact legislation will mitigate the effects of new mineral developments.

However, such legislation needs to be enforced, and the abandoned sites reclaimed, in order

to shed the image of mining that is currently prevalent. Cooperative efforts are needed in

The Manitobø Model Forest: An assessment of mineral development, with recotrrnendøtiorc þr ecosystem-based monagement.
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order to appropriately manage the abandoned mineral developments in the MMF. An

increased awareness of contemporary mineral development practices, couplçd with

responsible management of these abandoned sites will increase public acceptance of new

mineral developments by removing some halÊcentury old eyesores.

Mines that are now abandoned have had a profound influence on the MMF region,

not because of the number of hectares directly disturbed, but due to their key role in the

development of the area. They continue to have an important influence on recreational, as

well as industrial activities, Their management must be undertaken after consultation with

involved stakeholders, so as to derive the maximum benefit from management efforts. For

example, the trails resulting from mineral development will necessarily be the keystones of any

future trails strategy for the MMF region north of the Winnipeg River.

New mineral developments will have important influences on the MMF, but due to

the fact that the area is already developed, and new legislation and technologies are in place,

these influences will be very different from those of the past. Slight changes in world ma¡kets

or new technologies can turn mineralized rock into economically viable ore, and vice versa.

It must be recognized that given the mineral potential of the region, the incentive for mineral

development exists, and future mineral development is a certainty. New Parks Act regulations

will determine the areas open to future mineral development within Nopiming Provincial Park.

As of June, 1996, there has been one round of public consultations to this end, but the

resultant land use categories have yet to be finalized and publicly announced. The major

benefit to this process is that it should give stakeholders a degree of certainty. The designation
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of certain areas as parkland now, even if there is mineral potential, leaves options open for

future generations to exploit those deposits when they will likely be more valuable, and when

appropriately mitigative technology might be available.

The abandoned mines of the MMF region are a significant resource, for much more

than their mineral potential. Current uses and users must have an important weighting in any

decisions. For example, ifthe Gunna¡ tailings were forested, then they would lose their value

as a firebreak, as well as a woodcock courting location and as a recreational area for all

terrain vehicles. These are only some of the factors that will need to be considered, and their

relative merits weighed, to determine future management directions. Some of those resources,

such as the use of waste rock for construction aggregate, or open shafts for possible use by

bats will probably not be available again unless they are actively considered options in a priori

reclamation planning for individual new mineral development sites.

In the MMF alea, afuture study identifying stakeholders and their interests will need

to be conducted with the goal of bringing together these groups in order to more effectively

m¡mage abandoned mine sites, starting with the Central Manitoba site. Heritage values need

to assessed at the different sites before they are lost. Quarries and gravel pits have some

characteristics in common with mineral development, and will need to be examined as to their

stakeholders and linkages to other resource uses. Examination of other resource sectors will

need to consider linkages to mineral development. Mineral development in the region is of

such significance that it will be a key socio-economic factor in the development of the
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ecosystem-based management strategy for the MMF area, and the MMF is the organization

best positioned to undertake the task,
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GLOSSARY

Acid generating rock: Rock containg sulphide minerals, oxydizes to form weak sulphuric acid

and other compounds.

Acid mine drainage: Seepage of the products of acid generating rock into surface water
and/or groundwater.

Amalgamation: Beneficiation process for extracting gold and silver from ore using mercury

Base metals: Non-precious metals, including copper, zinc, nickel and lead,

Cage: A conveyance used to transport men and material up and down a shaft, similar to an

elevator.

Cyanidation: Beneficiation process for extracting gold and silver from ore using a weak
cyanide solution, supplanted amalgamation in 1930's.

Differential flotation: Beneficiation process to separate and concentrate minerals in ore.

Dry: A building used by personnel for changing and washing before and after a work shift at

a mine .

Gangue: Valueless minerals associated with economic minerals in an ore reserve.

Grizzly'. Metal grate used to separate rock by size,

Greenstone: Popular name given to metamorphosed volcanics, altered to chlorite and other
green minerals.

Hoist: Machine used to lower and raise the cage.

Mill: A complex of buildings and/or machinery used in the beneficiation stage of mining.

Mineral development: Any and all phases mining, including exploration, production,
benefi cation and abandonment/reclamation,

Reclamation: Measures instituted to increase productivity of disturbed land, can include
rehabilitation, restoration and/or revegetation.
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Rehatilitation: A planned program of restoring productivity and mitigating adverse

environmental effects after land disturbance.

Restoration; Returning disturbed land to its prior land use and topography,

Shaft: An opening That allows access to underground mine workings, may be steeply inclined

or vertical,

Slurry: A thin mixture of water and suspended solids,

Tailings: Solid waste materials from the beneficiation stage of mineral development.

Trench: A long narrow cut in rock; made in order to examine or take samples from a

geological formation.

Waste rock: Rock mined, but not milled.

Wildlife: Living organisms other than man, but including plants.

\Vinze: Similar to a shaft, but does not go to the surface,
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APPENDICES
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Tailings sample analysis results.

Surface water sample analysis results.

Vegetation description and mapping.

Detailed map of study area.
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APPEI\DIX I
TAILINGS SAMPLE ANALYSIS RESULTS
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TAILINGS ANALYSIS. LONG LAKE (OGAMA.ROCKLAND MINE)

Key: LIS: Site l,surface; LIM: Site l, 30 cm. deptfu LIB: Site l, 100 cm. depth;

L2S : Site 2, surface; LZIÙ.{: Site 2, 30 cm. depth; WB: Site 2, 100 cm. depth.
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APPEI\DIX II
SURFACE \MATER SAMPLE ANALYSIS RESULTS

TheMotitobaModelForest: An assessment of mineral develoltment, with reconntendationsfor e c o sy s t em- b as e d monagenent.
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WATER ANALYSIS Key: O-R: Long Lake (Ogama-RocHand), CM-W: Wadhope West End (Central Manitoba), CM-
S : Wadhope Seep, CM-E: Wadhope East End, Bon-V: Bon lÆne reprocesssing vat, Bon-
O : Bon Mine reprocessing vat outlet, Bon-T : Bon Mne tailings, Bon-L : west end of
Kickley Lake.
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APPEhIDIX Iil
VEGETATION DECRIPTION AND MAPPING

The Manitobø Model Forest: An assessment of mineral development, with re conrnendations for eco sy s tem-b øse d management.
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PLANTS OF TITE CENTRAL MANITOBA TAILINGS ARtrA

Agropyron elongatum
Arabis divaricarpa
Aster laevis
Carex aurect
Carex interior
Carex leptalea
Carex vaginata
Epilobium glandulosum var, adenocaulon
Epi lob ium angu stifo I ium
Equisetum arvense
Equisetum variegatum
Habernaria hyperborea
Juncus brevicaudøtus
Larix laricina
Lonicerq villosa
Medicago sativa
Picea mariana
Poa palustris
Polygonum aviculare
P oly gonum løpathiþlium y ùr . salicifolium
Populus bølsømifera
Populus tremuloides
P u c cine I I i a nu ttal I i ana
Rumex maritimus var. fuginus
Rumex salicifolius
Salix bebbiana
Salix lucida
Salix pedicellaris
Spirønthes romanzffianø
Suaeda maritima
Malacis monophylla vu. brachypodn

tall wheat grass

Purple rock cress

Smooth aster
Golden sedge

Sedge

Bristle-stalked sedge

Sheathed sedge

Northern willowherb
Fireweed
Common horsetail
Variegated horsetail
Green-flowered bog orchid
Short-tail rush
Larch
Blue fly honeysuckle
Alfalfa
Black spruce
Fowl blue grass

Doorweed
Pale persicaria
Balsam poplar
trembling aspen

Nuttall's salt-meadow grass

Golden dock
Narrow-leaved dock
Beaked willow
Shining willow
Bog willow
Hooded lady's tresses

Western sea-blite
Adder's mouth orchid

TheManitobaModelForest: An assessment of mineral development, with lecomrnendøtionsþr ecosys lem-b ase d management.
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PLANTS OF THE GUNNAR TAILINGS AREA

A gr opyr on tr ac hy cau lum

Agrostis stolonifera

Aster borealis

Aster brachyactis

Aster ericoides

Betula pumila

Carex viridula
Chenopodium glaucum ssp. salinum

Erigeron canadensis

Habernaria hyperborea

Juncus ølpinus

Muhl enb er gi a gl omerata

Picea mariana

Pinus banksiqna

Polygonum douglasii

Puccine llia nuttolliana

Salix lutea

Salix petiolaris

Senecio pauperculus

Solidago graminifolia

Slender wheat grass

Red top

Rush aster

Rayless aster

Heath aster

Dwarf birch

Green sedge

Oak-leaved goosefoot

Horse-weed

Green-flowered bog orchid

Alpine rush

Bog muhly

Black spruce

Jack pine

Douglas knotweed

Nuttall's sweet meadow grass

Yellow willow
Basket willow
Balsam groundsel

Flat-topped goldenrod

TheManitobaModelForest: An assessment ofmineral development, with reco¡mnendationsfor ecosystem-basedmonagenent.
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PLANTS OF THE TANCO TAILINGS AREA

Zone 1. Along edge of tailings, relatively undisturbed.
*Bromus inermis Smooth brome
*Crepis tectorum Narrow-leaved hawk's beard
*Medicago sativa Alfalfa
*Phleum pratense Timothy
*Poa sp. Bluegrass
*Triþlium hybriùtm Alsike clover
*Triþlium pratense Red clover
Achillea milleþlium Yarrow
Agrostis hyemalis Tickle grass

Anaphalis margaritacea Pearly everlasting
Aster ciliolatus Lindley's aster

Equisetum variegatum Variegated horsetail
Festucø ovina Sheep fescue

Fragaria virginiana Wild strawberry
Hieracium umbelløtum Canada hawkweed
Ribes lacustre Swamp gooseberry

Salix discolor Pussy willow
Salix exigua Sandbar willow
Solidago nemoralis Showy goldenrod

Solidago missouriensis Low goldenrod
Mosses

Zone 2. Wet area near centre of tailings,
*Agrostis stolonifera Redtop
*Melilotus albø V/ild sweet-clover
Hordeum jubatum Wild barley
Juncus bufonius Toad rush
Phragnites australis Reed

Rumex maritimus Golden dock
Scirpus cyperinus Wool grass

Zone 3. In middle of tailings, relatively undisturbed.
*Melilotus alba Wild sweet-clover
Achillea millefolium Yarrow
Artemisia absinthium Absinthe
Chenopodium album Lamb's quarters

Crepis tectorum NarrowJeaved hawk's beard

Erigeron canadensis Canada fleabane

The ManitobaModel Forest: An assessment of mineral development, with recotwïrendationsfor ecosystem-based management.
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Zone 4. Yellow sweet clover cover type.
*Plantago major Common plantain

Achillea milleþlium Yarrow
Artemisia absinthium Absinthe
Circium arvense Canadathistle
Crepis tectorum Narrow leaved hawk's beard

Erigeron canadensis Canada fleabane

Hordeum jubatum Wild barley
Lactuca biennis Tall blue lettuce
Melilotus fficinale Yellow sweet-clover
Salix exigua Sandbar willow

Hordeum jubatum
Matr i car i a m atr i c ar i oi de s
Medicago sativø
Oenothera biennis
Mosses

- near edge of tailings
*Coronillq varia
Alnus crispø
Populus tremuloides
Populus bølsamifero
Salix petiolaris

- near pond
Epilobium angustifolium
Bidens cernua

-at top ofrock dam
Polygonum ciliotes

NOTE: * -indicates Eurasian species.

Wild barley
Pineappleweed
Alfalfa
Yellow evening primrose

Crown vetch
Green alder
Trembling aspen

Balsam poplar
Basket willow

Fireweed
Nodding beggarticks

Climbing poþonum

ttanagement.
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PLANTS OF TIIE SAN ANTONIO TAILINGS AND AREA

The following is a brief description of each zone:

Zone l:
- Much of this waste rock area is used to store equipment
- Tree species are up to 5 metres in height.

- Did not examine area close to buildings.

ZoneZz
- Much of this waste rock area dug out approximately three years ago to build up a
waterfront recreation area in town.
- On edges of lake where rock undisturbed, tree species arc l-2 metres in height.

Zone3z
- Dam separating the tailings from the lake, composed of tailings and waste rock.

- Divided into two areas, the top of the dam, and the slopes.

- More woody species on lakeside slope.

Zone 4t
-Water ponding area on inside of dam, centre wet,

ZoneSz
- Tailings area seeded approximately seven ye¿lrs ago due to blowing dust.

- Densely vegetated; couple of bare patches, probably where water is ponding or
flowing,

Zone 6l
- Shrubby area, dense Balsam poplar; fox den.

ZoneTt
- Waste rock area, some tailings; very little established cover, relatively recent

disturbances.
- Part of area slightly lower in elevation than surrounding zones.

Zone 8:
- Living quarters area, trailers on site.

Zone9t
-Tailings area outside of dam.

- Subject to fluctuating lake water levels, sparsely vegetated

TheManitobaModelForest: An assessment of mineral development, with recotmnendationsþr e c o sy s t ern- b a s e d man agemen t.
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The Monitoba Modet Forest: An assessment of minetal development, with reconrnendations for e cosystem-b ase d møtagement.
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zoNE 1.

Achillea milleþlium
Aster sp,

Betula papyrifera
Bromus inermis
*Medicago sativa
Picea mariana
Pinus banksiana
xPopulus bølsamifera
Populus tremuloides
Salix sp,

Solidøgo sp,

zoNE 2.

Aster sp.

Betulø papyrifera
*Erigeron canadensis
Melilotus fficinale
Phragmites sp.

Populus balsamifera
Populus tremuloides
Rumex sp.

Salix sp,
*Sonchus sp.
*Typho latifolia (in water)

Yarrow
Aster
Paper birch
Brome grass

Alfalfa
Black spruce
Jack pine
Balsam poplar
Trembling aspen

Willow
Goldenrod

Aster
Paper birch
Canada fleabane
Yellow sweet clover
Phragmites
Balsam poplar
Trembling aspen

Dock
Willow
Sow thistle
Cattail
Grasses

Sedges

IheMmitobaModetForest: An assessment of mineral development, with reconunendationsþr e c o sys tem- b ase d management.
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ZONE 3.

Ton ofdam
*Erigeron canadensis
Melilotus fficinale
Solidngo sp.
*Hordeum jubatum

Ldges of dam (Zone 3 contínued)
Circium qrvense
*Medicago sativø
*Oenothera biennis
Phragmites sp.
Populus tremuloides
Populus balsamifera
Prunus pennsylvanica
Rhus glabra
Rosø sp.

Rubus sp.
*Salix sp.
Salix lucidn
*Solidøgo gramindolia
*Solidøgo sp.

Sonchus sp.

ZONE 4.

*Erigeron canadensis
Hordeum jubatum
Medicago sativa
Phrøgmites sp.
Polygonum sp.

Solidøgo sp.

Sonchus sp.
Typha latdolia (in wet area in centre)

Canadathistle
Alfalfa
Yellow evening primrose

Phragmites
Trembling aspen

Balsam poplar
Pin cherry
Smooth sumac
Rose
Raspberry
Willow
Shining willow
Flat-topped goldenrod

Goldenrod
Sow thistle
*Grasses
*Sedges

Canada fleabane
White sweet clover
Goldenrod
Wild barley
xGrasses

Canada fleabane

Wild barley
Alfalfa
Phragmites
Poþonum
Goldenrod
Sow thistle
Cattail

IheManiøbaUodelForest: An assessment of mineral development, with reconrnmdationsfor e cosys tem-b ase d møngement.
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zoNE 5.

Circium arvense
Hordeum jubatum
*Medicago sativa
Melilotus fficinale
Melilotus alba
Parnassia pølustris
Populus balsamifera
Salix sp.
*Sonchus sp.

zoNE 6.

Ar cto stap hy los uva-ur si
Aster sp.

Phragmites
*Populus balsamifera
Populus tremuloides
Salix lutea
Salix candidn
*Sonchus sp.

ZONE 7.

*Erigeron canadensis
*Medicago sativa
Melilotus fficinale
Melilotus alba
Plantogo major
Populus balsamifera
Populus tremuloides
Salix sp.

Solidago sp.

Sonchus sp.
Trifolium pratense

Canada thistle
Wild barley
Alfalfa
Yellow sweet clover
White sweet clover
Grass-of-Parnassus
Balsam poplar
Willow
Sow thistle
Mosses

Bearberry
Aster
Phragmites
Balsam poplar
Trembling aspen

Yellow willow
Hoary willow
Sow thistle

Canada fleabane
Alfalfa
Yellow sweet clover
White sweet clover
Plantain
Balsam poplar
Trembling aspen

Willow
Goldenrod
Sow thistle
Red clover
*Grasses

TheeManitobaModetForest: An assessment of mineral development, with recornmendationsþr e c o system- b ase d manøgement.
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zoNE 8.

Achillea milleþlia
Aster sp.

Epi I ob ium an gu st ifo lium
*Erigeron canadensis
Juncus sp.
Medicago sativa
Salix sp,
*Solidago sp.
*Sonchus sp,

zoNE 9.

*Erigeron canadensis
Hordeum jubatum
*Juncus sp.

Melilotus fficinale
Melilotus alba
Salix sp.
Typha latifolia (near water)

Yarrow
Aster
Fireweed
Canada fleabane
Rush
Alfalfa
Willow
Goldenrod
Sow thistle
*Grasses

Mosses

Canadafleabane
Wild barley
Sedge

Yellow sweet clover
White sweet clover
Willow
Cattail
Grasses

The Mmitoba Model Forest: An øssessment of mineral development, with recottmændatiow þr ecosysterwbøsed mætagemení
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APPEhIDIX IV
DETAILED MAP OF STUDY AREA

IheMmitobaModelForest: An assessment of mineral development, with reconnnendationsfor ecosystem-basedmanøgement
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m"U*r¡tttaUoAtlForest: An assessment of mineral development, with reconnnendationsfor ecosystem-basedmanagement'


