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Figure 1. Selected water-resources investigation 
study areas in Minnesota, 1980–1997.
The U.S. Geological Survey (USGS) 
maps, describes, and seeks to understand
Minnesota's mineral, water, and biological 
resources. The USGS is known for impar-
tial data collection and data interpretation 
that enable resource planners and others t
make informed decisions. Today's issues 
are more pressing than ever— understand
ing natural hazards to minimize their effects
on life and property, the continuing need fo
mineral- and water-resource development,
and understanding the effects of human 
activities on water resources. As the 
Nation’s leading natural-science agency, th
USGS works with other Federal agencies 
and State and local agencies in addressing
these issues. Watershed districts; soil- and
water-conservation districts; Tribal govern-
ments; mining industries; educators; city, 
county, regional, State, and Federal plan-
ning agencies; consulting firms; crop con-
sultants; farmers; and other private citizen
use USGS maps, interpretive reports, and
data to manage Minnesota’s resources. 

Mineral Resources

Economic growth and development in 
Minnesota depend, in part, on the availabil
ity of local sources of minerals for use in 
industry and manufacturing and for main-
taining and upgrading transportation net-
works. Raw materials, such as sand and 
gravel, are needed by State agencies and 
private industrial and construction firms to 
construct roads and buildings. To ensure 
continued growth and development of 
industry, new sources of construction mate
rials and other mineral resources must be 
identified because existing supplies are lim
ited and because land-use constraints rule
out exploitation of some geologic resources
Minnesota not only contains identified 
resources of iron, copper, and nickel, the 
State also has potential for developing gold
zinc, platinum, and other minerals of local,
national, and global importance. Extraction
and processing of these mineral resources
could form the basis for enhanced local an
regional economies. 
 

o 

-
 

r 
 

e 

 
 

s 
 

-

-

-
 
. 

, 
 
 
 
d 

The USGS is developing an integrated 
digital geologic, geochemical, geophysical,
and mineral-resource database and asses
ment of undiscovered mineral resources in
the State. This database can be used to 
address regional land use, environmental, 
and mineral-resource issues. A recent prod
uct, prepared in cooperation with the Min-
nesota Geological Survey, is the digital 
geologic bedrock map for Minnesota, Wis-
consin, and Michigan. Maps and reports in
digital and paper form assist Federal, State
and local land-management agencies to 
ensure adequate supplies of minerals at lo
cost and to promote sound management o
the region’s substantial mineral resources.

Geologic Mapping

The USGS STATEMAP Program is sup-
porting detailed geologic mapping at 
the 1:24,000 scale of an area of rapidly 
expanding population southwest of Minne-
apolis.   The Program provides digitized 
geologic data for use by planners and 
resource managers in dealing with land-us
issues including well-head protection, 
septic-system regulation, open-space set-
asides, sand and gravel resource protectio
and flood-related zoning.

Water Availability

Water is a significant economic and rec-
reational resource of Minnesota, making th
State well known as “The Land of 10,000 
Lakes.” During 1995, about 79 percent of 
all Minnesotans obtained their domestic 
supplies from ground water and nearly 750
million gallons of ground water were with-
drawn every day. During the past 20 years
ground-water withdrawals from glacial and
bedrock aquifers in Minnesota have 
increased, particularly for irrigation in areas
of sandy soils. Irrigated acreage in many 
sandy areas increased by a factor of 10 du
ing the 1970’s, according to the soil and 
water conservation districts. Anticipated 
future changes in land use, population, and
economic development also will increase 
w 
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ground-water withdrawals. Because of thes
increased demands, State and local agenc
are concerned about the effects of drought
on water supplies, long-term sustainable 
yields of wells, effects of pumping on 
ground- and surface-water levels, and inte
ferences among nearby wells pumping from
the same aquifer. 

The USGS is the leading Federal agenc
in Minnesota that collects and interprets 
water-resource data and information used 
by resource managers, planners, and the 
general public. To define the availability of 
water for public, irrigation, and industrial 
supplies, the USGS monitors streamflow, 
lake levels, and ground-water levels at 
many locations and has studied numerous
aquifers in Minnesota (fig. 1). These studie
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Figure 2. Irrigating a corn field.

Figure 3. St. Croix National Scenic Waterway.
The U.S. Geological Survey (USGS) 
maps, describes, and seeks to understand
Minnesota's mineral, water, and biological 
resources. The USGS is known for impar-
tial data collection and data interpretation 
that enable resource planners and others t
make informed decisions. Today's issues 
are more pressing than ever— understand
ing natural hazards to minimize their effects
on life and property, the continuing need fo
mineral- and water-resource development,
and understanding the effects of human 
activities on water resources. As the 
Nation’s leading natural-science agency, th
USGS works with other Federal agencies 
and State and local agencies in addressing
these issues. Watershed districts; soil- and
water-conservation districts; Tribal govern-
ments; mining industries; educators; city, 
county, regional, State, and Federal plan-
ning agencies; consulting firms; crop con-
sultants; farmers; and other private citizen
use USGS maps, interpretive reports, and
data to manage Minnesota’s resources. 

Mineral Resources

Economic growth and development in 
Minnesota depend, in part, on the availabil
ity of local sources of minerals for use in 
industry and manufacturing and for main-
taining and upgrading transportation net-
works. Raw materials, such as sand and 
gravel, are needed by State agencies and 
private industrial and construction firms to 
construct roads and buildings. To ensure 
continued growth and development of 
industry, new sources of construction mate
rials and other mineral resources must be 
identified because existing supplies are lim
ited and because land-use constraints rule
out exploitation of some geologic resources
Minnesota not only contains identified 
resources of iron, copper, and nickel, the 
State also has potential for developing gold
zinc, platinum, and other minerals of local,
national, and global importance. Extraction
and processing of these mineral resources
could form the basis for enhanced local an
regional economies. 

The USGS is developing an integrated 
digital geologic, geochemical, geophysical,
and mineral-resource database and asses
ment of undiscovered mineral resources in
the State. This database can be used to 
address regional land use, environmental, 
and mineral-resource issues. A recent prod
uct, prepared in cooperation with the Min-
nesota Geological Survey, is the digital 
geologic bedrock map for Minnesota, Wis-
consin, and Michigan. Maps and reports in
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digital and paper form assist Federal, State
and local land-management agencies to 
ensure adequate supplies of minerals at lo
cost and to promote sound management o
the region’s substantial mineral resources.

Geologic Mapping

The USGS STATEMAP Program is sup-
porting detailed geologic mapping at 
the 1:24,000 scale of an area of rapidly 
expanding population southwest of Minne-
apolis.   The Program provides digitized 
geologic data for use by planners and 
resource managers in dealing with land-us
issues including well-head protection, 
septic-system regulation, open-space set-
asides, sand and gravel resource protectio
and flood-related zoning.

Water Availability

Water is a significant economic and rec-
reational resource of Minnesota, making th
State well known as “The Land of 10,000 
Lakes.” During 1995, about 79 percent of 
all Minnesotans obtained their domestic 
supplies from ground water and nearly 750
million gallons of ground water were with-
drawn every day. During the past 20 years
ground-water withdrawals from glacial and
bedrock aquifers in Minnesota have 
increased, particularly for irrigation in areas
of sandy soils. Irrigated acreage in many 
sandy areas increased by a factor of 10 du
ing the 1970’s, according to the soil and 
water conservation districts. Anticipated 
future changes in land use, population, and
economic development also will increase 
ground-water withdrawals. Because of thes
increased demands, State and local agenc
are concerned about the effects of drought
on water supplies, long-term sustainable 
yields of wells, effects of pumping on 
ground- and surface-water levels, and inte
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ferences among nearby wells pumping from
the same aquifer. 

The USGS is the leading Federal agenc
in Minnesota that collects and interprets 
water-resource data and information used 
by resource managers, planners, and the 
general public. To define the availability of 
water for public, irrigation, and industrial 
supplies, the USGS monitors streamflow, 
lake levels, and ground-water levels at 
many locations and has studied numerous
aquifers in Minnesota (fig. 1). These studie
have mapped and quantified water supplie
for Minneapolis, St. Paul, Rochester, Moor
head, and other cities. Typically, the studie
describe the effects of present and future 
ground-water withdrawals on the levels and
quality of ground water and streams. 

Some specific uses of the USGS studies
by cities, counties, and regional groups 
include development of ground-water pro-
tection plans, enhancement of water-suppl
systems, and evaluation of the possible 
effects of urban development. Some study
results were instrumental in helping water-
resource managers evaluate the vulnerabi
ity of local ground-water resources to con-
tamination. Tribal officials of the Grand 
Portage Indian Reservation used results of
USGS study to develop alternative commu
nity water supplies from Lake Superior. 

Water Quality

Expansion of urban and industrialized 
areas and development of agricultural 
resources during the past 50 years have 
adversely affected some water resources. 
State and local water managers and the cit
zens of Minnesota are concerned about th
effects of human activity on the quality of 
Minnesota’s streams and ground water. 
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Figure 4.  Surface-water data-collection sites.

Figure 5. Flooding of the Minnesota River in 
1993
Interaction of Ground Water 
and Streams

The quantity and quality of streamflows
in most of Minnesota are controlled by 
ground water during periods of low rain-
fall. State and local agencies are con-
cerned about the effects of ground-water 
withdrawals on streamflow and stream-
water quality. There also is concern that 
contamination within the aquifers or the 
streams could adversely affect public 
water supplies. Water managers can ben
fit from additional information about how 
streams are affected by ground-water 
withdrawals from adjacent aquifers and 
about how poor water quality in these 
aquifers affects streams. 

The USGS has studied the interaction 
of ground water and streamflow at severa
sites in Minnesota. One study found that,
during the 1988–89 drought, the Missis-
sippi River did not lose water to the adja-
cent ground-water system. The city of 
Minneapolis and the U.S. Army Corps of 
Engineers used results of this study to pla
for future droughts. The USGS is studying
interaction of the Rock River with the sur-
rounding alluvial aquifer because sources
of contamination to the river are present 
upstream from ground-water-supply wells
in Luverne. State and local water manag-
ers are benefiting from significant project
results about how ground-water quality is
affected as a result of inducing flow from 
the Rock River into the aquifer, which is 
one of the largest and most productive 
alluvial aquifers in southwestern Minne-
sota. Recent USGS work in the Red Rive
of the North basin used chemical dating 
methods to determine the age of water in 
shallow aquifer. The youngest water was 
near the surface of the aquifer, which also
had the highest concentration of nitrate. 
The results have strong implications for 
nitrate transport in ground water, and the
results may be useful for resource manag
ers and planners for devising ground-wate
protection strategies.

Wetlands

Wetlands are an ecologically important
but disappearing component of the natura
landscape. Wetlands provide habitat for 
many species of plants and animals that 
would not exist otherwise. Minnesota has
lost about 50 percent (8 million acres) 
of its wetlands since the mid-1800’s, 
primarily from draining for agricultural 
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purposes. The loss of wetlands can caus
flooding, soil erosion, and water-quality 
problems. 

The USGS is studying how existing and
restored wetlands in agricultural and other
landscapes can store flood water, settle su
pended soil particles, and alter or remove 
fertilizer and pesticides by plant uptake an
microbial action. The USGS studies pro-
vide water managers in Federal and State
agencies with a better understanding of 
how efficiently restored wetlands can 
reduce flooding and improve water quality
Such information will help water managers
identify locations where wetland preserva-
tion and restoration can strike the best bal
ance between ecological and economic 
imperatives. 

Coastal wetlands of Lake Superior pro-
tect the drinking water and shoreline com-
munities of Minnesota. Many processes 
have been interacting to cause the deterio
ration of Lake Superior's wetlands since 
the glaciers melted. Histories of wetlands 
along the Minnesota coast are included in 
geographic information system map that i
being prepared for Lake Superior. Use of 
the map to monitor the changes in the we
lands through time will provide a predic-
tive tool for land-use planners, political 
jurisdictions having to sort out conflicting 
best-management practices, and scientist
trying to understand the geological limits 
of biodiversity.

Hydrologic Data Collection

Hydrologic data are needed for hazard 
warning, hydroelectric power, irrigation, 
management, operation, planning, pollutio
abatement, water-resource development, 
water supply, and wildlife management. To
address the needs of water managers and
the citizens of Minnesota, the USGS oper-
ated 170 daily- or partial-record stream-
flow-gaging stations in 1997 (fig. 4). Data 
from these stations are added to a nationa
data base each year for easy access.

Floods and Droughts

Floods throughout the State threaten 
lives and property, annually cause millions
of dollars in property damage and remedia
tion costs, and disrupt commerce. The 
damage to bridges and other structures 
caused by channel scour or migration dur
ing a flood can cost millions of dollars. 
Because many of Minnesota’s cities are 
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adjacent to rivers, knowledge of probable
flood discharges and river elevations is 
needed for designing new bridges or near
stream housing developments. 

The 1988–89 drought and the 1993 
flood (fig. 5) are two recent natural disas-
ters that illustrate the need for the long-
term, consistent hydrologic information 
obtained by the USGS. During the 1988–
89 drought, the Minnesota Department of
Natural Resources required continuous 
streamflow information throughout the 
State to protect fish and guard against 
excessive water use. In addition, USGS 
data were used by the U.S. Army Corps o
Engineers to manage and operate their 
locks, dams, and reservoirs and were use
by many cities to manage their water sup-
plies and sewage-treatment plants. During
the 1993 flood, the U.S. Weather Service 
depended on the USGS for accurate and 
continuous water-flow data to forecast 
flooding and prevent or minimize damage
to public and private property.
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USGS state representative
2280 Woodale Drive

Mounds View, MN 55112
(612) 783-3100

Fax:  (612) 783-3103
Email: dc_mn@usgs.gov

Additional earth science
information can be found by

accessing the USGS Home Page
on the World Wide Web at

http://www.usgs.gov/

For more information on
all USGS reports and products

(including maps, images,
and computerized data), call

1-800-USA-MAPS
Topographic Mapping

Among the most popular and versatile 
products of the USGS are its topographic 
maps at the scale of 1:24,000 (one inch on
the map represents 2,000 feet on the 
ground). This scale is useful for civil engi-
neering, land-use planning, natural resourc
monitoring, and other technical applica-
tions.   Minnesota is covered by 1,725 of 
these maps, which have long been favorite
with the general public for outdoor uses, 
including hiking, camping, exploring, and 
back-country fishing expeditions. Since 
1991, Minnesota’s Land Management 
Information Center (LMIC) has cooperated
with the USGS to update more than 100 
topographic maps (fig. 6).

The USGS has produced statewide cov
erage of digital raster graphics (DRG’s), 
through cooperation with other agencies. 
These products can be as used an accura
base for a geographic information system.
The DRG’s are available for all 1:24,000-, 
1:100,000, and 1:250,000-scale topo-
graphic maps in the State.

The USGS and LMIC have cooperated 
to produce statewide digital orthophoto 
quads (DOQ’s). These digital images pro-
vide a “snapshot” of the Earth’s surface tha
has the accuracy of a topographic map. Th
DOQ data are available for most counties i
the State on CD-ROM’s. Also, the USGS 
has produced digital elevation models that
cover the State at 1:24,000 scale.
-

The USGS provides maps,
reports, and information to help

others meet their needs to manage,
 develop, and protect America’s water,

energy, mineral, biological, and land
resources. We help find the natural

resources needed to build tomorrow,
and supply the scientific understand-
ing needed to help minimize or miti-

gate the effects of natural hazards
and environmental damage caused

by natural and human activities. The
results of our efforts touch the daily

 life of almost every American.
Figure 6. Revised 1:24,000-scale maps
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The Department of the Interior’s Federa
Geographic Data Committee (FGDC) and
the State of Minnesota have actively par-
ticipated to promote data sharing in the 
State. The FGDC has recognized the Min
nesota Governor’s Council on Geographic
Information (GCGI) as a cooperating part-
ner in developing of the National Spatial 
Data Infrastructure. The FGDC also 
awarded a grant to the LMIC, the GCGI, 
and the Metropolitan Council of the Twin 
Cities as part of a Framework Demonstra-
tion Project Program to assess multipur-
pose data requirements.

Lake Superior Shoreline 
Submergence

The Lake Superior shoreline in Minne-
sota and other areas is slowly sinking as 
result of residual uplift of the outlet fol-
lowing glacier retreat 9,800 years ago. Th
lake level is controlled by the outlet at 
Sault Ste. Marie, Michigan; the outlet is 
rising more rapidly than most other points
along the shore. Consequently, the lake 
level is rising about 1 inch per decade nea
Duluth where the Lake has risen as much
as 18 feet. Submerged wetlands and for-
ests are evident below the present lake 
level. Rising lake levels attributable to 
uplift at the outlet will continue to inun-
date low-lying areas and river mouths, 
expand wetlands, and contribute to erosio
of exposed and erodible shores. Enginee
and water managers in Duluth, and else-
where along the Lake Superior shoreline,
will benefit from results of this study in 
making management decisions. 

Earth Science Information 
Centers

The Earth Science Information Centers 
(ESIC’s) provide information to the public 
about USGS programs, products, and tech
nological developments. The ESIC in 
St. Paul was established under a coopera-
tive agreement with the LMIC. The Univer-
sity of Minnesota’s Wilson Library in 
Minneapolis also is a State ESIC. As part 
of a national ESIC network, these offices
provide information on topics such as 
cartography, geography, digital data, 
remote sensing, geology, geophysics, 
geochemistry, hydrology, geohydrology, 
aerial photography, and land use.
U.S. Geological Survey
Fact Sheet FS-023-96
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