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ABSTRACT

A stream-sediment geochemical survey of terrain underlain by the Upper Ordovician Attean quartz monzonite
in the Jackman area of west-central Maine was undertaken in order to identify potentially favorable areas for
mineral deposits in addition to the known occurrences of base-metal veins and copper-molybdenum porphyries.
The known occurrences of mineralization in the study area are at Catheart Mountain (Cu-Mo porphyry), west Sally
Mountain (Cu-Mo porphyry), east Sally Mountain (disseminated chalcopyrite in metasedimentary rocks that
unconformably overlie granite; minor galena in quartz veins), Pyrite Creek (quartz veins with minor galena,
sphalerite, and chalcopyrite), and Bean Brook Mountain (minor sphalerite, galena, and chalcopyrite in felsite dikes
and quartz veins in arkosic metasedimentary rocks that unconformably overlie granite). The studies show that the
anomalies associated with the known mineralized rock extend beyond the immediate vicinity of the showings, and
the intensity of the anomalies is greater than can be explained by the amount of known mineralized rock. Areas
near Catheart Mountain and Sally Mountain appear to be favorable for the existence of additional copper-molyb-
denum porphyry deposits. The geochemistry of stream sediments and the geology at the unconformity between
Ordovician granitic rocks and overlying metasedimentary rocks warrant further studies into the possible existence
of sandstone Pb deposits. An areal relationship between faults and stream-sediment geochemical anomalies suggests

that undiscovered structurally controlled vein deposits may exist.

INTRODUCTION

Several occurrences of sulfides associated with Ordovician
granitic rocks were discovered in the early 1960’s near Jackman,
Maine, as a result of stream-sediment geochemical surveys. The
Attean area was included in an earlier stream-sediment
geochemical survey of west-central Maine (Post and Hite, 1964;
Chaffee et al., 1972). The present study was undertaken in order
to areally define the extent of anomalies associated with those
mineralized areas and to locate other possible anomalies.
Samples were collected from 1978 to 1982. In 1979 the study
was integrated with investigations of the Sherbrooke and Lewis-
ton 1° by 2° quadrangles (Fig. 1) as part of the Conterminous
United States Mineral Assessment Program (CUSMAP) of the
U.S. Geological Survey (Curtin, 1985).

DESCRIPTION OF STUDY AREA

The Attean study area comprises about 430 square miles in
west-central Somerset and northern Franklin Counties (Fig. 1).
Access to most of the study area is by private logging roads that
branch from U.S. Route 201 north and south of Jackman; the
southwestern part of the area is reached by private logging roads
from Maine Route 27 north of Stratton. The Attean area, in
general, is mountainous, with peaks as high as 3,718 ft (Coburn
Mountain) and an average relief of 500-1,000 ft.

Excellent descriptions of the geomorphology and surficial
geology of the Attean quadrangle are given by Albee and
Boudette (1972), and much of that information applies to the
entire Attean study area. Pleistocene glaciation resulted in a
blanket of till over the study area, ranging in thickness from a
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few inches to as much as 90 ft. Albee and Boudette (1972)
estimate that 80 percent of the Attean quadrangle is covered by
till. Glacial outwash deposits, alluvial deposits, and bog deposits
cover much of the remaining 20 percent of the land surface.
Additional information on the surficial geology of the area can
be found in maps by Caldwell and Hanson (1976a,b,c,d) and
Caldwell et al. (1976).

Bedrock Geology

The bedrock geologic map (Fig. 2) was modified from a
preliminary geologic map of the Sherbrooke and Lewiston 1° by
2° quadrangles (Moench, 1984). In addition, geologic data were
obtained for the Skinner area from Goldsmith (1985), for the
Pierce Pond quadrangle from Boone (1985), for portions of the
Spencer Lake quadrangle from Burroughs (1979), and for the
Catheart Mountain pluton from Schmidt (1974).

The oldest rock unit in the study area is the Middle(?)
Proterozoic Chain Lakes massif (Yc on Fig. 2), which consists
of massive to poorly stratified diamictite. Most of the Attean
area is underlain by the Upper Ordovician Attean quartz mon-
zonite (Oa on Fig. 2) of the Highlandcroft Plutonic Suite (Lyons
etal., 1986). The largest mass of Attean quartz monzonite (300
miz) is the Attean pluton, which is actually hornblende-biotite
granite (Moench, 1984; nomenclature of Streckeisen, 1976).
South of Little Big Wood Pond, rocks of the Attean pluton are
described as mottled pink and green, medium- to coarse-grained
porphyritic rock characterized by large phenocrysts of potassium
feldspar (Albee and Boudette, 1972). North and west of Little
Big Wood Pond, rocks of the Attean pluton are highly altered and
locally have a cataclastic schistosity; fresh surfaces are green and
large potassium feldspar phenocrysts are only locally prominent
(Albee and Boudette, 1972). A smaller mass of Attean quartz
monzonite, the Skinner pluton (25 mi®), is hornblende-biotite
granite to granodiorite (Moench, 1984; Goldsmith, 1985).
Rocks of the Skinner pluton are similar to the larger part of the
Attean pluton which crops out south of Little Big Wood Pond,
but are less porphyritic and locally contain less potassium
feldspar (R. H. Moench, unpub. data, 1986). The Skinner pluton
is probably a satellite body of the Attean pluton and is barely
unroofed, as interpreted from the map outline (Goldsmith, 1985).
The Skinner pluton and the west side of the Attean pluton intrude
the Middle(?) Proterozoic Chain Lakes massif.

Aplitic granite and quartz porphyry dikes are apparently
common in the Attean quartz monzonite (Albee and Boudette,
1972; Schmidt, 1978; Goldsmith, 1985). Similar rock types
occur as small plutons within the Attean quartz monzonite at
Catheart Mountain (Schmidt, 1974) and Sally Mountain (Albee
and Boudette, 1972) (Oc on Fig. 2). The granite of the Catheart
Mountain pluton has a uniformly medium-fine texture that con-
trasts with the coarser, porphyritic granite of the Attean pluton.
Granites of the Attean pluton and Catheart Mountain pluton are
chemically and modally similar (Schmidt, 1974, Table 1;
Nowlan, 1976b, Table 3). Isotopic data (Lyons et al., 1986) and
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the field relationships between rocks of the Attean pluton and the
bodies of aplitic granite, medium-fine granite, and quartz por-
phyry at Catheart Mountain and Sally Mountain suggest that the
smaller bodies have intruded the Attean pluton (Albee and
Boudette, 1972; R. H. Moench, unpub. data, 1986).

The northeast, east, and southeast margins of the Attean
pluton are unconformably overlain by Silurian and Devonian
metasiltstone, metasandstone, and metaconglomerate (Pzls on
Fig. 2), with minor Ordovician volcanic rocks (Pzlv on Fig. 2),
Silurian calcareous rocks (DSc on Fig. 2), and Devonian lime-
stone (DSc on Fig. 2). The Attean pluton is in fault contact with
Silurian calcareous metasedimentary rocks (DSc on Fig. 2) at the
southern end of the pluton and Devonian siliciclastic
metasedimentary rocks (Pzls on Fig. 2) at the northern end. A
Lower or Middle Devonian pluton, the Hog Island granodiorite
(Dh on Fig. 2), intrudes the north margin of the Attean pluton
south of Jackman.

Rocks of the area were metamorphosed to chlorite grade at
the time of the Acadian orogeny (Albee and Boudette, 1972).
The study area is crossed by the northeast-oriented Boundary
Mountains anticlinorium (Albee and Boudette, 1972).

Mineralized Areas

Within the study area, mineralized rock occurs at Catheart
Mountain (Cu-Mo), Sally Mountain (Cu-Pb and Cu-Mo), Pyrite
Creek (Pb-Cu-Zn), and Bean Brook Mountain (Zn-Pb-Cu) (Fig.
2). Exploration based on studies of stream-sediment
geochemistry led directly to the discovery of these five prospects
(Canney and Post, 1964; Post and Hite, 1964; Delaney, 1968;
Young, 1968).

The Catheart Mountain deposit at the western end of
Catheart Mountain is described as a Cu-Mo porphyry deposit
associated with breccia zones in granite of the Catheart Moun-
tain pluton (Young, 1968; Schmidt, 1974, 1978; Atkinson, 1977).
Alteration zones similar to those in other porphyry deposits are
present (Schmidt, 1974). Chalcopyrite and molybdenite are the
principal ore minerals. The deposit contains an estimated 20-25
million metric tons of mineralized rock with an average grade of
about 0.25 percent Cu and 0.04 percent Mo (F. C. Canney, pers.
commun., 1987). The land surface is generally well drained.

Mineralized rock is present at two sites on Sally Mountain,
a 5-mile-long, east-west-trending ridge (Fig. 2). Industry-spon-
sored exploration led to the discovery of sparse chalcopyrite and
pyrite at east Sally Mountain at the unconformity between the
Attean quartz monzonite and the overlying Silurian
metaconglomerate, but few details are available. The
mineralization probably occurred after the formation of the
unconformity (F. C. Canney, pers. commun., 1987). In addition,
sparse galena in a quartz vein was discovered in the
metasedimentary rocks within about 100 ft of the unconformity
(F. C. Canney, pers. commun., 1987). At west Sally Mountain,
chalcopyrite and molybdenite occur disseminated and in quartz
veins associated with shear zones in quartz porphyry of the Sally
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114

G. A. Nowlan

5 mi

10 km

Mountain %

P
/ Db
7
Begh
o Brdg
o Mountain

Mountain”

Yc

King and
Bartlett Lake

& Pzlv

MAP SYMBOLS
——— Contact

Fault

X Prospect or mineral occurrence

Figure 2. Generalized bedrock geologic map of terrain underlain by the Attean quartz monzonite and nearby geologic units, Somerset
and Franklin Counties, Maine. Geology modified from Moench (1984), Boone (1985), Goldsmith (1985), Burroughs (1979), and
Schmidt (1974).
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INTRUSIVE ROCKS

Dh | Hog Island granodiorite (Middle or Lower Devonian)--Homblende- biotite granodiorite

Db Diabase sill at Bean Brook Mountain (Devonian)

/9]

Dg Intrusive garnet rhyolite at Coburn Mountain (Devonian)

I
Oc | Aplitic granite and quartz porphyry at Catheart Mountain and Sally Mountain (Upper Ordovician)

Oa | Attean quartz monzonite (Upper Ordovician)--Homblende-biotite granite (Attean pluton) and homblende-biotite granite to
granodiorite (Skinner pluton)

STRATIFIED METAMORPHIC ROCKS

Calcareous shallow marine-shoreline metasedimentary rocks (Devonian and Silurian)--Includes McKenney Ponds Limestone Member

DSc of the Tarratine Formation (Lower Devonian, limestone with subordinate arkose, conglomerate, slate and sandstone); Beck Pond
Limestone (Lower Devonian, coarse quartzose limestone, stromatoporoid biostromes, and granite-boulder conglomerate); Hardwood
Mountain Formation (Upper Silurian, mixed calcareous mudstone, siltstone, and slate with minor limestone conglomerate);
calcareous rocks at Foxs Camp (Silurian, massive to slightly fissile, fine-grained limestone and calcareous slate and shale).

Pzls Siliciclastic metasedimentary rocks (Devonian, Silurian, and Ordovician)--Includes Seboomook Formation (Lower Devonian, deep

marine, cyclically bedded slate and graded metasiltstone and wacke); Tarratine Formation (Lower Devonian, marine, interbedded
sandstone, slate, and siltstone); Hobbstown Formation (Lower Devonian to Upper Silurian, shallow marine-shoreline, coarse-grained
arkose and conglomerate); conglomeratic sandstone at Foxs Camp (Devonian and Silurian, shallow marine-shoreline, medium- to
coarse-grained calcareous quartz-feldspar sandstone and granule-conglomerate sandstone); conglomerate at Foxs Camp (Silurian,
shallow marine-shoreline, boulder and cobble conglomerate, conglomeratic sandstone, and feldspathic quartzite; metasedimentary
member of the Frontenac Formation (Silurian(?) and Ordovician(?), marine, interbedded fine-grained feldspathic sandstone and slate
or pelitic phyllite; possibly derived from felsic volcanic rocks).

H

Pzlv Metavolcanic rocks (Lower Paleozoic)--Includes Camera Hill Greenstone Member of Seboomook Formation (Lower Devonian,

feldspar-porphyritic flows of intermediate(?) composition, locally vesicular); basaltic greenstone within the Frontenac Formation
(Silurian(?) and Ordovician(?), pillow basalt and related basaltic tuff, agglomerate, breccia, and resedimented mafic volcanics; at
northwest margin of map); Lobster Mountain Volcanics (pre-Silurian, porphyritic felsite and bedded felsic tuff; three miles west of
Coburn Mountain and two miles north of King and Bartlett Lake).

Diamictite (Middle(?) Proterozoic)--Massive to poorly stratified diamictite of Chain Lakes massif. Matrix is massive, aluminous,
quartz-feldspar-mica granofels; clasts include vein quartz, mafic and felsic plutonic rocks, volcanic rocks, and previously deformed
and metamorphosed sedimentary rocks. The rocks are dioritic along the intrusive contact from No. 5 Mountain to the west end of
Holeb Pond.
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CORRELATION OF MAP UNITS

Intrusive rocks Stratified metamorphic rocks

=
Dh | Db | Dg }Devonian

DSc Devonian and Silurian

Pzls | Pzlv PALEOZOIC
Lower Paleczoic

Ordovician

Oa
v } MIDDLE(?)
] PROTEROZOIC
Figure 2 (continued). Explanation of map units.
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Mountain pluton. This occurrence was interpreted as porphyry-
type mineralization (Young, 1968); sparsely mineralized
bedrock was observed from near the ridge top to near the
southern base of the mountain, a distance of 0.5 mi (F. C. Canney,
pers. commun., 1987). Only minor prospecting has taken place
at either site. The slopes of Sally Mountain are generally well
drained. Boggy areas 2-5 acres in size are situated on either side
of the ridge top near the western occurrence of mineralized rock.

The mineralized rock at Pyrite Creek is in granite of the
Catheart Mountain pluton within several hundred feet of the
unconformity with overlying Devonian metasedimentary rocks.
Mineralization deposited very minor galena, pyrite, chal-
copyrite, and sphalerite in quartz veins and in silicified granite
near the quartz veins (Canney and Post, 1964; Nowlan 1976b).
Three holes were drilled to a depth of 100 ft or less, but only
sparsely mineralized rock was encountered. Mineralized rock at
Pyrite Creek is present 500 ft upslope and the same distance
downstream from a 40-acre forested bog. Profuse coatings and
abundant discrete concretions of Mn-Fe oxides containing as
much as one percent Pb and one percent Zn have been deposited
in sediment of the active stream and flood plain for as much as
1,000 ft downstream from the bog (Nowlan, 1976b).

Mineralization at Bean Brook Mountain occurred mainly as
minor sphalerite and galena and traces of chalcopyrite. The
sulfides are present in Devonian conglomerate and arkose, in
quartz veins that cut the conglomerate and arkose, and in quartz
veins cutting felsite dikes that intrude the conglomerate and
arkose; the occurrence of sulfides is near the unconformity with
the Attean quartz monzonite (Delaney, 1968). The coarse frac-
tion of the sedimentary rocks appears to be derived from the
Attean quartz monzonite (Boucot and Heath, 1969). Only minor
prospecting has taken place at Bean Brook Mountain. The land
surface is well drained.

Mn-Fe Oxides

The influence of deposits of secondary hydrous Mn-Fe
oxides on stream-sediment geochemistry in Maine and else-
where has long been recognized (see, for example, Post and Hite,
1964). In Maine, these Mn-Fe oxides occur as stains and coat-
ings on clastic particles and bedrock, as cement in the interstices
of alluvial material and filling fractures in bedrock, and as
discrete concretions. Concretionary Mn-Fe oxides are defined
as cement, discrete concretions, and coatings that are thick
enough to be readily scraped from their host by hand (Nowlan,
1976a). Stains or incipient coatings of Mn-Fe oxides were
observed at 80 percent of the sample-collection sites in the
Attean area; concretionary deposits were observed at about 12
percent of the sites. Heavy stains and concretionary deposits
characteristically form at the interface between oxygenated
stream waters and Mn-Fe-charged sediment-pore waters
(Nowlan et al., 1983). Therefore, the existence of high con-
centrations of Mn and Fe in stream sediments may be indicative
of certain drainage conditions, of mineralization, or of both.
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The concretionary deposits have concentrations of Mn plus
Fe ranging from a few percent to as much as 50 percent. Because
the Mn oxides and Fe oxides usually are intermixed, it is con-
venient to speak of them as Mn-Fe oxides. However, Mn oxides
are generally much more efficient scavengers of trace elements
than are the associated Fe oxides (Nowlan, 1976a). The con-
centration of Mn in an individual sample will have a bearing on

‘whether that sample is classified as background or anomalous,

especially with respect to Zn. Studies strongly suggest that in
the Attean area and other parts of Maine, Zn is readily scavenged
by Mn-Fe oxides even in non-mineralized areas, but Cu, Pb, and
Mo are readily scavenged only in the vicinity of mineralized rock
(Nowlan, 1976a). However, Nowlan et al. (in press, b) suggest
that Zn concentrations of 200 parts per million (ppm) or greater
are probably significant even when the Mn concentration is high.
Therefore, scavenging of elements by Mn-Fe oxides does not
appear to present serious problems for regional interpretation in
the Attean area; regional anomalies of Cu, Pb, Zn, Mo, or Ag
appear to be true anomalies whether or not anomalous Mn is
present. From both regional and individual-sample viewpoints,
scavenging by Mn-Fe oxides should be looked at as a distinctly
beneficial phenomenon. An element must be available to be
scavenged and, intuitively, mineralization means availability.

SAMPLE COLLECTION, PREPARATION,
AND ANALYSIS

Samples were collected at 497 sites and the average site
density was about one for each 0.7 mi°. Samples were collected
primarily from first-order streams. In addition, samples were
collected about every mile along larger streams. A well-
developed drainage system exists in the Attean area and, despite
the abundance of bogs, adequate amounts of silt-sized material
were available at most sites. Organic muck and material with
obvious concentrations of concretionary Mn-Fe oxides were
avoided as much as possible. Samples were placed in kraft paper
envelopes, dried, and then sieved through 60-mesh (0.25 mm)
stainless-steel sieves. The fine material was split and one split
was analyzed for Zn by atomic absorption spectroscopy after
digestion in hot nitric acid using the method described by Ward
etal. (1969). The other split was pulverized to minus-100 mesh
(0.15 mm) and analyzed for 31 elements by emission spectrog-
raphy according to the method described by Grimes and Marran-
zino (1968).

Zinc values were reported in 5-ppm increments for con-
centrations less than 100 ppm and in 10-ppm increments for
concentrations of 100 ppm or greater. The precision of the Zn
method, based on the analysis of six reference samples, is from
one to five percent relative standard deviation (O’Leary and
Meier, 1986). Results from the emission spectrographic method
were reported as one of the numbers 10, 15, 20, 30, 50, and 70
multiplied by some power of ten. The precision of the
spectrographic method is approximately plus or minus one
reporting interval at the 83 percent confidence level and plus or
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TABLE 1. STATISTICAL SUMMARY OF ANALYSES OF STREAM-SEDIMENT SAMPLES COLLECTED FROM TERRAIN UNDERLAIN MOSTLY
BY THE ATTEAN QUARTZ MONZONITE, SOMERSET AND FRANKLIN COUNTIES, MAINE

ELEMENT NUMBER LIMITS OF MINIMUM, MAXIMUM, GEOMETRIC GEOMETRIC NUMBER OF REPLACEMENT VALUES,
OF  DETERMINATION, ppm ppm ppm MEAN DEVIATION QUALIFIED VALUES ppm

SAMPLES LOWER UPPER N L G N L G

Cu 497 5 20,000 <5 1,000 12 2.0 0 24 0 = 3 -

Pb 497 10 20,000 N 300 26 1.7 2 2 0 s 7 -
Zn 494 5 —a 5 750 71 1.9 0 0 0 = = =
Mo 497 5 2,000 N 100 — - 416 22 0 2 3 -
Ag 497 0.5 5,000 N 7 - o 455 21 0 02 0.3 -
Mn 497 10 5,000 100 G 1,000 2.4 0 0 19 = 7,000

N — not detected at lower limit of determination.
L — detected but less than lower limit of determination.
G — greater than upper limit of determination.

2Upper limit for Zn by atomic absorption is open ended because sample weight is decreased when necessary.

minus two reporting intervals at the 96 percent confidence level
(Motooka and Grimes, 1976). The results of analyses are tabu-
lated by Domenico and Nowlan (1984).

DATA TREATMENT

The U.S. Geological Survey STATPAC system (VanTrump
and Miesch, 1977) was used for data management, statistical
procedures, and production of geochemical symbol plots. Table
1 is a statistical summary of data for the elements presented in
this report. In order for all samples to be included in certain
mathematical manipulations such as correlation analysis or fac-
tor analysis, values outside the determination range of the
analytical method were replaced by arbitrary values. These

replacement values (Table 1) were set at two spectrographic -

steps below the lower limit of determination when the element
was not detected, one spectrographic step below the lower limit
when the element was detected in an amount less than the lower
limit, and one spectrographic step above the upper limit when
the element was present in amounts greater than the upper limit.
Table 1 lists replacement values for Cu, Pb, Mo, Ag, and Mn.
Factor analysis is a mathematical technique designed to
re-express a group of variables in terms of fewer and more
representative associations or factors. Factor analysis in geol-
ogy is discussed by Davis (1973) and in exploration
geochemistry by Howarth and Sinding-Larsen (1983). In the
present study, R-mode factor analysis was used in which a matrix
of correlation coefficients having values of one in the diagonal
was used as input to the factor analysis. Only those variables
with less than 20 percent of the values qualified by "not detected”
or "greater than" were included in the factor analysis, as sug-
gested by Miesch (1976). Elements included in the factor
analysis were Fe, Mg, Ca, Ti, Mn, B, Be, Co, Cu, La, Ni, Pb, Sc,
Sr, V. Y, Zr, and Zn. Varimax rotations were performed on
logarithmically transformed data. Three- to eight-factor models
were generated and the 6-factor solution was the most inter-
pretable. Loadings from the 6-factor solution are listed in Table

2. The association of elements in each of the factors in Table 2
suggests that a loading of about 0.40 and greater is significant
and that absolute values of 0.30 and greater are probably sig-
nificant.

Table 3 compares percentile values between the 497
samples of this report and the 6,931 samples from the Sherbrooke
and Lewiston 1° by 2° quadrangles (Nowlan et al., in press, a,
b). Table 4 separates the analytical values into background and
anomalous categories. The anomalous categories for Cu, Pb, Zn,
Mo, Mn, and factor 6 are based on the geochemical patterns in
the vicinity of mineralized areas. Any detectable amount of Ag
is considered anomalous because only 42 samples contain
enough Ag to be detectable.

GEOCHEMICAL PATTERNS AND THEIR
SIGNIFICANCE

Figures 3-9 show the areal distribution of Cu, Pb, Zn, Mo,
Ag, Mn, and factor-6 scores, based on analyses of stream-sedi-
ment samples. Anomalous areas, identified by groupings of
anomalous samples, are labeled by capital letters on Figures 3-9.
Boundaries of the anomalous areas are drawn so as to roughly
include the drainage basins of sampling sites plotted within the
anomalous area.

Geochemical patterns of some elements in the Sherbrooke
and Lewiston 1° by 2° quadrangles were strongly influenced by
Pleistocene continental glaciation. In particular, a linear trend
of high concentrations of Cr in stream-sediment samples crosses
the quadrangles from northwest to southeast. This trend is
almost certainly the result of the glacial transport of material
derived from mafic and ultramafic bedrock in Quebec (Nowlan
etal., 1987). Therefore, patterns of other elements in the Attean
area may be the result of glacial transport of material from
remote areas.

Although glaciation has undoubtedly modified geochemical
patterns in the Attean area, several lines of evidence support the
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TABLE 2. LOADINGS FOR A 6-FACTOR R-MODE VARIMAX FACTOR ANALYSIS OF ANALYTICAL DATA FOR 494 SAMPLES OF
MINUS-60 MESH STREAM SEDIMENT COLLECTED FROM TERRAIN UNDERLAIN MOSTLY BY THE ATTEAN QUARTZ MONZONITE,
SOMERSET AND FRANKLIN COUNTIES, MAINE

Factor 1 2 3 4 5 6
element loading element loading element loading element loading element loading element loading
Element Mg 85 Mn 89 La 77 Ca 87 Be 90 Cu 69
and v 84 Co 80 ¥ 77 Sr 82 Zr 47 Pb 56
loading Ti 79 Fe 49 Sc 52 Sc 23 Sr 23 Zn 47
Fe 73 Zn 47 Cu 40 Be 13 Y 23 ™ 30
Ni 71 Pb 45 Zn 28 Zr 13 Zn 23 Mg 22
Zr 66 ™Ni_ 33, Ti 28 v 9 Pb 19 Ni 22
B 61 Sc 28 Ni 23 Ti 9 B 17 La 17
Sc 48 A 27 v 15 Pb 5 Ni 3 Fe 17
Co 37 Cu 19 Ca 14 La 3 Co 1 Mn 16
Y 31 Y 13 Zr 12 Mg 1 v 0 Ca 13
Cu 17 Be 7 Mn 5 Y ] Fe =1 Be 8
Pb 16 Ti 6 Co 5 Cu -3 Ca —1 Co 8
Sr 5 Sr -1 Mg 4 Mn =5 Mn —1 A 2
La 4 Mg -1 Be 2 Fe =5 La =5 Sc 0
Mn 4 La —6 Fe 0 Co -9 Cu -10 Y -4
Ca -0 Ca -13 St -0 NI~ -30, Ti -11 Ti -8
Zn —8 Zr ~14 B =30 I'B =31, Se -18 Sr -18
Be -14 B -26 '_Pb_ _ =33 lzn 36, Mg -18 Zr -19
Presumed Detrital mafic Manganese Rare-earth Calcareous Late Sulfide
geochemical minerals scavenging minerals rocks(?) differentiates mineralization
associations
Significant loadings are enclosed in solid boxes. Probable significant loadings are enclosed in dashed boxes. Loadings have been multiplied by 100.
TABLE 3. PERCENTILE VALUES FOR STREAM SEDIMENT SAMPLES FROM TERRAIN UNDERLAIN MOSTLY
BY THE ATTEAN QUARTZ MONZONITE (A), SOMERSET AND FRANKLIN COUNTIES, MAINE, AND FROM THE
SHERBROOKE AND LEWISTON 1° BY 2° QUADRANGLES (SL), MAINE, NEW HAMPSHIRE, AND VERMONT
Variable Number of samples Percentile
50 75 9% 95
A SL A SL A SL A SL A SL
Cu 497 6,925 10 11 15 17 20 26 50 354
Pb 497 6,925 30 19 30 26 50 35 70 44
Zn 494 6,838 75 50 100 73 150 110 180 . 130
Mo 497 6,931 N(5) - N(5) 2.9 5 4.1 7 6.5
Ag 497 5,753 N(0.5) - N(0.5) - N(0.5) — <0.5 —*
Mn 497 6,930 1,000 960 1,500 1,500 3,000 2,500 5,000 3,400
Factor 6 494 - -0.036 - 0.508 - 1.165 — 1.603 -

N — not detected at value shown in parentheses.

< — detected but less than value shown.

— — not determined.

Values are in ppm except for factor 6 values which are scores.

*90th percentile is 1 ppm.
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TABLE 4. RANGES OF VALUES ASSIGNED TO BACKGROUND AND ANOMALOUS CATEGORIES FOR STREAM-SEDIMENT SAMPLES
COLLECTED FROM TERRAIN UNDERLAIN MOSTLY BY THE ATTEAN QUARTZ MONZONITE, SOMERSET AND FRANKLIN COUNTIES, MAINE

Mineralized areas used as basis

Variable Category for establishing anomalous category
Background Anomalous

Cu <5-30 50-1,000 Catheart Mountain and west Sally Mountain

Pb N(10)-30 50-300 Pyrite Creek and Bean Brook Mountain

Zn 5-160 170-750 Pyrite Creek and Bean Brook Mountain

Mo N(5)-5 7-100 Catheart Mountain

Ag N(0.5) <0.5-7 None. Any detectable amount is anomalous

Mn 100-3,000 5,000~ >5,000 Pyrite Creek

Factor 6 -3.30-1.00 1.01-5.10 Catheart Mountain, west Sally Mountain,

Pyrite Creek, and Bean Brook Mountain

N — not detected at value shown in parentheses.
< — detected but in amounts less than value shown.

Values are in ppm except for factor 6 which are scores. All reported analytical values are in ranges listed.

concept that the patterns on Figures 3-9 are locally derived. (1)
Known mineral deposits and occurrences of Cu, Pb, Zn, Mo, and
Ag are areally or structurally associated with the Attean quartz
monzonite. (2) Patterns of high values of Cu, Pb, Zn, and Mo
are areally associated with the Attean quartz monzonite when
viewed in the larger setting of the Sherbrooke and Lewiston
quadrangles (Nowlan et al., in press, a, b). (3) Stream-sediment
geochemical anomalies of Pb, Zn, and Mo are areally associated
with other members of the Highlandcroft Plutonic Suite, in
addition to the Attean quartz monzonite, elsewhere in the
Sherbrooke and Lewiston quadrangles (Nowlan et al., in press,
a, b). Permissive evidence is that most of the geochemical
patterns on Figures 3-9 that parallel the general southeastward
movement of Pleistocene glaciers also parallel structural or
lithologic features.

The distribution of Cu is shown on Figure 3. The occurren-
ces of porphyry Cu mineralization (Catheart Mountain and west
Sally Mountain) have associated Cu anomalies (areas A and B).
Samples collected from stream beds on the east flank of Catheart
Mountain do not have anomalous concentrations of Cu. Except
at Catheart Mountain, samples containing anomalous concentra-
tions of Cu are generally from sites within a few hundred feet of
faults, or else the site is a mile or two downstream from where a
fault crosses the drainage basin.

Figure 4 shows the distribution of Pb. All of the samples
containing 150 ppm Pb or greater are from the Pyrite Creek area
(area A); scavenging by Mn-Fe oxides may have enhanced these
values. A number of samples from the Bean Brook Mountain
area (area B) have concentrations of 50-100 ppm. The samples
in anomalous area C are mostly from streams that drain the
unconformity between Upper Ordovician Attean quartz mon-
zonite and younger metasedimentary rocks. Anomalous area D
includes samples from streams draining the western mineralized
area on Sally Mountain; the large size of area D is remarkable,
considering the small extent of known mineralization.
Anomalous area E roughly coincides with the Skinner pluton.

Figure 5 shows the distribution of Zn. Area A includes
Pb-Zn mineralization at Pyrite Creek. A few samples from
Catheart Mountain (area B) and west Sally Mountain (area C)
contain anomalous concentrations of Zn. The linear outline of
area D parallels the east-northeast orientation of the faults north
of area D and roughly coincides with an anomalous area based
on Mn (Fig. 8). Samples collected in area E are mostly from
streams draining the unconformity between granite and younger
metasedimentary rocks.

The distribution of Mo is shown on Figure 6. Area A
includes streams draining all sides of Catheart Mountain, in
contrast to Cu which is not anomalous in streams draining the
east flank (Fig. 3). Analyses of samples from west Sally Moun-
tain (area B) reflect known Mo mineralization. Molybdenum
mineralization is unknown in areas C and D but their proximity
to area A greatly enlarges the geochemical anomaly areally
related to Catheart Mountain

Figure 7 shows the distribution of Ag. Areas A and B
include the Pyrite Creek, Bean Brook Mountain, and Catheart
Mountain mineralized areas. The two samples at Catheart
Mountain (area B) that contain the highest concentrations of Ag
also contain the highest concentrations of Cu (1,000 ppm) and
Mo (100 ppm). The sample with the highest concentration of Ag
(7 ppm) is from area D.

Figure 8 shows the distribution of Mn. Concentrations of
Mn in stream sediments above the median concentration of 1,000
ppm (Table 3) indicate that formation of secondary Mn-Fe
oxides in the stream sediment has probably occurred.
Anomalous Mn is conspicuously absent from the Catheart
Mountain, Sally Mountain, and Bean Brook Mountain mineral-
ized areas, perhaps because they are generally well drained and
conditions are therefore not conducive to the formation of
anomalous amounts.

The distribution of scores for factor 6 is shown on Figure 9.
The consistent and uniform patterns of anomalous scores for
samples from the mineralized areas support the results of factor
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analysis. The mineralized areas at Sally Mountain are part of a
much more extensive geochemical anomaly shown on Figure 9
asarea C. Area D adjoins area A and area B is close enough that
the entire Catheart Mountain-Pyrite Creek-Bean Brook Moun-
tain area may constitute one large geochemical anomaly; if
threshold scores between areas D and G are included, then area
G becomes part of that large geochemical anomaly. Anomalous
area | is a distinctive cluster of threshold scores.

Figure 10 is a compilation of the results shown in Figures
3-9; it shows relative favorabilities for the existence of addition-
al, undiscovered mineral deposits in the study area. The rankings
take into account the presence of known mineral deposits, the
coincidence or overlapping of anomalous areas determined from
plots of single elements, and the results of factor analysis. Of
the areas outlined, region 1 has the highest favorability and
region 9 the lowest. The regions are large target areas where
geology and geochemistry suggest conditions are favorable for
the existence of certain types of mineral deposits. Anomalous
patterns or samples may or may not reflect individual mineral
deposits.

Region 1 includes the Catheart Mountain Cu-Mo porphyry
deposit. Samples from this region have anomalous concentra-
tions of Mo, Cu, Ag, Zn, and Pb, and scores for factor 6 are
anomalous. The data suggest that porphyry mineralization may
have extended further north, south, and east than is presently
known, as proposed by Schmidt (1974; 1978).

Region 2 is spatially related to the unconformity between
the Attean quartz monzonite and overlying metasedimentary
rocks that are predominantly Devonian siliciclastic rocks. The
vein-type, base-metal mineral deposits at Pyrite Creek and Bean
Brook Mountain are in region 2. Samples from this region have
anomalous concentrations of Pb, Ag, Mo, Zn, Mn, and Cu.
Scores from factor 6 show three anomalies in region 2. This
association of elements is compatible with the possible existence
of two types of mineral deposits that are, at present, unrecog-
nized in the Attean area: sediment-hosted stratiform deposits
and sandstone Pb deposits.

According to Gustafson and Williams (1981), sediment-
hosted stratiform deposits of Cu, Pb, and Zn tend to be either Cu
deposits or Pb-Zn deposits. Copper is relatively unimportant in
samples from region 2 while Zn, and especially Pb, are relatively
important.

The importance of Pb in region 2 is compatible with the
possible existence of sandstone Pb deposits; the geology also is
favorable. According to Bjgrlykke and Sangster (1981), such
deposits characteristically form in basal quartzitic sandstones
deposited on sialic basement rocks. Sometimes the granitic
basement rocks are relatively rich in Pb, compared to average
granite. Bjerlykke and Sangster (1981) suggest a genetic model
that envisions red-bed Cu, sandstone Pb, and carbonate-hosted
Zn-Pb as related but distinct deposit types. The three types
formed at different stages of crustal evolution, according to the
model. Red-bed Cu deposits were deposited first. in a continen-
tal environment when the area was more tectonically active.

Sandstone Pb deposits formed later in the continental-shallow
marine environment during a tectonically stable period when
fairly intense and prolonged chemical weathering and
peneplanation took place. Carbonate-hosted Zn-Pb deposits
were deposited later or at the same time as the sandstone deposits
in a shallow-marine environment during transgression.

The Attean area appears to meet the geologic and geochemi-
cal criteria for the existence of sandstone Pb deposits closely
enough that further study is warranted. Sediments from streams
draining the area underlain by Attean quartz monzonite tend to
have higher concentrations of Pb than samples from many other
granitic terranes in the Sherbrooke and Lewiston 1° by 2° quad-
rangles (Nowlan et al., in press, b). Boucot and Heath (1969)
present evidence that suggests that the Attean area was part of
an island in much of Late Silurian and Early Devonian time. The
evidence includes the widely differing ages of rocks that rest
unconformably on the Attean pluton, the lithofacies relationships
within the various units that rest on the Attean pluton, scattered
occurrences of conglomerate that are interpreted as sea cliffs,
and the presence of fossil shell communities consistent with a
shoreline or near-shoreline environment. Parts of the proposed
island had very low relief and parts had higher relief as deter-
mined from the coarseness and composition of metasedimentary
rocks unconformably overlying the Attean pluton.

Basal sandstones and conglomerates that might serve as
hosts to Pb deposits are the conglomerate at Foxs Camp
(Silurian), the Hobbstown Formation (Upper Silurian to Lower
Devonian), and sandstone beds of the Lower Devonian
Seboomook and Tarratine Formations, which are all included in
unit Pzls on Figure 2. Stratigraphically equivalent or higher
calcareous shallow marine rocks that fit the model of Bjgrlykke
and Sangster (1981) are represented by the Beck Pond Limestone
(Lower Devonian) and the Lower Devonian McKenney Ponds
Limestone Member of the Tarratine Formation which are in-
cluded in unit DSc on Figure 2. Red beds are not present in the
Attean area but unconformably overlie the pre-Silurian Lobster
Mountain Volcanics (included in unit Pzlv on Fig. 2) 30 miles
northeast of the Attean area; Boucot and Heath (1969) interpret
the red beds (Upper Silurian Big Claw Redbed Member of the
Lobster Lake Formation) as non-marine sediments that were
deposited in an oxidizing environment.

The discussion of sediment-hosted deposits does not rule
out the existence of vein-type base-metal mineral deposits in
region 2 in addition to the known occurrences at Pyrite Creek
and Bean Brook Mountain. Another way of looking at regions
1 and 2 is to picture the classic porphyry model where a central
core of Cu and/or Mo is surrounded by deposits of base metals
(Jerome, 1966). However, mineralization at Bean Brook Moun-
tain was much later and could not have been part of the primary
porphyry model.

Region 3 includes the two mineral occurrences at Sally
Mountain. Samples from the region have anomalous concentra-
tions of Pb, Mo, Cu, Zn, Ag, and Mn. Much of region 3 is
anomalous, based on scores from factor 6. The geochemistry of
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Figure 10. Regions favorable for the existence of additional, undiscovered mineral deposits, Attean area, Somerset and Franklin
Counties, Maine. Region 1 is the most favorable and region 9 is the least favorable.

samples from region 3 suggests the possibility of several types
of mineralization. Areas of anomalous concentrations of Cu and
Mo suggest that porphyry-type mineralization may have taken
place in addition to the known mineralization at west Sally
Mountain; however, the Cu and Mo anomalies do not coincide
as at Sally Mountain. The Cu anomalies are spatially related to
faults, suggesting structural control of mineralization. As in
region 2, the presence of the unconformity, where granite of the
Upper Ordovician Attean quartz monzonite is overlain by
Silurian and Devonian metasedimentary rocks, suggests the
possibility of sediment-hosted deposits.

128

In region 4, Zn, Mn, Pb, Cu, and Ag concentrations are
anomalous. Two areas within region 4 were deemed to be
anomalous on the basis of scores from factor 6. Molybdenum
was not detected in any sample collected from region 4, suggest-
ing that porphyry-type mineralization probably did not take
place. The elongated patterns of samples with anomalous con-
centrations of Zn and Mn that parallel the east-northeast-trend-
ing fault between Upper Ordovician Attean quartz monzonite
and Silurian and Devonian siliciclastic metasedimentary rocks
suggest the possibility of structurally controlled Cu, Pb, or Zn
base-metal deposits. Region 4 includes terrain underlain by both
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siliciclastic and calcareous metasedimentary rocks, so sediment-
hosted Cu, Pb, or Zn base-metal deposits are a possibility.

The Frontenac Formation (Ordovician(?) and Silurian(?))
(included in unit Pzls on Fig. 2) occupies the north and northwest
margins of the study area. The Frontenac Formation is host to
volcanogenic massive-sulfide deposits 15-30 miles southwest of
the study area at Ledge Ridge in Maine and at the Clinton River
in Quebec (Stephens et al., 1984). The small area shown as unit
Pzlv at the northwest edge of the study area (Fig. 2) is underlain
by mafic volcanic rocks of the Frontenac Formation, but the
possibility of felsic volcanic rocks and associated massive sul-
fide deposits within the Frontenac Formation near the study area
should not be ruled out. If volcanogenic massive-sulfide
deposits did form, they could have been remobilized along the
faults that cross region 4 or are nearby.

Anomalous areas in region 5 are spatially related to faults
and to the intrusive contact between the Upper Ordovician
Attean quartz monzonite and the Middle(?) Proterozoic Chain
Lakes massif. Concentrations of Pb, Mn, Cu, Ag, and Zn are
anomalous. Structurally controlled base-metal veins would ap-
pear to be a possible type of deposit in that region.

Region 6 covers an area where a variety of rock types occur
in a relatively small area, including Middle(?) Proterozoic,
Silurian, and Devonian siliciclastic metasedimentary rocks, pre-
Silurian volcanic rocks, Ordovician granite, and Silurian and
Devonian calcareous metasedimentary rocks. A number of
faults intersect in region 6. Concentrations of Ag, Zn, Pb, Cu,
and Mn are anomalous. Structurally controlled veins and skarn
base- and precious-metal deposits are possibilities.

Region 7 is spatially associated with the Skinner pluton.
Concentrations of Pb, Mn, Mo, and Cu are anomalous. Base-
metal veins are the most plausible type of mineral deposit to be
expected. A few samples contain anomalous amounts of Mo or
Cu so there is some possibility of porphyry deposits.

In region 8, only Mo, Mn, and Pb are present in anomalous
concentrations. The anomalous Mo suggests porphyry-type
mineralization. Another possibility is that Mo mineralization
took place near the intrusive contact between the Upper Or-
dovician Attean quartz monzonite and the Lower or Middle
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