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Anomalous uranium and thorium associated. with a-gfapitic
>facie§ of the Bottie-Lake Quartz Monzonite,
. Tomah Mountain area, eastern Maine
by James K. Otton,‘Gary A. Nowlan;

and Walter H. Ficklin

Abstract

Rocks agd stfeam-sedimehts from thefTomah Mountain\érea in eastern Maine
‘contain anomalous concentrafions of urénium and thdrium that appear to be
IAreléted—to,the'Topsfield.granitic_faciéé, anlinformally named part of the
‘Bottle Lake Quartz Monzonite. - The“Topsfiéld:iS a muscovite-bearing, biotite-
~hornblendé granite of Devonian age. It has intruded Silurian metasédimentary'
rocks in-the study area.  Pyrite is present and molybdenite has been observed
in altered granite near shear zonmes.

Uranium and thorium data for rock samples show that uranium is relatiﬁely
‘independent of thorium and that Th/U ranges.from'l.S to 4.8. Altered
.molybdenite—bearing‘graﬁite shows a substantial.loSs_of'uranium and thorium.
The uranium and tﬁorium contents of stream sediments, which are closely
related to the underlying rock type, are low over metasediﬁeﬂtary rocks and
-high over granite. :Uranium doeé not appea;Ato'migrateAfar'in thefsufficial
environment, an inference supported by the unusﬁally low uranium contént of
stream waters. |

Although thé.Iépsfield.doés not fit into tﬁe uraniferous tw0fmica granité
.. group known‘regionally,»thé evidénce:fdr:iabile'uranium; molybdenum
en:ichment, énd hydrofhermal'alteratibn suggesté that the graﬁiﬁe-is,favorable
3~fpr U-Mo vein or»contacﬁfhetésoma;ic deposits. in Ehe‘granité or its §ureo1e. :

Thé,pecrOIOgic(and geochemical data  suggest an affinity to uranium- and
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molybdenum-enriched calc-alkalic granites,'such as the Devonian Catheart

pluton, Katahdin Quartz Mpnzonite, and Debouillie pluton elsewhere in Maipe.

Introdﬁctionb

The granitic rocks of Maine, because of their rather common enrichment in
various metals, haQé long attracted the attention of explorafionists.
Copper-molybdenum, moiybdenum,-mplybdenum—uranium, and uranium enrichment has
beenwnoted‘in‘manyaplutons'throughout Maine and much work has‘been directed
toward understanding';he age and geochemistry of thesé-granitgs (E. Boudette,
oral cémmdn., 1980). In a regional streéﬁ—sediment geochemis;ry'study éf
eastern Maine, Post and others (1967),noted'anomalousWamoﬁnts of molybdenum,
. tungsten, arsenic, bismuth, and antimony‘in-the Tomah Mouﬂtain afea. Later,
Nowlan and ReSSiﬁ-(1972)»confirmed-the presence of anomalous molybdenum in
three drainages and in soils in the Tomah Mountain area. They also repofted
the occurrence of molybdenite in some gfanite outcrops. | | )

Because of the common association‘of~uranium with molybdenum,and'tungsten
‘and of the interest'in uranium in the granitic terranes of‘ﬁew.England, an
investiga;ioh‘&és madé of the distribﬁtion-of-uraniﬁm, thorium, and radon in

‘the'rocks,‘stream'sediments, and. waters of that area.

Geologic setting

In*tﬁe'Tomah‘Mountéin area (fig. 1), Silu#ian métaﬁorphic-rocks,,mostly
metasiltstone,.impure quartzite, and‘slaté, have been intruded by the Devonian
Iopsfield_granitic fécies, an informally named part of_;hé Bottle Lake Quartz
Monzonite-(Lar?abge and others, 1965). The Topsfield is a medium- to coarse-
grained, pinkish—red.granitg compoSgd éf microcline, quartz, and plagioclase
with ‘minor pﬁsco?ite;“biotite, anﬁ*hornblendef5“8phene and pyrite are present
'locally;v<A ééntécf-métamorphic aureolé-genefallyAleSSpthan 1.2 km wide

'surrounds;the"pluton; A rusty quartz or quartz-pyrite stockwork is common in
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© . Outcrops ofsthe_metasedimepﬁary rocks. ' Near shear z§nes in the meta-

. sedimeptary rocks,lsilicification, pyritization, iron-oxide films on éleavage
surfaces, and bleaching are common. Sparse molybdenite has been observed in
some granitic roéks (Nowlan and Hessin, 1972).

The presence of biotite and hornbleﬁde, sphene, and a contact-metamorphic
aureole suggests that the Topsfield is a calc-alkalic granite. The 372-m.y.
K%Ar age reported by Faul and others (1963) suggests that it is of Acadian
age. . Calc-alkalic granites in Maine often have copper, molybdenum, and(or)

! .. uranium. associated"with them (E. Boudette, oral .commun., 1980).
| . | : A Sampling and analysis
. Stream sediments collected ih theAs;udyﬂarea»werevgenerally rich in silt,

usually from beneath or beside boulders.  Samples were collected at 43 sites,

and multiple samples were taken at eight of those siﬁes~‘ The -0.25-mm
fraction‘was analyzed for Mo, As, Mn, Fe, and Cu by Nowlan and Hessin
(1972). The unused part of the samples wasbretrieved for the preseﬁt study.
Rock samples were taken .from outcrops in the study area and were prepared by
crushing and grihdihg. For'tﬁis study, splits of nine of the originél stream-.
sediment sampies and all of thehrock samples were submitted»to the Branch of
Analytical-Labofatories fqr analysis by delayed-neutron éctivation. Loss on
~-ignition was aléO;dgtermined for'the'seﬂiment samples.
Wéter éamples'ﬁefe»COIIected by Cary.Nowlantin.the<late summer of 1978
' during a period of_low #atér flow. Most s;mpleéjwefe taken from a flowing
'stream, But.oﬁe was taken from a'spring inrbedrock.. At each site, one sample
was filtered and acidified fér,traée-metal analyses; a second, untreated
. sample was uséd‘fof’méjorvspeties; pH,‘and.specific_conductanCe énalyses; and
a third sample wasAﬁléced in glass bottles with tight caps for radon

' determinétions.




Analytical techniques are summarized in table 4.

Uranium-in stream sediments

JSampleadata;aré_éhown in table 1, and locations are given on figure 1.
The uranium content of thg nine stream—sediment samples from the Tomah
Mountain-area;ranges from 11.4 to 57.5 ppm. The uranium content of samples
taken from streams where they flowed over the granite was two to five times
‘higher than that of the ‘streams bver the metasedimentary rocks. The
correlations,between-urénium"and manganese (+0.29), uranium and iron (-0.18),
and uranium and organic matter (-0.06), eéstimated by loss. on ignitioﬁ, are not -
statistically,significant,at-the 95-percent‘1ev¢l on therbasis,of<nine
samples.

Owing'tq limitations inherent in thevradioﬁetrics, ﬁhgrium analyses by
delayed—éeutron techniques aré noﬁ considered reliable where U/Th >1. The

data are reported in table. l, but no further comment can be made regarding

their significance.

Uranium.and thorium in- rocks
Uranium contentzof'graﬁite saﬁples from'tﬁe area rangéd from 4.4 to 12.0

ppm and averaged ‘8.1 fpm'(table 2). Tw§.samples of altered molybdenite-

beériné granite contained 3.5 and 2.7 ppm "uranium. " A sample of aplite
“contained 5.4 ppm uranium. deur samples of metémorphic rocké ranged from 2.6
ﬂto 3.5 ﬁpm uranium. |

.lTﬁorium?content'f§r~the~granite sampleénfanged from 12.2 to 82.9-ppﬁ, but

“‘most samples vere between'ZO‘and,3O ppm. The altered granite samples |
. contained 4.9 and 5.6 ppm thérium;Aaplite; 8.7 ppm; and the metamorphic rocks,

- 6.0 tp;iO.Z,ppm.':Ihe thorium~to~uranium ratio averaged about 3.5.
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i Table.l.;—Uranium, thoriuml.loss on ignition in stream sediments
1 : 1 i 2
; _ Sample PPm’ ppm y4 Underlying
\ site u Th LOIL rock type
i -9 - 47.8 20.2 31 Granite
‘ 18 li.é | 9.3 45 Metamorphic
[ . 123 141 . 40 - Metamorphic
j o 24a 12,1 10.6- 25 ~ Metamorphic
| ' 24b 16.8 3.1 . 35 Hetamorphic
J 29 15.8 S .6.4 27 ﬁetamorphic
J 35 564.1 26.1 . 45  Granite
| 36 343 15.4 19 Granite
38 - 57.5 : .20f8 28 Granite—metamorphic contact

lAnalyses by H. Millard, R. Knight, A. Bartel, J. Hemming, R. White,
" R. Vinnola, and E. Brandt. Thorium data cannot be considered reliable where
U/Th >1.

2Analysésfby W. Ficklin.




vfable Z,f-Urénium and thqtium in rocks -

[All data in ppm. Analyses by H. T. Millard, Jr.,

C. M. Ellis, 'and. V. Co Smith] :

. 938

- Sample nd}:“v:"U‘ Th : Sample no; U Th
Grénite

363 ©8.2 33.4 949 10.7. - 3L.5
364 5. 21.6 953 - 8.2  26.0
366 9.4 22.7 '>954 10.3 . 30.0
873 7.9 82.9 879 7.1 28.8
876 7.8 28.2 887 5.9 2309
877 8.9  22.2 - 892 8.9 27.7
883 12.0  21.8 893 7.3 25.6
886 buh 1202 946 6.9 23.4
891 7.0 27.3 947 7.7 .29.8
936 9.7 29.5 . 948 9.9 . 24.6

Altered granite with molybdenite - rlAplite
- 840 3.5 4.9, : 367 : 5.4 8.7
2.7 5.6
Metaﬁorphic rock S

‘§amp1evno.tU <R6ck.type | U Th .

480 . Quartzite 3.2 7.8

852 ‘Metasiltstone . . .- ' 5.2" 6.0
'~;9qo"' i Megaéiltstone 2.6 8.0
908 - ’-ﬁeﬁasiltstd§é -v 355 10,7




A plot‘ofvthoriuﬁ versus uranium in rocks (fig. 2) suggests that uranium
eontent,is largely independent of thorium content. The.Th/U ranged from 1.8
to 4.8 in the group. of samples with thorium content between 21 and 33 ppm. .
Only two samples differ from this trend. Uranium and thorium probably are in
different sites within the granite and uraniem.may possibly be in the more
labile sites. The low thorium and uranium content .of two samples of‘aitered
granite with molybdenite suggests: that both uranium and thorium may have moved

during hydrothermal alteration.

Radoﬁ, uranium, and,otﬁer speciee in water

Radon values showed wide variability in the watere-sampled;<however,
waters from sites underlain by granite or.just downstream from the‘granite-
metamorphic rock contact showed higher to muchvhigher radon content than
waters from sites distant fro; the contact (table 3,:fig.,l). A spring sample
- from the granitic terrane in the western part of-the»area~contains-13,000
picocuries/liter. A stream semple taken a few hundred meters downstream from
Butcher Lake.contained.very little :adon-(15.6'pidocuries/lite:). The radon
content of waters in the area allﬂappeets high when comparea»to the data of
Dyck and others (1971) for a uraniuh area in Saskatehewan, Canada. That area
iﬁ Saskatchewan;thdweve:; was largely a sedimentary tefrane with low levels of
background uranium and radon. - In that area the‘uraﬁium'deposits contributed
"significantly‘tofradon levels in waters.- In Maine, most granitic terranes
eppear to'havé-very‘high radon leveis.in gfouﬁd‘waters. Average ground waters
in granitié¢ terranes eentain"22,100'pie0curieslliter. The nearbj Meddybemps
granite pluton aVerages'alﬁost‘ho,OOO piqoeﬁrieslliter.in six water wells
'(HeSS~and others, 1979). Use of radon as en exbloration tool for uraﬁium in
granitic terranes in Maine is likely to.be hampered by the very high radon

contents (as much as 300 000 picocuries/liter) but radon perhaps could be
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"[Radon analyses by W. H. Ficklin, D. J. Preston, A. R. Stanley, and J. B. McHugh. Analyses for radon, S10,”~, S0, €17, HCO, FT, pH
and spectfic conductance were done on untreated waters. Other analyses were performed on water filtered thirough a 0.45 m f?lter

and .
then acidlfied to .about pH2 with concentrated HNO3 ---not determined)

éamplé Saﬁpze © * Radon - 31qi - 80,7 1 . nco3 F-. - Spec. conduct. .Cu Zn | Mo  As v Na Co N
1"sité‘ ﬁypé “plcocuries/% .ngll “mg/L  mg/t ‘mg/ L :mg/i_ puz 'umhos/cm . "g/E, By WBsy MByp VB, “g/l MBry VB
125 Stream 88 27 0.20 10 0.2 6.7 30 <10 2.1 1.9 5.6 <0.2 L9 <1.0 <L.0
1257 sﬁ;eam 58 8 2.0 002 12 0.05 6.6 | 30 1.0 3.7 1.1 10, <0.2 1.6 <1.0 1.0
338 >>S€ep : I - UG SV - — P
1258 Stream & ——- 8 2.9 041 9 0.07 6.9 27 .00 L9 <O 4,1 <0.2 L7 <1.D <1.0
1259 . 'éprfng" 13,000 “ .8 4.4 10.90 "fa 0.25 6.1 24 . <LO0 6.2 1.0 <}.b ;6.2 2.0 <1.6"<1.Q
_tzéo " Stream _A'97 .8 "4.1_ - 0.77. 2 0.15 6.4 20 <1.0 1.2 <1.0 <1.0 <0.2 1.6 <1.0 <1.0
1261 SQr;Qm - g 3.7, 049 5 —0.12 6.5 25 Q1.0 2.8 <1.0 <1.0 <0.2 1.7 <1.0 <1.0
1262 Screaw 356 8 2.5 0.29 5 0.13 6.3 25 QL0 L4 <O LS <0.2 L8 <10 <10
1263 Stream _;"‘ WS 6 L8 0.3 8 0.13 6.5 2 <10 L7 <10 <10 <0.2 1.6 <1.0 <1.0

364 .iStream ,,;' 487 -. -— l';--:_ D mmmm mem e e

363 VScreamr 15.6- === mm= ¢ mmem mme e




used to assess rélatiye favorability fof'uranium of tHe-vé:ious.granites.

Uranium-concenﬁrations in the Vate:svsampled wefe uniformly,belbw
detectioﬁ-limits (O;Z“Ig/ ).. Water samples from the_graﬁitic terrane appear
to be high iﬁ 304—- and F~ content'whereaS’those distant from the grénité-were
' sligh;lythigbe; in specifiévconductivity,ﬁpﬂ,VCl-, and As. Trace-metal |
concentrations were generally low.

‘Discussién 
~ The réék;geochemicéi'd;tévéuggest.that the'TopSfiéld'facies has a

somewhaﬁ high ufanium'contenf‘that éveraées at least 8 ppm. The widé
variation in Th/U over a»festrictéd thorium content suggests:thatisome uranium
loss ﬁay have 6ccurréd 10cally.. Substahtialvamounts“of uranium appear.tq be
'entefing.the-sﬁrficial environmént.frOm the granite'becéuse thé'uranium
content of - stream sédiménts over the'grani£e is 'unusually high.. Ihe low
uranium aﬁd thorium contenﬁ‘in altered,4m§lybdenite—bearing‘é:anite suggests
that these elements wére mobile during‘hydrothermal alteration of the rock.

fhe Topéfield facies fo be part of the Acadian calealkaiic suite of
granites;known‘throughout much of:New'Engiand, It does not fit the
characteristics of uraniférous two-mica;graniteé (Boudette, 1977), which are a
favored uranium exploration targéf.invMaine. »The’uranium-molybdenum |
~ass§ciatiog appérent in thé,Topsfield suggests that it may be similar to other
_calc—alkaiic piutoﬁs thafvare enriched in CQ,-Mo, an@(or)‘U suéh as the-
Katahdin'Qﬁaf:z Monzpnite, Ca;heart.én& ﬁéboqillie}plutons‘(ﬁ; Boudette, oral
commun., 1980). - Miller '(1986) has. noted that highly differentiated members of
the biotite;ﬁornblende‘granife‘sgite»ih eastern ﬁashingtbnvand northern Idaho
appear_fo bé'?hé‘ﬁraniferous g:ahites rafﬁef‘tﬂan;the.two-mica granites.
| ‘:_Thé p:esehcé of'muséovitg in the Topsfiéld ﬁéy.suggesﬁ aifferentiation or

late-stage deuteric alteration. The presence of molybdenite in altered

11



granite, abundant shear zones, rusty quaftz or quartz-pyrite stockwork, and
elevated uranium‘contents in rocks. and stream sedimentg suggests some
favorability for Mo-U vein or contact metasomatic mineralizatiom.

The high radon content in stream waters, the high uranium content in
stream sediments, and the unusually iow uranium content in stream waters
suggest a model for the movement of uranium in the environment. Uranium
leached from underlying country rock appears to be essentially completely
removed from shrfaée waters by some media in the sediment. The most likély
mechanism is adsorption by iron or manganese hydroxides. Langmuir (1977, fig.
22) éhows that uranium is.essentially adsorbed by amoréhous ferric
oxyhydroxides in the pH range (6 to 7) for waters in these streéms. Radon
tends to persist in the waters until mixing with air removes it, until other
surface or groﬁnd waters dilpte it, or until it decays to other species.
Mixing by wave action and the long residence time in the lake may explain the
unusually low radon content in stream waters draining Butcher Lake (Dyck and

‘others, 1971).

12



Instrument or reference

Cpnstituent Method
Solid
U, Th Delayed neutron analysis Millard, (1976).

‘Loss on ignition
Waters

Radon

Silica

Sulfate
Chloride
Bicarbonate

Fluoride

pH

Muffle furnace at 500°

Instrumental

Molybdate blue

Ion chromatography
.turbidimetric

‘Gran’s plot titration
with silver nitrate

Gran’s plot titration
with sulfuric acid

Yon chromatography

Instrumental

Specific conductance Instrumental

Copper

Zinc
'Molybéenum'
Arsenic
Uranium

Sodium -

Cobalt .

‘Nickel

Flameless atomic
absorption spectro-
photometry
© do.

.do.
do.

- Fluorometric

.-, Flameless atomic absorp-

tion spectrophotometry
: 'dO. ’

do.

Raddn.detector, model RD-200
E.D.A. Electronics, Ltd.

Brown, Skougstad, and
Fishman (1970, p. 138- .

Smee. and Hall (1978).

.do.

Orion Research, Inc. (1978,
p. 6). '

. Smee and Hall (1978).

Miller and Ficklin (1976).

do.
do.

Arusgavage (1977).

"Ward-and 3ondar (1977).

- Brown, Skougstad, and

Fishman (1970, p. 143).
W. Ficklin (unpublished).

do..
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