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ABSTRACT 

The distribution and mode of occurrence of zinc and lead have been 

examined in glacial·soils developed over a complex, Precambrian marble -

paragneiss terrain in the Adirondack Mountains of New York. Based on 

distribution within the soil profiles, zinc is enriched in the B1 horizon 

of soils sampled over marble and lead is generally enriched 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 over marble and paragneiss 

indicate that the B1',soil horizon is the most suitable for sampling on a 

regular basis. 

The distribution of zinc and lead among exchangeable, organic, iron-

manganese oxides, clay, silt and sand fractions of two anomalous and one 

background soil indicates that both zinc and lead are tied up principally . 
in iron and manganese ~xides. In terms of total contribution to the sample, 

\ 

however, significant pr9portions of zinc and lead are associated with the 

clastic fraction, particularly silt~sized grains. Anomalous m~tal contents 

in this area of the Adirondacks can be 1 inked. with soils rich in weather--

resistant calc-Silicate phases such a~ diopside, phlogopite and serpentin~, 
., 

and carbonates deriv.ed' from marble not farther away than 1.5km. 



. \ I,NTKODDCTlON 

The, processes of weathering and the development of trace element 
I . . 

dispersion patterns in gl~ciatedare~s are materially different from those 

of simple residual weathering. In glaciated terralns, residual soils have 

been stripped away, and in places the soils have been replaced by 

transported glacial debris of variable composition and permeability. 

Secondary halos must necessarily be young, and therefore, they are not 

usual,ly well developed. The movement and removal, or mixing,. of ,soil and 

rocks by glacial events coupled with the subsequent 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 lacking in 

glaciated terrains, the apparent difficulties have not inhibited some 

researchers in applying these methods in glacial areas (Govett, 1973). 

Geochemical methods have been mo~eratel~ successful in many glaciated areas 

of the Canadian Shield because of the careful selection and adaptation of 

well-established ~ampling and analytical procedures and an understanding of 

the glacial history. ' Soil surveys have been us~d effectively in many 

areas, such as in Boyle's (1966) work in Cobalt area, Ontario where soil 
. . 

geochemistry outlined areas of Ni-Co-As and Ag-Ni-Co-As mineralization • 

. Ermengen (1957), demonstrated that good surface expression of mineralization . ' 

in bedrock existed through 9 to'12 meters 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 soil surveys to be successful in complex 

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



be determined prior to detailed grid soil sampling., Specifically, the 
, I ' ' , " ' " -' ' " ' 

distribution and mode of occurrence of the targe,t metals within the soil, 
, ',' . ' 

should be established during an orientation survey of the field area of 

interest. The optimum sampling horizon can be determined by statistical 

examination of the trace' element distributions in soil profiles. 

Partial-chemical extraction te~hniques are ~sed to delineate the 

distribution of metal among the various components of the ~oi1 

(exchangeable cation fraction, organic fraction, iron and manganese oxide 

fraction, sand fraction, silt fraction, and clay fraction). Data 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 Mountains of New York is 

an ideally suited,loca1e to apply the techniques outlined above that have 

been used sparingly in geochemical exploration in other, glacial terrains. 

The presence pfanomalous1y high zinc and lead values detected in a 

reconnaisance soil survey of the area, coupled with the striking similarity 

of the marble and paragneiss units found at Thurman with those mapped in 

the Balmat-Ed'flards Zinc District, north'dest Adirondacks, make this area a 

prime exploration target. This paper will address the following: 

1) Determination of the distribution of zinc, lead and 

cold-extractable metal (cxMe) in different soil horizons developed on 
t 

glacial deposits and qu~ntification of the optimum sampling horizon, and 

2) Determination of the mode of occurrence of zinc, lead, iron, and 

manganese in both anomalous and background soils in order to evaluate their 

behavior in the soil-forming process. 



GEOLOGY 

The highland area,ofhortheast New 10rk State known as the Adirondack 

Mountains is a \outheasterly extension of the'Grenville Province of the 
, 

Canadian Shield, and is similar in most respects to the lower Ottawa Valley 

(Wilson, 1965). The Grenville Province is part of the Grenvillian Orogenic 

Belt south of the Grenville Front exposed in the eastern Canadian Shield, 

with prevai'ling radiometric.K/Ar dates of,9S0 + 150 m.y_ (Wynne-Edwards, . . . 

1972). The ,Precambrian rock~ 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-Edwards Zinc District is located 

(Isachsen, 1966). 

The Thurman 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. I). Geologic mapping of 

Precambrian terrain located near the Town of Thurman indicates that an 

interbedded sequence of clastic and carbonate units has been metamorphosed 

and complexly fol~ed and faulted (Fig. 2). The original sedimentary 

sequence included impure limestones and dolomites, quartzites, shales and 

greywackes which were subjected to granulite facies metamorphism and 

structurally deformed during the Grenvillian Orogeny approximately 0.96 

billion years ago. The tvlO dominant lithologies present in the area are 

calc-silicate marbles which can contain calcite, diopside, serpentine, . 

dolomite, quartz and pyrite, and paragnei sses whi ch can contain quartz, 

plagioclase, hornblende, biotite, microcline, magnetite, sphene and garent. 

Original bedding is exhibited by contacts between para~neiss and marble 
\ 

units and by quartz layers within marble. Compositonal layering and 

foliation present in calc-silicate marbles and quartzo-feldspathic 



parag~eisses may also represent bedding in original sediment~ry units. 

Structurally, the rocks in the Thurman area have been subjected t? at 
; 

least three phases.~f deformation. The first'period of folding was the 

most intense and produced isoclinal to tight folds which plunge 

approximately 20° to the northeast. A second phase of north-plunging, 

gentle to open folds dominates the structural pattern observed in the area, 

refolding phase one folds. p~ring the fi~st and second periods 6f 

deformation flow folding in both marbles and p~ragneisses predominated. 

However, the last period of folding produced open folds and reversals in 

north-plunging foJd 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. Joints in the 

Thurman area are well developed, laterally 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 attitud~s near that of bedding or foliation. 

The Thurman area was completely glaciated during the Wisconsin Stage 

of Pleistocene continental glaciation (Miller, 1914; Boyle et a1., 1975). , 

Based on gl~cialstriae, 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 



, . 
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sed,ililentologfcal' character (i~ic.hol, and I3jorklund, 1973).· The first group, 
,I . 

. which is the more extensiv.e of the two, in the area, is till, a , 
\' , ~ 

nonstratified, unsorte'd to poorly sorted material, transported and·deposited 

by the glacier (Nichol and Bjorklund, 1973). The second group is 

stratified drift, composed of stratified and sorted material. deposited by 

glacial melt water adjacent to or, beyond the ice front (Nichol and 

Bjorklund, 1973). Stratified drift.was observed at two profile pit 

localitie~ (#1 and #8) which characteristitally contained layeri of dark 

minerals or pebble-size fragments in the C soil horizon. Elsewhere 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 glacial drift extend into the 

map area from the north, occupying weathered or scoured troughs in the 

carbonate units that underlie these deposits. Based on nleasured sequences 

of drift, the minimum thickness of glacial drift in these two troughs is 

between 18 and 25 m. The thickness of drift in areas of well-exposed 

outcrops is prooably on the order of 1.5 to 3 m. Bedrock was commonly 

encountered during the course of,the profile samp~ing over well-exposed 

areas, and no'pits were dug that exceeded 1 .• 2 m. 

In glaciated areas problems arise in the interpretation of geochemical 

data because of glacial transport and mixing (Hawkes and webb, 1962). i"1uch 
\ 

evidence su~gests that the bulk of material moved by ice rarely travels 

more than one or tv/o miles (Hav/kes and Webb, 1962; Chazlet, 1973; Levinson, 

1974). Bayrock and Pawluk (1967) showed a good correlation between drift 

and bedrock geocnellli stry inA 1 berta, and Larsson and Ni cho 1 (1971) suggest 

similar correlations in western Ireland. The presence of serpentine, 

phlogopite, diopside and carbonate in the sand fraction of two soils used 

in the component analysis (Samples 153 and 184 in Fig. 2), suggest tilat 
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much {)fthe glacial 'material' in the area is of very local" origin; The 

calc-silicate and carbonate assemblages were almost ,c'eriain1y derived from 

the calc-silicate marbles located ~n the Thurmpn arep •. 

ELEMENT DISTRIBUTIONS IN SOIL HORIZONS 

. 
In order to determine the nature of the glacial deposits, the soil 

\ 

developed over them, and the distribuion of elements within soil horizons, 

a soil profile survey was conducted in the Thurman area. The ultimate goal 

of thi s survey was to stati stica11y determi ne the best, soil hori zan to 

sample during subsequent detailed soil sampling in the area. Based on 

geologic mapping and reconnaissance soil sampling, fifteen soil profile 

pits were sampled in knO'.·/n areas of anomalous as well as normal background 

soils, over both marbles and paragneisses (Fig. 2) and analyzed for Zn, Pb 

and cxMe. A composite soil profile of the fifteen pits is presented iri 

Table 1. Although the pits studied occur on variable thicknesses of 

glacial drift, over differen~ rock types, differences in the soil profiles 

are not sufficiently great, to differentiate them into distinct groups. 

Soils derived from parent glacial drift in the Thurman area exhibit 
'. 

distinct soil h6rizo~s that were fnitially classified by Cline (1963) as 

podzol~type. The A horizon in normal podzo1 soils develops primarily as 

the result of partial loss~s of soluble bases, clays and co11oi~al 

sesquioxides by 'leaching and m~chanical, re'moval (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 

red-brown 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 a~ upper red silty sand, the B1 horizon, and a lower yellow-brown to 

yellow-red fine sand,' the B2 horizon. The gray-brown parent - C horizon is 



· comprised of firi~ to coarse sand, pebbles, cobbles and boulders, unsorted 

material indicative' of a ,glac'i.al' origin. 

I 
Based on the above description .and Table 1, the podzol classification 

by Cline (1963) and the brunisolic (absent B horizon) classification given 

by Boyle et a1., (1975) fo~ soil in this portion of the Adirondacks, are 

misleading and do not,app1y to the Thurman are~. Leaf litter over dark 
" , 

brown-friable surf~ce soil grading downward through lighter colored soil, 

as is characteristic of the Thurman area, represents an intermediate type 

between these two classes that has been termed brown forest soil (Hunt, 

1972). This weakly acidic soil type occurs in temperate climates with 

annual precipitation 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 profil~s for pits sampled in anomalous and background 

soils are shown in Figure 4. A iecond group of composite soil profiles is 

given in Figure 5 for sample localities over marble and paragneiss bedrock, 

respe~ti vely.' An arbitrary threshold {of 70 ppm total metal (Pb + Zn) was 

used to define an anomaly during the reconnaissance survey. Based on this 

thresho 1 d and the, 1 oca 1 geology, the soi 1 profil e pits in the Thurman area 

, can be grouped as shown in Table 2. 

The characteristic feature of the distributions is the enrichment of 

zinc in the Bl 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 Bl horizon, especially for anomalous pits and 

pits sampled over marble. 

The difference in trace ele~ent content between soil horizons in 



I 

amonalous soils and background soils is termed contrast. In order to 

evaluate the contrast between anomalous~nd backg~ound soil horizons more 
, . ' 

quantitatively, t-tests w~re' performed using the followi,ng equation: 

t = ------
Sr rn 

where XA and XB are the means for anomalous and background soils of a 

particular'horizon, and 

+ 

where n is the number of val ues and (JA and (J13 are the standard devi ati ons 

of the two populations. The t values calculated for zinc, lead and cxMe in 

soil horizons from various anomalous and background soils samples over 

marble 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 Bl horizon. The t-value 

for zinc in the Bl horizon soils sampled over marble is significant at the 
, 

5 percent probability level. The Bl soils sampled over paragneiss are 

significant at the 10 percent probability level. The fact that the 

contrast values for sbils sampled over marble are significantly greater 

than contrast values for soils samples over paragneiss sugQests that the 

source and'amount of zinc is not totally 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 content~ in pargneiss range from 10 to only about 60 ppm 

(Cole, 1976). Therefore, soils derived from local marble units would be 

expected to exhibit greater contrast because of the greater zinc 

variability in marbles. 



Leaching of zinc from theAo + Al and A2 soil horizons is most 

conspicuous 1n profiles sampl~~ from anomaldus soils~ In background soils, 

especially over paragneiss, c6ncenlrations of zinc from the Ao + Al and A2 

horizons are simila~ to and in places are great~r tha~ the zinc content of 

the Bl horizon. This trend suggests that the nature of the binding of zinc 

in the A horizon differs from area to area as a function 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 Bl and B2 horizons in many sample localities 

suggest that either chemical leaching of Bl horizons is very slow or that 

leaching in the 132 and C horizons is extremely fast. The absence of 

abundant iron oxides and clay in the Bl horizons suggests that zinc may 

occur in the sand and silt-rich fractions, which are resistant to the types 

of leaching that cownon1y remove metal from soils. In addition, the 

absence of appreciable amount of iron oxides and clays in lower soil 

horizons may inhibit the' accumulation of any zinc removed from the Bl 

horizon. 

The data are generally consistent with results from other glaciated 

areas. Kauranne (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 Band C soil horizons. Although there 

are local variations, zinc seems to give a fairly consistent pattern of 

enrichment in the Bl' soil horizon in the soils developed from glacial 

debris in the Thurman area. 

Lead 

The distribution of lead in the soil horizons is very different from 

that of zinc. Figure 3 shows that lead generally is enriched in the Ao + 

Al 'hori zons, wi th some si gni fi cant amounts present in the 131 hori zons from 



, . 

anoma lOlls soil s. ThiS trend also is, evi dent from both plots of the 

composite profiles (F{gures4 a~d 5Y.' 
" 

Although,the A hori.zon is en~iched in lead, contrast"values (t-values) 

calculated for all soil, horizons given in Table 3 indicate that the higher 

contrast for lead occurs in B1 soil~ developed over marble. The t-value 

for the Bl horizon' is 3.16 and is significant at :the 5 percent probability 

level. The t-values ~alculated for soil horizons sampled over paragneiss 
, 

are similar with the Aa + Al horizon ha~ing'the highest value of 0.79. The 

contrast values for soils sampled over marble are significantly higher than 

the contrast values for soils sampled over paragneiss. This trend also is 

exhibited by zinc and suggests that marble may be contributing anomalous 

amounts of lead as well as zinc to the soils. 

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

mean of 29 ppm. Pb values in paragneiss range from 9 to 37 ppm, with a 

mean of 22 ppm. The variability of Pb in marbles could produce the 

observed contrast between anomalous and background soils sampled over 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 soil or groundwaters. 

The fact that the highest Pb as well as Zn contents are associated with 

profile pits sampled 'over marble supports the hypothesis that metal is 

deriv~d from local rock sources. 
\ 

Trends in the decrease of lead content with depth in the soil profile 
, 

differ for marble and paragneiss terranes. The concentration of lead drops 

sharply from the A to the Bl 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 B1 horizon. The similarity of this 



t~end ~fth one obse~ved for zinc in soils sampled over marble, coupled with 
( 

I . , 

the low iron~oxide 'and clay content in, the soil , suggests that lead also 
I ' .' ~' . 

may occur in sand or silt-fractions, in whi~h leaching re~ctions are 

minimal. 

Lead enrichment in the A horizon in soils sampled over pqragneiss 

suggests two possibilities. The lead may have.been absorbed from the soil 

by plants and accumulated in an 'lnso1ub1e form in humus, derived from dead 

plant material in the A horizon soils. However, the absence of abundant 

iron oxides and clays, which are also good scavengers of lead, 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 soils are compos~d primarily 

of fine 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 

of two different types of soil environments, one being calcareous (over 

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

paragneiss) •. 

Cold-Extractable Total Heavy Metal 

.' . 
Soil profl1e samples were also tested for cold-extractable total heavy 

metal (cxM~) uiing the method described by Hawkes (1963). Hawkes (1963) 

concluded that this test was not suitabie for residual anomalies, glacially 

dispersed geochemical fans or stream sediments containing material of 

purely detrital origin. However, several successful studies using cxMe 

methods in glacial terrains have been reported (Bischoff, 1954; Byers, 

1956; Ermengen, 1957; Dreimanis, 1960; and Kaurrane, 1967). 

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



Thurman area, and in ~oils from adjacent areas with high zinc and lead 

contents. Bi~choff (J~54),reported that dithizone 'tests work best on finer 
/ 

sediment fractions. Ther~fore the soils were sieved using.60 mesh nylon 

screen and retested. CxMe values for the ~ieved fractions were markedly 
, 

higher, and data are plotted with the unsieved and atomic absorption 

results in Figure 3. 

The distribution of cxMe in unsieved samples is highly irregular 

~hereas the distributi~n of cxMe in the finer (-60 mesh) component of the 

soil horizons is relatively regular, and closely parallels the trend 

observed in the distribution of zinc and lead. The distribution of cxMe in 

sieved soils sampled over marble indicates that the Bl horizon is enriched 

in metal. The cxMe values'observed' in profile pits sampled over paragneiss 

are highest in the Ao + Al soil horizons. The trend of cxMe enrichment in 

the Ao + Al horizon also is present in soil profiles sampled in both 

anomalous and background soils. 

The high~st contrast calculated for the cxMe values in Table 3 is for 
\ 

. . 
the Bl horizon over marble. Similar results were obtained for soils 

sampled over paragneiss,but the Bl ho~izon contrast values ~re not as 

extreme. These trends coupled with the distributions and 'contrast values 

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

sample is .the Bl horizon. 

, MODE OF OCCURRENCE OF ZINC AND LEAD IN 

SELECTED SOIL S~~PLES 

l1igration of metals in a glaciated environment involves not only 

physical (clastic) mobility but chemical mobility as well. It has been 

shown that zinc in an oxidizing or slightly acid environment is very 

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



effective way ofdeterm~n~ng the mechanitm involved in the mobilization of~ 
. , 

zinc and lead is by the use of,different chemical .extractions· to evaluate 

the distribuiion of the~e elements among the different compohents which 

characterize a soil. This component distribution, coupled with knowledge 

of the distribution of the metals in the soil profile, makes it possible to 

distinguish between soil anomalies directly over mineralization, displaced 

from mineralization, and anomalies unrelated to the mineralized source 

(Bradshaw, et al.~ 1974). 

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 McNeal (19J5). The components are given in order of their 

removal. I' 

1. Exchangeable and Adsorbed Metal 

(referred to as "ex~hangeable"): Me~al ions in exchange sites in 

clay minerals, such as montmorillonite and vermiculite, adsorbed on 

colloidal 9rganic particles, and metal cations occurring as counter 

ions on clays, Fe-and Mn-oxides, and organic material. , .' , 

2. Organic' Material and Sulfides 

(referred to as'"organics"): Highly oxidizing NaDel 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. I~n-oxi des 

I~n-oxides are dissolved releasing enclosed zinc and lead minerals 



or adsorbed metal cations trapped duri~g later Mn-oxide precipitation. 

4. Fe-oxides 

Analogous to Mn-~xides 

5. ~ 

(less than 2 microns): Zinc and lead occurring in non-exchange 

lattice sites of ;clays, defects and in~ergr9wths within clays, and as 

metal cations in silicate, carbonate or oxide clay-size grains not 

attacked in previous steps. 

6. Si 1t 

(2 microns to 325-mesh): Zinc and lead in lattices of silt-size 

silicate, 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 fraction. 

In addition to the above components that were analyzed, heavy and 

light fractinns of the silt and sand components were separated using 

bromoform and examined microscopically. ,The separat,ion of the seven 

components was done by modi fi cati on of methods gi ven by 'Jackson (1956), 

Fuchs and Rose (1974), de Endredy (1962), McKeagu~ and Day (1966) and Chao 

(1972)? as described in Cole (1976). The components were analyzed for zinc 

and lead, and all except lI exchangeab1e" and lIorganic ll were analyzed for 

i ron and man,ganese. 

After the Fe-oxides separation step, the sample was still brownish in 

color, probably because some Fe-oxide was still present. Apparently the 

ammonium oxalate procedure is not as effective as the dithionite procedure, 

which left the clays gray to white (Fuchs, 1972). However, the amount of 

Fe-oxide remaining cannot be large, because the clays, with the highest 

surface area, contain relatively low Fe contents, indicating only a small 



remai~ing coatin~. 

" , 
The three sample~ selected. for this study we~e from the west-central 

portion of the map area (Fig. 2) because the soil h6fizons in this area are 

more pronounced than elsewhere. This assured the consist~nt sampling of 

the B1 soil horizon at each site. In addition the trace element values in 

soils of this area are higher in magnitude (Cole, 1976).. The samples 

se 1 e,cted were: 

Sample 153 

Sample 156 

Sample 184 

425 ppm Zn 

51 ppm Zn 

599 ppm Zn 

57 ppm Pb 

13 ppm Pb 

44 ppm Pb 

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

sample was taken from the center of the B1 horizon over an interval of 

approximately 15 to 20 cm. 

Results of the component analysis 'for zinc, lead, iron and manganese 

are summarized in Tables 4 arid 5 and Figures 6 an~ 7., Quantities are 

sumnarized according to the concentration of metal in the component itself 
--

and the percent contribution to the total metal in the soil. The results 

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

Table 6. 

\ 

It is important to note that the values determined by the author using 

LiB02 fudon (listed 'as "Total" in ,Table 4) are significantly higher than 

va'lues given above, obtained by a nitric-perchloric extraction .-nethod. The 

value of 182 ppm obtained ort the IIbackground ll sample (156) was much higher 

and it technically cannot be considered background. However, it is still 

lower than the other two samples, and for the purposes of discussion, it 

will be considered a background sample. 



Zinc 

," 

Fuchs (197~~ rariked his soil sample comp6nentsin 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 (Table 5). In decreasing order the overall ranking 

is MnOx, FeOx, clay, silt and sand. The order in this ranking 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 is probably distributed in an approximately 

equilibrium fashion among the phases, although the deviations from a 

constant ratio indicate some departures from equilibrium. -In addition, for 

each component, the mass of iinc per unit weight of total sample increases 

from the 10'''' ("background") to high ("anomalous") samples, indicating that 

the anomalous zinc is shared among all the components, and occurs in the 

clastic components (sand, silt) as well as the components formed in the 

soi 1. However, the amount ot zi nc i ncrea~es by a factor o'f 5 - 30 in th.e 

Fe-oxide, Mn-oxideand "exchangeable" components, 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/Fe 

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

sand. 
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The data 'onFe"and Mn indicate ttiat both of these elements have been 

added to the soils ·~ith Breater zinc ,and l~ad contents. therefore, the 

larger amounts of zinc result partly 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-oxidecomponent is lower in the 

high zinc samples, but'because the content of Mn-oxide ~ncrea~es, so does 

the amount of zinc'ln. this form. 

In an examination of metals in glacial soils, Presant (1971) indicated 

that zinc had a weak association with Fe-oxides and a strong association 

with humus material. The low zinc content in 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 analysi~. Jenne (1968) concluded that Mn and Fe 

hydrous oxides generally 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 p~ttern in soils derived from glacial materials (Kauranne,' 

1967). The presence of zinc ,in the clay component may be explained in 

, sev~ra 1 \'/ays: 

1) Zinc may occur in the crystal structure of clays, in the octahedral 

sites, as in the clay mineral sauconite, a zinc-montmorillonite (Deer, 

Howie and Zussman, 1969). The ionic radius of Zn2+ in octahedral 

coordination with oxygen is 0.83~ which is not too large to prohibit 

substitution into octahedral sites of clays (Whittaker and Muntus, 1970). 

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

17 n2+) fo- othe- -~tl'on~ 1'~ m~ne~al 1,u~ttl"CP ~l'tp~ dur~,ng fllctamornhl"r \ L' " r \...0 ;) II II I I I v ~ ~ _~ _" _ 



. recrystallization. In particular" there' could be substitution of zinc' 

(~n2+) for e~ther ir~n"(Fe2+}'~r magn~~ium (Mg2+) in such mine~als as . . 

diopside, garnet, hornblende, biotite, serpentine, or ~olomite, which were 

eventually weathered to clay-size particles. The ionic radius of Zn2+ is 

approximately 0.83~ whereas Fe2+ and Mg2+ have ionic radii "of 0.86R and 

0.80~, 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 hornblend~s (up to 216 ppm), 

garnets (up to' 263 ppm) and pyroxenes (up to 30'0 ppm) from the 

Balmat-Edwards Zinc District by Engel and 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 opaque grains would not be attacked by the earlier steps 

in the component analysis if the host grains were enclo~ed in more massive 

carbonate or silicate assemblages. It is possible,-but highly improbabl~~ 

that clay-sized silicate or carbonate particles could act as hosts for 

sphalerite-bearing pyrite or magnetite grains~ More likely 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 variable (Table 5) •. Fuchs and Rose (1974) cqncluded 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 concentration 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 several imp6rtpnt trends ~vident from the percentage ranking 

the most significarit is the top ranking of the silt fraction ~n all 
, 

samples. In addition, at' least two clastic fractions are present in the 

top three rankings and all three clastic fractions are present in the top 
I 

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 weat~ering. The presence of garnet, 

hornblende, biotite and magnetite 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 

minerals and/or carbonates. 

The Mn-oxide fraction is lowest in the background sample and 

"exchangeable" is last or ranked second to last in all three samples. 

There appears to be a good correlation between low zinc content and low 

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'sa~ple. 

The contribution of zinc in "organics" ii large for the background 

sample and small for the two anomalous samples. E'nrichm~nt of zinc in the 

organic fraction is ~robably a fun~tion 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 

each 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 particular humus, on the fixation of lead has been described by numerous 

authors (Hose et,al., 1979; Kenhedy, 1965; and 'Swanson et al., 1966). The 

hi gh 1 ead contert in many of the A. hori zon soi 1 s' from the soi 1 profi 1 e 

pits, along with modest contribution of lead by "organics" to the total 

concentrat i on suggest that Pb is i nfl uenced mor,e than Zn by the presence of 

organic material. Unfortunately, n6 estimate was made of the organic 

content or cation exchange capacity in these samples.' 

The average 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 

controlling their distribution in these components are probably similar. 

Like zinc, the lead in the samples is probably distributed in an 

approxi~ately equilibrium fashion among the phases. The mass of Pb per 

unit weight of the total sample for each component increases fro~ the low 

(background) to high (anomalous) samples,indicating that like zinc, the 

lead is shared among all the components, and is contained within the 

clastic components as well as components formed in the soil. However, the 

largest percentage increases. in lecid occui in the Fe- and Mn-oxide phases 

by a factor of 3 ~ 18 times the amount in background, but only by a factor 

of 1 - 3 in the sand, silt, clay, lIorganic" and "exchangeable" components. 

HOilever, because'the ammonium oxalate step was not successful in removing 

all the iron from the samples, it is likely that some lead attributed to 

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

According to the ranking by concentration, Mn-oxid~ has the greatest 

affinity for lead, and Fe-oxjde 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 co~ponents show the greatest 



contrast from backgrourd to anomalous. 

The presence ofle~d i~ clastic material may.be a f~nct~on of: (1) . . . 

substitution of Pb2+ into octah~dral sites in clay lattic~s, .(2) 

substitutional 6r interstitial soli~ solution of ~b2+ in mineral phases, 

(3) inclusions of galena in host silicate or carbonate grain~ a~d (4) 

i ncomp 1 ete remova l' of Mn- or Fe-oxi des in previ ous steps' of component 

analysis. Substitution of Pb2+, whose ionic radius is 1.26R 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 ~uggestedby 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 Pb2+ substituting for K+ or Ca2+. Various amounts 

of feldspar are present in all three samples 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 fr~m marbles (Engel and 

Engel, 1960). 

The presence of minute galena inclusions in a pyrite, silicate or 

carbonate host mineral also is a possibility, although neither sphalerite 

nor galena were observed in polished thin sections. 

The ranking of each component in terms of percent contribution to 

total lead is similar to the ranking developed for zinc. As for zinc, silt 

ranks first irr all three samples. Also, sand, silt and clay hold the top 

three ranking positions for all samples. The influence of clastic 

materi a 1 s on the percent contri but i on to the tota 1 1 ead content in ,these 

samples is more extreme than those for zinc. These data suggest that lead 

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



phases as inclusions of galena or Pb2+ substitutioning, for other cations. 

It is important to note tha~' the s~m of 'the' ,1 e,ad va',l ~es 'i n .~he sand, si 1 t 

and clay fractions in ~11 three samples, constitute anomalous values. This 

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

In contrast to'the high ranking of "organics" for zinc in the 

background sample, the organi~fraction of the anomalous samples is 

intermediate for lead. Typically, lead contents correlate 'dith "organics" 

content, ei ther as' adsorbed metal on humates or wi th organi cs taken up by 

plants forming metal-organic bonds~ The "organics" in sample 184 and 153 

rank intennediate (4th) and low (6th), respectively, which is similar to 

the trend observed for "organics" and zinc. 

Based on the ranking in terms of percent, lead seems to associate with 

Fe-oxides somewhat more than with the Mn-oxides. Rose et a1., (1979) 

observed that the low mobility of lead was due to its association with 

limonite, by either adsorption or coprecipitation. In a study of soils in 

New Brunswick, Presant (1971) observed moderate association of lead (Pb2+. 

with some iron oxides, as well as with organic material. The ranking of Fe 

and r"1n is very low in the background samp1 e, second to 1 ast and 1 ast, 

respectively. This trend, accompanied by the low ranking of Fe- and 

Mn-oxides in the anomalous sample is indicative of the low mobility of lead 

in the soil environment •. The lead remains in clastic material either 

within lattices of resistant minerals or as i,nclusions in minerals, with 

very little lead being released upon leaching by ground'water. 

The low ranking of "exchangeable" lead, as 'dell 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 organic material to 

scavenge metals from solution. Typically, podzol-type soils have as much 

as 50 percent clay in the Bl horizon with a minimum of approximately 25 
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percent by weight. The soils in the Thurman area are of glacia) origin and 

can contain as muc~ a~ 47 percent sa~d 'and ~O percent silt. This suggests 

that one possible explanation for low metal content in the background 

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

(approximately 10 percent by weight). 

CONCLUSIONS 

Several important conclusions can be drawn from the data presented 

which have a significant bearing on exploration geochemistry strategy in 

this type of glaciated terrain. The distribution of zinc in soil profiles 

sampled over marbles (potential ore hosts) and in anomalous areas indicate 

that the B1 soil horizon is enriched in zinc. Upper A horizon soils 

sampled over paragneiss and in background soils exhibit slightly higher 

zinc values than the B1 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 in the soil profiles most 

closely parallels that trends observed for zinc, the dominant trace metal 

present in the Thurman area. Calculations of contrast using t-va1ues for 

zinc, lead, and ,cxMe between anomalous and background soils sampled over 

marble and paragneiss indicate that the B1 soil horizon is the most 

suitable for sampling bri a regular basis. 

These distributions s~ggest that zin~ is somewhat more mobile than 

lead in this particular glaci~l soil environment. Ho~ever, the absence of 

zinc and lead in the C-horizon soils, coupled with the close association of 

soil metal enrichment over marbles indicate that both metals are restricted 

in the; r mobil ityand may be deri ved from very 1 oca 1 rock sources. 

Component analysis of anomalous and background B1 soils indicates that 

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



to " ' 

fraction, particularly silt-sized grains. Anomalrius metal contents can be 

linked with soils yich in weather-r~sistant calc~silicate phases such as 

diopside, phlogopite, and serpentine, and carbonates. Zinc and lead have 

probably substitued into octahedral sites of clays or are in solid solution 

with other cations in silicates, carbonates, and oxide phases. This trace 
t 

element-mineral odic association has resulted in restricted zinc and lead 

mobility in the Thurman soils which appear to b~ derived from the local 

rock environment. Th~ close association of soil m~ta1 enrichment 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 materialn It can be safely 

assumed that mineral assemblages observed in the B1 clastic fraction could 

also occur in the C-horizon material, yet no metal enrichments are noted. 

In general, B-horizon soils are comprised of clay to sand-~i~ed grains 

coated with abundant iron and manganese oxides. Conversely, C-horizon 

material is devoi~ of oxides and. consists of sand to boulder-size 

fragments. These boulders are chiefly comprised'of quartzo-feldspathic 

paragneisses. Based on th~ component analysis, we know that zinc and lead 

have been absorbed or co-precipitated with manganese and iron oxides in the 

B1 horizon. We also know that the B1 horizons sampled over marble are rich 

in dioxide, serpentine, ph10gopite and carbonate. It appears as though 

metals scavenged by oxides and the presence of trace-metal bearing 
I , 

calc-silicates and carbonates in the B-horizon soils contribute to the 

metal enrichment pattern 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 
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.. 
observed in the Thurman area. Any metal present in the C-horizon could 

. \ ~ , ; 

also be leached and transported 'v~rtically' as wel~ .as 'laterally by soil 

waters moving in response'to vertic·ally-controlled' capillary processes. 

This metal could,then be adsorbed onto oxide' surface~ or exchange with 

othe~ cations within the clays found in the B horizon. 

Because metal dispersion 'in the Thurman area is dependent on 

mechanical as well as hydrofnQrphic processes, detailed soil sur~ey~ must 

take into account the scales of transport associated with each process. 

Uetailed 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 afiay 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 metals on the order 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 they are in the'Balmat-Edwards Zinc District (Lea and 

Dill, 1967), then the initial soil sample spacing 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 mechanically-dispersed metal 

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

soil survey. 
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Table 1. 

Hori zon 

Transition 

c 

" ' 

Typical Soil Profile Thurman' Area 
(composite of 15 profiles) 

Description 

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

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

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

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

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

Fine to coarse sand, thickness unknownm bedrock 
never reached, light to medium gray-brown, many 
pebbles, cobbles and boulders of paragneiss, trace 
of marbl e 
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Table 2. Grouping by.rock type of anomalous and background 'soil 
profile pHs. 

Marbl e 

,12 

13 

14 
15 

Anomalous , .. 

Paragnei ss 

3 

9 

Background 

Marbl e Paragnei ss 

1 

2 

4 

5 

6 

7 

8 

10 

11 



Table 3. Compa~ison of·total metals in anomalous 'and background soil 
sampled'over marbl~ andparagneiss 

t t 
(Marbl e) (Paragneiss) 

Anom. vs Bkg. Anom. vs Bkg. 
(Pits 12,13,14,15) (pits 2,5,7 ,8) (Pits 3,9) (Pits 1,4,6,10,11) 

Zn. Ao+ A,I 2.12* (6 ·d.f.) 0.71 (7 d.f.) 

A2 1.31 '( 3 d. f . ) 

B 1 4.75**(6 d.f.) 2.42* (5 d. f. ) 

8 2 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 Ao+ Al 1.04 (6 d.f.) 0.79 (7 d.f.) 

A2 -- 0.31 (3 d.f.) 

Bl 3 .16 ** (6 d. f. .) 0.64 (5 d.f.) 

8 2 1.65 (5 d.f.) 0.66 (5 d.f.) 

T 0.53 (4 d.f.) 
C 0.31 (4 d.f.) 0.51 (5 d.f.) 

cxMe Ao+ Al 1.,52 (6 d.f.) 0.12 (7 d.f.) 

A2 --- 1.02 (3 d.f.) 

B1 1.69 (6 d.f.) 1.07 (5 d.f.) 

82 0.87 (5 d.f.) 0.51 (5 d.f.) 

T 0.99 (4 d. {.,) 
C 0.49 (4 d.f.) ,0.45 (5 d.f.) 

to.95 (7 eLf.) ::: 2.36 t o.90 (7 d.f.) ~ 1.90 

to.95 (6 d.f.) = 2.45 t o . 90 (6 d. f. ) . = 1. 94 

to.95 (5 d.f.) ,=2.57. to' 90 '( 5' d . f. ) = 2.02 . . 

t (4 d.f.) = 2.78 t o . 90 (4 d.f.) = 2.13 
. 0.95 

to.95 (4 d.f.) = 3.18 t o . 90 (3 d.f.) = 2.35 

* _ significant at 10 percent probability level 

** _ significant at 5 percent probabil ity 1 evel 

Significance at a given probability level determined from tables given by 

. Pearson and Hartley (l966). 



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

% of Zn Pb Fe Mn 
Total Zn Concen. b 

C 
Pb Concen. b Concen. b Concen. b 

Weight AMVa ( ppm) Zn % AMVa (ppm) Pbc% (ppm) Fec% ( ppm) Mnc% 

184 Exchangeabl e 31 4 5 2 
184 Organic 95 12 25 9 

- 184 r~n-Ox ide 110 16,923 14 8 1,213 3 1,900 3 6,500 62 
184 Fe-Oxide 71 2,186 9 12 360 4 32,480 57 
184 C1 ay 13.6 123 904 16 45 331 16 4,150 7 1,544 15 
184 Sil t 50.3 . 249 495 . 32 133 264 48 13 ,300 - 23 2,163 21 
184 Sand 31. 9 103 323 13 . 50 157 18 5,580 10 335· 3 
184 Total 782d 758e 278d 23ge 48,200e 10,930e 
wt. sum of components 95.8 

153 Exchangeable 15 3 4 2 
153 Orga-nic -- 22 4 11 5 
153 Mn-Oxide - 63 9,403 12 18 2,612 8 1,100 . 2 6,700 68 --
153 Fe-Oxide -- '- 110 .3,929 21 25 879 11 28,000 60 
153 Clay 59 428 . 11 54 391 25 4,425 10· 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 510e 220d 194e 37,650e 10,300e 
wt. sum of components 93~4 

156 Exchangeabl e ·.5 2 3 - 2 
156 Organic 48 26 9 7 
156 Mn-Oxide 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 

56 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 98 23 24 56 18 21,100 34 783 27 
156 Total 182d 18ge 131d 11ge 50,500e _ 2,450e 
wt. sum of components 96.4 

aAMV=actual measured values bconcentration of metal in each component cpercent contribution to total metal 

dtotal ppm in sample based on actual measured values etotal from LiB02 fusion 
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Table 5. Summary of the ranking by concentration and percent of metal 

in two anoma.lou~ {1.84, 153) .dnd one backgrou'nd (156) soil samples. 

#184 #153 #156 

Zri Pb Zn Pb .' Zn Pb 

I. Ranking by concentration of metal in compo nent .. 

MnOx MnOx . MnOx MnOx MnOx MnOx 
FeOx reOx FeOx FeOx Cl ay Clay 
Clay Cl ay Silt Sil t· FeOx FeOx 
Sil t Si 1 t Clay Clay Si 1 t Sil t 
Sand Sand Sand Sand Sand Sand 

II. Ranking by percent contribution to total meta-l content. 

Si 1 t Sil t Si 1 t Sil t Sil t Si 1 t 
Clay Sand FeOx Clay Organics Clay 
MnOx Clay Sand Sand Sand Sand 
Sand Organics MnOx FeOx Clay Organics 
Organics FeOx Cl ay MnOx FeOx Exch. 
FeOx MnOx Organics Organics Exch. FeOx 
Exch. Exch. Exch. Exch. MnOx. MnOx 
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Table 6. Mineralogy of Sand"and Silt Fractions from Two Anomalous and 
One B~ckground Soil 

Sample Heavies 

156 Garnet 
Biotite 
Hornbl ende 
Diopside 
Sphene 
Magneti te 
La bradori te 

184 Garnet 
Bioti te 
Hornbl ende 
Diopside 
Magnetite 
Serpentine 

153 Garnet 
Biotite 
Hornbl ende 
Diopside 
Sphene 
Magnetite 
Serpentine 

Note: Dom = Dominant 
Aec = Accessory' 

Relative 
Abundance 

Dom 
Ace 
Dom 
Rare 
Rare 
Dam 
Rare 

Oom 
Ace 
Rare 
Acc 
Acc 
Ace 

Ace 
Ace 
Dom 
Acc 
Rare 

·Acc 
Ace-Rare 

Relative 
Li ghts Abundance 

I 

Quartz Don 
Pin k f e 1 d spa r Ace 
Pl agioel ase Rare 
Chlorite Rare 

Quartz Dom 
Phlogopite Ace 
Pi nk fel dspar Rare 
Carbonate Ace 

Quartz Dom 
Phlogopite Rare 
Pi nk fel dspar Ace 
White diopside? Rare 
Carbonate Ace 
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Figure Captions 

Fig. 1. Location map of th~ study ~rea. 

Fig. 2. Generalized geologic map of the Thurman area glvlng locations 
of soil profile pits and samples used in the ~omponent analysis. 

Fig. 3. Distribution of Zn, Pb ~nd cxMe in soil horizons from pits 
sampled in the Thurman area. Single dash-dot line is for sieved 
samples (-60 mesh). Double dash-dot is for unsieved samples. 

Fig.4. Composite'profiles for Zn, Pb and cXI~e distribution in 
anomalous (solid) and backgrour:Jd (dashed) soils. ' 

Fig. 5. Composite profiles for Zn, Pb and cXI"Ie in soils sampled over 
marble (solid) and paragneiss (dashed). 

Fig. 6. Precent contribution of soil components to total zinc. 

Fi g. 7. Percent contri but i on of soil cOlnponents to total 1 ead. 

~ . 
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