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View northeast toward the processing plant, across the abandoned and partially flooded 
LTV Taconite Pit 2W, Hoyt Lakes area (photo by Mark Jirsa, 2004).

Water pumped from Minntac�s East Pit, flowing into the abandoned 
Mountain Iron Mine  (photo by Mark Jirsa, 2004).

Glacial sediments exposed near the Sparta Mine in Gilbert.  Bedded sand and gravel is 
overlain by a thin, reddish glacial till (photo by Mark Jirsa, 2004).

More than 100 years of mining have profoundly affected the natural
landscape on the Mesabi Iron Range.  As mining expands in some areas and
is discontinued in others, there are related changes to surface and ground
water flow.  As a result, there is growing need for better data to evaluate the
impacts of those changes.  The geologic maps shown here, in Lively and
others (2005), and the associated data bases on file with the Minnesota
Geological Survey, were created to provide the basic geologic framework
required by government and industry to address hydrogeologic issues on the
eastern half of the Mesabi range.  These issues include siting community
and industrial expansion, evaluating water use, and facilitating watershed
restoration.  These data form a companion to similar information published
in prior years for the western half of the Mesabi range with funding from
the Legislative Commision on Minnesota Resources (Jirsa and others, 2002;
Lively and others, 2002).

The Bedrock Geology and DataBase Map (plate 1) shows the locations of
water wells, mining and exploration boreholes and test pits, scientific test
holes, and rock outcrops.  All of these data are superimposed on a
simplified map of the bedrock geology (modified from Jirsa and others
(1998), Jirsa and Boerboom (2003), and Jirsa and Miller (2004).  The
locations of water wells were verified and the descriptions were interpreted
by geologists of the Minnesota Geological Survey.  Nearly 800 well records
have been added to existing ones in a database known as the County Well
Index.  Mine borehole data were acquired from mining companies (see
Acknowledgments, below), and from archives of the Minnesota Geological
Survey.  Approximately 9,000 borehole records were compiled for this
project, bringing to about 22,000 the total number acquired for the entire
Mesabi Iron Range.  The locations of bedrock outcrops were taken from
mapping by, and references in, Jirsa and others (1998), Jirsa and Boerboom
(2003), Jirsa and Miller (2004), Miller (2005), Miller and Severson (2005),
Miller and others (2005), Severson and Miller (2005), and from the original
field maps of Leith (1903).  Some outcrops were also identified from field
work conducted for this project and a coincident project funded by the
Minerals Coordinating Committee.  All of these data were used to establish
accurate elevations for the top of the bedrock surface and to construct the
shaded-relief map of bedrock topography (plate 2).  Because most of the
boreholes record the bedrock elevation prior to mining, the bedrock
topography depicts pre-mining conditions. To aid the map user, the outlines
of taconite mines and pit lakes are shown, modified by the authors
somewhat from the digital Mine Lands Database maintained by the
Minnesota Department of Natural Resources, Lands and Minerals Division
(Hibbing, Minnesota).  The shaded-relief map of depth to bedrock (plate 3)
was created by subtracting a grid of the bedrock topography values from a
grid of the most current land surface topography data (Minnesota
Department of Natural Resources, 1999).

The bedrock topography is a complex surface modified by nearly 2 billion
years of chemical and mechanical erosion.  The most recent major erosional
events involved several periods of glaciation during the last 2 million years.
In most places, there is a remarkable correspondence between bedrock
topographic expression and bedrock composition.  Rock types containing a
large proportion of quartz, such as quartzite (a metamorphosed quartz
sandstone), granite, and silica-rich iron-formation, are relatively resistant to
both chemical and mechanical erosion.  By contrast, rock types such as
schist, slate, siltstone, and mudstone are more easily eroded.  The bedrock
in the vicinity of the Mesabi Iron Range is composed of volcanic rocks,
schist, slate, and granitoid intrusions of the Archean (2.7 billion years old)
granite-greenstone terrane, overlain to the south by a gently southward
dipping sequence of quartzite, iron-formation, argillite, and slate of
Paleoproterozoic age (~1.8 billion years old).  Both were intruded by
gabbroic rocks of the Duluth Complex of Mesoproterozoic age (~1.1 billion
years old) on the east side of the map, and a variety of diabasic to syenitic
dikes, also of likely Mesoproterozoic age.  The Paleoproterozoic rocks
consist, in upward stratigraphic order, of the Pokegama Quartzite, Biwabik
Iron Formation, and Virginia Formation.  The most prominent feature of the
bedrock surface is a large and discontinuous ridge that trends northeastward
through the study area, forming the Laurentian Divide, and composed
mostly of resistant granite of the Archean Giants Range batholith.  South of
the Giants Range, quartzite and the more siliceous layers of iron-formation
tend to form subdued ridges.  The area south of the Mesabi Iron Range  that
is underlain by mudstone and siltstone (argillite) of the Virginia Formation
has low relief.  The exception is that area of the Virginia Formation near the
contact with the Duluth Complex.  In that area, intrusion of gabbro
metamorphically hardened the otherwise soft graywacke and argillite of the
Virginia Formation to form moderately resistant hornfels and slate.
There are stark contrasts in the apparent complexity of the bedrock
topographic surface.  Some of this complexity is a product of differential
erosion; however, some is due to the availability and types of data used in
generating the maps.  Borehole density is greatest in areas of exploration
and mining, where the Biwabik Iron Formation is first bedrock.  As a result,
the maps typically present a more detailed and accurate representation of
that part of the bedrock topographic surface than elsewhere.  The abundance
of bedrock outcrops along the Laurentian Divide, near the cities of Virginia,
Eveleth, and Gilbert, and in parts of the area underlain by the Duluth
Complex, contribute to the complexity of those regions.  Conversely, some
of the subdued topography in the area underlain by the Virginia Formation,
and much of the area north of the Giants Range, is due in part to
generalization in these areas of scant data.
Because the Archean and Paleoproterozoic rock units trend east-
northeastward, their erosion resulted in a general northeastward trend of
topographic highs and lows on the bedrock surface.  The exception to this
northeasterly trend is the area known as the "Virginia horn," where the
Paleoproterozoic units bend abruptly southward, southeastward, and
northeastward to form a horn shape.  In the vernacular of geologists, this
structure is a paired syncline (concave fold, centered on about the city of
Virginia) and anticline (convex fold, centered just southeast of Eveleth) in
the shallowly south dipping strata (see discussion in Jirsa and Morey, 2003).
Structures such as fractures and ancient faults cut all rock types.  The rock
in and along those fractures is typically broken, which provided
permeability to channel ground water to chemically weather, oxidize, and
leach the adjacent rock at various times in the area�s geologic history.
Much of the oxidized iron ores that were first mined on the Mesabi range
were formed by this process.  Subsequent erosion of the broken and altered
rocks produced linear topographic lows that can be seen on the bedrock

topography to cross the generally northeast-trending ridges.  Two obvious
examples are the "Embarrass gap" near Biwabik, and a narrower one west
of the LTV Dunka pit near the eastern end of the range.  These and other
bedrock valleys, and the faults and fractures associated with them, may be
important conduits for modern-day ground water movement.
It should be noted that the outcome of subtracting the land surface from the
bedrock surface to produce the depth to bedrock map results in a variety of
patterns that may at first appear counter-intuitive.  In most of Minnesota, the
material between the bedrock surface and the land surface consists of
unconsolidated glacial sediment.  On much of the Mesabi range, there is, in
addition to glacial sediments, a significant component of mine tailings,
stripped overburden, waste rock, and stockpiled material distributed in
basins and dump piles.  These human-made features can be recognized on
the depth to bedrock map by unnaturally straight and geometric shapes.  In
areas adjacent to mines, the depth to bedrock contours commonly form
nearly rectangular positive features that represent mine dumps.  In other
places, features of the bedrock surface dominate.  For example, valleys
eroded into the bedrock surface and filled with glacial deposits are
represented by linear patterns of greater depth to bedrock.
The process of subtracting the data sets locally produces areas of less than
zero depth to bedrock.  This occurs in mine pits where material has been
removed from the bedrock by mining and stripping, and in other areas
where the bedrock surface is close to the land surface.   In many areas, this
is an artifact of the data manipulation that may emanate from using the land
surface elevations from 7.5-minute quadrangle maps to contour the bedrock
surface, then using the slightly different, gridded land surface topography
(Minnesota Department of Natural Resources, 1999) for the calculation of
depth to bedrock.  The newer gridded land surface data show localized areas
where bedrock has been removed since the 7.5-minute quadrangles were
compiled (in the 1980s), and these areas will produce negative depth to
bedrock.  Errors also result from the inexact positioning of bedrock contours
with respect to land surface contours during the process of constructing the
bedrock topography.  These types of errors are particularly likely to occur
along steep slopes where contours are very closely spaced.
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