








Figure 48. Park map of SLBE, Michigan (NPS).
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Voyageurs National Park (VOYA)

Voyageurs National Park (VOYA) is located in the southern part of the Canadian Shield
approximately 195 km (120 mi) north of Duluth along the U.S.—Canada border in St. Louis and
Koochiching Counties, Minnesota (Figure 52). Established on April 8, 1975, VOY A encompasses
approximately 88,302 hectares (218,200 acres) of interconnected waterways of four large lakes and
more than 1,000 islands. At VOY A, the narrow passages that connect the Kabetogama, Namakan,
Rainy, and Sand Point Lakes were once the route of French-Canadian voyageurs (Anderson 2017).
The lakes collectively surround the Kabetogama Peninsula, which is the main land area of the park
and contains numerous inland lakes and boreal forest. The park preserves and protects a
hydrologically complex and sensitive environment where impermeable bedrock inhibits groundwater
flow and thin soils allow relatively rapid surface runoff (Graham 2007). The region of VOYA
experienced a short-lived gold boom in the late 19" century, and several abandoned mines are
located in the northwestern part of the park.

The bedrock geology of VOY A contains some of the oldest rocks on the North American continent
and provide evidence of ancient orogenic episodes that occurred approximately 2.5 billion years ago.
Metamorphic rocks at VOY A are exposed in the west and central portions of VOY A and include
Archean-age schists, gneisses, quartzites, metaconglomerates, and greenstones that formed due to
high pressures and elevated temperatures. Exposed in the east and southeast areas of VOYA are
ancient igneous units that include Archean-age intrusive rocks, the Lac La Croix Granite, and
Paleoproterozoic diabase (a dark, crystalline igneous rock) (Figure 53). The intermittent advance and
retreat of Pleistocene glaciers have eroded the ancient bedrock to create striations and grooves as
well as the regions numerous lake basins. As the glaciers retreated, they deposited glacial erratics,
ground moraine debris, and unconsolidated till that now forms the distinctive undulating topography
at VOYA (Graham 2007).

VOY A contains one identified stratotype that defines the quartz—feldspar gneiss border facies of the
late Archean Lac La Croix Granite (Figure 54; Table 9). In addition to the designated stratotypes
located within VOY A, stratotypes located within 48 km (30 mi) of the park boundaries include the
late Archean Lac La Croix Granite (type area and reference locality).
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Figure 52. Park map of VOYA, Minnesota (NPS).
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Figure 53. Geologic map of VOYA, Minnesota.
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Stratotypes of Voyageurs NP, Minnesota
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Figure 54. Modified geologic map of VOYA showing stratotype locations. The transparency of the geologic units layer has been increased.
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Table 9. List of VOYA stratotype units sorted by age with associated reference publications and locations.

Unit Name (map symbol) | Reference Stratotype Location Age
Lac La Croix Granite, Southwick and | Reference locality (=quartz—feldspar gneiss late Archean
Vermillion Granitic Complex | Sims 1980 border facies): near the mouth of Long Slough

[meant to be Deep Slough] on Namakan Lake,
Hale Bay 7.5-minute Quadrangle, MN

The late Archean Lac La Croix Granite of the Vermillion Granitic Complex was formally proposed
by Southwick and Sims (1980) and named after its type area exposures south of Lac La Croix in
northern St. Louis County, Minnesota. Although the type area is located outside VOY A, Southwick
and Sims (1980) designated a reference locality for the quartz—feldspar gneiss border facies near the
mouth of Long Slough (mistaken for Deep Slough) on Namakan Lake in the Hale Bay 7.5-minute
Quadrangle (Figure 52; Table 9). The quartz—feldspar gneiss border facies consists of light-gray to
grayish-pink granite gneiss that is well-exposed along the south shore of Namakan Lake, and has
been interpreted as metasomatically (chemical alteration of rock by hydrothermal fluids) replaced
wall rock near the contact of the Lac La Croix Granite (Southwick 1972; Southwick and Sims 1980).
The Lac La Croix Granite has broadly gradational contacts with associated migmatitic rocks (rocks
with metamorphic and igneous components due to partial melting of a wholly metamorphic
precursor) (Southwick and Sims 1980).
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Recommendations

1.

The NPS Geologic Resources Division should work with park and network staff to increase
their awareness and understanding about the scientific, historic and geologic heritage
significance of geologic stratotypes (type sections/localities/areas, reference sections,
lithodemes). Stratotypes represent unique geologic exposures and should be considered
extremely important to protect for the advancement of the scientific community for future
generations.

Upon publication of the GLKN Geologic Type Section Inventory report, the NPS Geologic
Resources Division should schedule a briefing for the staff of the GLKN and respective
network parks.

The Minong Flow, Huginnin Flow, and Island Mine Conglomerate Bed of the
Mesoproterozoic Portage Lake Volcanics were originally named by Lane (1898) for their
respective occurrences at Minong Mine, Huginnin Cove, and Island Mine, ISRO. However,
no formal stratotype designations for these units have been assigned. It is recommended that
stratotypes for these units be designated in order to: A) provide a standard reference for
scientific research; B) educate park staff and visitors about the geoheritage significance of
these units; and C) help safeguard these exposures.

The NPS Geologic Resources Division should work with park and network staff to ensure
they are aware of the location of stratotypes in park areas. This information would be
important to ensure that proposed park activities or development would not adversely impact
the stability and condition of these geologic exposures. Preservation of stratotypes should not
limit availability for future scientific research but help safeguard these exposures from
infrastructure development.

The NPS Geologic Resources Division should work with park and network staff, the U.S.
Geological Survey, state geological surveys, academic geologists, and other partners to
formally assess potential new stratotypes as to their significance (international, national, or
statewide), based on lithology, stratigraphy, fossils or notable features using procedural code
outlined by the North American Commission on Stratigraphic Nomenclature.

From the assessment in (5), NPS staff should focus on registering new stratotypes at State
and Local government levels where current legislation allows, followed by a focus on
registering at Federal and State levels where current legislation allows.

The NPS Geologic Resources Division should work with park and network staff to compile
and update a central inventory of all designated stratotypes and potential future nominations.

The NPS Geologic Resources Division should ensure the park-specific Geologic Type
Section Inventory Reports are widely distributed and available online.
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10.

1.

12.

13.

The NPS Geologic Resources Division should work with park and network staff to regularly
monitor geologic type sections to identify any threats or impacts to these geologic heritage
features in parks.

The NPS Geologic Resources Division should work with park and network staff to obtain
good photographs of each geologic type section within the parks. In some cases, where there
may be active geologic processes (rock falls, landslides, coastal erosion, etc.), the use of
photogrammetry may be considered for monitoring of geologic type sections. GPS locations
should also be recorded and kept in a database when the photographs are taken.

The NPS Geologic Resources Division should work with park and network staff to consider
the collection and curation of geologic/petrologic samples collected from type sections within
respective NPS areas. Samples collected from type section exposures can be useful as
reference specimens to support future studies, especially where stratotypes may be lost
through natural processes or human activities.

The NPS Geologic Resources Division should work with park and network staff to utilize
selected robust internationally and nationally significant type sections as formal
teaching/education sites and for geotourism so that the importance of the national- and
international-level assets are more widely (and publicly) known, using information boards
and walkways.

The NPS Geologic Resources Division should work with park and network staff in
developing conservation protocols of significant type sections, either by appropriate fencing,
walkways, and information boards or other means (e.g., phone apps).
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Appendix A: Source Information for GRI Maps of GLKN Parks

APIS

GRPO
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GMAP 2227: Cannon, W. F., L. G. Woodruff, S. W. Nicholson, C. A. Hedgeman, and R.
Barber-Delach. 1999. Digital bedrock geologic map of the Ashland and the northern part of
the Ironwood 30’ X 60’ Quadrangles, Wisconsin and Michigan. U.S. Geological Survey,
Reston, Virginia. Open-File Report 99-546. Scale 1:100,000. Available at:
https://pubs.usgs.gov/of/1999/0f99-546/ (accessed September 1, 2021).

GMAP 3795: Clayton, L. 1985. Pleistocene geology of the Superior region, Wisconsin.
Wisconsin Geological and Natural History Survey, Madison, Wisconsin. Regional Map
Series 3. Scale 1:250,000.

GMAP 70276: Nicholson, S. W., W. F. Cannon, L. G. Woodruff, and C. Dicken. 2004.
Bedrock geologic map of the Port Wing, Solon Springs, and parts of the Duluth and
Sandstone 30° X 60’ Quadrangles, Wisconsin. U.S. Geological Survey, Reston, Virginia.
Open-File Report 2004-1303. Scale 1:100,000. Available at:
https://pubs.usgs.gov/of/2004/1303/ (accessed September 1, 2021).

GMAP 70281: Nicholson, S. W., C. L. Dicken, M. P. Foose, J. Mueller. 2004. Integrated
geologic map databases for the United States, the Upper Midwest States: Minnesota,
Wisconsin, Michigan, Illinois, and Indiana. U.S. Geological Survey, Reston, Virginia. Open-
File Report 2004-1355. Scale 1:500,000. Available at: https://pubs.usgs.gov/of/2004/1355/
(accessed September 1, 2021).

GMAP 2626: Mudrey, M. G., Jr. 1977. Geologic map of Pigeon Point Quadrangle, Cook
County, Minnesota. Minnesota Geological Survey, St. Paul, Minnesota. Miscellaneous Map
Series 36. Scale 1:24,000.

GMAP 3985: Miller, J. D., Jr., J. C. Green, M. J. Severson, V. W. Chandler, and D. M.
Peterson. 2001. Geologic map of the Duluth Complex and related rocks, northeastern
Minnesota, Minnesota Geological Survey, St. Paul, Minnesota. Miscellaneous Map Series
119. Scale 1:200,000.

GMAP 75609: Rosenthal, J. 2012. Fluvial terraces of Grand Portage Creek, Grand Portage
National Monument. GeoCorps, Geological Society of America, Boulder, Colorado. Scale
1:24,000.

GMAP 75806: Thompson, T. A., and M. R. Johnson (digital compilation). 2014. Quaternary
geology, southern Lake Michigan rim: Quaternary geology map of Lake, Porter, and LaPorte
Counties, northern Indiana. Indiana Geological Survey, Bloomington, Indiana. ESRI gdb.
Scale 1:48,000.
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GMAP 2663: Huber, N. K. 1973. Geologic Map of Isle Royale National Park, Keweenaw
County, Michigan. U.S. Geological Survey, Washington, D.C. Miscellaneous Investigations
Map 796. Scale 1:62,500. Available at: https:/ngmdb.usgs.gov/Prodesc/proddesc_16407.htm
(accessed September 1, 2021).

GMAP 4949: U.S. Geological Survey. 1996. USGS Digital Raster Graphics (Isle Royale
area). U.S. Geological Survey, Reston, Virginia. Scale 1:24,000.

GMAP 4951: Wolff, R. G., and N. K. Huber. 1973. The Copper Harbor conglomerate
(middle Keweenawan) on Isle Royale, Michigan, and its regional implications. U.S.
Geological Survey, Washington, D.C. Professional Paper 754-B. Scale 1:62,500. Available
at: https://pubs.er.usgs.gov/publication/pp754B (accessed September 1, 2021).

GMAP 7315: Cannon, W. F., M. E. McRae, and S. W. Nicholson. 1999. Geology and
mineral deposits of the Keweenaw Peninsula and vicinity, Michigan. U.S. Geological Survey,
Reston, Virginia. Open-File Report 99-149. Scale 1:100,000. Available at:
https://pubs.usgs.gov/of/1999/0f99-149/ (accessed September 1, 2021).

GMAP 44019: Cannon, W. F., and S. W. Nicholson. 2001. Geologic map of the Keweenaw
Peninsula and adjacent area, Michigan. U.S. Geological Survey, Reston, Virginia. Geologic
Investigations Series Map 2696. Scale 1:100,000. Available at:
https://pubs.er.usgs.gov/publication/i2696 (accessed September 1, 2021).

GMAP 23301: Balaban, N. H., and H. C. Hobbs. 1990. Geologic atlas of Dakota County,
Minnesota. Minnesota Geological Survey, St. Paul, Minnesota. County Atlas 6. Scale
1:100,000.

GMAP 23314: Swanson, L., and G. N. Meyer. 1990. Geologic atlas of Washington County,
Minnesota. Minnesota Geological Survey, St. Paul, Minnesota. County Atlas 5. Scale
1:100,000.

GMAP 33853: Meyer, G. N., and J. H. Mossler. 1999. Primary sources of construction
aggregate in the Twin Cities seven-county metropolitan area, Minnesota. Minnesota
Geological Survey, St. Paul, Minnesota. Miscellaneous Map Series 102. Scale 1:100,00.

GMAP 33858: Mossler, J. H., and R. G. Tipping. 2000. Bedrock geology and structure of the
seven-county Twin Cities metropolitan area, Minnesota. Minnesota Geological Survey, St.
Paul, Minnesota. Miscellaneous Map Series 104. Scale 1:125,000.

GMAP 75549: Meyer, G. N. 2007. Surficial geology of the Twin Cities metropolitan region,
Minnesota. Minnesota Geological Survey, St. Paul, Minnesota. Miscellaneous Map Series
178. Scale 1:125,000.
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GMAP 75564: Alexander, E. C., Jr., and B. Tipping. 2002. Karst features of Minnesota.
Minnesota Geological Survey, St. Paul, Minnesota. Scale 1:24,000.

GMAP 72152: Reed, R. C., and J. Daniels. 1987. Bedrock geology of northern Michigan.
Michigan Department of Natural Resources, Lansing, Michigan. Geological Publication BG-
01. Scale 1:500,000.

GMAP 75572: Milstein, R. L. 1987. Pictured Rocks National Lakeshore, northern Michigan.
Pages 277-280 in D. L. Biggs, editor. North-Central Section of the Geological Society of
America. Geological Society of America, Boulder, Colorado. Centennial Field Guide 3.

GMAP 75573: Hussey, R. C. 1952. The Middle and Upper Ordovician rocks of Michigan.
Michigan Geological Survey, Lansing, Michigan. Geological Series 39, Publication 46.

GMAP 75574: Hamblin, W. K. 1958. The Cambrian Sandstones of northern Michigan:
Michigan Geological Survey, Lansing, Michigan. Publication 51.

GMAP 76110: VanderMeer, S. M. 2017. Surficial geology of Pictured Rocks National
Lakeshore, Michigan. Western Michigan University, Kalamazoo, Michigan. Unpublished
digital data for dissertation. Scale 1:24,000.

GMAP 3795: Clayton, L. 1985. Pleistocene geology of the Superior region, Wisconsin.
Wisconsin Geological and Natural History Survey, Madison, Wisconsin. Regional Map
Series 3. Scale 1:250,000.

GMAP 33853: Meyer, G. N., and J. H. Mossler. 1999. Primary sources of construction
aggregate in the Twin Cities seven-county metropolitan area, Minnesota. Minnesota
Geological Survey, St. Paul, Minnesota. Miscellaneous Map Series 102. Scale 1:100,000.

GMAP 50580: Johnson, M. D. 2000. Pleistocene Geology of Polk County, Wisconsin.
Wisconsin Geological and Natural History Survey, Madison, Wisconsin. Bulletin 92. Scale
1:100,000.

GMAP 52582: Boerboom, T. J. 2001. Geologic atlas of Pine County, Minnesota. Minnesota
Geological Survey, St. Paul, Minnesota. County Atlas 13 Part A, scale 1:100,000.

GMAP 75428: Kostka, S. J., D. M. Hinke, D. M. Mickelson, and R. W. Baker. 2004.
Preliminary Quaternary geologic map for St. Croix County, Wisconsin. Wisconsin
Geological and Natural History Survey, Madison, Wisconsin. Open-File Report 2004-22.
Scale 1:100,000.

105



National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science
1201 Oakridge Drive, Suite 150
Fort Collins, CO 80525

EXPERIENCE YOUR AMERICA ™



