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RECONNATSSANCE OF

RADIOACTIVE ROCKS OF MASSACHUSETTS

By

Donald H, Johnson
ABSTRACT

During the 1948 and 1949 field seasons radiometric car traverses
were made along the numbered federal and state highways and along many
unnumbered roads of Massachusetts,

Near Worcester pegmatitic rocks are estimated to contain about 250
pounds of uranium and 8,500 pounds of thoria per foot of depth. Near
Southbridge pegmatitic rocks are estimated to contain about 6,500 pounds
of thoria per foot of depth,

A central belt was estimated to contain about 0,003 percent equiva-
lent uranium but less than 0,001 percent uranium in nearly all roadside
materials,

Several smaller localities of radioactivity similar to that of the
central belt were found but none appear to be important economically.

Massachusetts is not considered a favorable area for uranium

deposits, although some low-grade deposits of thorium are present,
INTRODUCTION

During the 1948 and 1949 field seasons Donald H, Johnson, Russell
R. Flowers, and Francis A. McKeown of the U, S. Geological Survey made a

radiometric reconnaissance, by car traverse, of the state of Massachusetis.
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The objectives of the survey were to evaluate new equipment and

techniques _/ used in the field work, to detect abnormally radiocactive

_/ Nelson, J. M., Prospecting for uranium with car-mounted equip-
ment: U, S. Geol, Survey Trace Elements Investigations Rept, 65, Julj
19’!“9 * - B °

rocks, to delineate favorable and unfavorable areas for radiocactive
deposits, and to estimate the reserves of any radioactive deposits that
might be discovered.

All numbered federal and state highways and many unnumbered roads
(fige 1) were traversed by car, and all formations shown on the geologic

map of Massachusetts _/ were crossed by one or more of the traverses,

Emerson, B. K., Geology of Massachusetts and Rhode Island:
U. S. Geol, Survey Bull. 397, pl. X, 1917.

Several road cuts, quarries, and old mines were examined and selected
samples were taken for analysis,

Uranium= and thorium~-bearing minerals have been reported in several
towns in Massachusetts. Among these are autunite, columbite, microlite,
torbernite, and uraconite in Chesterfield, monazite in South Orange,
columbite in Goshen, fergusonite in Rockport, polymignite and columbite
in Beverly, columbite in Northfield, yttrocerite in Bolton, and gado~

linite in Becket. _/ As the examination of reported occurrences was

Dana, E. S., The system of mineralogy of J, D. Dana, 6th ed.,
pp. 182, 728, 730, 735, 743, 858, 1892.

DeMent, Jack and Dake, H, C., Handbook of uranium minerals,
p. 14, Portland, Oreg.,Mineralogist Publishing Co., 1947.

Emerson, B. K., A mineralogical lexicon of Franklin, Hampshire,
and Hampden Counties, Massachusetts: U, S, Geol, Survey Bull, 126,
ppo 30-31’ 57-58, 110-'112’ 1679 172, 18950



Emerson, B, K., Geology of Massachusetis and Rhode Island:
U, S. Geol, Survey Bull., 597, pp 256, 261, 1917.

_/ Hitchcock, Edward, Geology, mineralogy, botany and zoology of
Massachusetts, pp. 310, 495, Amherst, J. S. and C. Adams, 1835,.

_/ Shepard, C. U., Treatise on mineralogy, 2d. ed. pp. 105, 109,
119-120, 143-144, 248, 252-253, 256, 261-262, 287-288, New Haven,
B. L. Hamlen, 1852,

outside the scope of this investigation, these localities were not
studied,
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EQUIPMENT AND METHODS

The traverses were made with two brass-cathode Geiger-Mueller tubes,
2 inches in diameter and 42 inches long, mounted on the sides of a sedan
delivery truck., These tubes were connected in parallel and were attached
to a modified Victoreen type 263-A ratemeter, The ratemeter was cone
nected to an alarm circuit that could be adjusted to ring a bell at any
designated ratemeter reading,

The Victoreen instrument and one of the A42-~inch tubes were used for
ovtcrop studies on foot. A Beckman model MX~5 survey meter also was used
during the 1948 field season,

Channel samples were taken at outcrops, and grab samples were taken



of unconsolidated materials. Radiometric analyses were made of all
samples as follows: The samples were first crushed to minus 1/8-inch

in a portable jaw crusher and poured into a cylindrical sample holder,
surrounding a thin-walled Geiger-Mueller tube., The counting was done

by means of a Beckman ratemeter or a neon “scaler® made fram the Victor=
een ratemeter by John M, Nelson of the Geological Survey., The eéuivalent
uranium content of the samples was determined in the field by comparing

the counts from the samples to the counts from a standard of known

radioactive content, This standard was prepared by mixing finely ground
pitchblende with Portland cement and water, crushing the hardened mass

to minus 1/8-inch, and determining its equivalent uranium content.
THE CENTRAL BELT

A north-trending belt of abnormally radiocactive rocks extends from
the ncrtheastern edge of Cismecticut to north-central Massachusetts
(£igs.l and 2)., The rocks within this central belt are Carboniferous

schist and late or post-Carboniferous granites ‘/ and glacial material;

_/ Emerson, B. K., op. cit., pL X, 1917.

all are estimated to have an average radioactivity of about 0.003 pereent
equivalent uranium. There is little variation in the amount of radioac=
tivity between areas where bedrock crops out and areas covered by glacial
debris,

The geolegy of central Massachusetts, _/ the localities sampled, and

_/ Emerson, B, K., op. cit., 1917.

the estimated radioactivity along the roads traversed are shown in



figure 2,

Formations found to be abnormally radioactive are listed below:

Formation / Age
Coys Hill granite Late Carboniferous or post-
Hubbardston granite Carboniferous

Hardwick granite

Brimfield schist Carboniferous
Paxton quartz schist

_/ Emerson, op. cit., pp. 62, 68, 69, 233-235, 238, 240, 1917,

The distribution of radioactivity in the central belt appears to

be fairly uniform; at any place along roads in the belt the radioactivity
does not differ markedly from the average value of 0,003 percent equiva=
lent uranium., The samples from within the belt are generally representa-
tive of the maximum radioactivity at a given locality; they were collected
primarily for instrument calibration. In the central belt all of the
localities sampled, except the locality near Stafford, Conn,, are ident=
ified by name on figure 1 and by sample number on figure 2. Wdescriptions
of samples and analytical results are given in table 1., The radiocactivity
of the central belt is believed to be due almost entirely to thorium,
Chemical analyses of samples 11 and 13 within the belt, and sample 14 Just
outside, show abnormel amounts of thorium (0,018, 0.030, and 0,032 percent

ThCos respectively) and little or no uranium,

The origin of the radiocactive material is not known. The abnormal
radicactivity neither is confined to former sedimentary rocks, such as the
Brimfield schist and Paxton quartz schist, which it should be if the radio-
active material were syngenetic, nor does it appear to be associated exclue

sively with any igneous rock.
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The Southbridge locality contains the most radiocactive rocks within

the central belt and is described below,

Southbridge locality

The Southbridge locality is on Massachusetts and Connecticut Highe
ways 15 at the state boundary (fig. 1), The locality extends about 1,500
feet northeast along the highway and about 900 feet normal to the highway,.
Outcrops make up about 5 psrcent of the area, but the nature and placement
of these ouberops indicate that the entire area is underlain by similar
rocks with only a thin soil cover,

Emerson _/ mapped the rocks in the area as Paxton quartz schist

Ema'son.’ B. K.’ Op. cit. pl.x’ arld Pp. 62’ 233-236’ 1917.

(Carboniferous), but the rocks more closely resemble his description of
rocks in the contact zone of the Hubbardston granite (late Carboniferous
or post=Carboniferous) and the Brimfield schist (Carboniferous),

The rocks consist of darke-gray, hornbiende~feldspar gneiss inter=—
spersed with very light-gray pegmatite. In places the gneiss is highly
garnetiferous, and there are a few bands of clear pink garnets in the peg-
matite., The pegmatite consists almost entirely oif feldspar with small
amounts of biotite in coarse flakes, In many places, the biotite is
grouped into streaks and knots. A few pegmatites contain abuhdant
quartz in massive layers,

Generally the gneiss and the pegmatite occur as alternating layers
that rahge from 1 inch to several feet in thickness, The feliation in the

gneiss tends to parallel the banding of the rocks, The rocks commonly strike

about N. 40° E, and dip about 80° W, In places, particularly in those
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outcrops near the highway, the contacts between the gneiss and the peg~
matite are gradational and marked by considerable lensing, pinching, and
swelling of the layers. Some foliae of dark minerals in the gneiss can
be traced across the contacts a short distance into the pegmatites.
Streaks of biotite in the gnelss resemble cross-bedding.

In outcrops farther from the highway, most of the contacts are
sharp and parallel to the foliation of the gneiss, which gives the rocks
the appearance of alternating strata., Outcrops are too sparse to deter-
mine accurately the continuity of these layers., In a few places, the
contacts are gradational, and in others, sharp contacts occur at angles
to the foliation, cutting off the foliae of the gneiss abruptly at the
contacts. A few small pockets of pegmatite are enclosed in the gneiss,
marked generally by gradational contacts and less commonly by sharp conw-
tacts. In several places, veinlike seams of pegmatite cut across the
foliation of the gneiss,

Radicactivity measurements of the gneiss were consistently low.,

The pegmatite material is the most radioactive, ranging from 2 to 5 times
background, The more radioactive parts of the pegmatite comprise about
10 wercent of all the outcrops of the area.

A channel sample (table 1, sample 13) across one of the more radio-
active pegmatite bands contained 0.01l percent equivalent uranium by
field and labaratory radiometric analysis. Chemical analysis of the
saraple showed 0,030 percent ThQ2 and essentially no uranium,

If it is assumed that the entire 1,500~ by 900-foot area is underlain
by similar rocks, 10 percent of which is the more radiocactive pegmatite
meterial, and if a factor of 12 cubic feet per ton of rock is used, there

is about 11,000 tons of the more radiocactive pegmatite material per foot
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of depth. If the sample analyzed is representative of the whole, this
pegmatite contains about 6,500 pounds of ThO; per foot of depth.

An unsuccessful attempt was made to find additional abnormally radio-
active outcrops in the Southbridge area. A few thousand feet to the east,
however, several large blocks of abnormally radicactive pegmatite occur.
These blocks are beliéved to be float, although some may be bedrock. The
depth and shape of the deposit of radicactive material in the Southbridge

area are not known,
OTHER LOCALITIES

In addition to the occurrences of radiocactive material in the cen=
tral belt several smaller uccurrences of rocks containing from 0,003 to
0,011 percent equivalent uranium were found., Descriptions of samples and
analytical results are shown in table 1 (samples 2~6, and 14-20). The
name of each locality and the corresponding highest radioactivity ir
equivalent uranium are shown on figure 1, The highest radicactivity was

noted in material at the Worcester locality, described in detail below,
Worcester locality

The Worcester locality (figs. 1 and 2) includes land on and adjacent
to the Worcester sewage—disposal plant in the town of Milbury, about 3 miles
south of Worcester, The rocks are best seen in a roadeut on U, S, Highway
20, These rocks strike roughly N, 30° E, and dip about 70° W, although

there are considerable minor variations., They have been mapped _/ as

_/ Emerson, B, K., op. cit., pl. X and pp. 78-79, 1917,
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gneisses and schists of undetermined age.

On the western edge of the roadcut the outcrop contains dark-gray
biotite~garnet gneiss and a rusty biotite schist which resembles the Care
boniferous Brimfield schist., Neither the gneiss nor the schist are appre-—
ciably radiocactive. Alsoc present in the outcrop are alternate layers of
dark-gray biotite-feldspar gneiss and abnormally radioactive co&rse white
pegmatite, The pegmatite layers consist of feldspar and coarse flakes of
biotite, which in places forms streaks and knots. Quartz occurs in small
veins and pods more abundantly in the pegmatite than in the gneiss,
Pyrite, chalcopyrite, bornite, and other sulfides occur in both the gneiss
and pegmatite; however, only in the pegmatite are they assoclated with
quartz.

The layers of gneiss and veins of quartz in the pegmatite have low
radioactivity. The pegmatite layers are from 1% to 5 times more radio=
active than the gneiss. The most radioactive parts of the pegmatite are
rich in biotite, but several other biotite-rich parts of the pegmatite
are only slightly radioactive, The radiocactivity in the pegmatite appears
to increase in the areas of sulfide mineralization. A channel sample
(table 1, number 14) cut across one of the more radioactive layers, con=
tained 0,011 percent equivalent uranjum, 0,001 percent uranium, and 0,032
percent Th02.

The best exposure of the rocks is in the north wall of the roadcut.
Other exposures are in the south wall of the cut and scattered a few
hundred feet north and south of the road. Rapid traversing of the sur
rounding area disclosed two outcrops of similar rocks, both abnormally
radioactive, about 3/4 mile and 1 mile south-southwest of the cut., These

outcrops lie approximately along the strike of the rocks at the roadcut



.15

and are believed to be parts of the same series of layered rocks,

At the roadcut, the aggregate thickness of the radioactive
pegmatite layers and the layers of gneiss separating them'is about
200 feet; the highly radioactive pegmatite layers total about 50
feet in thickness., At the southernmost outcrop away from the roadcut,
the aggregate thickness is about 40 feet and the total thic;knesé of
pegmatite layers exposed is about 10 feet, Based on the assumptions
that the abnormally radiocactive rocks are continuous over the mile
from this outcrop to the roadcut, and that there are 12 cubic feet
per ton of rock, it is estimated that there are about 13,000 tons of
abnormally radioactive pegmatite per foot of depth, If sample number
14 is representative of the entire mass, each foot of depth contains
about 250 pounds of uranium and 8,500 pounds of ‘l'h02.

The foliation in the gneiss is parallel to the banding of the
out crop, and the banding is in turn roughly parallel to the strike of
the formations in this vicinity., No evidence of cross cutting or
brecciation was found at the contacts between gneiss and pegmatite, and
no inclusions were seen of gneiss within the pegmatite,

The origin of the radioactive material is unknown. The problem
might be solved if the radiocactive layers could be traced both strati-
graphically and along strike to equivalent unreplaced beds. Extensive
linear and limited stratigraphic extent would favor syngenetic origin.
The city of Worcester, however, effectively prevents tracing the beds
northward and lack of outcrops east-west limits determination of the

stratigraphic extert.
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CONCLUSIONS

In general the ~ocks of Massachusetts are estimated to average
about 0,001 to 0,002 percent equivalent uranium, Several occurrences
of slightly more radioactive rocks were found but none of these samples
contained more than 0,001 percent uranium by chemical analyses. It is
therefore believed that Massachusetts is not favorable as a source of

significant uranium deposits.









