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A REGIONAL SURVEY OF THE DISTRIBUTION OF SILVER, ARSENIC,
CHROMIUM, COPPER, NICKEL, LEAD, AND ZINC IN THE ROCKS OF THE
OUACHITA MOUNTAINS OF ARKANSAS

by John David McFarland, Charles G. Stone, and Joe F. Nix

Introduction and Background:

The geochemical survey of the rocks of the Ouachita Mountains of Arkansas to determine
the natural distribution of mercury (Stone, Nix, and McFarland, 1995) presented the
opportunity to analyze the same sample set for additional elements. Seven other elements
were initially chosen for analysis: silver, chromium, cobalt, copper, nickel, lead, and zinc.
The cobalt data was subsequently tossed out when quality controls indicated that the
analytical data lacked sufficient accuracy. A few of the samples from a small, selected
geographic region were also analyzed for arsenic. Originally, 728 lithic samples were
collected throughout the highland drainage basins of the Little Missouri, Caddo, Ouachita
and Saline Rivers (Figure 1). A small number of these samples were not analyzed for every
element because of duplicate, spiked, insufficient, or lost samples.

The highland drainage basins of the Little Missouri, Caddo, Ouachita, and Saline Rivers lies
within the Quachita Mountain province of Arkansas. The Ouachita Mountains are made up
of Paleozoic age sedimentary rocks that have been mildly to severely deformed by Late
Paleozoic compressional forces (Stone and McFarland, 1981). Late Cretaceous intrusions
(mostly alkalic) are found in scattered locations and Tertiary and Cretaceous sediments
overlap the Paleozoic strata to the east and south respectively. The exposed rocks are of
generally deep-marine origin and are dominated (in decreasing order of abundance) by
shale, sandstone, siltstone, chert/novaculite, and limestone. They were deposited during the
Late Cambrian through the Middle Pennsylvanian Periods. Metallic mineralization is
sometimes associated with major faults in the area. Samples were collected with this in
mind and an effort was made to avoid all known occurrences of metallic mineralization.

Procedures:

The samples were gathered directly from both natural and culturally produced bedrock
outcrops. Two to five kilograms of lithic material was collected from each site. Each
sample was obtained from a fresh rock surface cleaned by chipping away the surface rock
prior to sampling. The hammer used in collecting the samples was washed in distilled water
before each collecting event. The overall collection strategy was to collect a random
sample set that fairly represented the general area without giving special consideration to
stratigraphic interval, structural environment, or degree of chemical or thermal alteration.
Approximately seven samples per township (36 square miles) were collected.

The chemical analyses were carried out at Quachita Baptist University. A sub-sample of
approximately one gram of ground rock was weighed into a Teflon beaker. The sample
was treated with a 1:1 mixture of nitric and hydrofluoric acid. The mixture was heated until



dissolution was complete. It should be noted that some black carbon residue (<1% of
original sample) remained after this acid treatment. After cooling, the acid solution was
diluted to 100 ml. The concentration of metals was determined using atomic absorption
spectroscopy (Perkin Elmer Model 4000 with HGA 400 Graphite furnace). Arsenic was
determined using the graphite furnace method while the other metals were determined using
direct flame aspiration. These methods are described in Methods for determination of metals
in_environmental samples (EPA, 1991). The method number and detection limits (three
standard deviations of a set of blanks) are given below:

Element EPA Method Detection limits
Silver 7760a 1 pg/g
Arsenic 7060A 0.4 png/g
Chromium 7190 4 nglg
Copper 7210 1 pg/g
Nickel 7520 2 ng/g
Lead 7420 5nglg
Zinc 7950 | pg/g

Results: :

The results of various chemical analyses is presented in the following pages as a table, a
map, and a graph set for each of the elements. The table lists the means, deviations, and
ranges for all the samples, listed formations, principle lithologies, and ages. The map
presents the concentration distribution via a triangle symbol scaled to the sample
concentration at that point. The graph set displays a set of histograms of the distribution of
the data for each data subset as well as the overall sample distribution. The entire dataset 1s
listed in Appendix A.

The formation, geologic period, and principle lithology data subsets do not include all
samples for that element. Some samples were collected where the stratigraphic horizon was
questionable or unknown and some samples involved uncommon lithologies. No statistics
were generated for sample subsets where too few samples would result in meaningless
results.

Samples means are presented as arithmetic means and standard deviations in most cases.
Geometric means and deviations are listed in a few cases. The mean of a sample set should
represent a fair approximation of central tendency. Visual inspection of the distribution of
all the data determined the method used herein. When the data displayed a distribution that
appeared reasonably normal, an arithmetic mean was used. When the data exhibited a
distinct positively skewed frequency distribution, a geometric mean was calculated.

In some cases an inspection of the distribution of the data showed that a few sample
concentration values were well beyond the bulk of the sample concentrations (see the ‘all
samples’ graph in each element’s graph set). These anomalous samples were selectively
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removed from the noted calculations. This procedure lowered the mean, significantly so in
some cases, but had the greatest effect on the deviation values.

Tables 8 and 9 list the correlation coefficients calculated via the CORREL() function of
Microsoft’s Excel 5.0 for the six metals reported in this IC, plus the mercury values
reported earlier in Arkansas Geological Commission’s IC 32. Twenty-one coefficients were
calculated for each of the different groupings, one for each possible combination of the
seven metals. The arsenic data was not included in this correlation due to the limited
number of samples available for comparison. The dataset was grouped by formation,
principle lithology, and geologic time period. With the exception of the Tertiary Period
data listed in Table 9, only categories with 10 or more values were used. The coefficients
that are significant at the 95% confidence level are indicated by bold type. Most of the
significant correlations are weak to moderate, but a few strong correlations do exist.

Other studies of element concentration in surface rocks and soils of the United States have
yielded values not significantly different from the values determined herein (see below).

Source Samples Method Ag As Cr__Cu _Ni Pb Zn
This report 700+ Arith 1.6 22 74 33 37 32 66
T&W shales - .07 13 90 45 68 20 95
T&W sandstones - Ox 1 35 x. 2 7 16
T&W carbonates - Ox 1 11 4 20 9 20
V,T,&K 30 AR/OK  Geo - - 110 42 45 19 -
V,T,&K 30 AR/OK  Arith . . 120 47 48 a3 -
S,H,B&B USA Arith - - 53 25 20 20 54
S,H,B&B USA Geo - - 37 18 14 16 44
S,H,B&B East USA  Geo - - 36 14 13 14 36
S&B USA Geo - 5 37 17 13 16 48
S&B USA Arith(est.) - 7.2 54 25 19 19 60
S&B East USA Geo - 4.8 33 13 11 14 40
S&B East USA  Arith(est.) - 7.4 52 22 18 17 52

Average concentration values (in ppm) from other studies compared to the current effort. Samples
indicates the number of samples the listed values are based on, the lithologies the samples came
from, or the region that the samples came from. Method indicates the method used to calculate the
mean: Arith - Arithmetic, Geo - Geometric. * - 24 samples; x - order of magnitude estimate;
T&W - Turekian and Wedepohl, 1961; V,T,&K - Vine, Tourtelot, and Keith, 1969; S,H,B&B -
Shacklette, Hamilton, Boerngen, and Bowles, 1971; S&B - Shacklette and Boerngen, 1984,

These other studies, however, are generally based on relatively few widely spaced samples
often collected in a non-standardized manner. The Erickson, Chazin, and Haley (1986)
study of drill core samples from Ordovician age rocks from Montgomery County is not
included in the above list. They reported concentrations ranging from not detected to Sppm
for silver, not detected to 300ppm for arsenic, not detected to 100ppm for chromium,
<5ppm to 300ppm for copper, <5ppm to 150ppm for nickel, not detected to 150ppm for
lead, and not detected to >10,000ppm for zinc.




TABLE 1: SILVER

All values reported in parts per million (ppm). Arithmetic means and standard deviations
used. Formations listed only when more than 10 samples were analyzed.

All Samples Number of Mean Deviation  Observed
Samples Range
All Samples 723 1.6 1.264 0-8

by Formation

e e e e e

Atoka . 19 1.6 0.815 0-2
Johns Valley 24 1.5 0.866 0-2
Jackfork 87 1.2 1.074 0-4
Stanley 229 1.6 1.013 0-6
Arkansas Novaculite 37 1.1 1.187 0-4
Polk Creek 16 1.5 1.323 0-4
Bigfork 39 1.0 . 1.687 0-8
Womble 46 22 1.397 0-6
Blakely 24 1.4 0.909 0-2
Mazarn 70 1.9 1.187 0-6
Crystal Mountain 13 0.8 1.250 0-4
Collier 12 3.2 1.518 2-6
by Period
Tertiary 8 2.3 1.199 0-4
Cretaceous (sed rx only) 18 1.8 1.618 0-4
Pennsylvanian 135 1.3 1.013 0-4
Mississippian/Devonian 274 1.5 1.050 0-6
Silurian 11 1.4 0.923 0-2
Ordovician/Cambrian 241 1.7 1.415 0-8
by Principle Lithology
Cretaceous Igneous 21 31 1.807 0-6
Limestone 24 3.6 1.412 0-6
Chert 65 1.3 1.470 0-8
Shale 514 1.6 1.054 0-6
Siltstone 17 1.5 1.091 0-4
Sandstone 38 1.0 1.000 0-2
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GRAPH SET 1
These graphs show the distribution of sample silver concentrations in the rocks of the Ouachita
Mountains of Arkansas. A separate sample concentration histogram is provided for each of the
formations, periods, and lithologies listed in Table 1.
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TABLE 2: ARSENIC

All values reported in parts per million (ppm). Arithmetic mean and standard deviation
used.

All Samples Number of Mean Deviation  Observed
Samples Range
All Samples 24 2.23 1.069 01-4.1

R i s — e e |
4 - e |
o 3T -
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a
E
©
g : u !
0
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<
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<
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GRAPH SET 2: Graph showing the distribution of sanﬁple arsenic concentration.
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TABLE 3: CHROMIUM

All values reported in parts per million (ppm). Arithmetric means and standard deviations
used. Some of the anomalously high chromium values were removed from consideration
for the indicated calculations. Formations listed only when more than 10 samples were
analyzed.

All Samples Number of Mean Deviation  Observed
Samples Range
All Samples 723 80.8 72.882 0-990
All w/o highest 12 711 73.9 39.047 0-216

by Formation

Atoka 19 88.2 34.623 32-139
Johns Valley 24 95.3 23.841 32-129
Jackfork 87 99.2 104.977 12 - 990
Jackfork w/o highest 1 86 88.8 42.588 12 - 169
Stanley 229 89.6 40.592 0-378
Arkansas Novaculite 38 52.4 34.790 4-140
Polk Creek 16 73.1 33.722 18 - 144
Bigfork 39 32.1 29.335 4 - 140
Womble 46 58.5 28.526 8-116
Blakely 24 71.5 28.460 2-133
Mazarn 70 78.3 60.756 - 16 - 426
Mazam w/o highest 2 68 69.4 31.328 16 - 143
Crystal Mountain 14 76.6 36.920 0-143
Collier 12 44,9 20.337 10 - 82
by Period
Tertiary 8 1271 78.050 16 - 290
Cretaceous (sed rx only) 18 47 .1 21.691 20-76
Pennsylvanian 135 97.2 86.015 12 - 990
Pennsylvanian w/o highest 1 134 90.5 38.214 12 - 169
Mississippian/Devaonian 273 83.9 41.660 0-378
Silurian 11 73.6 19.997 46 - 112
Ordovician/Cambrian 242 62.1 44.445 0-426

by Principle Lithology

Cretaceous Ingeous 21 1241 196.932 4-776
Cretaceous Ingeous w/o hi 5 16 24.5 14.659 4-63
Limestone 24 35.0 21.255 8-98
Chert 65 51.2 41.312 4-183
Shale 514 88.9 57.965 0-990
Shale w/o highest 5 509 84.9 33.929 0-216
Siltstone 17 58.5 34.662 8-122
Sandstone 38 41.2 28.933 0-142

10
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CHROMIUM
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GRAPH SET 3
These graphs show the distribution of sample chromium concentrations in the rocks of the
Ouachita Mountains of Arkansas. A separate sample concentration histogram is provided for each
of the formations, periods, and lithologies listed in Table 3.
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TABLE 4: COPPER

All values reported in parts per million (ppm). Geometric means and standard deviations
used unless otherwise indicated. Six samples yielded zero values, i.e. below the detection
limits of the analysis procedure. These values were not used for geometric statistics but
were included in the arithmetic statistics. Formations listed only when more than 10
samples were analyzed.

All Samples Number of Mean Deviation Observed
Samples Range

All Samples 716 23 2.341 2-614.5

All Samples (Arithmetic) 722 33 41.313 0-614.5

by Formation

Atoka 19 22 1.823 59-522
Johns Valley 24 26 1.568 6 - 58
Jackfork 85 14 2.091 2-36.1
Stanley 228 24 1.780 2 - 366
Arkansas Novaculite 38 34 3.011 2-236
Polk Creek 16 20 1.958 6 - 82
Bigfork 38 21 2.886 2 - 266
Womble 44 26 2.888 2-230
Blakely 24 26 1.981 6-72
Mazarn 70 31 2.061 6-114
Crystal Mountain 14 16 3.5636 2-94
Collier 12 20 2.641 4-107.6
by Period
Tertiary 8 9 1.705 4 -20.1
Cretaceous (sed rx only) 17 13 3.31 2-614.5
Pennsylvanian 133 17 2.032 2-58
Mississippian/Devonian 273 26 2.006 2 - 366
Silurian 11 30 1.925 10 - 116.5
Ordovician/Cambrian 239 26 2.555 2 -309.2

by Principle Lithology

Cretaceous Igneous 21 19 3.320 4-134.4
Limestone 22 11 2.301 2-65.7
Chert 64 32 2.615 2 - 366
Shale 512 27 1.964 2-309.2
Siltstone 17 19 2.344 3.9-66.9
Sandstone 37 8 2.168 2-32
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GRAPH SET 4

These graphs show the distribution of sample copper concentrations in the rocks of the
Ouachita Mountains of Arkansas. A separate sample concentration histogram is provided for
each of the formations, periods, and lithologies listed in Table 4.
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TABLE 5: NICKEL

All values reported in parts per million (ppm). Arithmetric means and standard deviations
used. Some of the anomalously high nickel values were removed from consideration for
the indicated calculations. Formations listed only when more than 10 samples were
analyzed.

All Samples Number of Mean Deviation Observed
Samples Range
All 722 53 94.557 0-1924.6
All w/o highest 7 715 46 26.813 0-199.6
by Formation
Atoka 19 58 24.641 14 - 89.6
Johns Valley 24 69 25.288 6 -103.6
Jackfork 87 52 53.798 2-478
Jackfork w/o highest 1 86 47 28.232 2-126
Stanley 228 55 20.314 5.9-103.2
Arkansas Novaculite 38 34 28.385 4-119.5
Polk Creek 16 37 18.252 6-79.7
Bigfork 39 12 12.861 0-66
Womble 46 42 20.935 4-98.8
Blakely 24 39 18.456 2 -64
Mazarn 70 44 34.133 2 -252
Mazarn w/o highest 1 69 41 23.409 2-148
Crystal Mountain 14 36 26.359 0-106
Collier 12 45 23.504 13.8 - 94
by Period
Tertiary 8 52 42.068 2-136
Cretaceous (sed rx only) 18 25 13.273 6-51.8
Pennsylvanian 135 56 45,923 2-478
Pennsylvanian w/o highest 1 134 53 28.007 1-126
Mississippian/Devonian 272 52 22.775 4-119.5
Silurian 11 47 28.632 14 - 115.5
Ordovician/Cambrian 242 ar 26.959 0-252
by Principle Lithology
Cretaceous Ingeous 21 163 302.173 12 - 1420
Cretaceous Ingeous w/o hi 3 18 58 53.036 12 - 199.6
Limestone 24 29 18.250 2-83.7
Chert 65 22 21.146 0-112
Shale 513 54 34.221 2-478
Shale w/o highest 3 510 52 23.325 2-148
Siltstone 17 36 21.413 39-924
Sandstone 38 27 19.515 0-87.3
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GRAPH SET 5

These graphs show the distribution of sample nickel concentrations in the rocks of the Ouachita
Mountains of Arkansas. A separate sample concentration histogram is provided for each of the
formations, periods, and lithologies listed in Table 5. Samples indicated at the maximum
concentration value on a graph may reflect element concentrations beyond the value indicated.
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TABLE 6: LEAD

All values reported in parts per million (ppm). Arithmetric means and standard deviations
used. Five samples had lead values anomalously higher than the rest of the sample set and
were removed from consideration in all but the indicated calculation. Formations listed
only when more than 10 samples were analyzed.

All Samples Number of Mean Deviation Observed
Samples Range
All Samples 721 33 23.799 0-286.9
All w/o 5 highest values 716 32 16.923 0-105.6
by Formation
Atoka 19 26 12.918 3.9-56.0
Johns Valley 24 32 10.467 16.0 - 49.4
Jackfork 87 31 17.158 0-79.7
Stanley 228 38 14.954 2.0-92.0
Arkansas Novaculite 37 31 18.494 0-87.3
Polk Creek 16 25 20.188 6.0 -96.0
Bigfork 38 10 10.720 0-42.0
Womble 46 29 14.329 2.0-64.0
Blakely 24 25 10.781 2-39.7
Mazarn 70 32 13.413 8-76.3
Crystal Mountain 14 4 13.830 0-58
Collier 12 41 25.467 4 -105.6
by Period
Tertiary 7 31 19.771 2-68
Cretaceous (sed rx only) 16 26 16.877 4-61.5
Pennsylvanian 135 30 16.478 0-79.7
Mississippian/Devonian 271 37 15.853 0-92
Silurian 11 35 20.419 8-84
Ordovician/Cambrian 241 26 16.363 0-105.6
by Principle Lithology
Cretaceous Igneous 20 42 14.772 7.9-68.3
Limestone 23 33 12.424 6 - 56
Chert 63 19 16.699 0-87.3
Shale 513 34 16.167 0-105.6
Siltstone 16 25 14.308 1.9-58
Sandstone 38 21 13.316 0-48
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LEAD

These graphs show the distribution of sample lead concentrations in the rocks of the Ouachita
Mountains of Arkansas. A separate sample concentration histogram is provided for each of the
formations, periods, and lithologies listed in Table 6.
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TABLE 7: ZINC

All values reported in parts per million (ppm). Arithmetric means and standard deviations
used. Anomalously high sample zinc values were removed from consideration for the
Cretaceous and Limestone (*) calculations. Formations listed only when more than 10
samples were analyzed.
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All Samples Number of Mean Deviation Observed
Samples Range
All Samples 722 67 60.621 2-1090
All w/o highest 2 values 720 66 45.241 2-310.8
by Formation
Atoka 19 74 33.280 9.8-117.5
Johns Valley 24 98 28.425 12 - 148
Jackfork 87 44 36.074 2-186.7
Stanley 229 79 34.809 8 - 250
Arkansas Novaculite 38 34 33.403 2-128
Polk Creek 16 50 36.818 8-132
Bigfork 39 28 45.165 2-230
Womble 46 91 58.711 4-2289
Blakely 24 62 33.634 12 - 146
Mazarn 70 67 43.028 6 -232
Crystal Mountain 14 54 44.416 14 - 194
Collier 12 64 48.078 9.9- 1434
by Period
Tertiary 8 29 24.263 8-85.7
Cretaceous (sed rx only)* 17 41 33.551 6-1124
Pennsylvanian 135 58 40.149 2-186.7
Mississippian/Devonian 273 T2 37.746 2 -250
Silurian 10 T 62.206 13.9 - 239
Ordovician/Cambrian 242 63 50.479 2 -256
by Principle Lithology
Cretaceous Igneous 21 120 95.173 8 -429.7
Limestone* 23 47 44,678 4-143.4
Chert 65 37 47.304 2-230
Shale 512 74 40.325 4 - 256
Siltstone 17 73 68.079 2-221.1
Sandstone 38 28 23.500 2-107.1
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GRAPH SET 7

These graphs show the distribution of sample zinc concentrations in the rocks of the Ouachita
Mountains of Arkansas. A separate sample concentration histogram is provided for each of the
formations, periods, and lithologies listed in Table 7. Samples indicated at the maximum
concentration value on a graph may reflect element concentrations beyond the value indicated.
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Research Note:
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