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REC Y'™JAISSANCE Ow RAUIOACTIVE R I OF VERMONT, NEWN HAMPSHIRE,
COWNECTICUT, R JDE ISIAND, Al SOUTHEASTERM NEN YORK

by
Frank A. McKeown

ABSTRACT

In 1948, 7,662 m;lles of roadside rocks and soils in Vermont,
New Harpshire, Connecticut, Rhode Island, and southeastern New York
were traversed with & car-mounted Geiger-Miuellsr counter. The ob-
sorved distribution of the abnormally radioactive rocks and soils
is limited to certain arcas, herein ca‘ilhd “radiocactive provinces,"
thet are sepuratsd from e:ch sther by 'areao“ of esmntialiv nonradio-
active rock. Wese provinces, snd their muximum percent equivalemt
wraniun are: (1) @e Budson and Nousatomic Hisklswds of southeastera
Sew York and western Gamecticrvt, 0,240 equivalent uranium; (2)
Ceatral New England, 0.006 equivalent uranium; and (3) the Milton
ares of northwestezn ¥Yeymont, 0.029 equivalent uranium. The
distribution, grade, form, aad wranium-thorium ratio of the radio-

active deposits differ in ecach of the three provinces, Most of the

radioactivity outside of the Milton area is caused by thorium.
INTRODUCTION

During the late sumper and fall.of 1948, the Geological Survey
msde a reconnsisgsance im Vermont, New Hampshire, connectic'ut; Rhode

| Island, amd part of southeastern New York, to gain a general knowledge



of the d'= ribution of radiocactive raterials in the New England states.
The objectives of this recomnaissance were twofold: (1) To define areas
in which more detailed prospecting for uranium deposité is warranted,
through the correlation of abnormal radiocactivity with other geologic
evidence; and (2) to test and evaluate the car-traverse method of
radiometric measurement and prospecting.

The radioactivity of the roadside rocks and soils was measured -
with car-mounted Geiger-Mueller counters. A total of 7,662 miles of

roads was traversed. The mileage was distributed as follows:

States Miles

Vermont and ﬁew Hampshire 4,732’

Connecticut and Rhode Island 1,458
Pennsylvania and New York (enroute to

and from New England) 1,472

Total ' 7,662

Traverses in Ygrmont and New Hampshire were planned to cross
all the major geologic formations on as many roads as possible. All
numbered and a few unnumbered highways were traversed. It was
necessary to curtail traverses in Connecticut and Rhode island be~
cause of approaching winter weather and, therefore, as mény geologic
formatioi;8 as possible were traversed on a limited number of high-
ways. However, all of the formations that appear on the geologic
maps of Connecticut and Rhode Island _/ were crossed several times

on different roads.



_/ Rice, W, N. and lregory, H. E., Manual of the Geology of
Connecticut: Connecticut Geol. Survey Bull. 6, 1906. '

Emerson, B. K., Geology of Massachusetts and Rhode Island:
U. S. Geol, Survey Bull. 597, map, 1917.

John M. Nelson established most of the field procedures used
and aided in much of the interpretation of the data that were
collected. Harold Arndt assisted in the field worl. Perry F,
Narten aided in the preparagi;n of the report. All sample

analyses and mineralogic studies were made by the Geological

Survey laboratory.
PROSPEGTING METHODS

The car-traverse equipment and its performance characteristics

have been described in a report by Nelson _/. The equipment consists

_/ Nelson, J. M., Prospecting for uranium with car-mounted
equipment: U. S. Geol. Survey Trace Elements Investigations Rept.
65, July,1949.

of a counting-rate meter, an alarm circuit, and 2 Geiger-Maeller
tubes, each tube having a response of 1,500 pulses per minute in
areas of normal radioactivity. The alarm circuit can be adjuéted
so that a bell will ring at any predefermined reading of the
counting-rate meter. This serves to give an aural signal to the
operator when passing roadside rocks and soils 6f abnormal activity

and allows him to give his attention to other tasks.



Changes of 0.001 percent equivalent uranium in the roadside rocks
and soils can be detected at a traverse speed of 30 miles per hour.
This degree of sensitivity requires a radioactively homogeneous band
of soil or rock having an equivalent uranium content between 0.000
and 0.005 percent, and a width of about 150 feet parallel to the
traverse. Higher-grade deposits less than 150 feet wide usually will
show a car-measured radiocactivity less than the actual activity. This
deviation of measured from actual radiocactivity is a function of
several independent variables such as the geometrical relationship of
the Geiger-iueller tube to the outcrop and the physical and chemical
characteristics of the rocks. The possible variations in relationships
ate infinite in number and cannot be rigorously evaluated.

Radioactive rocks and soils discovered with the car-traverse
equipment were further investigated on foot with a portable 42 by
2-inch gamma tube and a countiné—rate meter. Small veins, joints, or
areas of rocks were checked for abnomal radiocactivity with a beta-
gamnia tube and a counting-rate meter.

Correlation of counting-rate meter readings obtained when the
gamma tube is placed on the outcrop, with measurements of radio-
aétivity of samples taken from the outcrops,made it possible to
estimate the equivalent uranium content of many outcrops without
sampling. Most rocks that were thought to contain 0.005 percent or
more eqﬁivaient uranium were sampled ana assayed for uranium.

The approximate percentage of thorium can be calculated if the radio-
activity of a sample is expressed in percent equivai;nt uranium and the
percentage of uranium in a sample is known, assuming that the uranium

W
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is in equilibrium w-tl Lis disint:c)atiun products. Thus, if a
sample contains 0.020 >zrcent equival.at uranium and 0.008 percent
uranium, by subtraction 0.012 percent equivalent uranium may be
attributed to potassium and thorium. The potassium activity in
rocks containing 3 to 5 percent K20 is assumed to be about 0.001
percent equivalent uranium, leavang 0.0l. percent equivalent uranium
due to thorium activity. As tle beta avtivity of thorium is absut
one-quarter that of uranium, this figure 1¢ sultaiplied by the factor
fou. and the calculated content is 0.044 p.rcent thorium. Most
analyses for thor'um in the New England sa.ples show an observed

factor that ranges from three to fire.

Although probably only a small part of the total number of
radiosctivity anomalies in the New England states has be-n found, it
is be ieved tlm t the method of prospecting used was successful in
partly defining the areas of concentrated radiocacti-e anomalies, and
indicating the areas favorable for detailed investigation. General
knowledge of the location and extent of the abnormally rudioactive
area has been gained. In addition, on the basis of Nelson's data
and conclusions _/, obtained from relatively small low—grade deposits,
it is very probable that few, if aay, deposits containing tens of tons
of raaioactive material of a grdaae above 0.1 percent uranium were

missed if they crop out within 25 feet of a traversed road.

_/ Welson, J. M., op. c¢it., fig. 2, pp. 6-7,
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DISTRIBUTION OF RADIOACTIVITY

Most of New Harpshire, Vermont, southeastern New York, Connecticut,
and Rhode Island are underlain by pre-Cambfian and Paleozoic igneous,
sedimentary, and metamorphic rocks. Mesozoic sedimentary and intrusive
rocks are limited largely to the Connecticut Valley. Locally, the
rocks are blanketed by glacial material but it is believed that the
network of roads traversed is sufficiently close-spaced so that all
of the major rock units were adequately scanned with the car-mounted
instruments. Abnormally radioactive glacial material in places was
found south of its radioactive bedrock source for distances up to
10 miles.

The distribution of the abnormally radiocactive rocks and glacial
materials is such that three areas are roughly delimited on the basis
of radioactivity: (1) The Hudson and Housatonic Highlands of south-
eastern New York and western Connecticut; (2)‘a belt extending from
central and eastern Comnecticut and western Rhode Island northward
to the Canadian border, herein called "Central New England;" (3) an
area near Milton, Vt. These areas are‘designated as "radioactive
provinces," in a usage similar to "metallogenic proviﬁces.“ The
deposits within each province are éharacterized by similarﬂmakimum
equivalent-uranium content, by similar ratios of thorium to uranium,
and in part by the rock types in which the deposits occur. The first
two areas are large and are surrounded by essentially nonradioactive
rocks. The third irea, although isolated with respect to other

radioactive rocks described in this repert, may constitute a border

phase of another province, as yet undefined.
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THE HUDSON ..{D HOUSATOLIC RADIOACTIVE PROVINCE

The Hﬁdson and Housatonic Highlands of southeastern New York
and westérn Connecticut form a radioacfive province that is
characterized by a highly variable equivalent uranium content and
a highly variable thorium-uranium ratio (table 3, figs. 3 and 4).
Radioactive anomalies of various intensities were found from the

vieinity of Peekskill, W. Y., to Cornwall Bridge, Conn. (fig. 1}.

Geology

The geology of the crystalline Highlands consists _/ of a

_/ Iows, K. E., Stom King Granite at Bear lountain, New York:
Geolo SOC» Americ& B’ullo, VDle 610’ pp. 142"‘143, 11}8, 1950.

sqqﬁence ofiritercﬁalated qiiartzitic, micaceous, and calcareous rocks
that were severely metamorphosed during several periods of regional

deformation and granitic intrusion. Most investigators _/ in the

_/ Berkey, C. P, and Rice, Marion, Geology of the West Point
qQuadrangle: New York State Mus. Bull., Nos. 225-226, pp- 49-51, 1919.

Lowe, K. E., op. cit., p. 150.

Highland have concluded that the metamorphic rocks were of sédimentary
origin and assign them to the Grenville series of pre-Cambrian age. The
The present major northeastward structural trend of. the Grenville series
ds thought to be the result of an early pre-~Cambrian orogeny. The struc-
tures thus formed have controlled, to a large extent, all the successive

igneous intrusions. _/
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_/ Berkey, C. P., and Rice, iarion, op. cit., p. 8l.

Lowe, K. E;, op. cit., p. 164.

The granite intrusions have so altered the country rocks that in
much of the area it is difficult to determine whether these rocks

originally were of sedimentary or igneous origin.

Radicactivity

The pre-Cambrian rocks of the Hudson and Housatonic Highlands
have an estimated average radiocactivity between 0,002 and 0.003
percent equivalent--uranium and an observed range of 0.001 to 0.240
percent equivalent uranium. In the samples taken the maximum content
of uranium is 0.095 percent and the maximum content of thorium is
1.04 percent. The thorium-uranium ratio in the samples ranges from
1i1 to 40:1. Most of the highly radicactive deposits are in pegmati-
tes, but a pegmatized gneiss contains as much as 0.064 percent
equivalent - uranium. The maximum observed radioactivity in gneiss
and schist is 0.013 percent equivalent uranium, in granite about
0.006 percent equivalent uranium. The more radioactive deposits are
in a belt trending northeast from the vicinity of Bear Mountain

Bridge, N. Y., to the village of Cormwall Bridge, Conn. (fig. 1).



lhr Ibuntain Ares

_ Samr Bear leanuim, tﬂo, (figo 2), quartzefeldspar-biotite

' gnoisses, 1n phon enrrying garnet as a ma jor cnnatitutmt, :
interlaysred with sonrﬁ varieties of schist and resemble bedded .
sediments, Qunts;tea.dapar-.biotite pogmatites, 15 feet in greatest
obcomd diuuiim 9 aro perallel to the schistosity and layering
of the .naiuo tmgu:ur discordant messes of pegmatite alss are
presant Grnitxc :rocks, unally gneissioc, occur throughout the
ared. At five ert hauths in & 3- by 6~ mile ares pegmatites
and gneise cmﬂw M oms %0 0,200 prcent equivalent wraninm.
Farta of the gmitu m rrodably contsin an aversge of 0,005
pereent equivalent lnmu, but ne Mgmy radiocactive granite or
pegnatites within gradite, wers found.

Booslity Ao = Moot of the nitu locality A (figs. 2, §; and 6)
is GOIPOIOG‘ of quarté-faldspar=biotite gneiss and schist, The banding
strikes about N, 20° E; and dips 30° - 40° BB, Comcordant, stubby
lenticular-shaped bodies of quartz~feldspar-biotite pomtito ocour f.
in the gneies and schist, nunm observed size of the p&g‘mtites
is approximately 3 feet in thic!mess by 15 feet in lengtho

The radioactive minerals in the pegmatites have not been 1dent;ifiedo
limra; analysis of qunrts—tcldapar pegmatitic gneiss by Mo E. mox;_paon
of ‘the Geological Survey shows sbundant gircon, a lesser amﬁnt'of
opeque minerals, and an unidentified mineral or aggregate of minerals
contaising some uranium and thorium. he uranium-bearing mineral or
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aggregate of minerals is a dull yellowish crust that coats various
grains of the pegmatite, The zircon also is radioactive. Chemical
analyses (table 3, Bf (A) - 15, - 16, - 19, - 20) show that thorium
also is present and that the ratio bretween thorium and uwranium in
the samples is not constant. The variation diagrams (figs. 3 and 4)
show this variable ratio. The difference that is shown in figure 3
between percent equivalent uranium and precent uranium is attributed
to thorium, for the effects of potassium are essentially negligible.
The diagrams, when compared to sample descriptions (see table 3),

" also indicate that the thorium-uranium ratio is not a direct function
of lithology.

The distribution and relative gamma radioactivity of the material
at locality A and the location of traverses across the radioactive
area are shown on figure 5. The radioactivity of the rocks along the
traverse lines wag. estimated by noting the instrument readings over
a distance of little or no change in activity and recording the
average activity. This method seems to be inherently more accurate
than arbitrary grid-control methods for determining the relative size
and shape of a radioactive deposit, because many control points are
obtained where the change in radioactivity is greatest and few where
the change is least. Chemical analyses of samples from this locality
show that the uranium content ranges from 0,001 to 0.065 percent and

the thorium content from 0.030 to 0,480 percent (see table 3).
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e goologie section (fig, 6) shows the 1ithology amd location of
semples ot Jocality &: e kydrothernal scoe at the oémter of the
section hes besen thorcughly weathered and its mpodﬁoa was not
detormined exsept for a few resistant m@l,@bedcnite—m M veins, |

Qa the hnis ot sxtremely fow date the doposit at loclliw 4 1is
estimated o contain 5,600 tons of rock per. !bot of depth wnrqﬂng
0.045 percent thorium and 0,006 percent uranius, As most ofﬂwuruﬁu .
end thorium is concentreted in pegmtite and t@jlmt gnoiss, ulp,otivp |
mining of the rock might result in raising the groda of ore to 0,160
percent thorium and 0,020 percent urenium, | _

The computations for these tonnage and grade cslculations are shown
below. It is assumed that the uranium-thorium re8is is constant through-
out the mone. Basic instrument response (im'tr__nt response over a
aenredicactive body of water) is only & smell frection of one retemeter
wnit on the soale used in the determinations. I‘c‘nbonitftdiaﬂ '
following mpuﬁﬁonn ‘

1. Orade:

(a) Aw gamma sotivity of all traverses in ﬂn
outlined deposit (fig. 5) is 7.7 ratemeter waits, ,

(b) Average gemma ectivity of traverse number 1 is
13 ratemeter wmaits. caloulation, the average activity
of the deposit L8 7.7/13 times thit of treverse nusber 1.

3 (c¢) Average chemical urenium content ¢f channél samples
from traverss mumber 1 is 0,011 percent. By celculation,the
averags chemiocal uranium content of the deposit is ‘7.‘?/13
times 0.011 or 0,0065 percent ureniuvm.

(d) Thorium content averages about 7 thu the urenium
content. By calculstion the aversge thoriua u 7 vimes °c“5
or 0.045 prmt.
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2. Tonnage:

krea of 74,850 square feet at 13 cubic feet per ton = 5,600
tons per foot of aepth.

locality B. -~ At locality B (fig. 2) dark-gray quartz-feldspar-
biotite gneiss is interbanded with a lesser amount of pinkish quartz-
feldspar-biotite gneiss. Quartz-feldspar-biotite pegmatite masses and
lenses are distributed at irregular intervals. OSome of these crosscut
and others are concordant to well developed sheeting and banding in the
gneiss. The gneissic banding strikes about N. 20° E, and dips 30° - 50°
SE.

Pegmatites contain the greatest concentration of radicactive material.
Samples from this locality range from 0,002 to 0.057 percent equivalent
pranium and from 0,001 to 0,005 percent uranium. Parts of the gneiss
probably are radiocactive, but the presence of nearby highly radiocactive
pegmatite prohibits detection of the lower radioactivity of the gneiss.

In an area approximately 50 by 350 feet, it is estimated that the combined
radioactivity of the gneiss and pegmatite is indicative or rock containing
0.005 to 04020 percent equivalent uranium.

A possible radiocactive area is located half 4 mile to the north of
locality B, in a residential section of Highland Falls. No attempt was
made to explore the locality or to take samples because it is in the
front yard of a city residence. Measurements made with car traverse
iqstruments indicate that the rock contains in excess of 0,010 percent

equivalent uranium,



by BB
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Iocalities C and D, — Localities C. and D, although 2 miles

apart (fig. 2),are similar in 1itiology and rééiqactivity‘andfgfe“.\
discussed together. The rocks are massive fine-grained quartz-feldspar-
biotite gneisses, the banding of which strikes N. 35° E. and dips 250_35°SE.

Both localities are probably in the Storm King granité _/. The abnormal

_/ lowe, K. B op. cite, PL. 1, 5. . .. .. R

radiocactivity is limited to & few massive layers, 3 to 15 feet thick, énd
was traced along the strike of these layers 200-300 feet. ©pecause of this
apparent stratigraphic continuity, the radiocactive elements are believed
to be syngenetic with the enclosing metasedimentary rocks. Samples from
the radioactive lavers range from 0.006 to 0.013,percentlequivalent
uranium and from 0.003 to 0.005 percent uranium.

Conclusions: — ‘'The deposits at Localities A and B are in pegmatite

and greiss, and are of igneous or hydrothermal origin. At localities
C and D the deposits appear to be in certain stratigraphic horizons in
the gneiss, and may be of sedimentary origin, Other deposits in the
Hudson Highlands area probably are similar in origin and occurrence
and grade. The sample analyses show that most of the radioactivity is
due to thorium-bearing minerals. Pitchblende, howéver,‘has been

reported _/ near locality D.
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_/ Zodzc, Peter, Pitchblende near Peekskill, N. Y.: Rocks and
Minerals, vol. 14, pp. 350-351, 1939.

Traverse north of Bear Mountain

In addition to the Bear Mountain area the Hudson Highlands were
examined along a traverse to the north and northeast (fig.1). The
results of this traverse are shown in Table 1. According t6 Befkey

and Rice _/ complexes of the Grenville gneiss and the Canada Hill and

e

_/ Berkey, C. P. and Rice, Merion, op. cit., p. 28, hap.

............

Reservoir granites are exposed along the traverse route.

Housatonic High.ands of western Connecticut

To abnormally radioactive localitiez (fig. 1 and table 1) were
found in the Housatonic Highlands of western Connecticut. Both locali-

ties are on approximate strike with each other in an area mapped _/ as

Rice, W. N., and Gregory, H. F., The Geology of Connecticut:
Connecticut Geol. and Nat. History Survey, Bull. 6, map, 1906. -~ ~

the pre-Cambrian Becket gneiss which may be a possible correlative of

* the gneisses at Bear Mountain,
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. ™E CEVTRAL NEW ENGIAND RADIOACTIVE PROVINCE

The Central New England radioactive province extends from western
Rhode Island and central and eastern Connecticut northward through

central Massachusetts _/ into eastern Vermont and western and northern

_/ Johnson, D. H., Radioactive rocks of Massachusetts, U. S.
Geol. Survey Trace Elements Investigations Rept. 69, map in preparation.

New Hampshire. It is characierized by a relatively low and constant
content of equivalent uranium and uranium. The belt appears to follow
the general regional structure but cuts across several lithologic types.
This province is most radioactive in the area of greatest relief and
rock exposﬁre, the White Mountains of northern New Hampshire, where
most of the rocks are estimated to contain from 0.003 to 0.006 percent
equivalent uranium. Samples of radioactive rocks from the White
Mountains have a“maximum pranium content of 0.001 percent. Elsewhere
in central New England the rocks contain more widely scattered deposits

of similar equivalent uranium and uranium content. In Massachusetts _/

__/ JOhnSDn, DQ Ho’ Op. Ci'b., map'

a much denser road coverage more clearly defines the northward trend
of the radiocactive area. The most radiocactive sample collected in
Massachusetts contained 0.011 percent equivalent uranium, 0.001 percent

uranium, and 0.032 percent troraium.
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The radiocactivity of the rocks of the Central New Bngland province
is considered to be due mainly to thorium, as uranium analvses to date
have not shown more than 0.001 percent uranium.

The Central New England province is separated from the Hudson and
Housatonic Highlands, the Milton area, and the radioactive rocks of
northeastern New York by a wide north-trending belt of rocks containing
0.003 percent equivalent uranium or less. Abnormally radioactive
localities within the Central New England province are shown in figure 1
and briefly described in table 2.

The investigation of pegmatites previously reported to contain small
amounts of radiocactive minerals was not a part of the work done for this
report. The pegmatites traversed in this belt, with one exception,

showed about the same average radioactivity as the other rocks.

Conclusions

The rocks of the Central New England radioactive province are
low in uranium and the province is believed to be unfavorable for
the occurrence of commercial uranium deposits.

As calculated from the difference between the precent equivalent
uranium and percent uranium there are billions of tons of rocks in
the province that probably contain between 0.010 and 0.016 percent
thorium. The only sample assayed for thoria (No. 511, table 3),
however, contained a maximum of only 0.006 percent. As the calculated
value for this sample would be 0.016 percent thorium,the sample

presumably is out of equilibrium.



25

RADIOACTIVE AREA NEAR MILTON, VERMONT

The Milton dolomite in northwestern Vermont was found to be ab-
normally radioactive (up to 0.029 percent equivalent uranium along
U; S. Highway 7, about 23 miles north of the junction with U. S. High-
way 2 and about 3% miles southwest of Milton, Vt. All roads within
5 miles of this point were traversed by car and much of the interrocad

area was prospected on foot. The local geology _/fand distribution of

LI
vt

Jacobs, E. C., The geology of the Green Mountains of northern
Vermont: Vermont State Geologist 21st Rept. p.8, pl 2, 1938.

g

Y R

radioactive rocks are shown on figure 7.

Geology

"The Milton dolomite is within a structural division of the rocks

of northwestern Vermont known as the Central Sequence _/. The Central

_/ Keith, Arthur, Cambrian succession of northwestern Verﬁont:‘a
Am. Jour. Sci., 5th ser., vol. 5, no. 26, pp. 106~126, 1923.

> Stratigraphy and structure of northwestern
Vermont : thhlngton Acad. Sci. Jour., vol. 22, pp. 369-379, 1932.

Schuchert, Charles, Cambrian and Ordovician of northwestern
Vermont: Geol. Soc. America Bull., vol. 48, no. 7, pp. 1001-1057, 1937.

Sequence is a narrow belt of formations extending from Snake Mountain,

5 miles west of Middlebury, Vit., north to the Canadian border. These
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FIG. 7 RADIOACTIVE ROCKS NEAR MILTON, VERMONT
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formations strike northward between the Champlain thrust fault and the
Border Mountain fault. The strata are Cambrian and Ordovician dolomites
and slates that have overfidden one another because of the eastward
movement of the Green Mountain massif. |

Ihe abnormally radioactive 16calities afe in the Milton dolomite
between Checkerberry Village and a point'half a mile south-southwest

of Cobble Hill (fig. 7). Keitk _/ describes the Milton dolomite of

_/ ZKeith, Arthur, op. cit., pp. 113-114, 1923.

this area as follows: "The frrmation consists almost entirely of
massive dolomite both fine-m and ccarse—grained. M~st of the beds
are thick (from 1 to 5 feet), especially in *he lower part of the
formation "nd as a rule the bedding is difficult to determine... A
pecularity of the Milton is its considerable content of black chert.
This forms small, irregular patches and pockets much broken during
rock movements, and is wvery seldom “found in layers. This chert
weathers out in black spots which readily catch the eye... Another
pecularity of this dolomite is its large content of dolomitic
conglomerate.® Thz thickness of the kirzlton dolomite in this area
nas been given by Keith as 700 feet; Schuchert _/, however, thinks

that it may be much less.

_/ Schuchert, Charles, op. cit., p. 1046, 1937.
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Radioactivity

The abnormal raaioactivity is directly associated with some black
chert~like inclusions in intraformational breccias in sandy dolomité.
Sample analyses show & maximum uranium content of 0,018 p=zrcent. Two
types of inclusions have been recogn@zed, one of which is radiocactive.
The radioactive inclusions are blackfcalcareous clay galls and fragments
that are syngenetic. They protrude from the weathered surface of the
dolomite and have the appearance of chert. Upon treatment with hydro-
chloric acid, 4 parts water to 1 part acid, these fragments crumble to
a black spongy mass, and a thin film of oil is formed. The nonradio-
active inclusions that were tested are actual fragments of black chert.
Upon treatment with hydrochloric acid, the chert fragments become porous
but remain hard, and no oil film is formed. Much of the rock &t locality
E (fig. 7) is covered with a phosphate bloom, which seems to be more
profuse where the radioactivity is greatest. Phosphate bloom was not
noticed at the other localities, but the samples from locality A
(fig, 7) contain as much as 7.19 percent Péo5,

Although soil cover masks much of the radiocactive zone, the radio-
activé chert—like clay galls in the intraformational breccia apparently
are confined to a distinct stratum or to strata of similar age. The
thickness of such a stratum, or strata, was not apparent except in
the stream bed at locality B (fig. 7) where the radioactive treccia had a
stratigraphic thickness of about 3 feet. Elsewhere,abnormally radio- -
active outcrops and soil are present as patches, 10 to 50 feet across,

thaﬁ may be isolated from one another by distances of several hundred
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yards. Other such patches may occur within 25 to 50 feet of each other
and f&m a belt of distinct linearity. ‘On‘fe such belt, at locality B, is
about 1,000 feet long and 50 feet wide., The longer dimension is parallel
to the general strike of the Milton dolomite.f The wideness of this belt
at this locality presumably is the result of the low angle of dip of the
dolomite rather than its thickness.

The manner in which the radioactive elements are combined with other
elements in the rock is not known. Alpha ;adiographs of thin sections of
the most. radicactive samples made by the Geological Survey Laboratory. show
that there ere no «pparent centers of radioactive concentrations and
that the amount of radioactivity is varisble throughout the radiogctivq
rock. The fact that the radioactive material apparently has a wide areal
and narrow stratigraphic distribution and is disseminated in its immediate
host) rock suggests that the radioactivity is a feature of the original
sediments. This association of abnormal radioactivity with black
chert-like petroliferous calcareous clay galls and phosphate in intra-
formational breccia suggests that the radiocactive material may have been
concentratéd there Qlong with the phosphate, sand grains, and dolomite
fragments as a residue during erosion of the underlying sandy dolomites.
If this is true, then other intraformational breccias and disconformities
which are characteristic of the Central Sequence also should be examined for
abnormal radioactivity.

Chemical a.nalyse.s‘ of the more radioactive samples (table 3, Vermont
samples) indicate that urenium accounts for about two-thirds of the
radioactivity. The remainder of the agtiv}ﬁy is, by inference,

attributable to thorium and potassium.
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Description of localities

Locality A

An abnormally radioactive zone of soil and float extends for about
20 feet along U. S, Highway 7, near the center of a patch of woodland
on the east side of the road at locality A (fig. 7). This zone is
2,2 miles north of the junction of U, S, Highways 2 and 17, Radio-
active soils and rocks also are distributed irregularly throughout the
woodland., Samples of dolomite with black chert-like fragments from this
locality contained from 0,002 to 0.020 percent equivalent uranium (table
3, samples 506-~509), The most raditactive sample contains 0,018 percent
uranium, Phosphate analyses made oh these samples indicate that there

may be direct relationship between the uranium and phosphate contents,
Locality B

The roadside soil is abnormally radioative at locality B, about
0.3 mile northeast of locality A, along a lane that extends east from
U. S. Highway 7 (fig. 7). The outcrops in the bed of an intermittent
stream are radioactive for a distance of approximately 300 feet south
of this point, Beveral places on the hilltop east of the stream also
are abnormally radioactive. A few scattered crystals of purple
fluorite were noted. Samples of black chert-like material, dolomite
with intraformational black chert-like breccia, and dolomiteimitih
black cheri=like breccia and inclusions of fluorite; contain firom
0.001 to 0,020 percent equivalent uranium and from 0,000 to 0,018

percent uranium (table 3, samples 51681iw:B1SE).
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Localities C and D

-‘Locality C (fig, 7) is defined by an abnormelly radioactive
soil gone approximately 0.4 miles SOuth-scutheast‘ofrlocality B
near a clump of small trees 200 yards south of a barn. A small out-
crop 300 feet farther south also is radioactive. ‘Localitj‘D consists
of three areas of abnormally radiocactive soils at 150, 300, and 600
feet north of the lane at locality B. No samples were taken at
localities C and D and the estimated radiocactivity is of the same

magnitude as at the other localities.
Locality B

Badioactive rocks crop out about half a mile 8.1756 W. of the
top of Cobble Hill, The geology at this locality has been described

by Schuchert _f. Much of the bedrock is coated by a phosphate bloom.

_/ Schuchert, Charles, op. cit., pp. 1057-1058,

Grab samples of dolomite with black chert-like intraformational
breccia from this locality contain as mich as 0,015 percent equivalent
uranium and 0.009 percent uranium (table 3, samples 513, 514, 519,

and 520).
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Conclusions

Black petroliferous phosphatic calcarous clay galls in an intra-
formational breccia in the Milton dolomite southwest of Milton, Vit.
contain up to 0,018 percent uranium. The manner of occurrence and
the areal distribution of the uranium in the breccia is indicative
of syngenetic deposition, The deposits, as they are now known, are

too small and spotty to be of economic importance,
CONCLUSIONS

The radicactive rocks of the New England States investigated
occur in thres distinct radioactive areas. These have been desig-
nated as the Hudson and Housatonic Highlands province (southeastern
New York and western Connecticut), the Central New England province
(parts of Vermont, New Hampshire, Méssachusgtts, Connecticut, and
Rhode Island), and an area near Milton, Vt. Within these provinces
many types of rocks are abnormally radioactive; in adjacent areas,
similar rocks are essentially nonradioactive.

The radioactive provinces are characterized by the following
relations:

1. The dominant radiocactive element varies from province to
province., In the Hudson and Housatonic Highlands, the
radiocactivity is caused by both thorium and uranium; the
ratio of thorium to uranium is highly variable, but in
general thorium is predominant., In the Central New Eng-
land province, the radioactivity probably is caused largely
by thorium; at the Milton, Vt., area, uranium is the domi-

nant radiocactive element.



24 fhe range in intensity of ﬁgéioactivity differs between
provinces. In the Hud§§n,apd'ﬁpﬁ;atonic Highlands,the
range of radiosctivity is from 0.001 to 0,240 P:e%cent
egﬁivalent uranium, In*thé:central New Enélang province,
‘the range is from 0,003 to 0,006 ‘percent equivalent uran-
.igmo )

3e JTge concentration of the radicactive materials differs be-
tween provinces, In the Hudson and Housatonic Highlands,
most of th~ rocks contain about 0,002 percent equivalgnt
uranium, and only a fraction of one percent of the rocks |
contains high radiocactivity. In the Central New England
province, the radioactivity of most of the rocks ranges from
0.003 to 0,006 percent equivalent uranium.

4e The type of rock that is most radiocactive in one,prcvincé
is different from the type that is the most radioactive in
another., In the Hudson and Housatonic Highlands,pegmatites
tend to bé highly radioactive, .In the Central New England
province, the pegmatites tend to h;ve about the same amount

of radioactivity as the surrounding rocks,
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