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Metallic 
minerals can 
only be mined 
economically 
where geologic 
processes have 
concentrated the 
metals into an 
ore deposit. 
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An explorer often searches 
at many places in a large 
area to try to discover one 
mine. 

Presenter
Presentation Notes
The Mid-Continent Rift is highlighted in purple on this map. It contains some known metallic mineral deposits and is a good place to look for more.  For example, Kennecott Exploration has been exploring in this Mid-Continent Rift in Minnesota, Michigan and Ontario for deposits of copper, nickel, platinum, and/or palladium.



A phased approach to 
mineral exploration allows 
for cost-effective 
evaluation of many targets 

The first phase 
of a typical 
metallic mineral 
exploration 
program in 
Minnesota is a 
four-step 
process that can 
take anywhere 
from 1 to 20 
years to 
complete. 
 

1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

Presenter
Presentation Notes
The goal of the first phase of exploration is to discover a mineral deposit. The second phase is to do a detailed delineation of the deposit, do economic feasibility studies, do environmental review and develop the mine. 



The first phase 
of a typical 
metallic mineral 
exploration 
program in 
Minnesota is a 
four-step 
process that can 
take anywhere 
from 1 to 20 
years to 
complete. 
 

2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

1.Planning 
[1 – 5 yrs] 

Planning Activities 
• Develop a business plan 
• Identify a concept and 

exploration model 
• Secure financing  
 

Presenter
Presentation Notes
The explorer has a business plan and exploration concept and raises funds to implement it. With funding the explorer selects a geological target in a region to evaluate and acquires the rights to explore the land package over the target location. 
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2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

1.Planning 
[1 – 5 yrs] 

Presenter
Presentation Notes
HTX Minerals has this diagram on their website of a cross section into the Earth that shows a schematic of the Mid–Continent Rift. Note that there are labels such as Tamarack Deposit, which are named examples of ore deposits that contain copper, nickel, platinum, and palladium. There are deposits elsewhere in the world that geologists have determined were formed in a rift zone. Explorers are searching in the rift zone in Minnesota for similar mineral deposits.
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2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

1.Planning 
[1 – 5 yrs] 

Presenter
Presentation Notes
This is a diagram from Magma Metals website that shows the basic components of an exploration model. Magma Metals have found deposits in the Thunder Bay, Ontario area. This is a cross section looking down into the Earth, and showing the model that this company is using to search for platinum, palladium, copper, and nickel in a mineral deposit. Although the model details vary as each company has it’s own ideas, a number of companies are searching in Minnesota for these types of mineral deposits.



The first phase 
of a typical 
metallic mineral 
exploration 
program in 
Minnesota is a 
four-step 
process that can 
take anywhere 
from 1 to 20 
years to 
complete. 
 

1.Planning 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

2. Land Package 
[1 – 5 yrs] 

Acquire a Land Package 
• Secure the rights to explore for 

minerals over a buried 
geological target feature  

• Land package may include: 
• State mineral leases 
• Private mineral leases 
• Federal prospecting 

permits 
 

Presenter
Presentation Notes
The explorer has a business plan and exploration concept and raises funds to implement it. With funding the explorer selects a geological target to evaluate and acquires the rights to explore the land package over the target location. The land package may grow or shrink over time as the exploration progresses. This is where state mineral leasing comes into the picture.



Insert a map of Prime 
Meridian’s Winterfire 
ownership : state lands 
and private lands 

Discovery – Delineation - Development 8 

1.Planning 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

2. Land 
Package 
[1 – 5 yrs] 

Presenter
Presentation Notes
This map shows an example of a land package that Prime Meridian Resources held at one point in time at their Winterfire prospect in Koochiching County. The explorer obtained state mineral leases and private mineral leases. The explorer is currently terminating the state leases.



The first phase 
of a typical 
metallic mineral 
exploration 
program in 
Minnesota is a 
four-step 
process that can 
take anywhere 
from 1 to 20 
years to 
complete. 
 

1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Exploration  
• Test many buried geologic 

features to discover an ore 
deposit in the bedrock 

• Use these exploration methods 
• Geologic Mapping 
• Geophysics 
• Geochemistry 
• Drilling 

 

Presenter
Presentation Notes
An explorer uses various exploration methods to seek to discover an ore deposit in the bedrock. Many locations may be tested. Minnesota has glacial drift that covers the bedrock over most of the state, making it difficult to find an ore deposit in the bedrock. Various methods are used to search for an ore deposit, and then a drill is used to obtain bedrock samples to test for metal content.



 Exploration: Explorer surveys many possible sites 
using a selection of exploration methods  
 geophysics uses remote sensing to measure physical 

properties 
 geochemistry measures chemical content in the 

landscape around the selected feature 
 geologic mapping to define the buried geology and 

the locations, if any, of the metal being sought 
 drilling obtains samples of the bedrock to measure 

the metal content and refine the buried geology map 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
Here is a general description of the com
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
Bedrock outcrops are uncommon in most of Minnesota, since they are usually buried under layers of glacial drift. The explorer would describe the bedrock types present in the outcrop, draw a map of the geologic units, and search for clues to discover buried metal deposits. 



 Remotely measures the physical properties (e.g. 
magnetism, density, electrical conductivity) of the 
buried bedrock 

 From a helicopter or fixed-wing plane 
 From the surface of the ground 
 From within an exploration borehole 
 From the drill core (or bedrock outcrop) sample  
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This is a means to “look down” through the glacial drift layers to seek concentrations of metals in the bedrock, without the disturbance and cost of drilling to obtain samples. This method is often used to select the locations to drill. 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This shows an example of geophysical equipment used a number of years ago in northwestern MN by an explorer. This equipment is used to make measurements from the surface of the ground. Typically, a line will be cut through the brush prior to the survey, so that the people can safely carry the equipment and do their work.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
The wooden stakes with the orange paint and numerals on them mark an example geophysical line in the woods on this property. The explorer will carry the geophysical equipment along this line and take readings periodically, noting the location along the line. Because there are often some lines that run perpendicular to each other, directly over the buried geological target, this is often called a geophysical grid or just a grid. The drill hole location is often selected somewhere on the grid where the geophysical measurements are most similar to the conceptual ore deposit being sought. 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This is an example of the University of MN, Minnesota Geological Survey, equipment to perform down-hole geophysical survey measurements. There is a device that is lowered down the hole via a steel cable and a winch. The depth is measured along with the geophysical property measurement. All the equipment is housed in the van.



Example of Geophysics and Selection of Drill Sites 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
The results from the airborne geophysical survey at Winterfire prospect in Koochiching County are represented on these images.Previous drilling, housed in the DNR Drill Core Library, provided “truth” points for the model.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This is the mathematical psuedo-geologic model created by using the geophysical data and the existing drill core data for truth points. The red areas shows the presence of possible metal-bearing rock that is untested. The red areas conducted electricity better than the surrounding rock. This prospect was tested by 3 exploratory boreholes and the state leases were terminated. This is a very typical case example of exploration.



Geochemical Sample:     
Glacial till  collected below the soil horizons to be tested for platinum and palladium 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
Samples are sometimes collected from tree twigs, soil, glacial till, peat, water, or soil gas to test for trace amounts of metals. The landscape is often like a patchwork quilt in terms of the trace metal content of an area. Some of the metals  may be used as pathfinders to buried metal deposits nearby.



Drill Rig to 
Obtain 
Bedrock Core 
Samples 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
The drill rig is used to obtain core samples of the buried bedrock to determine if the bedrock contains the metal deposits that are sought after. One explorer estimates that they spend on the order of $100,000 for the total cost to select one location to drill, contract for the drilling to obtain the drill core, and analyse the drill core to determine the results. The benefit to the State is that the state obtains more data about its mineral rights, such as where the high mineral potential is located on state land.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
During the week or two that an exploratory boring is being drilled, it is important to follow personal safety precautions near the equipment. Do not walk near heavy equipment unless the operators know that you are there, so you don’t get hurt.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
The drill bit on the left is rotated by the drill to cut into the bedrock and collect a solid core within the middle of the drill bit. 
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
The drill core is put into boxes in exactly the same position of depth that it came out of the ground.The drill core is examined by a geologist to identify the rock types and other characteristics of the bedrock. The geologist selects representative samples to send to a laboratory to measure the metal content.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This is a piece of drill core from Itasca County, DDH T-2, at 152.5 feet depth. The blue-ish purple minerals contain copper.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This is a color graphic that can be found in our historic exploration files. The explorer has examined the drill core, identified the different layers of rock present, and drawn a cross-section that shows how the geologic layers are oriented underground. The bottom of this drill core contains a zone that has gold.  The cross section also shows the locations of the geophysical anomaly, as measured on the ice of the lake, and the geochemical anomaly on the surface.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
Here is an example of an exploratory boring that has been temporarily sealed, which allows the explorer to come back and do down-the-hole geophysics. Then the boring will be permanently sealed.
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
This photo is lableled CMR AC-02-11
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1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

4. Evaluation 

3. Exploration 
[1 -10 yrs] 

Presenter
Presentation Notes
These two photos show the same site after the vegetation has grown back. The photos are taken from different directions.



The first phase 
of a typical 
metallic mineral 
exploration 
program in 
Minnesota is a 
four-step 
process that can 
take anywhere 
from 1 to 20 
years to 
complete. 
 

1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

Evaluation  
• Determine whether the 

exploration results fit the 
business plan 

• Decide whether to: 
• Continue the project; or,  
• Terminate the lease and 

move on to a different 
target.    99% of state leases 
were terminated after year 
10 because no discovery 
was made 
 

 

Presenter
Presentation Notes
If no ore deposit is discovered, then the exploration on that parcel typically ends and the lease is terminated. If an ore deposit is discovered, then an extensive delineation and characterization begins.
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There were 23,757 total forty-acre parcels leased during the 46 
year historic data time period: 

•Geochemistry:  was done on 28% of the forty-acre parcels 
•Geophysics: no estimate because we do not have the digital 
data to query this 
•Drilling: was done on 3% (559) of the forty-acre parcels  

 
If any activity takes place, the activity typically would require 
about a month time period. The impacts are minimal and 
temporary in nature, such as the cutting down of some vegetation 
for an access trail.  1.Planning 
[1 – 5 yrs] 

2. Land Package 
[1 – 5 yrs] 

3. Exploration 
[1 -10 yrs] 

4. Evaluation 

Presenter
Presentation Notes
Drilling means at least one drill hole was done. The historical geophysical data is not in a digital form that can be easily searched, so there may be some airborne data lumped in with the ground geophysical data for this estimate. The true estimate is likely to be a lower percentage. The drilling includes both Phase I and II Exploration and Delineation.



The End 
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