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Background

Lake Superior Iron Ore Regions; 

2017 ASMR → 2022 ASRS; 

Paradigm Shifts

Agenda:

• Background

• Project 1

• Methods

• Assessment Results

• Project 2

• Experimental Design

• Methods

• What Comes Next?
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NE MN Mining Region

Edge of Canadian Shield, abundant 

mineral potential

• Archean - Gold and VMS ore deposits

• Paleoproterozoic - Lake Superior-Type 

Iron Formation

• Mesoproterozoic – Duluth Complex 

Cu/Ni +/- PGE

130+ year history of mining
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Iron Ore Mining 
History

“Natural Ores”: 

Underground and open-pit

Taconite: Open-pit

Tailings & Stockpiles
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Land of Water and Mines . . .

Source: Baeten et al., 2017

http://www.airphotona.com/nextimg.asp?imageid=5833
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But also forests and communities and 
post-mining land uses!

Laurentian Mixed Forest Ecoregion
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Joe Trelevan
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MN Reclamation Rules

1969: Mineland Reclamation Act passes

1977: “only one state in the union has done less in mine-

land reclamation than Minnesota”  Governor Rudy 

Perpich (inaugural State of the State Address)

1980: Adoption of rules

• Slope stability, bonding

• Revegetation: control erosion, prevent leaching of 

toxic substances, visual screening, 

• 3/5-year standard: 90% ground cover, living 
vegetation and its litter, no gullies or rills more 
than nine inches deep

• 10-year standard: Vegetative community with 
characteristics similar to those in an approved 
reference area. May be planted or naturally 
occurring. Self-sustaining, regenerating, provides 
wildlife habitat or other uses
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ASRS, ARRI and FRA

2017 Joint ARRI/ WVMDTF, and ASMR – Morgantown, WV

Jim Burger, ARRI Scientist gave Plenary address:

• History of ARRI, and development and implementation of 

Forestry Reclamation Approach

• Developed FRA in response to prevailing practices:

• Compact soils, rapidly establish vegetative cover

• Represents a PARADIGM SHIFT in applied science, and took 

decades to develop and obtain regulatory acceptance

2022 ASRS Meeting – Duluth, MN

• Brought together taconite environmental staff, reclamationists

and Appalachian FRA experts
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Paradigm Shifts

Normal Science -> Outliers -> “extra-ordinary” science -> model crisis 
-> adoption of new paradigm  (Thomas Kuhn)

Difficulty of paradigm shifts in reclamation:

• Practitioners committed to dominant techniques

• Regulations are slow to change

FRA should have fertile ground in MN, but will need to 
demonstrate:

• Assess implementability

• Assess restoration success

• Gain regulatory acceptance

“Earthrise”; taken on December 24, 1968,

by Apollo 8 astronaut William Anders
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Project 1 - 2023

Assessment of Forested Areas 

& Opportunistic Planting

Warren Overburden Stockpile Lower Bench. (Restored Pre-1990)
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Comparative Sites Selected - Planted in 2013, 2015, and 2021/2022

Intentional Tree Planting Community (2013)Grass/Forb Community – 5012 Stockpile. (2013)

Also included some assessment of areas that were >30 years old (“pre-law”),

undergoing natural succession
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Survey Methods:

• vegetation inventory - timed meanders

• species and stratum class 

(herbaceous/shrub/tree/vine)

• estimate of absolute percent cover by 

living vegetation and its litter

• to compare with the reclamation 

vegetation standards

• assessment of stability and erosion 

such as gully formation, excessive 

settlement, and slumping
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Data Comparisons

- Absolute cover keep pace w/ grass/forb 

planting

- Species richness ~similar to grass/forb

- Non-native species lower and then much 

lower in tree plantings
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Performance

- Absolute cover similar at 10-year mark

- Species richness similar to grass/forb at 10-

year mark

- Non-native species much lower in tree 

plantings
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Observed really nice growth!

Planted 2013

Pre-Law

Planted 2015
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Project 2 - 2024

Project Greenwood
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Project Milestones

• Developed Reclamation Research Grant 

Proposal – fall, 2023

• Awarded late 2023

• Developed Planting Plan – spring 2024

• Collaborated w/ Dr. Kenton Sena

• Quickly changed plan to a different 

stockpile – b/c of mining

• Site Prep – April 2024

• 20,000 seedlings planted – May 2024

• Drought and watering

• Year 0 Study Design and Survey -

• Permanent fixed radius vegetation plots



Variables:

- Surface Prep

- Slope/Aspect

- Biochar

- Seedling Mix
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Surface Prep and Substrates
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Survey Plan

Fixed radius plots

Herbaceous - % cover 

by species and stratum, 

species richness

Shrub - woody species 

stem counts

Tree – DBH 

measurements

Year 3 and 5 follow-up 

planned
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What Comes Next?

“Acceptable Research” and the MN 

Reclamation Rules

Eastern White Pine, Pinus strobus



Thank you!

mblair@barr.com
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