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Presenter
Presentation Notes
The Virginia Horn greenstone terrain is located in St. Louis County, northern Minnesota.  The approximately thirty-square mile area is located just southeast of the City of Virginia, northeast of the City of Eveleth, and west of the City of Gilbert, Minnesota.  The terrain is named for its  exposure within a horn-shaped bend in the generally east-trending overlying Biwabik Iron Formation, from which the Mesabi Iron Range derives its ore. 

ftp://mgssun6.mngs.umn.edu/pub3/ri-53/


Superior Province GreenstoneSuperior Province Greenstone

Presenter
Presentation Notes
The Virginia Horn is an Archean greenstone terrain associated with the Wawa subprovince of the Superior Province. This same subprovince hosts many historic and active gold and base metal mining operations in Ontario.
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Wawa 
Subprovince, 
Superior Province 
Gold Discovered 
1937

Presenter
Presentation Notes
Given its location within the Mesabi Iron Range, the potential for ferrous resources within the Virginia Horn area were extensively explored in the late 1800’s.  Non-ferrous mineralization within the Virginia Horn was first described in the 1930’s, with visible gold discovered in a an outcrop exposed during construction of a railroad line to support iron mining in the adjacent Biwabik Iron Formation. 
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Presenter
Presentation Notes
Land ownership within the Virginia Horn is a mixture of public and private interests, with mineral rights often detached from surface ownership.  Surface and mineral rights held by the State of Minnesota are sufficient to have historically offered more than half of the greenstone terrain for mineral lease activity and exploration. 

ftp://mgssun6.mngs.umn.edu/pub3/ri-53/
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Presenter
Presentation Notes
A network of primary, secondary and tertiary roads provides access to most of the Virginia Horn greenstone terrain.  The local infrastructure related to mining is excellent, with several operating open-pit  taconite mines in the area, and rail system connections to the Twin Ports of Duluth, Minnesota and Superior, Wisconsin.  The northern Minnesota climate is midcontinental, with local high temperatures averaging 9.8 degrees F in December and and 75.4 degrees F in July. Precipitation averages between 24 and 27 inches, with about half of the precipitation arriving during the summer months. 
Area topography is relatively flat and glacial drift thickness is generally less than twenty feet. Rock outcrop exposures cover approximately 10% of total surface area. Glacial till deposits within the Virginia Horn are associated with the Rainy Lobe of the Laurentian Ice Sheet. Recent surface geology mapping identifies little or no till deposited on top of topographically high (and abrasion resistant) areas. 
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Virginia Horn Gold ExplorationVirginia Horn Gold Exploration

after Jirsa and Boerboom, 2003

Presenter
Presentation Notes
During the late 1980’s gold exploration within the Virginia Horn was conducted more or less simultaneously by three different companies: Newmont; Rhude and Fryeberger, and Resource Exploration Incorporatied (REI).  All three companies conducted outcrop mapping and sampling, rock and soil assays, geophysical studies, and diamond drilling.  The first two companies held State Mineral Leases on the carbonate and sericite-altered quartz-porphyry unit (QFP) while REI worked away from the QFP, focusing on alteration zones associated with structurally-controlled lithologic contacts. 

ftp://mgssun6.mngs.umn.edu/pub3/ri-53/


End of the Initial EraEnd of the Initial Era

53 Drill Holes
Varying gold grades
40% drop in gold prices
All state mineral leases terminated

Presenter
Presentation Notes
A total of 53 diamond drill holes totalling 20,000 feet were completed between the three companies.  All three reported significant, but sporadic gold assay results.  Gold-bearing zones of sufficient grade and thickness to warrant additional exploration (relative to other gold prospects) were not encountered, and all state mineral leases in the area were terminated.  




Why return to the Virginia Horn?Why return to the Virginia Horn?

Area Relatively Unexplored
Maps and Models Produced After 
1991
DNR Project Work

Presenter
Presentation Notes
There are a number of reasons why additional gold exploration activity is warranted in the Virginia Horn.
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Presenter
Presentation Notes
The depth and density of drill cores completed using this model were not sufficient to rule out the possibility of economic lode gold deposits within the QFP.  High grade gold deposits in other portions of the Superior Province have been discovered in subvertical ore shoots less than 50 feet wide



Virginia Horn Virginia Horn –– New MGS MappingNew MGS Mapping
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Presenter
Presentation Notes
New mapping completed by the Minnesota Geological Survey (Jirsa and Boerboom, 2003) after previous exploration efforts have identified the following.

Archean-aged rocks within the Virginia Horn consist (predominately) of two limbs of a composite volcanic package that lie on either side of an east-trending unit of greywacke/slate. These volcanic limbs have calc-alkaline basal units underlying more tholeiitic flows, and stratigraphic faces (e.g. classic pillow structures) orientated towards a east-trending fold axis within the slate.  Quartzo-feldspathic dikes were emplaced into and metamorphosed with the volcanic and sedimentary rocks from zeolite to lower greenschist facies. The Midway Sequence is a package of conglomerate, sandstone and trachyandesite flows that unconformably overly the older “Mud Lake”units.


ftp://mgssun6.mngs.umn.edu/pub3/ri-53/
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Presenter
Presentation Notes
New  mapping efforts have associated mineralization with moderate to high levels of alteration.  The alteration zones, in turn, are linked to major faults and shear zones, includes areas outside of the QFP, which has been the predominate area of focus.

ftp://mgssun6.mngs.umn.edu/pub3/ri-53/


New Gold Mineralization ModelNew Gold Mineralization Model

As a result of the new mapping, the 
Virginia Horn has been reinterpreted 
as a Timiskaming-type Deposit.
The most productive lode-gold 
district in North America (Porcupine 
Mining Camp) is a Timiskaming-type 
Deposit.

Presenter
Presentation Notes
Reinterpretation of the Virginia Horn as a Timiskiming-type greenstone terrain would support new exploration efforts beyond the QFP, and into both the overlying basal conglomerate and associated country rock, particularly where major shearing and alteration is found. 
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Targeted ProspectsTargeted Prospects

Deeper Holes in the 
Midway/QFP
More Holes in the 
Midway/QFP
New Holes Away from 
Midway/QFP

after Jirsa and Boerboom, 2003

Presenter
Presentation Notes
Jirsa and Boerboom (2003) recommended additional lode gold exploration: 1) at depth within the QFP, and 2) along major structural features outside of the QFP (e.g. the Fayal and Pike River Faults). 


ftp://mgssun6.mngs.umn.edu/pub3/ri-53/


Metallic Minerals Lease SaleMetallic Minerals Lease Sale

Presenter
Presentation Notes
The State of Minnesota is conducting a metallic minerals lease sale in selected portions of Northern Minnesota.



Metallic Minerals Lease SaleMetallic Minerals Lease Sale

Virginia Horn

Presenter
Presentation Notes
The Virginia Horn is one of the areas open for mineral leasing.



Public Access to Mineral DataPublic Access to Mineral Data

Presenter
Presentation Notes
PDF copies of historic documents associated with previous mineral lease activity within the Virginia Horn is available through the “Public Access to Mineral Data” portal on the DNR website.



New Data in 2007 by MN DNRNew Data in 2007 by MN DNR

GIS Mapping 
– Six summary maps
– GIS layers

Mineralogy and Geochemistry
– 40 New assay intervals
– Gold associations with pyrite and 

arsenopyrite
Fluid Inclusions

Presenter
Presentation Notes
Completion of subsequent geologic mapping and analog modeling, combined with a resurgence of price-sensitive gold exploration activity prompted the MnDNR to reassess the potential for economic gold deposits within the Virginia Horn. A digital compilation was created of historic mineral lease records and subsequent mineralogical and geochemical analyses on drill core housed in the MnDNR’s drill core repository. This compilation includes the conversion of hard-copy sample location reports and laboratory reports into GIS-friendly maps, shape files and data tables. Drill core samples were reviewed to fill identified data gaps and better correlate drill core logs prepared by different companies, and new mineralogical, geochemical and fluid inclusion samples were collected to better constrain the conditions and timing of gold mineralization. 




Fluid InclusionsFluid Inclusions

Dr. Andrew Conly, 
Lakehead University
Fluid composition
Fluid temperatures

Mineralization Marker
Ore Formation

Presenter
Presentation Notes
A fluid inclusion micro-thermometry study of quartz veins within Virginia Horn greenstone terrain rocks was completed under contract by Dr. Andrew Conly, Lakehead University, in order to characterize ore-forming fluids, identify potential areas of exploration outside of the historic area of interest, and evaluate mineralization models for the terrain (by comparing results with those obtained in gold deposits elsewhere within the Superior Province). 




Presenter
Presentation Notes
Samples were submitted blind; no information on ore grades and paragenesis were available at the time of fluid inclusion analysis. Twenty-one of the twenty-five samples submitted to the Lakehead University Mineralogy and Experimental Laboratory (LUMINEX) for micro-thermometric analysis had fluid inclusions from which homogenization temperatures (Th), freezing temperatures (Tf) and salinity data could be obtained.  




Comparison mineralized and umineralized samples
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Presenter
Presentation Notes
Bivariate plots of homogenization and melting temperatures for Virginia Horn fluid inclusions suggest two distinct fluids within mineralized samples - a higher-temperature magmatic event possibly related to emplacement of the QFP, and a lower-temperature event of possible meteoric or metamorphic origin (Conly, 2007 open file data).  
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Presenter
Presentation Notes
The bivariate distribution of homogenization and melting temperatures for Virginia Horn fluid inclusions is similar to data obtained from fluid inclusions within several different Canadian gold deposits.
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