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RECONNAISSANCE OF 

RADIOACTH7E 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 pouncjs 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 Massachusetts (
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The objectives of the survey v/ere to evaluate new equipment and 

techniques _J used in the field work, to detect abnormally radioactive

_/ Nelson, J, M., Prospecting for uranium with car-mounted equip­ 
ments U, S, Geol, Survey Trace Elements Investigations Rept« 65, Jul^ 
1949. . .

rocks, to delineate favorable and unfavorable areas for radioactive 

deposits, and to estimate the reserves of any radioactive deposits that 

might be discovered.

All numbered federal and state highways and many unnumbered roads 

(fig, 1) were traversed by car, and all formations shown on the geologic 

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

J Emerson, B, K e , Geology pf Massachusetts and Rhode Islands 
U, S. Geol, Survey Bun. 597, jxU 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, 

torbemite, and uraconite in Chesterfield, monazite in South Orange, 

columbite in Goshen, fergusonite in Rockport, polymignite and columbite 

in Severly, columbite in Northfield, yttrocerite in Bolton, and gado- 

linite in Becket, _J As the examination of reported occurrences was

_/ Dana, E, S,, The system of mineralogy of J t 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*

J Snerson, B. K,, A mineralogical lexicon of Franklin, Hampshire, 
and Hampden Counties, Ifessachusetts; U, S, Geol, Survey Bull, 126, 
pp, 30-31, 57-58, 110-112, 167, 172, 1895.



_/ Emerson, B. K., Geology of Massachusetts and Rhode Island: 
U. S. Geol. Survey Bull. 597, Pf*»256, 261, 1917.

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

J 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 tubef, 

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 con­ 

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 42-inch tubes were used for 

outcrop 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
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of unccnsolidated materials. Radiometric analyses were made of all 

samples as followst 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 ^sealer* made from the VictoF- 

een ratemeter by John M. Nelson of the Geological Survey. The equivalent 

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/S-inch, and determining its equivalent uranium content.

THE CENTRAL BELT

A north-trending belt of abnormally radioactive rocks extends from 

the northeastern edge of Connecticut to north-central Massachusetts 

(figs.l and 2)* The rocks within this central belt are Carboniferous 

schist and late or post-Carboniferous granites J and glacial material;

J Emerson, B* K*, op. cit., pL X, 1917.

all are estimated to have an average radioactivity of about 0»003 percent 

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 geology of central Massachusetts, _/ the localities sampled, and

J 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

J 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. descriptions 

of samples and analytical results are given in table 1. The radioactivity 

cf 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 abnormal amounts of thorium (0.018, 0.030, and 0.032 percent 

ThC2, respectively) and little or no uranium.

The origin of the radioactive material is not known. The abnormal 

radioactivity 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 exclu­ 

sively with any igneous rock*
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The Southbridge locality contains the most radioactive rocks within 

the central belt and is described below*

Southbridge locality

The Southbridge locality is on Massachusetts and Connecticut High­ 

ways 15 at the state boundary (fig. !)• The locality extends about 1,500 

feet northeast along the highway and about 900 feet normal to the highway* 

Outcrops make up about 5 parcent of the area, but the nature and placement 

of these outcrops 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

Emerson, B. K., op. cit, pl.X, and 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 dark-gray, hornblende-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 oi feldspar with small 

amounts of biotite in coarse flakes. In many places, the biotite is 

grouped into streaks and knots. A few pegmatites contain abundant 

quartz in massive layers.

Generally the gneiss and the pegmatite occur as alternating layers 

that range from 1 inch to several feet in thickness. The foliation 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 gneiss 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 con­ 

tacts. In several places, veinlike seams of pegmatite cut across the 

foliation of the gneiss.

Radioactivity 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 ^rcent of all the outcrops of the area*

A channel sample (table 1, sample 13 ) across one of the more radio­ 

active pegmatite bands contained 0.011 percent equivalent uranium by 

field and laboratory radiometric analysis. Chejnical analysis of the 

sample showed 0*030 percent ThC^ 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 radioactive pegmatite 

material, and if a factor of 12 cubic feet per ton of rock is used, there 

is about 11,000 tons of the more radioactive 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 Th02 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 radioactive pegmatite occur. 

These blocks are believed to be float, although some may be bedrock. The 

depth and shape of the deposit of radioactive material in the Southbridge 

area are not known.

OTHER LOCALITIES

In addition to the occurrences of radioactive material in the cen­ 

tral belt several smaller occurrences of rocks containing from 0.003 to 

0.011 percent equivalent uranium were found. Descriptions of sample* and 

analytical results are snown 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 radioactivity 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 roadcut 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 J as

J Emerson, B. K., op, cit., pi. X and pp. 78-79, 1917.



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 Car­ 

boniferous Brimfield schist. Neither the gneiss nor the schist are appre­ 

ciably radioactive. Also present in the outcrop are alternate layers of 

dark-gray biotite-feldspar gneiss and abnormally radioactive coarse 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 associated with 

quartz.

The layers of gneiss and veins of quartz in the pegmatite have low 

radioactivity. The pegmatite layers are from ij to 5 times more radio­ 

active than the gneiss. The most radioactivb parts of the pegaatite are 

rich in biotite, but several other biotite-rich parts of the pegmatite 

are only slightly radioactive. The radioactivity 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 uranium, 0.001 percent uranium, and 0.032 

percent ThO«»

The best exposure of the rocks is j.n 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
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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 thickness of 

pegmatite layers exposed is about 10 feet. Based on the assumptions 

that the abnormally radioactive 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 Th02 »

The foliation in the gneiss is parallel to the banding of the 

outcrop, 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. Ine problem 

might be solved if the radioactive layers eomd 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 rocks 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*



U.S. GEOLOGICAL SURVEY TRACE ELEMENTS INVESTIGATIONS REPORT NO. 69

73- 72- 71- 70«
—I—————I—————I—————I—————I—————I—————I—————I—————I—————I—————

SEE RADIOACTIVE ROCKS OF VERMONT, NEW HAMPSHIRE, CONNECTICUT, RHODE ISLAND, AND SOUTHEASTERN NEW YORK, PRELIMINARY INVESTIGATION

TRACE ELEMENTS INVESTIGATIONS REPORT NO. 67 v R H

\ j .. a. M P S 

x, UAOAMS VERMONT

co"

o </>

42°

chis

MT. GREYLOCK

^

,.^CT?S5

»£X£fe>v
N

W
VA *

Ht ^Tfl

[cnX*. }j

GRANITE VILLE

. BRODKFIELD"
schjst
r>A>B)cjz;

3RIMRELI 
SOU

gnejss*
SOUTHBRIDGECONNECTICUT

SEE RADIOACTIVE ROCKS OF VERMONT, NEW HAMPSHIRE, CONNECTICUT, j 

RHODE ISLAND, AND SOUTHEASTERN NEW YORK, PRELIMINARY INVESTIGATION 

TRACE ELEMENTS INVESTIGATIONS REPORT NO. 67

RHODE

&

<

-PIGEON COVE
granite

"•»3»

nefttilir

.fyff'lf 
QUINCY
3ranite-«

EXPLANATION
All activities expressed in thousandths of a percent equivalent uranium. 

Example 10 = 0.010 percent equivalent uranium

——• Roads traversed, activity 0-3 "j^jT Sampled locality with locality name,
shale rock tvPe» and highest activity. 

zx^ Roads traversed, activity 3-5 )0 Activities above 10 circled in red.

10
Scale in miles 

o 10 20 30

$

-^' . I M . I 
. I* Naulhoriy>

'•«"•!_-, X ,*• 
•«««"-M C*-^

V '

>^
C /I /> £ C O D I «

=NS»J

°?

' N A N T U C K E T

SOUND

42-

73° 72° 71° 7O-

F.IGURE I.
Field work by Donald H. Johnson, Russell R. Flowers, and Frank A. McKeown

RADIOACTIVE ROCKS OF MASSACHUSETTS
17

i

f



U.
 S

. 
G

EO
LO

G
IC

AL
 

SU
R

VE
Y

TR
AC

E 
EL

EM
EN

TS
 

IN
VE

ST
IG

AT
IO

N
S 

R
EP

O
R

T 
NO

. 
69

EX
PL

AN
AT

IO
N

W
or

ce
st

er
 

ph
yl

lit
e

B
oy

ls
to

n 
sc

hi
st

O
xf

or
d 

sc
hi

st

B
rim

fie
ld

 
sc

hi
st

O
ak

da
le

 
qu

ar
tz

ite

P
ax

to
n 

qu
ar

tz
 s

ch
is

t

W
es

tb
or

o 
qu

ar
tz

ite

gn
ei

ss
es

 
an

d 
sc

hi
st

s

M
on

so
n 

gr
an

od
io

rit
e

C
oy

s 
H

ill
 

gr
an

ite

F
itz

w
ill

ia
m

 
gr

an
ite

H
ar

dw
ic

k 
gr

an
ite

H
ub

ba
rd

st
on

 
gr

an
ite

Fi
tc

hb
ur

g 
gr

an
ite

Ay
er

 
gr

an
ite

N
or

th
br

ld
ge

 
gr

an
ite

 
gn

ei
ss

17
-5

R
oa

ds
 t

ra
ve

rs
ed

, 
ac

tiv
ity

 
0
—

3
 

R
oa

ds
 t

ra
ve

rs
ed

, 
ac

tiv
ity

 
3 

—
 5

S
am

pl
ed

 
lo

ca
lit

y*
 

fir
st

 
fig

ur
e 

is
 

sa
m

pl
e 

nu
m

be
r, 

se
co

nd
 

fig
ur

e 
is

 
ra

di
om

et
ric

 
as

sa
y 

va
lu

e.

'P

Al
l a

ct
iv

iti
es

 e
xp

re
ss

ed
 in

 th
ou

sa
nd

th
s 

of
 a

 p
er

ce
nt

 e
qu

iv
al

en
t 

ur
an

iu
m

E
xa

m
pl

e 
10

s 
.0

10
 p

er
ce

nt
 e

qu
iv

al
en

t 
ur

an
iu

m

S
ca

le
 i

n 
m

ile
s

o
10

72
° 

15
'

:° 
G

eo
lo

gy
 

af
te

r 
E

m
er

so
n

7
I°

4
5

'

FI
G

U
R

E 
2.

 
G

EO
LO

G
Y 

A
N

D
 

R
A

D
IO

A
C

TI
V

IT
Y

 O
F 

C
E

N
TR

A
L 

M
A

S
S

A
C

H
U

S
E

TT
S


