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Studies Related To Wilderness

The Wilderness Act (Public Law 88-577, September 3, 1964) and
related acts require the U.S. Geological Survey and the U.S. Bureau of
Mines to survey certain areas on Federal lands to determine their mineral

Previous and Present Work

Little work has been previously done in the Devils Den area. The
only geologic study is the reconnaissance mapping by J.B. Thompson, Jr.
(1960) for incorporation into the Centennial Geologic Map of Vermont (Doll
and others, 1961). Additional mapping has been done by Thompson
(Vermont Geological Survey, oral commun., 1981) since publication of the
state map but this work has not as yet been published. In a much older
study, Dale (1915) investigated the dolomite near Devils Den as part of a
regional survey of caleite and dolomite marbles of eastern Vermont. No
other published information is available on the geology of the area.

The present investigation began with field work in May and June of
1981, and continued during June and October of 1982. Geologic mapping
was carried out by J.F. Slack and R.A. Ayuso, assisted at various times by
A.R. Pyke, R.L. Graves, N.K. Foley, and W.B. Ward. Samples for
geochemical analysis were collected during the 1981 field season by Slack,
Ayuso, Pyke, and Graves; A.E. Grosz collected stream sediments and
panned concentrates and identified heavy minerals. Laboratory preparation
of samples, chiefly by heavy-liquid and magnetic mineral separation, was
performed by D.M. Demichelis. Compilation and statistical treatment of
the geochemical data was done by P.J. Atelsek. The report was written
entirely by Slack.

GEOLOGIC SETTING

The Devils Den Roadless Area, situated in the core of the Green
Mountain antielinorium, is underlain by metamorphosed rocks of both
Precambrian and probable Paleozoic age. Minor glacial and alluvial
deposits cover gentle slopes and low elevations. The older Precambrian
rocks comprise a basement terrane consisting of diverse lithologies within
the Mount Holly Complex of Grenville (approximately 1 b.y. old) age. The
younger cover rocks, previously designated the Cavendish Formation during
early mapping (Doll and others, 1961), are here separately assigned to the
Hoosac and Pinney Hollow(?) Formations of Late Proterozoic and (or) Early
Cambrian age; rocks possibly correlative with the Tyson Formation of Doll
and others (1961) are included within the Hoosac Formation. The
Proterozoic Mount Holly Complex is subdivided into several informal units,
including felsic gneiss, quartzitic gneiss, amphibolite-bearing gneiss, and
minor cale-silicate rock and tourmaline-rich quartzite. The protoliths of
these lithologies are not completely known, but are thought to be mainly
sedimentary clastic rocks such as quartzite and graywacke, along with
lesser amounts of mafic volcanic rock now represented by amphibolite.
Some of the felsic gneisses may have been derived from silicie voleanie
rocks; the cale-silicate gneisses probably are metamorphosed dolomitie
marls. The younger cover rocks include porphyroblastic albite-quartz-mica
shist (metapelite) and minor dolomite of the Hoosac Formation, and quartz-
mica-chloritoid-magnetite schist of the Pinney Hollow Formation(?).
Granitic pegmatites are absent in all of these cover rocks, but are common
in the Proterozoic gneisses of the Mount Holly Complex where they serve
as recognition criteria.

The structure of the area is extremely complicated and reflects a
deformational history involving both Late Proterozoic and Paleozoic
(Ordovician, Devonian) events. The basic structure is dominated by a
doubly-plunging recumbent nappe, broken by several faults. The younger
cover rocks crop out near the eastern border of the study area in an upright
sequence apparently down-dropped by a normal fault (from the upper limb
of the nappe), and in the west and southwest along the lower (inverted) limb
of the nappe. The Grenvillian basement rocks occur in an inverted
sequence principally in the core of the nappe, overlying a basal thrust fault;
a second thrust is inferred for the easternmost boundary of the area.

All of the rocks of the study area show the effects of regional
metamorphism to upper greenschist-facies conditions, in which almandine
garnet is common in pelitic schists and mafic rocks contain dark green
hornblende. The abundance of granitic pegmatites in most lithologies of
the Mount Holly Complex indicates that the Precambrian basement rocks,
extensively retrograded to greenschist assemblages as a result of the
Taconie (or Acadian) orogeny, originally underwent prograde metamorphism
to sillimanite (or greater) conditions.

GEOCHEMICAL SAMPLING

Samples for geochemical analysis were collected by personnel of the
U.S. Geological Survey (USGS) during May and June of 1981. This largely
reconnaissance program was conducted in an attempt to identify anomalous
amounts of certain metals possibly related to unexposed (buried) mineral
deposits. The samples were collected with a design to provide complete
geographic and geologic coverage of the study area (figs. 1 and 2) and
included 72 rock, 22 stream sediment, and eight panned concentrate
samples. The rock sample data also included chip samples for five quartz
veins from within the Mount Holly Complex.

Rock samples (fig. 1) were collected by a chip method in which
fresh, representative specimens of single lithologies, taken from different
parts of an outerop, are combined into a composite sample. Stream
sediments, taken from perennial and a few intermittent drainages, were
selectively fine silt-sized material from several closely spaced sites in one
stream. Panned concentrates, collected using standard gold-panning
techniques, were taken from the same general areas from which the stream
sediments were obtained (fig. 2).

ANALYTICAL PROCEDURES

The diverse sample types from the Devils Den study area were
prepared differently prior to geochemical analysis. Rock samples were

(0.177mm); the smaller fraction was then pulverized. Panned concentrates
were purified in the laboratorzy by means of heavy liquids (bromoform), a
hand magnet, and a Franz® isodynamic magnetic separator. After
treatment with bromoform and removal of magnetite, the heavy-mineral
concentrates were further split into relatively magnetic and non-magnetic

Hoosac (or Tyson) Formation.
Major Element Chemistry

In addition to the trace-element determinations, four samples of
dolomite were analysed by rapid rock methods for major and minor
elements (table 1). These samples, collected from the extreme western and
eastern parts of the study area (fig. 1), are representative of dolomites
within the Hoosac and(or) Tyson Formation(s). The analyses show that the
dolomites are nearly pure; one sample, however (no. 237B) contains large
amounts of silica, iron, alumina, and soda because of an abundance of
quartz, muscovite and biotite.. Analyses of samples largely free of such
minerals (nos. 125 and 126) suggest that the carbonate is nearly end mem-
ber delomite.

Trace Element Chemistry

Discussion of trace elements is focused on 12 metals detected by
spectrographic and atomic absorption methods, and on uranium and thorium
as determined in the field and laboratory. Few of the elements were
detected in all samples, or even in all sample types; a few metals, such as
silver, were found only in panned concentrate samples. Each element and
its concentration range is discussed individually with reference to
distribution, sample type, and statistical significance.

The trace-element geochemical data presented here (table 2) are
evaluated by visual inspection of histograms prepared for individual
elements in each sample type. For rocks, lithologies have been divided into
felsic and mafic varieties, the latter shown on the histograms by a stippled
pattern (fig. 3). The limited number of analyses do not allow a thorough

. treatment of the data, such as by cumulative frequency plots. Selection of

anomalous values is based on element concentrations higher than expected

. for a statistically normal distribution, and by comparison with geochemical

data on lithologically similar terranes elsewhere. Inspection of the data for
quartz veins (table 2) shows a lack of any geochemical anomalies, and so
these samples are not further discussed.

Barium —With the exception of one very high rock value of 5,000
ppm, barium contents of all samples do not exceed 1,500 ppm. Stream
sediments and panned concentrates have a limited geochemical
distribution, from 200 to 500 ppm and from 700 to 1,500 ppm,
respectively. The greatest spread of values is shown in the rock samples,
but only one is judged to be anomalous. This sample, a tourmaline-rich
vitreous quartzite collected from near Devils Den (no. 182, fig. 1) contains
5,000 ppm barium by semiquantitative spectrographic analysis. It may
represent a metamorphosed hydrothermal chert (Slack and others, in press).

Boron --Histograms for boron show a considerable spread in
concentrations, from undetected values (<10 ppm) to amounts greater than
1,500 ppm. High values were recorded both for rocks and for panned
concentrate samples. The anomalous concentrations reflect the abundance
of tourmaline in several lithologic units of the study area, including
tourmaline-rich quartzites and tourmaline-bearing pegmatites of the Mount
Holly Complex, and tourmaline-bearing schists within part of the Pinney
Hollow Formation (Slack and others, in press). One tourmaline pegmatite
sample, representative of many within the study area, contains in excess of
2,000 ppm boron (table 2). The boron values recorded for the panned
concentrates are undoubtedly caused by detrial tourmaline enhanced by the
panned process. Curiously, however, these panned concentrate values for
boron are not as high as might be expected for drainages containing
extremely tourmalines-rich lithologies. Possibly this is because the
tourmaline-rich rock are not areally extensive (Slack and others, in press).

Chromium ——Chromium values show a wide range, from less than the
detection limit (10 ppm), to as much as 700 ppm. The largest range--and
the highest values--were obtained for rock samples. Stream sediments and
panned concentrates both display narrow ranges (50-100 and 150-300 ppm,
respectively) and lack obvious anomalies. The rock data, however, are
complicated by an apparent bimodal distribution and by chromium contents
as high as 700 ppm (fig. 3). The overall distribution of values is not
understood, but may reflect different lithologic suites. This clearly is the
cause for the highest values (300 and 700 ppm), both of which are
determinations on samples of amphibolite. Although anomalous for the
entire sample population, these concentrations are part of a normal
geochemical distribution for mafiec rocks (table 3). On this basis, there are
no anomalous chromium values evident for any samples from the study
area.

Cobalt —Histograms for cobalt show a wide range, from less than the
detection limit (5 ppm) to 100 ppm (fig. 3). The greatest spread is evident
for roecks, in which pelitic lithologies appear to contain more cobalt.
Panned concentrates have the highest values, particularly the magnetic
fraction (20-100 ppm). These data show only slight enrichment over rock
and stream sediment samples, however, and are not considered statistically
significant. On this basis, no cobalt anomalies are apparent in the area.

Copper ——Copper is uniformly low in nearly all samples and all sample
types. Rock samples show the greatest range, from undetected values ( 5
ppm) to 100 ppm (fig. 3). Data for stream sediments and panned
concentrates indicate a narrower range, except for one clearly anomalous
value of 200 ppm obtained for one non-magnetic concentrate. The only
rock value of possible interest is the 100 ppm copper obtained for an
amphibolite (table 3), which should naturally display an enrichment of
copper relative to clastic sedimentary rocks. As a result, this sample is
judged to not be anomalous in copper. The single copper anomaly in the
study area is the 200 ppm value for the panned concentrate sample
collected from the southwestern part of the study area (fig. 4).

Gold --Gold was detected in several samples of rock and stream

for rock sample no. 328. Both of these rocks are schistose albite-rich
metapelite of the Hoosac Formation collected from the western part of the
study area (fig. 2). Three stream sediment samples also were found to
contain gold, but only at the lower limit of detection (0.05 ppm). The
distribution of gold-bearing samples is shown separately on figure 4.

; : : resource potential. Results must be made available to the public and be fractions, at Franz settings of 20 degree tilt and 0.6 amp current. Both the Lead —Histograms for lead show a spread of values from the limit of
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o Ginitagt. died Ehene Abi b the study area. uranium, thorium, and zinc. Other elements are not considered significant concentrate, at values from the limit of detection (10 pm) to as much as 50
¢ . & : geochemically except in determining impurities within dolomites of the ppm. Although these values are not extremely high, they are considered to

be anomalous relative to the uniform scarcity of tin in most common
geologic materials. Six rock samples, mainly quartzitic gneisses from the
north-central part of the study area, contain detected (10 ppm) tin (fig.
4). Two panned concentrates from drainage basins along the eastern side of
the study area contain 20 and 50 ppm tin; a third panned concentrate from
an adjacent drainage contains tin at the limit of detection (20 ppm). These
basins contain most of the tin-bearing rock samples, thus strengthening the
assignment of anomalous tin values to this region (fig. 4). Since the tin
values were identified only in the non-magnetic fraction of the panned
concentrates (table 2), it is likely that the tin is present as separate grains

of cassiterite rather than as a solid solution component in magnetite.
Tungsten is a complementary element to tin in many geologic settings, but
none was found either by spectrographic analysis or by black-light
inspection (for scheelite) of non-magnetic fractions of the panned
concentrgte samples.

Uranium and Thorium —Hand-held spectrometer readings (total
count) for rock outcrops in the study area show a wide range of values,
mainly reflecting different lithologic suites. Background values for
separate map units were determined by averaging five or more readings
from numerous stations on several individual outcrops. The highest values
are associated with feldspar-rich outcrops of the Mount Holly Complex and
the Hoosac Formation. Average readings for 16 stations on outcrops of the
felsic gneiss unit were 23.8 counts per second (cps); the quartzitic gneiss
unit--in places quite feldspathic--averages 23.3 cps. Other map units
assigned to the basement terrane have much lower values, including the
tourmaline quartzites (15.1 cps) and the amphibolite-bearing gneisses (14.5
eps); individual outcrops of amphibolite have extremely low readings of
only 7.7 cps. Outcrops of coarse albite schist of the Hoosac Formation
yield an average background of 32.6 eps, the highest for any map unit. The
lowest value (5.5 cps) was obtained for dolomites from the Hoosac (or
Tyson) Formation. Quantitative neutron activation analysis of a composite
chip sample from the outcrop having the highest average spectrometer
readings (Hoosac Formation) shows only 2.8 ppm uranium and 10.1 ppm
thorium, thus suggesting that most of the background radiation is derived
from potassium (in feldspars) rather than from radioactive decay of
uranium or thorium. An exception is one rock sample of carbonate-rich
micaceous gneiss (no. VDD-9, fig. 1) collected by personnel of the U.S.
Bureau of Mines (Sabin and Jones, 1981) that contains anomalous amounts
of thorium (770 ppm) and uranium (14.2 ppm) by neutron activation
analysis. However, this sample is from a loose (glacial) float block without
a clearly local bedrock source.

Zinc —-Histograms for zine show a narrow range for stream sediments
and panned concentrates, but a broad spread of values for rocks (fig. 3).
Concentrations of zine in rock samples range from 15 to 150 ppm, without
any statistically anomalous values. The highest concentration, at 150 ppm,
is considered to be merely a high background value and is within the range
of values expected for normal clastic sediments and mafic voleanic rocks
(table 3).

CONCLUSIONS

Although several anomalous concentrations of metals have been
identified in the Devils Den area, none are related geologically. There is
no apparent correlation between different metal values and sample
locations, suggesting that the concentrations of metal were produced
during separate events. The only metal to have a well-defined distribution
is tin, which shows systematic low levels of concentration in quartzitic
gneisses from the northeastern part of the study area (fig. 4). These
concentrations are too low, however to be of current economic or
exploration interest. Minor amounts of other elements detected during the
geochemical survey (i.e., silver, gold, boron, barium, molybdenum, lead) do
not seem to be related to any important mineralizing processes.
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crushed and pulverized to minus 140 mesh (0.105 mm) in a ceramic-lined

grinder. Stream sediments were dried and sieved to minus 80 mesh
EXPLANATION

379 Drainage basin showing stream sediment sample site;

2The use of trade names is for descriptive purposes only and does not
® sample number shown inside basin

1The identification of the smaller cave as the "Devils Den" on the 1955 constitute endorsement by the U.S. Geological Survey.
edition of the USGS 15-Minute Wallingford quadrangle apparently is in
error. The feature originally named for the Devils Den (Dale, 1915) is

actually west of and outside the boundary of the study area.

®5!1 Panned concentrate sample site
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Figure 1.--Rock sample localities.

Figure 2.--Stream iment and ities. -
g tream sediment and panned concentrate sample localities Table 2.-~Geochemical analyses of samples from the Devils Den Roadless Area

All analyses are by means of semiquantitative spectrographic method(s) by M.S. Erickson and B.M. Adrian, except t.'or gold and zine which are determined. by quantitative atomic
absorption (aa) by R.J. Fairfield, B.F. Arbogast, and R.W. Leinz. Major elements (Ca, Fe, Mg, .and Ti) are reported in percent (pct); all other sgectrographlc apalysgs are reported
in parts per million (ppm) as six steps per order of magnitude (1, 1.5, 2, 3, 5, 7, or multiples of 10 <?f these qurqbers), an.d‘a}'e z'ipprox1mate geometric mldpomts of the

72° 50° concentration ranges. The expected precision is within one adjoining reporting interval 83 percent of the time and within two adjoining intervals 96 percent of the time (Motooka

i i i i ip; i indi . Single number suffixes for panned
E ' : ; : . and Grimes, 1976). Sample numbers are designated with the suffix "RC" for rock chip; the prefix "VDD" 1nd1catgs Qanned concentrat.e samples. nbe
9 Panned Concentrates (Non-Magnetic Fraction) @515 I Table 1.-- Chemical Analyses of dolomites from the Devils Den Area, Vt. concentrates refer to mggnetic (suffix 1) andgnon—magnetic (suffix 2) heavy-mineral fractions. The suffix "$S" indicates stream sediments. Other abbreviation: N, not detected;
- = - = : : : 5, greater than value shown;<,less than value shown. Elements looked for but not found (and their lower limits of detection in ppm): Rocks—Ag(0.5), As(200), s-Au(10), Bi(10),
5 5 = = (Analyses by Rapid Roek Methods by Z.A. Hamlin, U.S. Geological Survey) Cd(20), Co(5), Cr(10), La(20), Mo(5), Nb(20), Pb(10), Sb(100), Sc(5), Sn(10), Sr(100), W(50), ¥(10), s-Zn(200), Th(100); Stream Sediments--Ag(0.5), As(200), s-Au(10), Bi(10), Cd(20),
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vDD5092 676,550 802,400 3 3.0 7 >2 1,000 N N N 1,000 1,000 2 N N 20 150 10 200 20 70 20 70 N 30 50 500 150 N 300 N >2,000 N N 45

John F. Slack, Paul J. Atelsek, and Andrew E. Grosz INTERIOR—GEOLOGICAL SURVEY, RESTON, VA—185 . e ; o : . i : . / ol ; : . o o % it : o i " . i o el . s o e @ > S

1985 For sale by Branch of Distribution, U.S. Geological Survey, VDD5132 676:740 805:690 5 2:0 7 >2 1,500 N N N 700 1,500 2 N N 10 300 10 150 <10 70 20 100 N 70 20 1,000 500 N 200 N >2,000 N N 35

' 1200 South Eads Street, Arlington, VA 22202 VDD5152 673,790 808,940 3 5.0 2 1,500 5 N N 300 1,000 <2 N N 30 150 15 150 N <50 20 50 N 50 N 700 300 N 150 N >2,000 N N 20



