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U.S. Geological Survey's Mineral Resources Program Activities
in the Upper Midwest

Introduction

In the Upper Midwest, scientists of the U.S. Geological Survey’s (USGS)
Mineral Resources Program are conducting bedrock and surficial surveys, geo-
physical research, and mineral resource studies. Program scientists are working
in conjunction with scientists from other divisions of the USGS and State and
other Federal agenciesin the region to develop an integrated resource assess-
ment for the five-state region of Minnesota, Wisconsin, Michigan, Illinois, and
Indiana.

Geophysical Investigations
95w 92w SIW ww BOW BEW BT Aeromagnetic data have been a cornerstone

Lake Superior | ' ' ' ' of geologic and mineras-related work in the
— W Upper Midwest for decades. These dataare

invaluablein helping to understand bedrock

’ ICHIOAN geology in this region where rock outcrops
OFR 93- are generdly very sparse. Without these data,
OFR 98-435 much of the mineral wedlth of the region
o ' would remain unknown today.

As part of amultiyear effort toimprove
public-domain geophysica coveragein the
Upper Midwest,aeromagnetic surveyshave
been flovn by the USGS over Wisconsin dur-
ing each of thelast 3 years. These surveys
used aflight-line spacing of /2 mileat an
dtitude of 1,000 feet. Much of thedatais
dready availablein traditiond USGS Open-
File Reports (fig. 1). Recently processed daa
in the western part of the State (OFR 98-228)
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OFR 95-431,

432, 433, 434 - ¢ '
P . N - 14 reved extreordinary geologic detail over a
OFR 95-439 portion of the minerd-resource-rich Midconti-
nent rift thet is poorly characterized because it
WISCONSIN .
MINNESOTA Lae | is overlain by aveneer (< 500 feet thick) of
IOWA Michigan glacid deposits and Cambrian sandstone.
New data from northeastern Wisconsin (OFR
o . N ilwaukee | . 98-435,437, 438) have res_.llted inanew
interpretation of the geologic and tectonic his-
tory of the Early Proterozoic rocks of the
I . . . regon.
' gg'.w ' ' USGS aeromagnetic surveysin Wiscon-
200 kilometers sin were completed in early 1999. USGS
! data, when combined with the large block
100 miles of data flown by John Karl, University of
Wisconsin, and numerous industry data
Figure 1. Index map of Wisconsin aeromagnetic data. Boxes outline regions described in sets that are publicly available, will pro-
USGS Open-File Reports (OFR), currently available in paper form. Red colors denote regions vide statewide coverage of aeromagnetic
of strongly magnetic bedrock; blue colors denote regions of weakly magnetic bedrock. Digital . . . . .
versions of OFR 98-431 through 98-439 are available on compact disc (OFR 99-28). data for W|590nsm with flight-line spac-
Data compiled by David Daniels, USGS. ing of 1/2 mile or better. These dataare
being compiled.
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Mercury on Isle Royale

The National Park Service has recog-
nized a problem with elevated levels of
mercury (Hg) in fish from several inland
lakes on Isle Royale National Park, a
large remote island wilderness areain
Lake Superior. The pristine nature of the
island suggests that airborne Hg is a
major contributor to these high levels.

However, as an outgrowth of work on
copper mineralization on the island,
USGS scientists have recognized that
mineralized rocks on the island have
detectable levels of Hg and represent a
possible natural source of thistoxic
metal in aquatic ecosystems. Geochemi-
cal soil surveys were conducted in 1998
(fig. 2) around Sargent Lake and Lake
Waggjo, where Hg contamination has
been found, and around the island’s
largest known copper deposit, the now
inactive Minong mine.

Analyses of soils and mine waste
materials show that the copper (Cu) min-
eralization at the Minong deposit pro-
duces avery distinct trace-element
anomaly in soil, especialy in Cu con-
tent. Mercury issomewhat elevated in
samples closest to the deposit, but mea-
sured values drop off quickly away from
the deposit (fig. 3).
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Figure 2. USGS scientists using a soil push
probe to sample surficial material on Isle
Royale. Photo by Michele McRae, USGS.

In contrast, samples from the drainage
basins of the Hg-contaminated lakes are
variable but have higher average Hg val-
ues than comparable samples from the
Minong mine area. Organic soils have
very high Hg values, up to 370 parts per
billion (ppb) Hg (fig. 3). These same
samples have much lower Cu contents
than soils near the copper deposit.

Results from the Minong mine region
show that native copper deposits produce
detectable Cu anomaliesin the soil. A
lack of correlation between Cu contents
and high Hg values for soils in the two
drainage basins suggests that the elevated
Hg values are not the result of concealed
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copper mineralization but may reflect
input from other sources, perhaps from
airborne deposition of Hg.

Geochemical Background Levels
in Glaciated Regions

The spatial distribution of variations of
both manmade and natural elements and
compounds is important information for
avariety of current issues, including
environmental protection, regulation, and
human and ecosystem health. The Min-
eral Resources Program has initiated a
project that has paired objectives of pro-
viding inf ormation on the geochemical
character of alarge area of northern Wis-
consin and simultaneously of refining
techniques that will allow future studies
of similar terranes to be designed and
conducted with maximum efficiency.

Scientists from the USGS are working
with scientists from the United States
Department of Agriculture Forest Service
and the Natural Resource Conservetion
Service to map chemical variationsin
soils over diverse geologic terranesin
northern Wisconsin, an area that was
extensively glaciated during the last Ice
Age. To date, more than 400 samples
have been collected and analyzed to
study the relationship between the chem-
istry of the bedrock and that of the over-
lying unconsolidated materials and soils.

Figure 3. Three-
dimensional figure
depicting mercury
(Hg) contents in
organic soils on Isle
Royale. Red bars
show Hg contents;
minimum value is 10
ppb, maximum value
(at north end of Sar-
gent Lake) is 370
ppb. The figure
shows that Hg con-
tents are higher in
organic soils within
the drainage basins
of Sargent and
Wagejo Lakes than
in organic soils near
the Minong native

| copper deposit.

" However, Hg values
i are highly variable,
even within a single
drainage basin.
Trails on the island
are shown as red
lines.



Arsenic in Drinking Water

An 11-county areain southeastern
Michigan has high levels of arsenicin
water from domestic and municipal wells.
The areais heavily populated, and nearly
all water supplies come from local
ground water. Many wells exceed the
Environmental Protection Agency (EPA)
standard for arsenic in drinking water of
50 micrograms per liter (ug/L) (fig. 4).
Long-term exposure to elevated arsenic in
water can cause human health problems
including skin and intestinal conditions.

Arsenic in Michigan drinking water is
believed to come from a natural source,
most likely the Marshall Sandstone, a
major bedrock aquifer in the region.
USGS scientists from the Mineral
Resources Program, in cooperation with
colleagues from the USGS Water
Resources Division, haveinitiated a
study to pinpoint the geologic source of
the arsenic and its mineralogic form.

Two new wells, one in Huron County
and one in Lapeer County, were drilled
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Water, well cuttings, and core samples
from the two wells are currently being
analyzed.

The Marshall Sandstone is a sparse-
ly fossiliferous, very fineto coarse-
grained sandstone with some shale or
siltstone beds. Arsenic contents as high
as 310 parts per million (ppm) and 140
ppm are found for shale and sandstone,
respectively, from the well in Huron
County. High arsenic valuesin rock have

Figure 5. Wavelength-dispersive arsenic map showing arsenic distribution in a pyritized
fossil fragment in a chaotically bedded, very fine grained sandstone from the Marshall
Sandstone, Lapeer County, Mich. Image produced by an electron microprobe analyzer.
Scale bar at the bottom of image is 50 micrometers. Pyrite framboids (small circular blue
patches) are overgrown by rims of arsenic-rich pyrite (shown in yellow and red). This
occurrence of arsenic-rich rims surrounding arsenic-poor areas is similar to those found
elsewhere in the study area. Image by Allan Kolker, USGS.
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Figure 4. Geo-
logic bedrock
map of south-
east Michigan
showing arsenic
concentrations
. measured in

' well water in

micrograms per

M liter (ug/L). The
Marshall Sand-
stone (in yellow-

Arsenic (png/L)

ish-green) is
« 0to 19 thought to be
o 20 to 49 the natural
& 50 to 350 source of

arsenic; other
geologic forma-
tions in other
colors.

been correlated with the occurrence of an
iron sulfide mineral, pyrite. Rocks typi-
caly contain only small amounts of
pyrite, but some pyriteisrich in arsenic.
Electron microprobe analyses of sand-
stones show that pyrite occurs as pore-
filling cement or fossil replacements,
commonly as small, rounded grains
called framboids. Arsenic-poor pyrite
zones in framboids may be rimmed by
arsenic-rich zones, containing up to 6.5
weight percent arsenic (fig. 5).

Arsenic contents of water from the new
wells can be as high as 125 pg/L. The
arsenic contents of water samples col -
lected from isolated parts of the wells
show no direct relation to the arsenic
content of corresponding core samples.
Thisis consistent with preliminary geo-
chemical modeling, which suggests that
pyrite in the bedrock aquifer is not react-
ing with the ground water.

The origin of high arsenic valuesin
ground water in southeast Michigan con-
tinues to be investigated. It is probable
that the source of elevated arsenic in the
Marshall Sandstone aquifer is arsenic-
rich pyrite, but the specific geochemical
reactions responsible for elevated arsenic
in this region have not yet been identi-
fied. Multiple dissolution and precipita-
tion reactions involving arsenic are like-
ly. Biologic controls may be important.

An outgrowth of thiswork is an exami-
nation of the glacial till that covers
bedrock in thisregion. Glacial depositsin
the area are composed of disaggregated
bedrock material from the Marshall Sand-
stone and another bedrock unit, the Cold-
water Shale, both of which contain pyrite.
It is possible that the breakdown of pyrite
in the glacial deposits released arsenic,
which may have been introduced into the
bedrock aquifers during recharge.



New Digital Geologic Maps

In response to the USGS emphasis
on digital information, two new geologic
products for the Upper Midwest are
being released in digital form. Oneisa
new digital bedr ock geologic map of
Minnesota, Wisconsin, and Michigan at
ascale of 1:1,000,000. Thismap, ajoint
publication of the USGS and the Min-
nesota Geological Survey (MGS),
includes recent bedrock mapping by the
USGS in northern Wisconsin and Michi-
gan merged with arecent bedrock geo-
logic map of Minnesota released by the
MGS. It is currently available on the
Internet from the USGS as Open-File
Report 97-455 (see link at web site list-
ed below).

The second product (OFR 99-149)
describes the geology and mineral
deposits of the K eweenaw Peninsula,
Mich., an area of world-class nati ve cop-
per mineralization. A geographic infor-
mation system (GIS) data base includes
data on the geology, structure, mines,
and mineral deposits, aswell as standard
cartographic base information (fig. 6).
The geologic data have been structured
to allow generalization by age, rock type,
tectonic setting, or stratigraphic rank.

Mineral Resources Assessments

For more than 150 years,
mining activity has flourished in
the Lake Superior region. The
region has been an important pro-
ducer of copper, iron, lead-zinc,
fluorite, gypsum, and a number
of other commodities (fig. 7), and
the area still has tremendous min-
eral potential.

In order to meet the USGS . . [
responsibility for determining the Minnesota, - Wisconsin [ 5 4
occurrence, qualit_y, and quantity 2" ® : Michigan
of the Nation’s mineral resources, . L
j[he Mingr_al Resources 'Program EXPLANATION R e L :
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The mineral resources data
bases can be combined with other
digital layers, such as surficial
geology, bedrock geology, popu-
lation density, ecosystem bound-

and industrial minerals
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Figure 6. One GIS layer or coverage from the new Keweenaw Peninsula digital product showing a
map view of different lithologic units of the bedrock geology.

aries, or watershed boundaries. For
instance, the three-state digital bedrock
geologic map of Minnesota, Wisconsin,
and Michigan described above has been
combined with an updated version of
the Mineral Resources Data System
(MRDS) data base for the region in
USGS Open-File Report 97-455. For
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Figure 7. Selected mineral deposits in the Upper Midwest. Specific
types of metallic and nonmetallic deposits are illustrated by different
colors.

this three-state area, the mineral
resources data base contains more than
1,500 records of mineral deposits or
occurrences, with inf ormation on the
commodity type, location, geology,
deposit type, exploration and develop-
ment history, production, reserves, and
resources. With the cooperation of State
Geologica Surveys, this
combined mineral resources
data base and digital geologic
map for Minnesota, Wiscon-
sin, and Michigan is current-
ly being expanded to include
the bedrock geology and
mineral deposits of Indiana
and Illinois.
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For more information,
please contact:

Suzanne W. Nicholson

U.S. Geological Survey
MS 954 National Center
Reston, VA 20192
Telephone: (703) 648-6344
Fax: (703) 648-6383
E-mail: swnich@usgs.gov

Or visit our web site:

http://mineral s.usgs.gov/
east/midwest/
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