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 ABSTRACT

|

The distribution and mode of occurrence 6f zinc and lead have been
gxamined in glacial -soils developed over a comp1ex-Precambrian marble -
paragneiss terrain in the Adirondack Mountains of New York. Based on
distribution within the so%] profiltes, zinc is.enfiched fn the By horizon .
of soils sampled over marble and lTead is genera11ylenfiched in the A
horizon, particularly in soils developed over paragneiss. Calculations
of contrast using t-values for zinc, lead and cold-extractable heavy metals
between anomalous and background soils sampled 0§er marble and paragneiss
indicate that fﬁe Blisofl Horizdn is the most suitable for sampling on a
regular basis.

The distribution of zinc and Tead among exchangeable, organic, iron-
manganese oxides; clay, silt and sand fractions of two anomalous and cne
background soil indicates £hat bo?h zfnc and lead are tiéd up principally
in iron ﬁnd manganese dxides. In termg.of total contribution to the sample,
however, significant prpﬁortions 0% ziﬁc and lead are assocfated with the
clastic fraction, particu1ar1y silt-sized grains.  Anoma]ous.méta1 contents
in this area of the A&irondacks can be Tinked with scils rich in weather-.
resistant caTc—sil%cate phases such éé diopside, phlogopite and serpentfne,

1

and carbonateslderived'from marble not farther away than 1.5km.



. INTRODUCTION

 The processes of weather%hg_and the.de{e1opmcnt of trace element
dispersion patterns in éféciéted areas are material1y diffefént from those
of simple resjdua]_weathering. In glaciated terrains, fesidua] soils have
been stripped away, and in places the soils havé been replaced by
transported glacial debris of variable comﬁosition and permeability.
Secondary halos must necessarily be youny, and therefpré, they are not
usually well deve]oped. The movement énd removal, or mixing, of soil and
rocks by glacial events coupled with the subseguent local dispersion of

metals via deep rooted plants and groundwater make interpretations of

geochemical data most difficult.

Although residual soils and well-developed drainage systems,
traditionally regarded as best suited to geochemical methods are tacking in
glaciated terrains, the apparent difficulties have not inhibited some
researchers in applying these methods in glacial areas (Govett, 1973).
Geochemical methods havé been moderate]y successful in many glaciated areas
of the Canadian Shield because of the careful selection and adaptation of
well-established sampling and ana]yticél procedureé a&é an understanding of
the glacial history;. So11 surveyé have been used effectively in many
areas, such as in Boyle's (1966) work in Cobalt area, Ontario where soil
geochemistry outlined areés 6f.N1—Co—As and Ag-Ni-Co-As mineralization.
Ermengen {1957) demonstrated that good surface expression of mineralization
in bedrock existed through 9 to 12 meter§ of overburden at Chibougamau,

Quebec, Even in an area of permafrost in the Northwest Territory, Allen

and Hornbrook (1970} have reported response to copper mineralization in B

horizon arctic soils.

In order for geochemical s0il surveys to be successful in complex

glaciated terrains, the geochemical behavior of the metals of interest must



be de%ermjned prior to detailed grid soil sampling. Specifically, the
distribution and'mode éf occurrencé_of the target metals ﬂithjn the soil
should be estainShed during‘aﬁ orieniétion survey bf the field area of
interest. The optimum samp]ing_hbrizon can be determined by statistical
examination of the trace element distributions in soil profiles.
Partial-chemical extraction techniques are used to delineate the
distribution of metal among the various componehts of the soil
(exchangeable cation fraction, organic fraction, iron and manganese oxide
fraction; sand fréctibn, silt fraction, and clay fraction). Daté on the
mode of metal occurrence are critical_for the selection and design of
future analytical techniques to be used in a given survey. In addition,

these data can lead to important conclusions concerning the source,

transportation and fixation of metal into the soil and the true nature of

anomalies.

The Thurman area in the southeast Adirondack iMountains of New York is
an ideally suited locale to apply the techniques outiinéd above that have
been used sparingly iﬁ geochemical exp]bration in other glacial terrains.
The presence of anomalously high zinc and lead va]ues-defected in a
re;onnaisance soiI.Survey of the area, coupfed with the striking simifarity
of the marble and paragneiss units found at Thurman with those mapped in
the Balmat-Edwards Zinc BDistrict, northwest Adirondacks, make this area a
prime exploration target. This papef will address the following:

1) 'Deterﬁination of the distribution of_zinc, lead and
cold-extractable metal (cxMe) in different soil horizons developed on
glacial deposits and Qantikication of the optimum sampling horizon, and

2) Determination of the mode of occurrence of zinc, tead, iron, and
manganese in both anomalous and background soils in order to evaluate their

behavior in the soil-forming process.



'  GEOLOGY o X

The high{énd aréa;bf!hortheqét New York Sﬁaté gden és the Adirondack
Mountéins is a"Squtheasfer]y exfension of the-Grenv%lle Prﬁvince of the
Canadian Shield, and is similar in most respects fo'the lower Ottawa Valley
(Wilson, 1965). The Grenville Province is part of fhe Grenvillian Orogenic
Belt south.of the Grénville Front expoSed in the eastern Canadian Shield,
with prevai1jng_radiometfith/Ar dates of 950 + 150 m.y; (Wynne-Edwards,
1872). The Precambrian rocks composing the Adirondack mountains have been
conveniently subdivided on the basis of topography and lithology into two
parts; the Central Highlands which comprise 80 percent of the area, and the

Northwest Lowlands, where the Balmat-Fdwards Zinc District is located

({sachsen, 1966).

The Thurinan study area is located in the southeast portion of the
Highlands, within the Johnsburg 7.5 minute Quadrangle and is underlain
almost exclusively by rocks of Grenville age (fig. 1). Geologic mapping of
Preﬁambrian terrain located near the Town of Thurman indicates that an
interbedded sequence of clastic and carbonate units has been metamorphosed
and complexly foided and faulted (Fig. 2). The original sedimentary
sequence inc]udedrimpure Timestones and dolomites, quartzites, shales and
greywackes which were subjected to granulite facies metamorphism and
structurally deformed during the Grenviilian Orogeny approximately 0.96

-bii}ion years ago. The two dominant 1ithologies present in the area are
calc-silicate marbles wﬁich can contain calcite, diopside, serpentine,
dolomite, quartz.and pyrite, and'paragheisses which can contain quartz,
plagioclase, nornblende, biotite, mitrocline, magnetite, sphene and garent.
Original bedding is exhibited by contacts between paragneiss and marble
units and by quartz layers within marble, Compos%tonal layering and

foliation present in calc-silicate marbles and quartzo~feldspathic



paragneisses may also représent'bedding in original sedimentary units.

Structuraily, the rocks.in the Thurman area have.been‘sﬁbjected to at
Teast three bﬁase§ 0f defﬁrma£ion, fhe first period bf folding was the
most intense and prbducéd 1§oclina1 to tight folds which plunge
approximately 20° fo the northeast. A second phase of north-plunging,
gentle to open folds dominates the structural pattern observed in the area,
refolding phase one folds. During the first and second periods of
deformation flow folding in both marbles and paragneisses predominated.
However, the last period of folding produced open folds and reversals in
north~-piunging fold traces. Lineations produced during these phases of

folding are generally parallel to the axial traces of the folds.

Faulting in the area consists of a post-folding system of north and
northeast-trending normal faults. ‘Displacement along these faults is not
well know, but is probably on the order of 150 to 600 m. dJoints in the
Thurman area are well developed, ]ateral}y continuous in m and tens of m
and do not terminate at lithologic boundaries.' The majority of the joints
have a near-vertical attitude and each joint set is.oriented roughly
parallel to one of the major fold axes, NE-SW, N-S, and NW-SE. Sheeting

joints are also present with attitudes near that of bedding or foliation.

The Thurman area was completely glaciated during the Wisconsin Stage
of Pleistoceng continental glaciation (Miller, 1914; Boyle et al., 1975).
Based on g]acia]}striae, boulder trains, drumlins and eskers, Miller
{1914), Chadwick (1928) and Buddington and Leonard (1962) all concluded

that the direction of ice movement in this area of the Adirondacks was to

the south.

The glacial deposits observed in the Thurman area can be classified as

glacial drift, which may be divided into two main groups based on



sedimentoloéitajl;haracter (Wichol, and Bjorkiund, 1973). The first yroup,

. which 15Ithe mprelextenéivé of Fhe.two-in the areé, is ti]l,.a
nonstratified, ﬁnsorted.to poorly sorted materia]ltranspdrfed and-déposited
by.the glacier tNichol and Bjorklund, 1973). The seéohd ghoup is
straﬁified drift, composed of stratified énd sorted materié], deposited by
glacial mélt watér adjacent to or béyond the iée front {Nichol and
Bjorklund, 1973). Stratified drift was observed at two profile pit
localities {#1 and #8) which character?stitai]y coﬁtained.layers of dark
minerals or pebble-size fragments in the { soil horizon. E]sewhere in the

area, till consists of a heterogeneous mixture of various particles ranging

in size from fine sand to boulders.

In the Thurman area, two large prongs of giaciai drift extend into the
map area from the north, occupying weathered or scoured troughs in fhe
carponate units that underlie these deposits. Based on measurad sequences
of drift, the minimum thickness of glacial drift in these tﬁo troughs is
between 18 and 25 m. The thickness of drift in areas of wei]—exposed'
outcrops is probably on tne order of 1.5 to 3 m. Bedrock was commonly
encountered duringlthe coursé'of_the profile sampling over well-exposed

areas, and no pits were duy that exceeded 1.2 m.

In glaciated areas pfbblems arfse in the interpretation of geochemical
data because of glacial franSport and mixing (Hawkes and Webb, 1962). Much
evidencé suggests that the bulk of material moved by ice rarely travels
nore than one or two miles (Hawkes and Webb, 1962; Chazlet, 1973; Levinson,
1974}. Bayrock and Pawluk (1967) showed a good correlation between drift
and bedrock geocnemistry in Alberta, and Larsson and Nichol {1971) suygest
similar correlations in western Ireland. The presence of serpentine,
phtogopite, diopside and carbonate in the sand fraction of two soils used

in the component anaiysis ({Samples 153 and 184 in Fig. 2), suggest that



much of the g}ac1a1 mater1a1 in the area is of very ]oca1 0r1g1n The

calc-silicate and carbonate assemblages ‘were almost certainly der1ved from

the ca]c-51l1eate marb]es located \n the Thurman_area.'
ELEMENT DISTRIBUTIONS IN SOIL HORIZO&S

In order to determine the nature of the glacial deposits, the s0il
developed over them, and the distribuion of elements within soil horizons,
a soil profile survey was conduceed in the Thurman area.J The ultimate goal
of this survey was to statisticaliy determine the best.soi] horizon to
sample during subsequent detailed s0il sampling in the area. Based on
geologic mapping and reconnaissance soil sampling, fifteen soil profile
pits were sampled in Kknown areas of anomalous as well as normal background
soils, over both marbles and paragneisses (Fig. 2} and analyzed for In, Pb
and cxMe. A composite soil profile of the fifteen pits is presented in
Table 1. Although the pits studied occur on variable thicknesses of
glacial drift, over different rock types, differences in the soil profiles

are not sufficiently great to differentiate them into distinct groups.

Soi]s_deriveq from parent glaciai drift in the Thurman area exhibit
distinct soil horizons that were fnitially c]assified by Cline (1963) as
podzol-type. The A horizon in normal podzol soils develops primarily as
the result of'partia1 losses of soluble bases, clays and colloidal
sesQuioxides_by Weaching and mechanical.removal (Rose et al., 1979).
Unlike this typical bleached A horizon, the soil in the Thurman area
exhibits a dark brown A horizon that grades downward into a lighter
.rednbrown or red B horizon. This distinctive B horizon is
characteristically enriched in iron oxides, but lacks the abundant clay
fraction typical of mature podzol B horizons. The B horizon is divided
into an upper’'red silty sand, the By horizon, and a lower yellow-brown to

yellow-red fine sand, the By horizon. The gray-brown parent - C horizan is



comprised of ffhélfo"cqarse sand, pebbles,_cobbles_aﬁd boulders, unsorted

material 1ndicative of a gTacin origin.

Based on the above description and Table 1, the podzol ciassification
by C]ine'(1963) and the brunisolic (absent B horizon) Classification given
by Boyle et al., (1975) for soil in this portéOn of the Adirondacks, are
misleading and do not.apply to the Thurman area. Leaf litter over dark
brown-friable surface soil gféd{ng downward through lighter colored soil,
as {s characteristic 6f the Thurman area, represents an intermediate type
between these two ciasses that has been termed brown forest soil (Hunt,
1972). This weakly acﬁdic soil type occurs in temperate climates with
annual precipifation of about 76 cm and usually develops over a calcareous

parent-material (Hunt, 1972).
Zinc

The distribution of zinc in fifteen soil profile pits is shown in
Figure 3. Composite profiles for pits sampled in anomalous and background
soils are shown in Figure 4. A second group of composite soil profiles is
given in Figure 5 for sample Idcai{ties over marble and paragneiss bedrock,
respectively.  An arbitrar} threstold'of 70 ppm total metal (Pb + Zn) was
used to define'an anomaly during the reconnaissance survey. Based on this
threshold and the local geology, the soil profile pits in the Thufman area

~can be grouped as shown in Table 2.

The characteristic feature of the distributions is the enrichment of
zinc in the B] horizon with a decrease in metal concentration with depth.
The distribution of zinc in the composite profiles also exhibits the trend

of zinc enrichment in the B] horizon, especially for anomalous pits and

pits sampled over marble.

The difference in trace element content between soil horizons in
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- amonalous soils and background soils is termed contrast. In order to
evaluate the contrast between anomalous and backgfound soil horizons more

quantitatively, tfteéts wéfe‘performed using the following equation:

where Xj and Xg are the means for anomalous and background soils of a

particutar -horizon, and

n-1{c,)2 + n-1{o,}2
Sp # //- A B

where n is the number of values and % and % are the standard deviations
of the two populations. The t values calculated for zinc, lead and cxMe in
soil horizons from various anomalous and background soils samples over

marbie and paragneiss are given in Table 3.

A comparison of t-values calculated for zinc in each soil horizon

indicates that the highest contrasts occur in the Bj horizon. The t-value
for zinc in the'Bl horizon soils sémpled over marble is significant at the
5 percent probability Tevei.-.THe By soils sampled over paragneiss are
significant at the 10 percent probability level. The fact that the
contrast values fbr soils sampied over marblé are significantly greater
than contrasf.valdes'for so%?s samples over paragneiss suggests that the
source and amount of ziné is not toté]]y dependent on the C horizon-glacial
material, but may be a function of-the zinc variation in the local bedrock.
Whole rock zinc values for marbles in the area range from 10 to 150 ppm,
whereas zinc contents in pargneiss range from 10 to only about 60 ppm
{Cole, 1975). Therefdre, sgils derived from local marble units would be

expected to exhibit yreater contrast because of the greater zinc

variability in marbles.



Leéchihg of zinc from_tﬁe'AO +'A1 and A2 soil hofizons is most
conspiéuous in profiles samp1édlfr0m anomaldus soils. In_background soils,
especially over paragneiss, concentrations of zinc from the AO + Al and Ap
horizoné'are similar to.and in places are greater than the zfnc content of
the B) hdrizon. This trend suggests that the nature of the b{nding of zinc
in the A horizon differs from area to aréa as a funct{on of changes in
parent-glacial material, concentrations of zinc in local bedrock and the
form in which zinc is transported in groundwater. Significant differences
in zinc content between By and By horizons in many sample localities
suggest that either chemica]IIeaching of B] horizons is very slow or that
leaching in the By and C horizons is extremely fast. The absence of
abundant iron oxides and clay in the By horizons suggests that zinc may

occur in the sand and silt-rich fractions, which are resistant to the types
Of']eaching that commonly remove metal from scils. In addition, the
absence of appreciable amount of iron oxides and clays in lower soil
horizons may inhibit the accunulation of any zinc removed from the B8]

norizon.

The data are genéral]y Consistént with results from other glaciated
areas. Kaurarine {1967) reported enrichment of zinc in the B horizon in an
area in central Finland. In New Brunswick, Presant {1971) and Govett
(1973) found zinc enriched in the B and C soil Hofizons. Although there
are local variations, zinc seems to give a fairly consistent pattern of

enrichment in the By soil horizon in the soils developed from glaciai

debris in the Thurman aréa.

Lead

The distribution of lead in the soil horizons is very different from
that of zinc. Figure 3 shows that lead yenerally is enriched in the Ap +

Al horizons, with some significant amounts present in the By horizons from



anomalous soils. Thié_f%end also is.evident from both pTots of the
composite profiles (Figures 4 and 5). '

1

Although.the A horizon is enriched in lead, contrast values (t-values)
calculated for all soil horizons giQen in fabTe 3 ihdicéte that the higher
contrast for lead occurs in By soils developed over marble. The t-value
for the B) horizon is 3.16 and is significant at fhe 5 percent probability
level., The t-values calcuiated for soil horizoﬁs sampled over paragneiss
'aré simf]ar with the Ag + Al hqrizoh'haVing‘the highest va]ﬂe of 0.79. The
contrast va]ués for soils éampled over marble are significantly higher than
the contrast values for soils sampled over paragneiss. This trend also is
exhibited by zinc and suggests that marbie may be contributing anomalous

amounts of lead as well as zinc to the soils.

Marbies exhibit whole rock Pb values of between 10 and 60 ppm, with a

mean of Z9 ppm. Pb values in paragneiss range from 9 to 37 ppm, with a
mean of 22 ppm, The'Qariabiiity of Pb in marbles could produce the
observed contrast between anomalous and background soils.sampIed gver this
rock type if {1} Pb was added to the soil in the form of metal-bearing rock
particles, or {2) if Pb was leached from marbles by soilior groundwateré.
The_fact thaf ihe hjghest Pb as well as In contents are associated with |
profile pits sampled over marble supports the hypothesis that metal is
derived from.loca] rock sources. |

~ Trends in the decrease of lead content with depth in the seil profile
differ for marble and paragneiss terranes. The concéntratiOn of lead drops
sharply from the A to the B} horizon in soils over paragneiss, where the
reverse generally is true of soils sampled over marble., The distribution
and composite plots for profiles sampled over marble indicate that minor
~amounts of lead are leached from the A horizon and that most of the lead

present in the profile remains in the By horizon. The similarity of this



" trend with one observed fdr zinc in so%]s sampled over marble, coup]éd with
the low iron-oxide ‘and clay content in.the‘soii, suggests that lead also
may OCCur in sand or silt-fractions, in which leaching reactions are

minimal,

Lead enrichment in the A horizon ih'soils sampled ovef paragneiss
suggests two possibilities. The lead may have_béen absorbed from the soil
by plants and accurulated in an‘fnsoiubie form in humus, derived from dead
ptant matéria] in the A horizon soi15¥ However, the absence of abundant
iron oxides and clays, which are also good scavengers of léad, coupled with
the low lead values obtained from the analysis of organic component suggest
that lead in the A horizon soils may also be tied up in the clastic
fractions. It was observed that the A horizon soi]s are composed primarily
of tine sand and silt which could contain discrete minerals bearing lead as
well as zinc and other metals. The differences in metal distribution
between soils sampled over marble and paragneiss also suggest the presence
bf two different types of soil enviroﬁments, one heing ca?céreous {over

marble} and a second type being a non-calcareous, more acidic soil (over

paragneiss)f

Cold—Extractab1e.Tota1 Heavy Metal

Il

Soil profile samples werela]so tested for cold-extractable total heavy
metal {cxie) using the method described by Hawkes (1963). Hawkes (1963)
concluded that this test was not suitable for residual anomalies, glacially
dispersed géochemicaT fans or stream sediments containing material of
purely detrital origin. However, several successful studies using cxMe
methods in glacial terrains have been repofted (Bischoff, 1954; Byers,

1956; Ermengen, 1957; Dreimanis, 14960; and Kaurrane, 1967).

Values of cxMe were very low in the soil profile samples from the



Thurman area, and in soils froﬁ adjacent areas'ﬁifh high zinc.and lead
contents. Biécho%f (1354)-reported that dithizqneitesté work, best on finer
sediment fraﬁtioﬁs. -}hérafo;e thé s0ils were sieved using 60 mesh nylon
screen and retested. txMe values for the sieved fractiﬁns wére markedly

higher, and data are p10tted Wwith the unsieved and atomic absorption

results in Figure 3.

The distribution of cxMe in unsieved samples is highly frregu]ar
whereas the distribution of cxMe in the finer (-60 mesh) component of the
s50i] horizons is reiativefy regu]ar,land closely paralleis the trend
observed in the distribution of zinc and lead. The distribution of cxide in
sieved soils sampled over marble indicates that the By horizon is enriched
in metal. The cxMe values-observed in profile pits sampled over paragnéiss
are highest in the Ay + A} soil horizons. The trend of cxie enrichment in
the Ag + A} horizon also is present in soil profiles sampled in both

anomalous and background soils.

The highest contrast ca]cu]ated for the cxMe values in Table 3 islfor
the By horizon over marble. Similar fésults were obtained for soils
sampled over paragneiss, but the By horizon contrast values are not as
extreme., These trends coupled wjth fhe dfstributions and contrast values

of zinc and lead for the soil profiles indicate that the best horizon to

sample is the By horizon.

t

. MODE OF OCCURRENCE OF ZINC AND LEAD IN

SELECTED SOIL SAMPLES

Migration of metals in a glaciated environment involves not onity
physical (ctastic) mobility but chemicai mobility as well. It has been
shown that zinc in an oxidizing or slightly acid environment is very

mobile, while Iead is only slightly mobile (Andrews-Jones, 1968). The most



effeétive way'of-detefmidiﬁg'tﬁ§ mechaﬁiSm involved in the mobilization of"
zinc and lead is by the use of different Chémica]-extfactjons‘to evaluate
the distribution of'theﬁe elements among fhe diffefeﬁt compohénts which
characterize a soi]. This component distribﬁtibn, coupled with knowledge
of the distribution of the metals in the soil profile, makes it possible to
distinguish between soil anomalies directly ovef mineralization, displaced

from mineralization, and anomalies unrelated to the mineralized source

(Bradshaw, et al., 1474). '

Two anomalous and one background sample were used for the component
analysis. Each sample was broken down into seven different major
components and analyzed to determine which component(s) has(have) the
highest zinc and/or lead concentration and which contribute the most to the
total metal content of the samples (Fuchs and Rose, 1974). The major
components that were analyzed have been described by Fuchs and Rose (1974},

Rose (1975) and Mcieal (1975). The components are given in order of their

removal .

i. Exchangeabie and Adsorbed Metal

(referred to as “exchangeable"): Metal ions in exchange sites in
clay minerals, such as mohtﬁofif]onite.and vefmicuiite, adsorbed on
colloidal organic particies, and meta] cations occurring as counter
iqns on clayé, Fe-and Mn-oxides, and organic material.

2. Qrganic Material and Sulfides

(referred to as “organics”): Highly oxidizing NaOCl! dissolves
organic material, releasing metal cations bonded in organic compounds,

and zinc and lead sulfides either enclosed in organic material, or as

discrete mineral grains.

3. HMn-oxides

Mn-oxides are dissolved releasing enclosed zinc and lead minerals



"or adsorbed ﬁetai cétioné trapped during later Mn—dxide brecipitatioﬁ.
4. Fe-oxides R B | R o B

Analogous to Mhmoxides “

5. (lay

{1ess than 2 microns): Zinc and Tead occurring in non-exchange
lattice sites oflclays, defects and intergrowths within‘clays, and as
metal cations in silicate, carbonate or oxide clay-size grains not
attacked in previous steps. ' |

6. Silt

(2 microns to 325-mesh): Zinc and lead in lattices of silt-size
siiicate, carbonate or oxide grains, or zinc and lead sulfides as
mineral inclusions intergrown with silt-sized grains.

7. Sand

(325-mesh to 60-mesh): Analogous to silt fractioen.

In addition to the above components that were analyzed, heavy and
light fractions of the silt and sand components were separated using
bromoform and examined microscopically. ' The seﬁaratjon.of the seven
components was done by modification of métﬁods given by'dackson (1956),
Fuchs and Rose (1974), de Endredy {1962), McKeague and Day [1966) and Chao
(1972}, as described in Cole (1976). The components were analyzed for zinc

and tead, and all except "exchangeable” and "organic" were analyzed for

iron and manganese.

After the Fe-oxides separation step, the sample was stiill brownish in
color, probably because scie Fe-oxide was still present. Apparently the
ammonium oxalate procedure is not as effective as the dithionite procedure,
which Teft the c]ayﬁ gray to white {(Fuchs, 1972). However, the amount of
Fe-oxide remaining cannot be 1atge, because the clays, with the highest

cntain relatively low Fe contents, indicating only a small

[

surface area,



remainihg coating.

The threeléampies selected. for this study were fromlthe west-central
portion of the map area (Fig. 2} because the soil horizons in this area are
more pronounced than elsewhere. This assured the consistent sampling of
the By soil horizon at each site. In addition the trace element values in

soils of this area are higher in magnitude (Cole, 1876}, The samples

selected were:

Sample 153 425 ppm In 57 ppm Pb

Sample 156 51 ppm Zn 13 ppm Pb
Sample 184 539 ppm In 44 ppm Pb

Location of these samples is given on the geologic map, Figure 2. Each

sample was taken from the center of the By horizon over an interval of

approximately 15 to 20 cm.

Results of the component analysis for zinc, lead, iron and manganese
are sumnarized in Tables 4 and 5 and Figures 6 and 7.. Quantities are
sumnarized accordihg to the concentration of metal in the component itself
and the percent contribution to thé total metal {n the soil. The results

of microscopic examination of the silt and sand fractions are given in

Table 6.

It is impdrﬁant to note that the values determined by the author using
LiBOp fusion (]1sted‘as "Total" in Jable 4) are significantly higher than
values given above, obtained by a nitric-perchloric extraction method. The
value of 182 ppm obtained on the "backgfound" sample {156) was much higher
and it technically cannot be considered background. However, it is still
Tower than the other two samples, and for the purposes of discussion, it

will be considered a background sample.



Zinc

e

Fuchs (1972) ranked hié s0i1 sample compénents in order of decreasing
metal content in order to discuss the distribution of the metals among the
various components. Similarly,.the zinc data from the Thurman area can be

ranked based on data in Table 4 and Figure 6.

The overall ranking by concentration for the three samples is
- remarkably consistent kTab]e 5}. In decreasing order the overall ranking
is MnUx, FeOx, clay, silt and sand. The order in this fanking of
“"organics” and "exchangeable" cannot be determined because no attempt was

made to measure the organic content or the exchange capacity in each

sample.

Based on these data, several conclusions on the distribution of zinc
can be drawn. Because all three samples show the same relative order among
phases, the zinc in the samples 1s probably distributed in an approximately
equilibriun fashion among the phases, although the deviations from a -
constant ratio indicate some departures from equilibrium. In addition, for
each component, the mass of zinc per unit weight of tqta] sample increases
from the lo# ("background") to high (“anomalhus“) samples, indicating that
the anowalous zinc is shared among all the components, and occurs in the
clastic componenfs (sand, sitt) as well as the components formed in the
soil. Hewever, the amount of zinc increases by a factor of 5 - 30 in the
Fe—oxide; Mn-oxide and "exchangeable" companents, but only by a factor of 2
- 5 in the sand, silt and clay. Part of the zinc in the sand, silt and
clay may exist in.Fe—oxide not removed in the Fe-oxide step, as previously
noted, but only part of it can occur in this manner, based on the Zn/fFe

ratto in the Fe-oxide fraction and the amount of Fe in the clay, silt and

sand.



Fl

. The data on Fe and Mn Indlcatelthat both of these e1ements have been
added to the so11s w1th greater zinc and lead contents. Therefore, the
larger amounts of Zinc result part!y from added amounts of these oxides.
For the Fe-oxides, the content of zinc in this component also increases.

In contrast, the zinc content of the Mn-oxide component is lower in the

high zinc samples, but'because the content of Mn-oxide increases, so does

the amount of zinc:in this form.

In an examination of metals in glacial soils, Presaot {1971) indicated
that zinc had a weak association with Fe-oxides ond a strong association
with humus material. The low zinc content 1in the.organic fraction
indicates zinc is not present in organics or sulfides, which would be
dissolved in the organic-removal step. It is possible that zinc adsorbed
on organic material, later coated (armored) by Mn- and Fe-oxides, would not
be released into solution until each oxide phase was selectively attacked
during the component analysis. Jenne (1968) concluded that iMn and Fe
hydrous oxides gonerally furnish the principal controls on the fixation of

metals in soils and stream sediments., -

The decreasing concentration of zinc from clay to silt to sand is
usually the pattern in soils derived from g1aciai materials (Kauranne,
.195?); The presence of zinc in the clay component may be explained in
several ways: |

1) Zinc may occur in the crystal structufe of clays in the octahedral
sites, as in the clay.minera] séuconite, a zinc-montmorillonite (Deer,
Howie and Zussman, 1969). The ionic radius of Zn2+ in octahedral
coordination with'oxygen is 0.833 which is not too Targe to prohibit
suo;titution into octahedral sites of clays (Whittaker and Muntus, 1970}.

2} The possibility also exists for the atomic substitution of zinc

n2+) for other cations in mineral lattice sites during metamorphic



recrystallization. hln ﬁarticulaﬁ,_thefe'could be suﬁstitﬁtion of zinc
{Zn2t) for either irbn-(Fg2¥}'dr magneéium (Mg2+} in such minera1; as
diopside, garnet, horﬁblende, biotite, serpentine, or Holomite, which were
eventually weathefed to clay-size particles. The ionic.radius of Zn2* is
approximately 0.83R whereas FeZt and Mg+ have jonic radii of 0.86% and
0.808%, respectively {Handbook of Chemistry and Physics, 4th edition,
1973-74). This substitutional phenomena {similar ionic radii and charge)
might explain the high zinc values reported in hornblendes (up to 216 ppm), .
garnets (up to 263 ppm) and pyroxenes {up to 300 ppm) from the
Balmat-Edwards Zinc Distfict by Enge]land Engel (1960) and Engel et al.,

(1961, 1964).

3) In thin section studies of the rocks from the Thurman area, tiny
opaque grains of pyrite and magnetite were observed to the disseminated
within grains and at grain boundaries. Inclusions of sphalerite enclosed
within these tiny opaqué grains would not be attacked by the earlier steps
in the component analysis if.the host grains were enclosed in more massive
carbonate or silicate assemblages. It is possible, but highly improbabie,
that clay-sized éi]icate or carbonate particles could act as hosts for
sphalerite-bearing pyrite or magnetite grains. ﬁoré Tikely this phenomena

occurred in sand or silt-size grains, which are abundant in the three

samples analyzed.

The order'in ranking of percent contribution to the total in the three
samples is vériable (Tabié 5). Fuchs and Rose (1974} concluded that
variation was a function of the proportion of the different size fractions:
sand, silt and clay. This variation is demonstrated by the sand fraction
which, even though lo«# in chcentration of In, ranks third in sample 184
constituting 32 percent of the sample and third in sample 156 where it

consititutes 43 percent of the total weight.



Of the severa]limqutént fféhdg'@vidéhﬁ from the bc}centage rankin§
the most significant.is the top ranking qf tHe éilt.fraction %n all
samples. In\addition, at least two clastic fﬁact%ons ére present in the
top threé'rankingé and all three clastic fracfiqns are p}esent in the top
four rankings. These trends strongly indicate that contribution to the
total zinc content is controlled by'zinc content in clastic grains,

.resistant to complete breakdown during_weéthering. The presence of garnet,
hornbliende, biotite and magnefité in both anomalous and background samples
and the absence of diopside, serpentine, phlogopite and carbonate in the
background sample (Table 6) suggest that enrichment of zinc in the

anomalous samples may be due to the presence of zinc-bearing calcsilicate

minerats and/or carbonates.

The Mn-oxide fraction is lowest in the backyround sample and
"exchangeabie" 1s Tlast or ranked second to last in all three samples.
Ihere appears to be a good correlation between low zinc content and Tow
manganese content in the background sample. The Fe and Mn components in

the anomalous samples exhibit a wide variety of different rankings which is

a function of the.amount-present in each sample.

The contribution of zinc in "organics” is large for the background
sample and small for the two anomaious sampies. Enrichment of zinc in the
organic fraction is brobab}y a funétion of the amount of organic material

present, as was the case with the zinc and oxide components,

Lead

The mode of occurrence of lead is similar to that of zinc in terms of
concentration of metal in each component. The rankings by concentration in

cach component and percent contribution to the total are given in Table 5.

Lead exhibits nearly an identical pattern in ranking by concentration



with the order exhibited for zinc., " The.important role of organic material,
in particﬁ]ar hﬁmus, on the ﬁixatioﬁ of lead has been deséribed by numerous
authors {Kose et.al., 1979; Kehhedy, 1965; and Swanson et a]}, 1966). The
‘high lead contépt in many of the A horizon sails from the soil profile
pits, along with modest contribution of lead by "organics® to the total
‘concentration suggest fhat Pb is influenced more.-than Zn by the presence of
organic material. Unfortunately, no estimate was made of the organic

centent or cation exchange capacity in these samp?es.-

The aﬁerage ranking by concentration for lead in the three samples is,
in decreasing order: Mn Ox, Fe Ox, clay, silt and sand. Because the order
of ranking of components for lead and zinc is sililar, the factors
controliing their distribution in these components are probably similar.
Like zinc, the lead in the samples is probably distributed in an
approximately egquilibrium fashion among the phases. The mass of Pb per
unit weight of the total sample for each component increases from the low
(background) to high {anomalous) samp]es,'indicating that like zinc, the
fead is shared among all the componenﬁs, and is contained within the
clastic components as well as components formed in the soil. However, the
largest percentage increases. in }ead occuf'in the Fe- and Mn-oxide phases
by é factor of 3 - 18 times the amount in background, but only by.a factor
df i-31in the sand, silt, clay, "organic“land "exchangeable” components.
However, because the aﬁﬁonium oxalate step was not successful in removing
atl the iron from the samb]es, it is 1ikely thét some jead attributed to

ctay, silt and sand is actually in the Fe-oxide.

According to the ranking by concentration, Mn-oxide has the yreatest
affinity for lead, and Fe-oxide the next highest, as in the case of zinc,
Because of this affinity, plus the considerable increase in the Mn- and

Fe-oxides in the anomalous samples, these components show the greatest



contrast from background to. anomalous.

The presenée'af'lééd_in élastfc materiél may.beua'fUnction of: (1)
substitution of pp2+ }nto octahedral siteé\in bTay Tattices, (2}
substitutional 6r {nterstftié] solid soiution of Pb2* in mineral phases,
.(3) inclusions of galena in host silicate or carbonate gfaiﬁs and (4)
incomplete removal of Mn- or Fe- oxides in prev10us steps of component
analysis. Substitution of Pb2+, whose ionic radlus 15 1.268 in octahedral
coordination with oxygen, into the octahedral sites of clays would be very
difficult. ‘Lead substitution in potassium feldspars, micas; and calcium
minerals may be more important as suggested by Rankama and Sahama (1950).
The differences in lead content in the sand, silt and clay fractions

between anomalous and background samples are not sufficiently great to rule
out the possibility of PbZ2t substituting for K¥ or CaZf. Various amounts
of feldspar are present in all three sampies which could contribute lead to
the individual fractions (Table 6}. The lead content from potassium
feldspars in the paragneiss in the Balmat-Edwards Zinc District is less

than 50 ppm and less than 25 ppm in feldspars from marbles (Enge].and

Engel, 1960).

The presence ofhminute galena inclusions in a pyrite;_si]icate or
carbonate host mineral also is a possibility, although neither sphalerite
nor ‘galena were observed in polished thin sections.

The rankfﬁg of each coﬁponeht_in terms of percent contribution to
total lead i1s similar to thé rank%ng devel oped for zinc. As for zinc, silt
ranks first in all fhree sahp]es: Also,'sand; silt and clay hold the top
three ranking positions for alt samples, The influence of clastic
materials on the percent contribution to the total iead content in these
samples is mare extreme than those for zinc. These data suggest that lead

is tied up in clastic grains, either between clay layers, within mineral



ﬁhases as inclusions of galena or PbZt substitutioning.for other cations.
1t is important to note that the sum of fhe'lqad values'fn.the éand, siit
and clay fractions in all three samples, constitute anomajous values. This

is also true for the values determined for zinc in the cléstic fractions.

In contrast fo'the high ranking of "organics"_fOr zinc in the
background sample, the ofganig_fraction of the anomalous samb}és is
intermediate for lead. Typically, lead contents correiaie with "organics"
content, either as'édsorbed metal on humaﬁes or with organics taken up oy
plants forming meté!—organic bonds. The "organics" in sample 184 and 153
rank intermediate {(4th) and lTow {6th), respectively, which is similar to

the trend observed for "organics" and zinc.

Based on the ranking in terms of percent, fead seems to associate with
Fe-oxides somewhat more than with the Mn-oxides. Rose et al., (1979)
observed that the low mobility of lead was'due to its association with
- lTimonite, by either adsorption or coprecipitation. In a study of soils in
New Brunswick, Presant (1971) observed moderate association of lead (pblt
with some iron oxides, as well as witﬁ brganic material. The ranking of fe
and Mn is very }oﬁ in the background sample, second to last aﬁd last,
respectively. This trend, accompanied by the low ranking of Fe- and
Mn-oxides in the anomalous sample is indjcative of the low mobility of lead
in the soil environment. - The lead remains in clastic material either
within lattices of reéiétant mineréls or as inclusions in minerals, with

very little lead being released upon leaching by groundwater.

The low ranking of "exchangeab]e".1ead, as well as zinc is probably
indicative of ‘the low clay content in the soils {less than 14 percent by
weight) and the ability of Fe~ and Mn-oxides and oryganic material to
scavenge metals from solution. Typicaily, podzol-type soils have as nuch

as 50 percent clay in the By horizon with a minimum of approximately 25



'percent by we1ght. The 50115 1n the Thurman area are of glac1al origin and
can conta1n as much as 47 percent sand and 50 percent s1lt This suggests
that one p0551b]e explanation for tow metal content in the background

sample, 156, might be due to its re1at1ve1y small clay content

{approximately 10 percent by welght)
CONCLUSTONS

Several important conclusions can be drawn from the data presented ' |
which have a significant bearing on exploration gedchemistry strategy in
this type of glaciated terrain. The distribution of zinc in soil profiles
sampled over marbles (potential ore hosts)} and in anomalous areas indfcate
that the By soil horizon is enriched in zinc. Upper A horizon soils
sampled over paragneiss and in background soils exhibit slightly higuer-
zinc values than the By horizon. In general, lead is enriched in the upper
A horizon of all the profiles studied with the exception of two pits
sampled over marble. The cxMe distribution iu the soil profiles most
closely paralilels that trends observed for zinc, the dominant trace metal
present in the Thurman area. Calculations of con;ract using t-values for
zinc, lead, and cxMe between anomalous and background soils samp]ed ouer
mardle and paragneiss indicate that the Bl soil horizon is the most

suitable for sampling on a regular basis.

These distributions sUngst tﬁat zinc is somewhat more mobile than
.]ead in this ﬁarticuiaf glacial soil environment. However, the absence of
zinc and lead in tﬁe C-horizon soils, coupled with the close association of
soi] metal enrichment over marbles indicate that both metals are restricted

in their mobility and may be derived from very local rock sources.

Component analysis of anomalous and background B soils indicates that

a significant proportion of zinc and Tead are tied up in the clastic



fractidh, particuiarly silt-sized grains. Anomalﬁus metal contents can be
linked with Spils.rich in weather-resistant calc—silicafg phases such as
diopside, ph10gopité; énd serpentine, and carbohaﬁes..’21nc and lead have
probably substitued into octahedral sites of clays or are in solid soiution
with other cations ip siiicates, carbonateé, and ogide phases. This trace
element-mineralogic association has resulted in restricted zinc and lead
mobility in the Thurimnan soils which appear to be derived from the local
rock environment. The close association of soil metal enrichmenf with rock

type indicates that rock as well as soil sampling should prove useful in an

exploration program.

If this soil-rock association is real, however, why then do we see low
metal values in the C-horizon parent glacial materiaTn It can be safely
assumed that mineral assemblages observed in the By clastic fraction could
also occur in the C-horizon material, yet no metal enrichments are noted.
In general, B-horizon soils are comprised of ¢lay to sand-sized grains
coated with abﬁndant iron and manganese oxides. Conversely, C-horizon
material is devoid of oxides and consists of sand to boulder-size
fragments. These boulders are chiefly compriséd'of guartzo-feldspathic
paragneisses. Based on the cﬁmponent analysis, we know that zinc and lead
have been absorbed or co-precipitated with manganese and ircn oxides in fhe
Bi horizon, We also kndw that the Bi horizons sampled over marble are rich
in dioXide, sérpentine; phlogopite and carbonafe. It.appears as though
metals scavenged by oxides and ;he prescnce of trace-metal bearing
calc-silicates and carbonates in the B-horizon éoils contribute to the
metal enrichment patterﬁ observed in profile pits. Marble-derived mineral
phases would be more prone than paragneiss phases to fine disaggregation
through the mechanical processes affiliated with glaciation. In addition,
these finer grains could be found stratigraphically above coarser grains

and rock fragments even in a poorly-sorted sediment environment such as



lobserQéd ih.the Thurman'aréaf Any metal present iﬁ thé C-horizon could
also be 1eached:;nd'transportéd'vérticallyjas WGEi_a5'1aperaf]y by soil
waters moving in respohse'td vertica]]y;cbn£r011ed capif}ary processes.
This metal cou]d:then be adsorbed onto oxide surfaces or exchange with

other cations within the clays found in the B horizon.

Because metal dispersion’in the Thurman area is dependent an
mechanical as well as hydromorphic processes, detai1éd soil surveys must
take into account the scades.of transport associated with each process.
PDetailed mineralogic mapping of Thurman lithologies (Cole, 1976) suggests
that calc-silicate and carbonate phases observed in profile pits 184 and
153 were derived from no farther away than 1.5 km. Element distributions
in soil profiles and mode of metal occurrence in Thurman soils suggest'a
much smaller scale chemical transport of metails en tﬁe crder of meters to
perhaps tens of meters. Therefore, if the individual ore targets in the
Thurman area were on the order of 0.7 m to 16 m in thickness by 16 to 170 m
along strike, as tﬁey afe in the Balmat-Edwards Zinc District (Lea aﬁd
Dill, 1967), then the initial sdil sample spécing should certainly be less
than 1 km by 1 km and more on the order of 100 or 150 m Sq. The latter
spacing should be adequate in detecting mechanicai1y—dispersed metal

anomalies, which could be traced and verified with a closer spaced detailed

s

s0il survey.
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Typical Soil Profile - Thurman Area
(composite of 15 profiles)

Table 1.
Horizon

Ao * A1

Ay

By

82
Transition
C

Déscription

Organic-rich silt to fine sand, 6.4 cm, medium o
dark brownish black, many plant roots, a few pebbles
of paragneiss

Silt to fine sand, 4.6 cm, medium to dark brown,
loosely bonded, a few pebbles of paragneiss, plant
roots and humus are common

Clay to fine sand, 32.5 cm, medium red to red-brown
(iran oxide accumulation), pebbles, cobbles and
boulders of paragneiss present in on1y 5 of 15 pro-
files, minor organics

Silt to coarse-sand, 13.7 cm, 1ight red to light
yellow-reddish brown, many pebbles, few cobbles and
boulders, minor organics

Fine to toarse'sand, 3.3 cm, light yellow-brown to
gray-brown, many pebbles and cobbles of paragneiss,
no organics

l

Fine to coarse sand, thickness unknownm bedrock
never reached, light to medium gray-brown, many
pebhles, cohb]es and bou1d9r§ of paragneiss, trace

of marble
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Table 2. Grouping hy.rock type of anomalous and ba;kground'soi1

profile pits.

Anomalous - Background
Marble Paragneiss Marble Paragneiss
1
2
3
4
5
6
7
8
9
10
11

12
13
14
15
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Table 3. Compar1son of total meta]s in anoma]ous and background soil
sampled over marble and paragne1ss : :

t

(Marb]e) B - - '(Pafagneiss)
Anom. vs Bkg. Anom. vs Bkg.
(Pits 12,13,18,15) (Pits 2,5,7,8)  (Pits 3,9) (Pits 1,4,6,10,11)
In AgtAy . 2.12% (6d.f.) 0.71 (7 d.F.)
| Ao R 1.31 (3 d.f.)
B 4.75%*(6 d.f.) 2.42% (5 d.f.)
B, 1.18 (5 d.f.) 1.38 (5 d.f.)
T 0.46 (4 d.f.) -
C 0.29 {4 d.f.) 0.54 (5 d.f.)
Pb Ayt A 1.04 (6 d.f.) 0.79 (7 d.f.)
Ao — . 0.31 (3 d.f.)
B 3.16**(6 d.f.) 0.64 (54d.f.)
B, 1.65 {5d.f.} 0.66 (5 d.f.)
T 0.53 {4 d.f.) —-
c 0.31 (4 d.f.) 0.51 (5d.f.)
cxMe Agt Ay 1.52 (6 d.f.) 0.12 (7 d.f.)
A, - 1.02 (3 d.f.)
B 1.69 (6 d.f.) 1.07 {5d.f.)
B, 0.87 {5d.f.) 0.51 (5 d.f.)
T 0.99 (4 d.f.) .
¢ 6.49 (4 d.f.) . 0.45 {5 d.f.)
ty g (7 d.f.) = 2.36 h | 0 %0 (7 d.f. ) = 1.90
ty g5 (6 d.f.) = 2.45 - to.50 (6 d.f.) = 1.9
ty g5 (5 d.f.)=2.57 | g g (5 d.f. ) =2.02
ty g5 (4 d.f.) = 2.78 | | tg oo (4 d-F. )= 2.13
ty.g5 (4 d.f.) =3.18 .90 (3 d.f.) = 2.35

- significant at 10 percent probability Tevel
** . gignificant at b percent_brobabi1ity level
Significance at a given probabiTity level determined from tables given by

*

- Pearson and Hartley (1966).




Table 4. Component analysis of soil for zinc, Tead, iron and manganese

% of in Pb Fe Mn

Total - 1In Concen.D Pb Concen.P Concen.D Concen.b

Weight AMV2  (ppm)  Zn®%  AMV@ (ppm)  Pb°%  (ppm) Fe“%  (ppm) MnC%
134 Exchangeable e 31 - 4 5 - 2 - - - -
184 Drganic -- 9% @ -- 12 25 - g -- - - --

© 184 Mn-0Oxide -- 110 16,923 14 - 8 1,213 3 1,900 3 6,500 - 62

134 Fe-Oxide _ - 71 2,186 g - 12 360 4 32,480 57 -- --
184 Clay 13.6 123 . 904 16 45 331 16 4,150 7 1,544 - 15
184 Silt 50.3 - 249 495 ° 32 133 264 48 13,300 - 23 2,163 21
134 Sand 31.9 103 - 323 13 - 50 157 18 5,580 10 . 335- 3
184 Total | © - 7g2d  75ge 278d 239¢ 48,2008 10,9308
wt. sum of components 95.8 " -
153 Exchangeable -- 15 - 3 4 - 2 - — - -
153 Qrganic - 22 -- 4 11 -- 5 - -— - e
153 Mn-Oxide - 63 9,403 12 18 2,612 8 1,100 2 6,700 68
153 Fe-0Oxide - . 110 23,828 2l e5 0 878 11 258,000 60 - -
153 Clay o -- 59 428 11 54 391 25 4,425 100 1,274 13
153 Silt 13.8 148 449 28 72 . 218 33 9,898 21 1,372 14
153 Sand -46.7 106 227 .20 37 79 17 3,305 7 . 442 5
153 Total | +523d 5108 2204 194€ 37,650€ 10,300°
wi. sum of components 93.4 : .
156 Exchangeable -- b “— 2 3 -= 2 -- -- -- - )
156 Qrganic -- 48 -- 26 9 - 7 -- - - LR
156 Mn-0xide B 4 44,444 2 1.5 11,110 1 400 1 90 3
%56 Fe-Oxide - 6 217 3 2.5 90 2 27,720 45 -- --
156 Clay 10.0 25 253 14 34 343 26 1,700 3 579 20
156 Silt 43,7 52 119 29. 57 130 44 11,100 18 1,404 49
156 Sand 42.8 42 88 23 - 24 56 18 21,100 34 783 27
156 Total ’ 1g2d 189¢ 1314 119¢ 50,500¢ 2,450¢
wi. sum of components 96.4 ' '
“AMy=actual measured values bconcentration of metal in each component Cpercent contribution to total metal

total ppm in sample based on actual measured values ®total from LiBO2 fusion



Table 5, Summary of the ranking by concentration and pércent of metal
. in two anomalous (184, 153) and one background {156} soil samples.

#184. : - #153 . #156

Zn Pb n Pb ' In Pb

I. Ranking by concentration of metal in component.

MnOx MnOx - MnOx MnOx MnOx MnOx
Fe0Ox FeOx - FeQx Fe(x Clay Clay
Clay Clay _ Silt Silt- Felx Fedx
Sitt Silt . Clay Clay Silt Silt
Sand Sand ' : Sand Sand Sand Sand

I1. Ranking by percent contribution to total metal content.

Silt Silt Siit Silt Silt - Silt
Clay Sand FeOx Clay Organics  Clay
MnOx Clay Sand Sand Sand Sand
Sand Organics = MnOx FeQx : Clay Organics
Organics FeOx Clay Mn0x Felx Exch.
FeOx MnOx Organics Organics Exch. FeOx

Exch. Exch. - S Exch. Exch. . MnrOx . Mn0Ox



M1neralogy of Sand and Silt Fract1ons from Two Anomalous and

Il

Table 6.
One Background Soil
- Relative ‘ Relative
Sample Heavies | Abundance Lights Abundance
i56 Garnet Dom Quartz _ Don
: Biotite Acc Pink feldspar Acc
Hornblende Dom - Plagioclase Rare
Dicpside Rare Chlorite Rare
Sphene Rare :
Magnetite Dom
Labradorite Rare
184 Garnet Dom Quartz Dom
Biotite Acc Phlogopite Acc
Hornblende Rare Pink feldspar Rare
Diopside Acc Carbonate Acc
Magnetite Acc
Serpentine Acc
153 Garnet Acc Quartz Dom
Biotite Acc Phiogopite Rare
Hornbltende Dom Pink feldspar Acc
Diopside Acc White diopside? Rare
Sphene ‘Rare Carbonate Acc
Magnetite -Acc
Serpentine . Acc-Rare
Note: Dom = Dominant
Acc = Accessory:
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Figure Captions
Location map of the study drea. |

Generalized geologic map of the Thhrman area giviné Jocations
of s0il profile pits and samples used in the component analysis.

Distribution of Zn, Pb and cxte in soil horizons from pits
sampled in the Thurman area. Single dash-dot tine is for sieved
samples (-60 mesh). Double dash-dot is for unsieved sanples.

Composite'profi1es for In, Pb and cxde distribution in
anomalous (solid) and background {(dashed} soils.

Composite profites for In, Pb and cxMe in soils sampled over
marble (solid) and paragneiss {dashed}.

Precent contripbution of soil components to total zinc.

Percent contribution of soil components to total lead.
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GEOLOGY OF THE THURMAN AREA
ADIRONDACK MOUNTAINS, NEW YORK

(Geof.t;gy from Cole, 1976; Fisher et c.t|,:'|?6_2 ond __M_il]qrr }_914)’
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