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AIRBORNE AND GROUND RECONNAISSANCE OF PART OF THE SYENITE COMPLEX

NEAR WAUSAU, MARATHON COUNTY, WISCONSIN
By R C, Vickers
ABSTRACT

Airborne: and ground reconnaissance for radioactive minerals in part of the syenite compiex near
Wausau, Marathon County, Wis,, found 12 radioactive mineral localities, The rocks in the area are of
Precambriani age and consist of syenite and nepheline syenite, which have intruded older granite,
greenstone, quartzite, and argillite, There are very few outcrops, and much of the bedrock is deeply
weathered and covered by residual soil,

Thorium-bearing zircon pegmatite float was found wi.thin the area of syenite and nepheline syenite
at four localities, Reddish-brown euhedral to subeuhedral crystals of well-zoned zircon (variety cyrtolite)
comprise more that 40 percent of some of the specimens, The radioactive mineral at four localities outside
the area of syenites was identified asthorogummhite, 'which occurréd as nodular masses i ré'sidual sdil,
Alinement of the thnmgufnr‘ntte floatand associatediradioactivity:suggests that the thorogummite has resulted
from weathering of narrow veins or pegmatites containing thorium-bearing minerals, Unidentified thorium-
bearing minerals were found at three localities, and a specimen of allanite weighing about 2 pounds was
found at one locality,

Shallow trenches at two of the largest ra?lioactivity anomalies showed that the radioactive material
extended down into weathered bedrock, The occurrences might warrant additional physical exploration
should there be a sufficient demand for thorium, |

Further reconnaissance in the area would probably result in the discovery of additional occurrences,



INTRODUCTION

As zirconium, thorium, and certain rare earths are among the elements that are notably enriched in
many alkalic and nepheline syenites (Rankama and Sahama, 1950, p. 179-180, 518-528, 564-567, and
570-572), the literature concerning the syenites near Wausau, Marathon County, Wis.l. . was reviewed,
Radioactive zircon and several minerals that contain rare earths had been reported, The area of syenites,
therefore, was examined to study the reported occurrences, to test methods of prospecting for radioactive
minerals where outcrops are few, and to use these methods in the search for additional occurrences, This
work was done by the U, S, Geological Suryey on behalf c?f the Division of Raw Materials of the U, S, Atomic

Energy Commission,
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Location; aceessibility, and surface features

Figure 1 shows the location of the area investigated and the boundary of the syenite complex, The
investigation was conducted in secs, 9, 10, 11, 14, 15, 16, 21, 22, 23, 26, 27, and 28, T, 29 N,, R, 6E,,
. Marathon County, Wis,, The area is about 7 miles west of Wausau, ‘Wis:,, and is accessible by numerous

secondary roads,
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The area consists of low, rolling hills having a rnaximum relief of about 200 feet, It is part of the
Driftless Area of Wisconsin, from which weathering products have not been extensively removed; consequently,
residual soil covers most of the area, and outcrops are very scarce,

Because of the fertility of the residual soil, more than 75 percent of the area is under cultivation;
the remainder is wooded, The relatively high value of the land for agriculture has caused a lack of interest

in exploration for valuable minerals,

Previous geologic work

Weidman (1907) did the first comprehensive geologic work in the Wausau area and first reported
the occurrence of nepheline syenite, Emmons and Snyder (1944) studied the geologic structure of the /
* Wausau area to determine the probable conditions under w~hich the nepheline syenite was formed and to
appraise the nepheline reserves, A possible origin for the syenite and nepheline syenite has been proposed
by Emmons (1953),

Several workers have described unusual mineral occurrences in the area, Weidman (1907, p, 312-315)
noted abundant zircon in qugrtz-feldspar pegmatites associated with nepheline syenite in the NW1/4 sec, 22,
T, 29 ‘N., R, 6 E, Marignacite, a variety of pyroclore, containing about 18 percent rare earths 5nd 0,20
percent thoria was originally described from the same area (Weidman, 1907, p, 308-312), In addition,
Weidman (1907, p, 252-253 and 217 -218) suggested that lavenite (silicate coritaining zirconium) and
mosandrite (silicate contgining zircpnium and rare earths) possibly occur in the NE1/4 sec, 27, T, 29N.,
R, 6 E,, and that allanite or piedmontite may occur at the rapids in the Wisconsin River at Wausau,
Geisse (1951) described eucolite, a variety of eudialyte containing rare earths, from near the NE1/4_ sec, 217,

T. 29'N.,, R, 6E,



The radioactivity of the igneous rocks in the Wausau area was first investigated by Turner (1948).
He found thgt the gamma activity of the various rocks was directly proportional to the frequency of occurrence
of zircon, the zircon-bearing pegmatites being the most radioactive, then the aplites and syenite pegmatites,
His gamma-ray measurements were done with a laboratory Geiger-Mueller counter, and no attempt was

made to measure the radioactivity of the rocks in-the field,

Previous exploration
T

There have been a number of attempts to exploit the zircon-bearing pegmatites reported in the '
NW1/4 sec, 22, T. 29 N,, R, 6 E, About 3, 100 pounds of float containing about 25 percent zircon was
obtained from rock piles during the 1920°'s, During World War II interest was revived somewhat when
some of the favorable ground was leased to Mr, H, L. Geisse who mined about 7 tons of zircon-bearing
rock from shallow open pits and shipped it to the Rohm and Haas Company of Philadelphia for beneficiation
tests and chemical analyses,

During 1946 the U, S, Bureau of Mines conducted a magnetic and resistivity study of the area of
zircon-bearing pegmatites in the NW1/4 sec, 22, This was followed by exploration consisting of several
shallow diamond drill holes, trenches, and soilsampling, No zircon-bearing rock of a grade comparable to

that present as float in the area was found,
GENERAL GEOLOGY

Because outcrops are scarce, only the general features of the bedrock geology are known, Syenites
of various kinds have intruded an older igneous and metamorphic series consisting of granite, greenstone,
quartzite and argillite, Within the area of younger igneous rocks shown in figure 2, the bedrock is mainly
medium- to coarse-grained syenite, which contains numerous dikes of syenite pegmatite, and locally
nepheline syenite and quartz-feldspar pegmatite, Most of the dikes are restricted to the area of syenite,

The size and shape of the intrusive rocks are not well known but there is general (@ee‘ment among the
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various workers in the area (Weidman 1907; Emmons and Snyder 1944) regarding the time relationships

of the various rock types. A generalized geologic column is given below:

Syenite and nepheline syenite: pegmatitec

Younger !
Intrusive Syenite
Rocks )
o .
s ' Aplite
5 |
B | Granite '
]
)
P Older
a Igneous and Greenstone
Metamorphic .
Rocks Quartzite
Argillite

RADIOACTIVITY RECONNAISSANCE METHODS

Preliminary work in the Wausa;l area during May 1952 showed that zircon-bearing rock could be
easily detected with a ‘Geiger: counter.‘ Several specimens of float containing abundant zircon were found
near the center of the NW1/4 sec, 22 (reported occurrence of zircon-bearing pegmatite), and a general
recannaissance was made to find additional zircon occuirences or other radioactive mineral localities,

To obtain as much coverage as .p.ossible in the sbortest time, all roads shown in figure 2 were traversed

with carborne equipment consisting of a survey meter and two 2 x 48 inch Geiger.-Mueller tubes mounted
on the roof of a half-ton truck, Reconnaissance of the inter-road areas was then conducted with a scintillation
survey meter, Because of the small size of the known anomalies gnd reported zircon occurrences, traverses
were made about 200 feet apart, However, 4s each square mile required about 25 miles of walking, only the
areas considered as the most favorable were covered, th;t is, almost all of sec, 22 and the W1/2 sec, 23,

The anomalies gave relatively high reddings (from 0, 5 to more than 5, 0 lmr/hr; . background 0, 03- mz/hr),
so itwas proposed ‘to'learni whether they: could be detécted with the scintillation survey meter in 'a lightairplane while
flying at afow level, * To'test this method of prospecting, ascintillationsurvey metet in alight aircraft was flown over
two known anomalies which were found during the ground reconnaissance, One of the anomalies (lowafiky 5)
was easily detected from the air at an elevation of about 30 feet above the ground, Another radioactivity .
anomaly (locality 8) could not be detected, owing to transmission lines and trees that prevented flying less
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than about 50 feet above ground, From this work it was evident that relatively small areas of abnormal
radioactivity could be detected from the air if the elevation of the airplane could be kept within 20 or
30 feet above ground,

Reconnaissance nf about 12 sections (shown in fig, 2) was then completed, using the equipment mentioned
above. The flight lines were:spaced about 200 feet apart and were flown at elevations ranging from 10 to
80 feet, depending upon obstructions such as transmission lines and trees, The ground speed varied between
40 and 65 miles per honr, ‘With a background count of about 0, 03 mr/hr all readings greater than 0, 05
mr/hr were recorded, The position of the anomaligs was indicated on air photos, The scintillation counter
was watched continuously, as most of the anomalies represented only a very momentary full-scale deflection
of 0,05 mr/hr, Some of the most significant anomalies were reflown to check them and mark their position
more accurately on the air photo,

Because of the abnormalradioactivity of the syenites and relatedrocks, ‘many ‘of the radiocactivity anomalies
recorded over these rock types were due to the mass effect of large areas of slightly radioactive rockn,
However, in the areas flown outside the syenite complex, ground checking indicated that all bnt one of the
anomalies were related to concentrations of radioactive minerals in float and residual soil,

All the anomalies found outside the area mapped as syenite and related rocks were found while flying
less than about 20 feet above the ground, Coverage was not at all complete because many obstructions
prevented flying lower than 40 to 80 feet above ground over perhaps 50 percent of the area, and because
the flight lines were spaced farther apart (about 200 feet) than the width of the known anomalies,

RADIOACTIVE MINERAL OCCURRENCES

Twelve radioactive mineral occurrences were found as a result of the ground and airborne
reconnaissance, Thorogummite (a variant of thorite containing hydroxyl) was identified from localities
8,9,11, and 12 (fig, 2); thorium-bearing zircon was found at localities 2, 3, 5, and 6; allanite was
found at locality 1; and unidentified thorium-bearing minerals occurred at localities 4, 7, and 10,
| Except at locality 4, there are no outcrops in the immediate vicinity of the radioactivity anomalies,
and the radioactivity is .due mainly to residual accumulations of radioactive minerals in the soil or radioactive
minerals occurring in float, Shallow trenching at two of the largest anomalies showed that the radioactive
material extended down into weathered bedrock, The source of the radioactive float at three localities

was not determined,
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Mineralogy

Three minerals that contain thorium and rare earths have been identified from the radioactive

localities, These are thorogummite, zircon (variety cyrtolite), and allanite, Detailed mineralogic

work would probably show the presence of other minerals containing thorium and rare ‘earths,
Thorogummite

Reddish thorogummite (Th'{SiO 4) 1-x (OH) 4x) occurs as nodules commonly from one-half to 1 inch
in diameter in residual soil and weathered bedrock, X-ray powder photographs of the material show that the
mineral is crystalline (not metamict) and is associated with various amounts of hematite, Although
thorogummite and thorite give almost identical X-ray powder photographs, thorogummite is believed
to be formed by the alteration of primary thorium minerals, including thorite, . to occur as fine-grained
aggregates that are not metamict but crystalline, and to contain essential water (Frondel, 1953; p. 1007-
1017), Because crystalline aggregates of thorite -like material occur in residual soil and appear altered,
the material is probably thorogummite, A semiquantitative spectrographic analysis of an iimpure sample
of the thorogummite is given below, (Analysis by G, W, Boyes, U, S, Geological Survey, Spectrographic

notations, in percent are: X 2,148 . X0= . 4-.6; X2 7, 9)

Percent Element

X Th

X+ Fe

X, si

X, - AlCaMgY
- X+ Ti
. X Mn Na Ce Dy Er Gd La Sm
X Nd Yb
. OX+ CuNbPbV
. 0X- . Ba Co Sc
. 00X : Be

NI} PR fae. Toooan o

Yuon A S N v A

The sample contained 2, 5 percent equivalent uranium and 0. 001 percent chemical uranium,
H
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Zircon. .(variety cyrtolite)

iirc,on.'occﬁﬁ"'in Giiartz - feldspar pegmatite float as reddish-brov?n euhedral to subeuhedral crystals |
that range in length from 1 mm to about 10 mm, Thin sections of the zircon-bearing rock show that the
zircons are well zoned, altered, iron stained, and in part metamict,

A chemical analysis of altered zircon concentrates from se,é, 22 done by the Rohm and Haas

Company as reported by Turner (1948) is given below,

Constituent Percent
ZrO2 and I-IfO2 49,6
SiO2 30,1
Rare earths as Y203 . 2.6
(;1?205 and T3205 0.9 o
U_Og 0,05
1fo, 0. 05°
, A1203 5.1
Fezoé 3,5
TiO, ' 2.6
MnOgq 18,
CaO e 05‘
MgO . 05.
Pb .05
Zn .05
S o ©, 05
Ign, loss at 1000 C, 3. 5
: 100: 25

* less than,

Spectrographic analysis of impure zircon concentrates from sec, 22 is given below (analysis by

G, W, Boyes, U, S, Geological Survey,)

Element ) . Percent
Si XX.
Zr X+

- Fe ] X.
Al Ce Th X+
TiHfLaY X
Nd .X-
Mn Ca Dy Er Gd Nb Yb . 0X+
Mg Ba Pb : ,0X-
Cr Cu Sc L 00X +

Be 00X -
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Allanite

" The allanite:ré portedras float from docality 1:occurred a’s‘la‘éingle massive §pécimen weighing dbout 2
~ 'pounds. 'The specimen has been altered to a yellowish to brownish colot on.the exterior but appears black and
fresh in the’ intefior,- The specific gravity of fresh appearing material from the center'of the specimen is 3, 92,
The specimen contains 0, 57 percent equivalent uranium and 0, 001 percent chemical uranium, A

spectrographic analysis of the material is given below (analysis by R, G. Havens, U, .S, Geological Survey),

Element Percent
Ce La XX,

Si Fe CaK Nd Th _ X.+

Al X,
GdSmY X, -

Dy X+
Ti Mg Er X
Mn Sc X-
Pb Yb L0X+
BaSrV L 0X

B . 0X-
Zr Sn - ,00X+
Be Ga . 00X
Co Cu Ni . 00X-

X -ray powder photographs of the material show a very diffuse pattern, indicating that the
material is probably metamict, The mineral gelatinizes with HC1,

Based on the above data, the material is tentatively identified as allanite,

Distribution of rare earths

Rare -earth elements (lanthanides) are associated with all the radioactive mineral occurrences,
but the relative proportions vary, The thorium-bearing zir;:on occurrences contain cerium as the dominant -
rare-earth element whereas the thorogummite. specimens are characterized by greater abundances of
gadolinium and etbium, The relative abundances of rare-earth elements in specimens of thorogummite and

zircon (cyrtolite) are shown in figure 3,
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Figure 3. Graphs showing relative abundances of the rare-earth elements in specimens
of thorogummite and zircon from the Wausau area,Marathon County,
Wisconsin. (Compiled from spectrographic analyses by G. W. Boyes,

U. S. Geological Survey.)
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.Distribution of thorium and uranium

The results of analyses of samples collected in the area of investigation show that thorium is the
principal radioactive element present, is generally associated with small quantities of uranium, but the
ratio of these two elements is not constant, The highest uranium contents were foundin samples of zircon
concentrates that contained as much as 0, 054 percent uranium and about 0, 8 percent thorium, The highest
thorium contents were found in specimens of thorogummite which contained as much as an estimated 15 to 20
percent thorium but only about 0, 001 percent uranium,

Hematite is closely associated with ;hprogurﬁmite, a secondary mineral, and thus the hematite
may also be of secondary origin, The low uranium content of hem_atite-bearing samples may have resulted
from the leaching of uranium «d'uring\weathering, " Analyses of samples of radioacti;le hematite-bearing rocks

and samples of zircon are listed below to compare their uranium and thorium contents,

Equivalent Chemical
Locality o uranium ° uranium - Thorium
' ‘(percent) (percent) . (percent) _/
8 Thorogummite and hematite 4,2 0.001 XX.
8 Thorogummite and hematite 2.5 , 001 XX,
5 Hematite (radioactive) 3.0 ,001 X.+
6 Zircon and quartz 10,12 . 008 0, X+
3 Zircon and quartz L 10 - . 034 X
6 Zircon concentrates - .21 . 054 X+

/ Spectrographic determination

Analyses by S, Furman, R, Dufour, J, Wahlberg, G. W, Boyes, J, Meadows, W, Mountjoy, and
P. ]J. Dunton, U, S, Geological Survey,

Inasmuch as most of the samples in this report have been taken near the surface, differential leaching
has probably decreased the original uranium/thorium ratios because of the greater mobility of uranium during
weathering, Larger amounts of uranium may be expected in unweathered samples taken at depth, but the

grade of material that may be present is believed to be too low to be of commercial value,



Structure

{
The structural pattern of the various syenites in the area is very incompletely known because of the

lack of outcrops, Emmons and Snyder (1944) have interpreted the syenites as narrow dikes that trend
northwestward, They further suggest that the zircon-bearing pegmatites may well occur along northwestward-
trending faults, The zircon-bearing pegmatite float from sec, 22 (locality 3) originally was reported
(Wisconsin Geol, Survey, unpublished report) to have a northwesterly trend, but later exploration of the
pegmatite revealed a northerly rend, Detailed reconnaissance with a scintillation counter at locality 5
showed a northerly trend of the radioactivity anomaly and presumably the zircon-bearing rock, The
radioactive fine-grained phase of syenite at locality 4 has a strike of N, 450 E, Outside the area mapped as
syenite and nepheline syenite, all the radioactive anopmalies in the vicinity of the thorogummite occurrences
. i o ,
have a westerly trend, The radioactive anomaly at locality 8 trends N, 70 W,, and anomalies at localities
9, 10, and 12 trend almost due west, This alinement of the anomalies and their narrow width (2 to 20 feet)
as comparied to their length (120 to 200 feet) suggest that the primary radioactive mineral ‘tzpossibly thorite)
has been localized along westward-trending faults or fractures in the roof rocks, It would thus appear that
structures of various trends have localized the radioactive minerals,

The shape and -attitude of the intrusive syenites in the area can be inferred from the results of
ground reconnaissance with a scintillation counter, Some of the rock t);pes, namely coarse syenite and
nepheline syenite and their residual soils, were found to be abnormally radioactive (a;s much as 0,2
mx/hr, background 0,03 mr/hr), and thus the type of bed-rock below residual soil could be determined
by traversing,  Although no attempt was made to determine the exact shape and extent of such anomalies,
the radioactivity of the residual soil indicated that much of the coarse syenite was not restricted to narrow dikes
but occurred in large irregular shaped bodies underlying several tens of acres in extent, Northwesterly trends
of radioa{ctivity were not apparent in the area of syenites examined, except in the SW1/4 sec, 22 at
the contact between coarse syenite and the older rocks, Although the geologic map of part of the Wausau
area (Emmons, 1953) shows a northwesterly trend for all the syenite and nepheline syenite dikes, the

author was unable to find evidence which would support this interpretation,
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DESCRIPTIONS OF RADIOACTIVE LOCALITIES
Locality 1

Ground reconnaissance in the S1/2NW'1/4 sec. 15 in the vicinity of the anomalies detected
from the air sthed slightly abnormat radioactivity (0, 1 mr/hr, baci(ground 0.03 mrfhi), overa 1atge‘ area,
Moreover, two abnormally radioactive specimens were found among rocks piled along a fence row, The
first specimen, we:ighing about 2 pounds, is composed mainly of allanite with minor amounts of fluorite
and quartz, A description and an analysis of this specimen are given on page 14, The specimen contains
0, 57 percent equivalent uranium and 0, 001 percent «cheritical uranium,’ :Afsecond.;p'e"di]rnén,j welighing about 10

pounds, is composed mainly of pyroxene (50%), quartz (5%), and feldspar (40%), with small amounts of

allanite (?), and fluorite, It contains 0, 065 percent equivalent uranium,
Locakity 2

Specimens of zircon-bearing pegmatite were found along a fence row in the SW1/45W1/4 sec, 15,
T, 29. /N, R,"6°E; The zircon, estimated to make up about 20 percent of the rock, occurs as
yellowish to reddish-brown euhedral to subeuhedral grains that are commonly about 4 mm in diameter,

The source of the zircon-bearing rock ‘was not found during a scintillation counter survey of the adjacent fields,
Locality 3

The reported site where several tons of zircon-bearing pegmatite were removed during the 1940
is about 100 feet southeast of the center §f the NW1/4 sec, 22, T, 29 N,, R, 6 E, The former open
pits have been filled, and the area now is under cultivation, Abnormal radioactivity was detected in a few
small areas, and several specimens of zircon-bearing pegmatite were found on or very near the surface,

A description of the zircon-bearing rock is given on page 13,
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According to Fielder / the zircon occurs as thin but continuous

_/ Personal communication from W, M, Fiedler: to Rohm and Haas Company, Philadelphia,

Pennsylvania, 1942,

bands in highly sheared feldspar and quartz and also in rich lenses in quartz, He reported that three zircon
bands, each about 6 inches wide, were followed continuously for about 40 feet along the strike of the shear
zone in the main pit, and a rich lens of zircon surrounded by barren and fractured quartz-rich pegmatite

1

was found about 100 feet south of the main pit along the strike of the zircon-rich ba:nds,

Locality 4

Abnormal radioactivity is associated with a fine-grained phase of gray sygnite exposed in an
abandoned quarry in the NE1/4NW1/4 sec’. 23, T. 29 N,, R, 6 E, The radioactive syenite is about "
8 feet long and from 6 inches to 1 foot thick. Thin sections show that the rock is mainly orthoclase with
abundant fluorite and some quartz, No radioactive minerals were identified in thin section, Analyses

show that the rock contains 0, 23 percent equivalent thorium and 0, 004 percent uranium, - Spectrographic

analyses show that thorium is the most abundant rare element present,

Locality 5

Abnormal radioactivity was first detected in the SW1/4NW1/4 sec, 23, T, 29N., R, 6 E,,
in specimens found along a fence row. These specimens, composed of acmite, microcline and zircon (?)
contain fracture coatings of highly radioactive hematite, A scintillation counter traverse of adjacent
cultivated fields showed anomalous radioactivity in an oval-shaped area that measures about 90 by 40 feet,
An isorad map of the anomaly, a2 made by tracing out each of the cpntours of equal radioactivity on a

gridded surface, is shown of figure 4.
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Figure 4. Isorad map of radioactive anomaly at locality 5 (SW l/4NW Yasec. 23,
T 29N, R.6E.) showing results of channel sampling of trenches.
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The thorium content.of channel samples taken in several shallow trenches, which were dug in
the area of anomalous radiogctivity, is also shown in figure 4, Bedrock was penetrated in all of the trenches
except in the east end of trench no, 5,

In general the highést thorium content in the bedrock \Q.as> found in the area of highest
radioactivity on the surface, -However, the isorad map shows mainly the radioactivity of the residual soil
before trenching and therefore may show little or no relationship to the presence of radioactive minerals

at depth, The results of analyses of channel samples taken in the trenches are tabulated below,

Trench Length Equivalent . Chemical Th 1/ Ce 2/ zr2/
' no, (feet) uranium uranium
1 1 0,004 nd ) nil nd nd
2 2 L0568 nd 0,15 nd nd
2 .041 0.018 30,12 . X- X+
3 3 .021 0,006 3/0,06 L X- . X+
4 3 .057 0.012 0.17 X X+
1 ,0175 nd 0,22 nd nd
5 2 L,073 0,003 0,22 . X- . X+
2 . . 064 nd 0.20 nd " nd
4 <026 nd .!_3_/0, 08 , OX+ . X
6 2 . 021 nd 3/0.06 ' nd nd
2 J014 0,001 2/0, 04 . X- . X-
7 1 . 006 nd nil nd nd

_1/ Radiochemical analysis, Thorium content is computed by determining the amount of a
particular daughter product present (in this case 81212)' by alpha particle count after chemical separation, -
If the sample is in equilibrium, the amount of Bi“*“. is proportional to the amount of thorium in the-sample,

2/ Spectrographic analysis

3/ 'Based.on eU/Th ratios of other samples

nd Not determined

Analyses by S, Furman, H, Bivens, ], Rosholt, and G, W, Boyes, U, S, Geological Survey,



Specimens taken from the trenches and pieces of float show that the wall rock is pegmatite consisting
mainh; of perthite co'nsisting mainly of perthite, hornblende, and quartz. Some hornblende crystals are as
much Qs 1 foot long; Abnormal radioactivity is confined mainly ;:o areas in the pegmatite where the hornblende
has been altered to pyroxene (acmite), . In thin sections and in hand specimens all stages of alteration of
hornblende to pyroxene can be seen, The pyroxgne is much finer grained than the hornblende, the slender
pyroxene crystals being 3 to 5 mm in length, Alteration of hornblende was accompanied by decrease in grainh
size of microcline, probably caused by brecciation, and introduction of zircon (?), which occurs as reddish

altered grains about 0, 6 mm in diameter, Earthy hematite that is highly radioactive coats many fracture

surfaces, Spectrographic analysis of selected hematite coatings is given below,

Element Percent -
Th Fe ' . XX,

Ca X,

Zr X, -
SiTiCeNbY o X+
Nd A X

Er La X=-

X-ray powder photographs of hematite coatings show a good hematite i:attern with only a few,
very faint additional lines, This suggests that the thorium and related elements are in either an amorphous
material or a metamict minéral,

The hematite is believed to be a product of weathering, The primary source of the thorium

in the hematite may be zircon,
Locality 6

Several specimens of zircon-bearing pegmatite, similar to those at locality 3, were found in the
W1/25W1/4 sec, 23, T. 29N,, R, 6E, Two specimens weighing about 4 pounds each consist of quartz .
and about 40 percent zircon, A heavy liquid .coﬂcentrate of the zircon contains 0, 054 percent uranium,

0.8 percent thorium, and about'2 percent total rare éarths, The specimens were found on rock piles, but no

areas of abnormal radioactivity could be found in the adjacent fields,
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Locality 7

A radipactivity anomaly found during the airborne reconnaissance, .in the NW1/4NE1/4 sec, 27,
T. 29 N., R, 6 E,, was checked on the ground and found to be due to a small area of nepheline syenite float,
A sample of the nepheline syenite contains 0, 009 percent equivalent uranium, which is about the same order

of magnitude as other nepheline -bearing rocks in the area,
Locality 8

Abnormal radioactivity in the N1/2NW1/4 sec, 27, T. 29 N,, R, 6 E,, was found by road
traverse with car-mounted Geiger counter, A maximum count of about 5 times background was detected,
A scintillation counter survey of the area adjacent to the road showed anomalous radioactivity at several
places, The location of the radioactivity anomalies is shown in figure 5, which also includes an isorad map of -
the largest anomaly and the results of channel sampling, Because part of the area is within the gravel road
bed and the adjacent ditches, some of the radioactive material probably has been moved about during road
building,

At the most radioactive anomaly (plus 2,0 mr/hr) fhorogummite was found in the soil within a
foot from the surface, A shallow trench, 2 feet deep, was then dug, Bedrock was not penetrated in the
trench, but many fragments of greenstone and decomposed syenite (?) were found, Thotogummite occurs
as nodules as much as 1 inch in diameter in thé decomposed rock, The results of analysés of the channel samples

taken from the bottom of the trench (12,5 feet long and 2 feet deep) are given on page 25,
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Figure 5. Radioactivity anomalies at locality 8, including an isorad map of the largest anomaly showing analyses
of channel samples.
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Eguivalent Chemical Thoriu'm 1/
Length ‘uranium uranium

Field no, _(feey . (percent) ‘ (percenty (percent) Cerium Y/
WM-101-53 1 0,007 nd . OX+ . X+
WM-102-53 1 . 022 nd nd .nd
WM-103-53 3 .29 -0,001 X, - | . X
WM-104-53 2 . 055 nd nd nd
WM-105-53 1.5 .009 nd , OX . X
WM-106-53 1 .28 -0,001 nd nd
WM-107-53 15 .021 nd .oX+ . X
WM-108-53 1.5 . 008 nd nd nd

1/ Spectrographic determination

nd Not determined

Analyses by S, Furman, H, Bivens, and R, G, Havens, U, S. GeologicalSurve;r,

Small quantities of hematite are associated with the thorogummite, and both were identified by
X-ray powder photographs, Because of the lack of outcrops in the area and t‘he weathered condition of the
bedrock, little information is known about this occurrence, The alinement of the anomalies away from
the road suggests that a_pegmatite or vein wrending about N, 70o W. may be the source of the primary thorium
minerals;

The small anomaly about 450 feet east of the largest anomaly may be due to a similar thorium-

bearing body,
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Locality 9

Anomalous radioactivity in the NEl/4NW1/4 sec, 28, T, 29 N,,R, 6 E,, was found during the
airbor_ne reconnaissance, A ground scintillation counter survey showed slight abnormal radioactivity
(0.1 mr/hr, background 0,03 mr/hy) in the area and two local areas of high radioactivity caused by nodules
about 1 inch in diameter composed of hematite and thorogummite, Spectrographic analyses of the nodules
show xx, percent each of iron and thorium, The nodules> contain 4, 5 percent equivalent uranium and

0,002 percent uranium,
Locality 10

An anomaly in the SWl/4NW1/4 sec, 28, T, 29 N,, R, 6 E., was substantiated by ground surveys
and found to be dué to abnormally radioactive frag_ments of syenite- (?) in the soil over an area about 100
feet in diameter, Specimens of wea’thered syenite (?) contain 0, 015 percent equivalent uranium and 0,001
percent uranium, No radioactive minerals were identified from this locality, but rﬁost of the radioactivity
appear§ to be concentrated along fracture surfaces in the weathered syenite, A sample of the syenite contains
0.X percent zirconium and o, ox+ percent thorium, suggesting that the r‘adioaétive mineral might be thorium-

bearing zircon,

Locality 11

Abnormal radioacuvity at locality 11 (SW1/4SE1/4 sec, 28, T, 29 N,, R, 6 E,) was found during
the airborne reconnaissance, Ground checking indicated a westward-trending a'nomaly.140 feet long and 5 to
20 feet wide with a count of more than 0,2 mr/hr (background 0, 03 mr/hr). Local areas of high radioactivity
within the 0, 2 mr/ ﬁr,isorad give gamma.counts of more than 5.0 mr/hr. Samples of the soil from one of the local
areas of high radioactivity contain disintegrated granite (?) and a; reddish radioactive mineral that was

identified as a mixture of hematite and thorogummite,
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Locality 12

A ground scintillation counter survey of an anomaly in the SW1/4SE1/4 sec, 27, T, 29 N,, R, 6 E,,
showed high counts at several places, caused by float composed mainly of thorogummite in residual soil,

The local high counts are dlined. in a westerly direction for a distance of about 160 feet,

Other anomalies

With the exception of the radioactive localities described above, all the radioactivity anomalies
in secs, 15 and 22 (fig. 2) recorded in the airborne reconnaissance survey are apparently related to large
areas of slightly radioactive syenite and nepheline syenite, The radioactivity of the large areas of syenite and

nepheline syenite would tend to mask the radioactivity from small concentrations of radioactive minerals,
CONCLUSIONS

Reconnaissance for radioactive minerals in part of the Wausau area has resulted in the discovery of
six radioactive mineral localities that were found by airborne reconnaissance and six radioactive localities
found by ground reconnaissance, Although there are few outcrops, the methods employed have been effective
in finding bedrock occurrences of radioactive minerals by detecting abnormal radioactivity in the overlying
residual soil, Zircon -bearing rocks have been found mainly within the area mapped s syenite and nepheline
syenite and thorogummite has been found only outside of the syeni;e complex, Further reconnaissance in the
area of di‘scussion and.in other parts of the syenite comp1e‘x would doubtless lead to discover); of additional
occurrencés.

The commercial value of the occurrences is not known, because several factors such as ease of recovery
of the valuable minerals from the gangue minerals, depth and lateral extent of the radioactive minerals,

grade of the rock, and salability of the ore or concentrates are not known,
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