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ABSTRACT &
The article summarizes the results of uranium and thorium investiga—
tions, by gamma-ray spectrometry, of several Precambrian rock units in
Wisconsin.

The highest values were encountered in the Wolf River batholith where
uranium values range from less than 1 ppm to more than 30 ppm; thorium values
range from less than 5 ppm to more than 50 ppm. The mean value for uranium is
6 ppm and for thorium 24 ppm with a Th/U ratio of 4.2. The highest uranium and
thorium values are found in the younger, more differentiated units of the
batholith.

The Ninemile Pluton in Marathon County contains uranium concentrations
between less than 1 ppm and 15.6 ppm with a mean value of 1.6 ppm; the range
for thorium was between 12.1 ppm and 56.4 ppm and a mean of 21.2 ppm. The high
Th/U ratio, with an averagge value of 12 indicates that uranium may have been
preferentially leached during weathering.

Middle Proterozoic quartzite— metaconglomerate units in northeastern and
northwestern parts of Wisconsin show a range of uranium concentrations from
less than 1 ppm to 5 ppm and a mean value of 1.5 ppm. The thorium
concentrations range from less than 1 ppm to 32 ppm with a mean value of 5.4
ppm. The mean Th/U ratio is nearly 4. These ranges and averages are well
within the normal values for similar rock types found in the literature.

INTRODUCTION

Uranium and thorium are present in trace amounts in almost all geolo-—
gical materials as minor constituents in the lithosphere. Taylor (1964) cal-
culates that the average concentration of uranium in the earth crust amounts to
1.8 ppm (parts per million) and that of thorium 7.2 ppm. Uranium and thorium
may occur in several ways in rock: in radioactive accessory minerals such as
uraninite, thorite, monazite, zircon, and allanite; as isomorphic substitutions
in the crystal lattice of such minerals as sphene, apatite, niobates, tanta-
lates, and titanates; as molecular or ionic disseminations in, or associated
with, the major rock-forming minerals; and as entrapments in lattice imper-
fections, along fractures and cleavage planes, along grain boundaries, or as
fluid inclusions.

Each atom of uranium and thorium decays through discrete transformations
and characteristic half-lives by the emission of several alpha and beta
particles and gamma rays to form daughter products which are different than the
parent element (figs. 1 and 2). Among the products of radioactive decay of
uranium and thorium are radium and radon, which are considered to be health
hazards. Radium—-226, which is a product of decay of uranium—-238, is of special
concern because if has a relatively long half life (1620 years) and high
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specific activity. The human body metabolizes radium in much the same way as
calcium whereby radium-226 becomes concentrated in bones. The United States
Envirommental Protection Agency (EPA) recommends that the amount of radium in
drinking water not exceed 5 pCi/l (picocuries per liter-— one picocurie of
radium equals 1 x 10-12 grams).

This article summarizes the results of three separate studies on the
concentration of uranium and thorium in several different regions of Wisconsin,
including granitic rock of Wolf River batholith, granitic rock, near Wausau, in
Marathon County, and quartzite and metaconglomerate units in northeastern and
northwestern parts of Wisconsin.

The appendix containing the laboratory data is published separately by
the Wisconsin Geological and Natural History Survey Open-file Report WOFR 88-3
(Mursky and others, 1988).

PHEVIOUS INVESTIGATIONS

Publications dealing with the concentration of uranium and thorium in
the Precambrian rock of Wisconsin are fairly limited. Turner (1948) and
Vickers (1956) studied the radioactivity associated with rock of the Wausau
Syenite Complex, in particular the radioactivity of zircon and the occurrence
of thorogummite nodules in residual soil. More recently Kalliokoski (1976)
conducted a reconnaissance study of known uranium and thorium occurrences in
Wisconsin and Upper Michigan which includes a review of all known radioactive
exposures in Wisconsin. The majority of the occurrences are found in the Red
River quartz monzonite of the Wolf River batholith where they are limited to
narrow pegmatites, fractures, joints, and veinlets in small exposures.

The U.S. Department of Energy as part of the National Uranium Resources
Evaluation Program {(NURE) released several reports on the radioactivity in
northern Wisconsin. Two groups of reports are pertinent to this study: aero-
radioactivity reports (Geometrix, 1978) and hydrogeochemistry reports (Arendt
and others, 1978a,b,c).

The gamma ray and magnetic surveys covered 44,800 km? of the area
between longitudes 92° and 88° and between latitudes 46° and 44°. The
gamma ray survey utilized a 7803 cm® Nal detector crystal whereby thorium,
uranium, and potassium count rates were sampled and recorded digitally over
one-second intervals.

The hydrogeochemical and stream sediment survey covered 34,800 km? of
the area between longitudes 92° and 88° and latitudes 46° and 45°. A
total of 990 groundwater, 922 stream water, and 909 sediment samples were
collected and analyzed for 28 elements. Kinneman and Illsley (1962) completed
another hydrogeochemical study for uranium in northeastern Wisconsin and the -
adjacent Upper Peninsula of Michigan. The study was carried out with an
average sampling density of two samples per township over an area of 9600
km= .

Other NURE reports on Wisconsin are listed at the back of this
Geoscience Wisconsin volume.
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Figure 2. The radioactive decay series of thorium-232.
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ANALYTICAL TECENIQUES

Whole Rock Uranium and Thorium Analysis

Whole-rock uranium and thorium concentrations in parts— per—-million
(ppm) were determined by the gamma spectrographic technique utilizing the
method given by Adams and Gasparini (1970), and used by Meddaugh (1978),
Anderson (1979), and Cook (1980) for this study.

The laboratory facility consists of a testing chamber, gamma-ray sensor,
gamma analyzer, timing unit, and digital printer and display unit (fig. 3).
The gamma-ray sensor, and 1852 cm3 (15.2 by 10.2 cm) Nal crystal detector with
an attached photomultiplier tube assembly (Scintrex Model GSA-61), was enclosed
in a testing chamber constructed of 5—cm thick lead bricks. Two bricks on the
top of the chamber are removable to allow insertion of samples into the
chamber. The gamma sensor is connected to the electronics of the gamma ana—
lyzer — a differential, four channel, pulse- height discriminator (Scintrex
Model GAM-1). A timing unit, LED digital display, and printer unit are con-
nected to the gamma analyzer in such a way that the number of counts accumu-
lated in a single channel is printed after a preselected time interval.

The channels viewed by the pulse-height discriminator are centered on
2.6 MeV, 208T] photopeak of the Th—-232 decay series, with a window width of
approximately 0.26 MeV (Th channel), and 1.76 MeV, 214Bi photopeak of the
U-238 decay series, with a window width of approximately 0.19 MeV (U channel).

If the samples to be analyzed are in secular equilibrium (a not unrea—
sonable assumption for this study) and the contribution to the Th channel from
the U-238 decay series is negligible (except when U>>Th), then the following
equations, modified from Adams and Gasparini (1970), can be used to calculate
the equivalent Th and U values for a given sample:

RTh ~ BGTh
eTh(ppm) = = -~
m (QTh) h
and
RU - BGU - (S(RTh - BGTh))
eU(ppm) =
m (QU) h
where eTh(ppm) = equivalent thorium in parts per million;
eU(ppm) = equivalent uranium in parts per million;
RTh = observed count rate (cps) in the Th channel;
RU = observed count rate (cps) in the U channel;
BGTh = background count rate (cps) in the Th channel;
BGU = background count rate (cps) in the U channel;
QTh = concentration factor for Th (cps/ppm)/kg;
Qu = concentration factor for U (cps/ppm)/kg;
S = stripping ratio;
m = mass of sample (kg); and
h = height correction factor.
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Figure 3. Schematic diagram of the gamma-ray spectrometer facility used to
analyze rock samples for uranium and thorium.
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All of the variables in the above equation except RTh, RU, and m are constants
and must be evaluated for a particular laboratory before analysis of samples
commences.

Background count rates in the Th and U channels were measured inside the
testing chamber several times daily for a period of four weeks prior to
testing, and checked periodically throughout the study. Instrument stability
was obtained when the source was suspended 14.7 cm above the center of the
detector housing, and this configuration (fig. 4) was used for determination of
S, QTh, and QU.

The uranium and thorium concentration factors QU and QTh equate samples
with known mass and concentration in ppm to unknown samples and are determined
using the following equation (modified from Adams and Gasparini, 1970):

QTh, U = (cps/ppm)/kg

The concentration factors were evaluated using the Canadian Radioactive
Ore Standard DH-1. A sample container was filled with 0.114 kg of the powdered
standard and sealed. The standard was then suspended above the detector
housing and tested in the same manner as the unknown samples.

All of the rock samples analyzed were placed directly on the detector
housing; thus, a height correction factor, h, was needed to maintain the
source—detector geometry when the S, QTh, and QU values were calculated. The
value of h is simply the ratio of the solid angles seen by the detector crystal
when the samples are suspended and when they are directly on the detector
housing (fig. 4). The value of h was then calculated from h = pi/psi. The
accuracy of the h value was checked by analyzing 0.106 kg of powdered Canadian
Radioactive Ore Standard DL-1 (83 ppm Th, 41 ppm U) in the same manner as the
unknown samples. Values for eU and eTh were determined to be 41 5.6 ppm and
73 5.7 ppm respectively. Both of the above values are within the statistical
accuracy obtained at the lower concentrations of U and Th encountered in the
unknown samples; thus, the value of h is considered to be accurate.

In order to be able to compare U and Th concentrations for the various
samples a uniform testing procedure must be followed. Source - detector geo—
metry and separation, sample thickness and diameter must be kept constant.
Large samples provide more gamma-ray emitters and improve statistical accuracy
of the concentrations in ppm; thus, sample containers were chosen that were as
large as practical.

A large number of accumulated counts is necessary to keep statistical
errors due to fluctuations in sample and background decay rates to a minimum.
Counting statistics and associated errors are discussed by Adams and Gasparini
(1970) and Loevinger and Berman (1951). Reduced source— detector separation
increases the number of gamma-rays interacting with the detector crystal; there-
fore, samples were placed directly on the gamma-ray sensor housing.

Sample Preparastion and Testing

All rock samples were crushed, seived to a size of less than 2mm, and
placed into 8.0 cm diameter by 2.7 cm deep tin containers. Containers of this
size were chosen because they are large enough in diameter and shallow enough
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in depth to accommodate a fairly large sample (0.187 to 0.250 kg) without intro-
ducing a serious problem of self-absorption of gamma—-rays. The containers were
then made air-tight by sealing the joint between the can and the top with
plastic tape.

Samples were stored for a minimum of 45 days prior to testing to re——
establish secular equilibrium of the gaseous daughter product (radon) of the
2387 and 232Th decay series that was probably released during crushing.

Sealing of the containers assured a buildup of the gaseous daughters in the con-
tainer and a more uniform equilibrium state after the 45-day storage period.

Before analysis of the samples the gamma analyzer had to be energy cali-
brated in order to accurately locate the 2.62 MeV T1208 photopeak. Calibration
was accomplished by placing a pure thorium source (sample TS-3 provided’by
Scintrex Inc.) into the testing chamber 14.7 cm inches) above the detector
housing and then following the procedure described in the Scintrex GAM-1 In-—
struction Manual (1974). The energy calibration did not drift significantly in
a 10-hour period, so re-calibration was performed once daily. Samples were ana—
lyzed during the day hours; however, the scintillation counter remained on con-
tinuously throughout the study to avoid warm—up stability problems.

After calibration the samples were placed into the testing chamber in
direct contact with the gamma sensor housing and allowed to accumulate counts
for a minimum of 70 minutes (>7000 counts). The exact number of counts accumu-
lated during a precise amount of time was recorded and used to determine the
count rate for the sample. Analysis of a single sample in both the U and Th
channels typically required 140 minutes to complete.

WOLF RIVER BATHOLITH

Geology and Petrology

The Wolf River batholith underlies over 9000 km? of northeastern
Wisconsin (fig. 5) including parts of Waupaca, Portage, Shawano, Marathon,
Oconto, Menominee, Marinette, and Langlade counties. It also underlies the
Menominee and Stockbridge Indian Reservations. The batholith is a large anoro-—
genic epizonal composite pluton that consists mainly of granite and quartz mon-—~
zonite with much lesser amounts of syenite, monzonite, and anorthosite
(Anderson, 1975). It is similar in many respects to the classic rapakivi mas-—
sifs of Finland, and is believed to be part of a major Middle Proterozoic con-—
tinental event (Silver and others, 1977; VanSchmus and others, 1975; and
Anderson, 1975). It was dated by VanSchmus and others (1975) at 1.5 G.a.

A geologic map of the batholith, divided into eight rock units by
Anderson (1975), is given in figure 6. Detailed descriptions of the various
rock units are given by Anderson (1975) and summaries provided by VanSchmus and
others (1975) and Medaris and others (1973). Additional geologic studies of
parts of the batholith that include useful geologic maps are Borst (1958) and
Lahr (1972). Other studies of the batholith include Mancuso (1957, 1960),
Prucha (1946), Weidman (1907), and Weis (1965).

The rock units of the batholith are characteristically porphyritic.
Rapakivi texture is fairly common and is particularly well developed in the
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Figure 5. Generalized geologic map of Wisconsin showing the location of the
Wolf River batholith.

Waupaca quartz monzonite and small dike-like bodies of Wiborgite porphyry
(Anderson, 1975). The units share a chemistry that is high in alkalies
(notably potassium), silicon, and Fe/Mg, and low in calcium, magnesium, and
aluminum (Anderson and Cullers, 1978).

Because of the sparsity of exposures throughout most of the area, the
internal age relations of the various units of the batholith are imperfectly
known. On the basis of chemical, mineralogical, and field studies, Anderson
(1975) suggested that the Belongia fine granite and the Belongia coarse granite
differentiated from the Wolf River granite whereas the Red River quartz monzo-—
nite (probably the youngest unit of the batholith), Wiborgite porphyry, and the
Wolf River granite are undifferentiated and represent the products of progres-—
sive fusion. According to Anderson and others (1980), the source material would
have been compositionally similar to tonalite, granodiorite, or andesite.

Among the oldest units of the batholith are the bodies of monzonite and anortho-—
site (Anderson, 1975). The anorthosite, which occurs as isolated masses, may
not be genetically related to the batholith and may instead represent large
xenoliths or roof pendants (VanSchmus and others, 1975).

The Wolf River batholith intrudes a variety of metasedimentary, metavol-

canic, and calc—-alkaline plutonic rock most of which are part of the 1.85 Ga
central and northeastern Wisconsin complexes (VanSchmus and others, 1975b).
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Figure 6. Geologic map of the Wolf River batholith (modified from Anderson,
1975). North and south areas correspond to regions of the batholith
for which detailed radiometric distribution maps are given in figure
8 and 9 (after Meddaugh, 1978).

Uranium and Thorium Concentrations

Uranium and thorium values for the whole-rock samples from Wolf River
batholith are summarized in figure 7 and table 1 and reported in detail in
Mursky and others (1988). The average values, based on exposed surface area
for the Wolf River batholith as a whole, are:

Th = 24.4 ppm
U = 6.02 ppm
Th/U = 4.16

These values are higher than average values given by Adams and others
(1959) for silicic intrusive rock which ranges between 3 and 4 ppm uranium and
10 and 15 - ppm thorium. The average Th/U ratio for the batholith is comparable
to the average Th/U ratio for silicic intrusives of 3 to 4. Individual units
of the batholith show considerable variation in uranium and thorium values, but
tend to plot in fairly distinct fields (fig. 7). Uranium values range from
less than 1 ppm in Wolf River granite to more than 30 ppm in the Red River
quartz monzonite. Thorium values range from less than 5 ppm in Wolf River
granite to more than 50 ppm in the Red River quartz monzonite and Waupaca
quartz monzonite.

A few samples obtained from small aplite and pegmatite veins, and from

zones rich in mafic minerals of some exposures contain values up to 183 ppm
uranium and 153 ppm thorium.
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Table 1. Average thorium, uranium, and Th/U values for the individual units of
the Wolf River batholith.

Unit? Th (ppm) U (ppm) Th/U2

Red River Quartz Monzonite (43) 36.4 10.9 3.4
Wiborgite porphyry (9) 31.2 6.2 6.2
Wolf River Gramite (22) 15.1 4.1 3.7
Belongia Coarse Granite (17) 21.7 6.0 3.6
Belongia Fine Granite (6) 30.8 10.3 3.0
Hager Granite (3) 17.1 8.0 2.2
Hager Feldspar Porphyry (4) 15.5 2.9 ' 5.8
Hager Syenite (2) 19.0 1.9 9.7
Monzonite (4) 9.5 1.5 6.8
Anorthosite (1) 4.3 nd3 —

Waupaca Quartz Monzonite (3) 563.5 5.4 9.5

1Numbers in parentheses are the number of samples analyzed for each unit.
2Calculated from individual Th/U values.

3Not detected.

The trends shown by the uranium and thorium data appear to show an in—
crease in uranium and thorium in the younger more differentiated units, whereas
the extremely low uranium and thorium samples correspond to those lower in Si02
content. Such an increase in uranium and thorium during differentiation is con—
sistent with trends observed by Larsen and others (1956), Larsen and Gottfried
(1960), Rogers and Ragland (1961), and Tilling and Gottfried (1969) for a num-—
ber of differentiated series.

Areal Distribution of Uranium and Thorium

Contoured outcrop radiometric maps for uranium plus thorium and potas—
sium for two regions of the Wolf River batholith are shown in figures 8 and 9.
The location of these two regions, referred to as the south area and the north
area, is given in figure 6. These two areas account for over 90 percent of the
exposures visited.

In the south area (fig. 8) outcrop radioactivity of the Red River quartz
monzonite, the most radioactive unit of the entire batholith, increases from
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Figure 7. Distribution of uranium and thorium in Wolf River batholith,
Wisconsin.

00 — 400 cps in the central part to 600 —800 cps at its contact with the older
Wolf River granite. Increased radioactivity in marginal zones of plutons is
common (Slack, 1949; Slack and Whitman, 1951; Ingram and Keevil, 1951; and
Heinrich, 1958) and has been ascribed primarily to the outward movement of late
stage fluids (deuteric or hydrothermal) enriched in uranium and thorium
(Heinrich, 1958; and Adams and others, 1959).

The more radioactive margins of the Red River quartz monzonite corres-
pond to areas of high uranium and thorium values. Thus values of 8 — 10 ppm
uranium and 30 - 40 ppm thorium are typical of interior zones, and values of 20
— 30 ppm uranium and 50 — 60 ppm thorium are common for exposures near the con—
tact between the Red River quartz monzonite and Wolf River granite. It is in—
teresting that the known uranium and thorium prospects described by Kalliokoski
(1976) are all located in the more radioactive peripheral zone of the Red River
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quartz monzonite. The generally low Th/U ratios for the peripheral zone may
indicate a preferential movement of uranium relative to thorium.

There is also a zone of increased radioactivity at the Wolf River
granite—anorthosite contact related to the abundant pegmatitic and aplitic
dikes that separate the two units. One sample of aplite yielded values of
37 ppm uranium and 23 ppm thorium.

In the north area of the batholith (fig. 9) a general increase in out-—
crop radioactivities as the contact with older Precambrian units (mainly Waupee
metavolcanic and metasedimentary rock) is approached is reflected by generally
increasing uranium and thorium values and decreasing Th/U ratio.

There is a small scale (15 m, not shown on the maps) zone of sharply in—
creased radioactivity in the Belongia fine granite at its contact with the
older Waupee metavolcanic and metasedimentary rock. Radioactivities increase
from about 300 cps to 450 — 500 cps at the contact. Values decline rapidly
over a distance of 0.5 m to less than 70 cps in the older Waupee metavolcanic
and metasedimentary rock.

A similar, small scale (10 m, not shown on the maps) zone of higher
radioactivity occurs in the marginal zone of the Belongia coarse granite and
its contact with the older monzonite pluton (referred to as the Peshtigo mon-
zonite by Medaris and others, 1973). Values increase from 200 - 225 cps to
350 — 400 cps at the contact. Outcrop radioactivity of the monzonite is about
110 cps.

An area of high radioactivity (450 cps) in the Belongia coarse granite
(SE corner of T. 31 N., R. 16 E.) corresponds to the location of one of the few
pegmatites that occur in the Wolf Rivewr batholith. The location is coincident
with a peak in thorium values (40 ppm) but not uranium values. One sample from
the pegmatite yielded values of 116 ppm thorium and 8 ppm uranium.

NINEMILE PLUTON, MARATHON COUNTY

Geology and Petrology

The Ninemile Pluton is located in central Marathon County, Wisconsin
(fig. 10). It is aroximately 220 km2 in extent and appearsto represent a
broad dome—- shaped Middle Proterozoic intrusion that was epigenetically em—
placed subsequent to all major plutonic events in the area. The pluton has a
peripheral zone 2 - 3 km wide of grus, crumbly rapakivi granite which consti-
tutes the focal point of this study. The Ninemile Pluton is contemporaneous in
age with the Wolf River batholith (VanSchmus, 1976) or about 1.5 Ga. It is
dominated by two lithologies — alkali granite and alkali syenite. The samples
range in their state of disaggregation from slightly weathered to coarse gravel
sized material. Most samples have coarse—-grained, hypidiomorphic granular tex—
ture due to large crystals of perthitic microcline. Fractures and cleavage
planes in microcline have been filled with hematite which imparts a deep red
color to the rock. Quartz and plagioclase (Ans-14) occur as interstitial
grains to microcline.

Biotite is the most abundant accessory mineral; however, hornblende,
magnetite, hematite, epidote, and apatite are present in most samples.

-47—




IR Explanation
Iy

L NN AL

[ AN 7 CA Paleozoc ard

2 LR 5’ AN Quaternary Beposits
.

K Late Precambrian
VA
MAREATIRC Y
Farnt 9% R svene
o

et
2y

L
'
Ly

,,,,,,,, A(""-'_‘ oy Mine Mile
g e Granite
-
4
L *
=1 e 3 Wolf River
Tle T F
‘MaPainod (R "' n Balhol:dn
d &
- e Middle Precambrian
AEEEEE%

Quarlzite

Myfonitic rocks

LR
L =i
- Pl T LY R AT

L~y

AT = LT
RS At Lelpal E Metagabbre
SV LSS T =
— N
Nt Felsic - Mafic
o/ volcanics
4415 ) 4445
B ﬁ Volcanogenic
sediments
Ta T4 Granitic
°g.3! plutonic rocks
Early Precambrian
Marathan Co. o — ¥y
Gnerss -
Migmatie
a 15 Km. 9

Figure 10. Generalized geologic map of Marathon County, Wisconsin (modified
from LaBerge and Myers, 1983).

Chlorite is present as an alteration product of both biotite and hornblende.
Radioactive accessory minerals include allanite and zircon with zircon being
the most prevalent. Allanite is highly altered and exhibits metamict 2zones.
Zircon is predominantly found in biotite masses although concentrations of zir-
con can be found along feldspar or quartz grain boundaries as well. Andrews
(1976) provides a more complete petrographic description including modal
analyses and a discussion of the genetic and tectonic aspects of the Ninemile
Pluton, whereas LaBerge and Myers (1983) discuss its relationship to other rock
units in Marathon County.

Uranium and Thorium Concentrations

Whole-rock uranium and thorium data for the Ninemile Pluton is summa-
rized in figure 11. The mean and range of the uranium values are 1.6 ppm and
trace to 15.6 ppm, respectively; whereas the mean and range of the thorium
values are 21.2 ppm and 12.1 to 56.4 ppm, respectively.

The average value of the Th/U ratio is 13 which is much higher than the
average of 3 to 4 for silicic intrusive rock as reported by Adams and others
(1959). Average uranium and thorium for silicic intrusive rock are 3 to 5 ppm
and 13 to 20 ppm (Adams and others, 1959; Clark and others 1966) respectively.
When compared to other alkaline granitic rock, the Ninemile Pluton appears to
be depleted of thorium and uranium. The large value of the Th/U ratio
indicates that uranium has been preferentially leached relative to thorium.

An estimate of the amount of leachable uranium and thorium is provided
by comparing the uranium and thorium content of highly weathered, gravelly
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Figure 11. Distribution of uranium and thorium in Ninemile Pluton and syenite,
Marathon County, Wisconsin.

samples to adjacent slightly weathered rock samples (table 2). An average of
28 percent of the thorium and 76 percent of the uranium appears to have been
leached between the two stages of disaggreation of the rock. If one assumes
that the rock samples have not lost thorium and an initial Th/U ratio of 4,
then minimum values of the uranium and thorium content for fresh unweathered
rock would be 6.8 ppm and 27.3 ppm respectively. In all probability, the
slightly weathered rock samples also have lost a part of their initial thorium
content during transformation from fresh unweathered rock to their present
state. Again assuming an initial Th/U ratio.of 4 and a constant percentage of
thorium loss, the initial concentration of uranium and thorium in fresh
unweathered rock would be 9.5 ppm and 38 ppm, respectively.

Samples of alkali quartz syenite have an 11 percent greater thorium con-—
tent than do samples of alkali granite. In a study of the zoned Magnet Cove
alkaline igneous complex in Arkansas, Erickson and Blade (1963) found that tho-
rium concentrations were higher in the early formed marginal rock as compared
to the late-formed core rock. A similar genetic relationship exists in the
Wausau Syenite Pluton between the peripheral alkali quartz syenite which was
intruded by the alkali granite (Ninemile Pluton) core. Upon wea*hering, the al-
kali granite rock samples have lost only 4 percent more thorium than the alkali
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Table 2. Comparison of thorium, uranium, and Th/U ratio values between rock

samples and "gravel" samples.

Sample Th (ppm) U (ppm) Th/U
17-1-30+ G 24.0 1.2 20
17-1-30-Rs 35.1 2.7 13
17-2-25 G 22.1 2.5 9
17-2-25-Rs 28.0 2.6 11
17-3-10 G 22.1 0.5 44
17-3-15-Rs 22.9 0.6 38
16-1-20 G 18.7 0.0 -
16-2-30 G 16.0 1.1 15
16-1-25-Rs 26.3 6.7 q
16-1-30-Rs 31.0 1.8 17
16-2-20 G 14.7 3.6 4
16-2-20-Rs 36.3 5.6 6
15-3-5 G 16.6 1.2 14
15-3-15 G 19.9 1.4 14
15-3-10-Rs 18.9 3.4 6
13-2-0 G 20.8 1.5 14
13-2-5-Rs 27.1 4.6 6
13-2-10 G 27.7 0.0 -
13-2-20 G 17.9 0.0 —
13-2-15-Rs 23.4 2.3 10
13-4-45 G 16.1 0.3 54
13-4-45-Rg 26.1 2.0 13
19-1-5 G 15.7 .1 157
19--1-10-Rg 13.5 2.5 5
18-1-20 G 14.9 0.2 75
18-1-30 G 23.8 3.0 8
18-1-25-Rs 24.6 8.8 3
6-1-5 G 22.7 1.3 17
6-1-5-Rg 30.2 15.6 2
7-1-5 G 19.8 0.0 -
7-1-10-Rg 38.6 4.2 9
Average values
Rock samples (14) 27.3 4.5 6
Gravel samples (17) 19.6 1.1 18

-— indicates competent rock sample

— indicates decomposed rock sample (gravel)
alkali quartz syenite sample

— alkali granite sample

— indicates depth below surface (feet)
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quartz syenite samples. Thus, it appears that the greater thorium content of
the alkali quartz syenite is partly a reflection of the primary distribution of
thorium in the pluton. Increased thorium (and uranium) in the marginal zones
of plutons is common (Heinrich, 1958; Ingram and Keevil, 1951) and has been as-
cribed to the outward movement of late stage fluids (deuteric or hydrothermal)
enriched in these elements (Heinrich, 1958; Adams, and others, 1959).

MIDDLE PROTEROZOIC QUARTZITE AND METACONCLOMERATE

Wisconsin contains several Middle Proterozoic quartzite-
metaconglomerate rock units which, in terms of their age and lithology, have
many similarities to the uranium-producing quartz-pebble conglomerate of
Canada, South Africa, and Brazil. The formations studied here were the:Baldwin
conglomerate and the McCaslin quartzite in the McCaslin — Mountain area; the
Pine River quartzite — conglomerate in the Florence area; the Palms quartzite
in the Gogebic area; and the Flambeau quartzite in the Barron area (fig. 12).

A total of 121 representative whole-rock samples were analyzed for ura-
nium and thorium content. The average uranium and thorium concentrations in
these 121 samples are 1.5 ppm and 5.4 ppm respectively whereas the range for
uranium was trace to 5 ppm and for thorium trace to 32 ppm. These averages and
ranges are well within the normal values for similar rock types found
elsewhere.

THE McCASLIN-MOUNTAIN AREA

Geology and Petrology

The McCaslin—Mountain area is located in the northeastern part of Wiscon-
sin and includes parts of Oconto, Forest, Langlade, and Marinette counties.
The study area is contained within longitudes 88°45’ and 88°15’ and between
latitudes 45°7°30" and 45°27°30".

The McCaslin-Mountain area is one of diverse gelogic history in that it
includes metavolcanic, metasedimentary, and plutonic rock. Parts of the area
have been mapped by Mancuso (1960, 1957), Motten (1972), and Lahr (1972). The
geologic units that were tested for their radioactivity were the Baldwin con-
glomerate and the McCaslin quartzite. The Baldwin conglomerate occurs as a
thin belt up to 90 m wide and 3.2 km long, which appears to pinch out at both
ends.

The Baldwin Formation ‘“is a medium—gray metaconglomerate that consists of
elongate pebbles in a matrix of rock fragments, quartz, and microcline, with
varying amounts of biotite and muscovite. The pebbles are poorly sorted and
well-rounded to sub-rounded; consisting mainly of quartz, Waupee volcanics, fo-
liated Macauley granite, and potash feldspar. Most of the potash feldspar is
relatively unaltered microcline which suggests that the sediments were trans—
ported a short distance. The pebbles generally range from 2 mm to 7 cm in
diameter.

The McCaslin quartzite is considered by Dutton (1971) to be time equi-
valent to the Baldwin conglomerate and crops out along the McCaslin Range, at
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Figure 12. Location map of the selected Proterozoic quartzite-conglomerate rock
units in Wisconsin.

Thunder Mountain, and at Deer Lookout Tower Hill. The McCaslin quartzite con—
sists of a basal metaconglomerate and quartzite with the quartzite comprising
the bulk of the formation.

The quartzite of the McCaslin Formation is a hard, brittle, vitreous
rock which varies in color from white to shades of purple, and locally brick
red. The quartzite is generally more than 85 percent quartz with varying
amounts of muscovite, hematite, specularite, and rarely biotite and chlorite.
Occasionally the quartz grains have rutile or zircon inclusions. The texture
varies from a mosaic of interlocking quartz grains to medium—-sized rounded
grains. Bedding is present in some exposures and is usually recognized by
changes in grain size or contrasting colors within beds. Crossbedding and
ripple marks are also apparent at some exposures.

The basal metaconglomerate of the McCaslin Range consists of well-
rounded to sub-rounded pebbles and cobbles in a matrix of light-gray to brick-
red quartzite. The pebbles are primarily composed of vein quartz with dark
gray (hematitic) or white quartzite pebbles which are locally abundant. Occa-
sionally jasper, hematite or iron formation pebbles are present and are usually
smaller and more angular than the quartz or quartzite pebbles. The pebbles are
generally poorly sorted with an average diameter of 2 to 4 cm and a maximum dia-
meter of 10 to 17 cm. The matrix is composed mostly of quartz grains with vary-
ing amounts of hematite, muscovite, and rarely andalusite, chlorite, tremolite,
and biotite.
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The basal metaconglomerate at Thunder Mountain is similar to that of the
McCaslin Range except that the pebbles are generally much smaller. Most peb—
bles at Thunder Mountain are either quartz or hematitic quartzite and are
generally 0.5 cm in diameter with a maximum of 1.5 to 2 cm in diameter. The
matrix of the metaconglomerate at Thunder Mountain is composed mostly of well-
rounded quartz grains, with poikiloblastic andalusite common in many samples.
Other minerals of the matrix include sillimanite, hematite, specularite,
muscovite, chlorite, and zircon.

Uranium and Thorium Concentrations

The distribution of uranium and thorium in the Middle Proterozoic quart-
zite and metaconglomerate units of the McCaslin-Mountain area is shown in fig-
ure 13. Locally, the distribution of radioisotopes is random; however, region-
ally, there are three distinct areas with differing levels of radioactivity.
The areas include the McCaslin quartzite in McCaslin Range area, the McCaslin
quartzite in Mountain area, and the Baldwin-conglomerate in Mountain area.

In the McCaslin Range the mean and range of thorium is 6.8 ppm and 1 to
32 ppm respectively; whereas the mean and range of uranium is 1.5 ppm and from
trace to 5 ppm respectively. In the McCaslin quartzite in Mountain area, the
range of thorium and uranium is from 2 to 8 ppm and trace to 3 ppm, respective-
ly. The mean is 4.5 ppm for thorium and 1.5 ppm for uranium. The majority of
McCaslin quartzite samples from the McCaslin Range contain between 2 and 9 ppm
thorium, with several samples containing between 10 and 32 ppm thorium. Compar—
atively, most samples of McCaslin quartzite from the Mountain area contain be-
tween 2 and 6 ppm thorium, with no samples being greater than 8 ppm thorium.
Therefore, there is a general decrease of thorium from north to south within
the McCaslin quartzite.

The range of thorium and uranium in the Baldwin conglomerate from the
Mountain area is 5 to 16 ppm and 2 to 3 ppm respectively. The Baldwin conglo-
merate samples are fairly evenly distributed between 5 and 16 ppm thorium, and
from 2 to 3 ppm uranium. The mean thorium and uranium concentrations in the
Baldwin Formation are 9.3 ppm and 2.4 ppm, respectively; whereas the mean tho-
rium and uranium concentrations in the McCaslin Formation are 5.6 ppm and 1.5
ppm, respectively. Therefore, the Baldwin conglomerate has a somewhat higher
average concentration of thorium and uranium than the McCaslin quartzite.

THE FLORENCE AREA

Geology and Petrology

The Florence area is located in northeastern Wisconsin in Florence
County. The study area is contained within longitudes 88°15’ and 88°22°
and between latitudes 45°49° and 45°56°.

The Florence area has both Archean and Proterozoic rock which have been
described by Nilsen (1964), Dutton (1971), and others. The Archean is represen—
ted by the Quinnesec Formation. The Early Proterozoic includes the Baraga
Group (Michigamme Slate and Badwater Greenstone Formations), the Paint River
Group (consisting of the Dunn Creek Slate, Riverton Iron Formation, and Early
Proterozoic metagabbro, metadiabase, and granite. In the Florence area only
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Figure 13. Distribution of uranium and thorium in Proterozoic
quartzite-metaconglomerate, Wisconsin

the Pine River quartzite—-conglomerate, a member of the Michigamme Slate, was
analyzed for its radioactivity.

The Pine River quartzite—-conglomerate member of the Michigamme Slate has
been studied in detail by Nilsen (1964) and consists of a lower metaconglom—
erate, a middle pebbly quartzite and an upper metaconglomerate. The Pine River
member is represented by a ridge that extends for about three miles from the
center of sec. 28, T. 39 N., R. 18 E., to the northeast corner of sec. 24,

T. 39 N., R. 17 E. Exposures are common throughout the length of the ridge,
which is up to 210 m wide.

The upper and lower metaconglomerate units are composed mainly of peb-—
bles and rarely cobbles of fine—grained quartz (recrystallized chert or quart-
zite) with varying amounts of vein quartz, jasper, iron formation, and, rarely,
hematite. 1In addition to distinct pebbles and cobbles, there are very abundant
lenticular shaped, fine--grained quartz forms thought by Nilsen {(1964) to repre-
sent stretched pebbles. The stretched pebbles range in size from 1.25 to 23 cm
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in diameter. The matrix of the metaconglomerate is composed primarily of gray
quartzite with varying amounts of sericite, muscovite, hematite, specularite,
biotite, chlorite, and grunerite.

The middle pebbly quartzite unit is a light—gray to reddish-gray, or
white, fine-grained quartzite with occasional pebbly layers. It is composed
mostly of quartz with some hematite, muscovite, and sericite, and rarely
kyanite.

Uranium and Thorium Concentrations

In the Pine River quartzite—conglomerate the range of thorium and ura-
nium is from 1 to 6 ppm and from 1 to 4 ppm respectively, and the mean is 2.9
ppm for thorium and 1.4 ppm for uranium. The distribution of uranium and tho-
rium appears to be completely random within the Pine River
quartzite—conglomerate (fig. 13).

THR GOGEBIC AREA

Geology and Petrology

The Gogebic area lies in the northwestern part of Wisconsin and includes
parts of Iron, Ashland, and Bayfield counties. The study area is defined by
the northeasterly trending Gogebic Range and is contained within latitudes
90°10° and 90°45°, and between longitudes 45°7°30" and 45°27°30".

The Gogebic area in Wisconsin has been most extensively described by
Aldrich (1929) and includes Archean, Early, and Middle Proterozoic units. The
Early Proterozoic Gogebic area jncludes the Chocolay Group (Bad River Dolomite
Formation in Wisconsin), the Menominee Group (Palms Quartzite and Ironwood Iron
Formation), and the Tyler Slate. In the Gogebic area the Palms quartzite was
the only one selected for the uranium and thorium analyses.

The Palms quartzite unconformably overlies the Bad River dolomite and
occurs as a prominent ridge (along with the Ironwood Iron Formation) across the
entire Gogebic area. The Palms quartzite is an average of 135 m thick and is
divided into a lowermost metaconglomerate, a middle metasiltstone, and an upper
quartzite.

The metaconglomerate consists of well-rounded, poorly sorted pebbles of
granite with some vein quartz and graywacke in a matrix of grayish—green quart-
zite with potash feldspar and chlorite. The pebbles are generally 5 cm in dia-
meter, but may be as large as 20 cm in diameter (Aldrich, 1929).

Near Mount Whittlesey, is an excellent exposure of metaconglomerate.
Here the Bad River dolomite underlies the Palms quartzite, and the pebbles are
almost exclusively recrystallized chert. The pebbles are poorly sorted,
angular to sub-rounded, and range from 2 mm to 10 cm in diameter. The matrix
of the metaconglomerate is composed of gray, fine-grained quartzite with minor
amounts of muscovite.

Metaconglomerate is also exposed along the Potato River in the NW
corner, SW1/4 sec 20, T. 45 N., R. 1 E. At this location the underlying rock
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type is greenstone which is reflected as pebbles within the metaconglomerate.
However, evidence that the Bad River dolomite was at one time present can be
seen in the abundant chert and cherty dolomite clasts in the rock. The matrix
of the metaconglomerate is composed of green, fine—grained quartzite with
chlorite, feldspar, and minor carbonate.

The upper unit of the Palms quartzite is composed of massive, vitreous,
pure quartzite. The color of the quartzite is white, green to brown, or red.
The upper quartzite consists of medium—grained, well-rounded quartz with
varying amounts of mica, magnetite, and rarely amphibole. The upper quartzite
ends abruptly but appears to be conformable with the overlying Ironwood
Iron~Formation.

Uranium and Thorium Concentrations

The distribution of uranium and thorium in the Palms quartzite of the
Gogebic area is illustrated in figure 13. The range and mean of thorium in the
Palms quartzite is trace to 11 ppm and 5.7 ppm respectively; whereas the range
and mean of uranium is from trace to 4 ppm and 1.7 ppm respectively. The major—
ity of the Palms formation samples contain trace to 3 ppm uranium and are rela-
tively uniformly distributed between 0 and 11 ppm thorium. Throughout the
Palms quartzite there appears to be no relationship between radioactivity and
vertical or lateral position within the formation.

THE BARHON AREA

Geology and Petrology

The Barron area is located in the northwestern part of Wisconsin and
includes parts of Washburn, Barron, Rusk, and Sawyer counties. The study area
is contained within longitudes 89°53’ and 91°49’ and between latitudes
45°45° and 46°.

The Barron area has been described by Hotchkiss (1915, 1929) and Dutton
(1971). The Barron area includes rock of Paleozoic and Middle Proterozoic
age. The Middle Proterozoic includes the Barron quartzite, the Flambeau quart-
zite and several unnamed units of metavolcanic and metasedimentary rock, and
granite. The relative stratigraphic positions of the Middle Proterozoic units
are largely unknown due to a lack of exposures and radiometric age dates. It
is generally believed, however, that the Barron quartzite is younger than the
Flambeau quartzite and the rock covering the eastern part of the area. 1In the
Barron area only the Flambeau quartzite was tested radiometrically.

The quartzite of the Flambeau Formation is reddish—~ brown or purple, to
yellowish~gray, and is composed of well- cemented, medium—to fine-grained
quartz with minor amounts of feldspar and hematite. The quartzite occasionally
is cross-bedded and ripple marks were noted at the SW corner, NW1/4SW1/4 sec 6,
T. 32 N., R. 6 W.

Uranium and Thorium Concentrations

The distribution of thorium and uranium in the Flambeau quartzite of the
Barron area is shown in figure 13. As in most of the other areas studied the
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radioisotope distribution of the Flambeau quartzite appears to be completely
random. The range of thorium and uranium concentration is 1 to 10 ppm and
trace to 2 ppm respectively. The mean thorium and uranium concentrations are
3.6 ppm and 0.8 ppm respectively. Most of the samples contain from 1 to 3 ppm
thorium, whereas all samples contain between trace and 2 ppm uranium.

CONCLUSIONS

The major control over the distribution of uranium and thorium in the
Wolf River batholith is believed to be due to primary magmatic processes. The
high uranium and thorium values and low Th/U ratios characteristic of the more
radioactive marginal zones of the Red River quartz monzonite indicate that some
late-stage enrichment of uranium and thorium may have occurred. Due to‘'the
relatively high uranium and thorium content of the batholith a considerable
amount of uranium and thorium could be released during weathering.

Within the Ninemile Pluton it appears that uranium has been preferen-
tially leached from the rock relative to thorium and alkali granite appears to
be slightly more susceptible to leaching of uranium and thorium than alkali
quartz syenite. Vertically uranium and thorium tend to increase with depth
suggesting a fine control over the vertical distribution.

The average concentration of uranium and thorium within the Middle
Proterozoic metasedimentary rock units are somewhat higher than the average
concentration for similar rock types reported in the literature.
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