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ARSENIC IN ROCKS AND STREAM SEDIMENTS
OF THE CENTRAL APPALACHIAN BASIN,
KENTUCKY

By Michele L.W. Tuttle, Martin B. Goldhaber, Ledlie F. Ruppert, and
James C. Hower

INTRODUCTION

Arsenic (As) enrichment in coal and stream sediments has been documented in the
southern Appalachian basin (see Goldhaber and others, submitted) and is attributed to
interaction of rocks and coal with metamorphic fluids generated during the Allegheny
Orogeny (late Paleozoic). Similarly derived fluids are expected to affect the coal and in
the Kentucky Appalachian Basin to the north as well. In addition, similar processes may
have influenced the Devonian oil shale on the western margin of the basin. The major
goals of this study are to determine the effect such fluids had on rocks in the Kentucky
Appalachian basin (fig. 1), and to understand the geochemical processes that control
trace-metal source, residence, and mobility within the basin. This report includes data
presented in a poster at the USGS workshop on arsenic (February 21 and 22, 2001), new
NURE stream sediment data®, and field data from a trip in April 2001. Although data for
major and minor elements and all detectable trace metals are reported in the Appendices,
the narrative of this report primarily focuses on arsenic.

The study is divided in to three phases. The first phase is completed and inventoried
trace-metal concentrations in stream sediments throughout the Kentucky Appalachian
basin. The distribution of arsenic concentrations was used to identify areas enriched in
arsenic relative to estimated background values®. A summary of all chemical data from
phase one is presented in Appendix I. The second phase is in progress and focuses on
areas identified in phase one to have high concentrations of arsenic. Shale and coal from
these regions were sampled for chemical and isotopic analyses and selective extractions
to determine arsenic residence. Preliminary field data (including semi-quantitative X-ray
fluorescence (XRF) data’) are presented in this report. The quantitative chemical and
stable isotopic data currently being collected and analyzed will be used to determine
source, residence and mobility of trace elements during weathering. Some preliminary
results are presented in Tuttle and others (2001). The third phase (to begin 2002) will

® NURE stream sediment samples were retrieved from storage and reanalyzed in 2000.

* Estimated background values, as used in this report, represent average concentrations in stream sediments
within the defined area (e.g. United States, Central Appalachian basin, etc.).

® XRF data were collected using a hand-held Niton spectrophotometer that measures surface concentrations

(the use of the trade name Niton is for descriptive purposes only and does not imply endorsement by the

U.S. Government).



focus on specific watersheds to help identify processes that affect trace-element
concentrations in streams and associated ecosystems.

ENERGY RESOURCESIN THE KENTUCKY APPALACHIAN BASIN

The Kentucky Appalachian basin has about 28 billion tons of recoverable coal today (fig.
2). There is about 190 billion barrels of synthetic oil in surface and near-surface
Devonian oil shale within Kentucky (Matthews and others, 1981)--with a substantial
portion along the western margin of the Appalachian basin. Although oil shale currently
is not targeted for mining, most of the available coal in Kentucky will be mined.

Arsenic in Kentucky Appalachian Basin Coal

The geometric mean of arsenic in the eastern Kentucky coals is 11 ppm (U.S. Geological
Survey Coal quality Database; Bragg and others, 1997). Over one-half of these coals
have concentrations greater than the geometric mean concentration (6.1 ppm) for all US
coals in the database. Because the arsenic concentrations are log normally distributed
(see fig. 3), all averages are given as geometric means.

Effect of Regional Structural Featureson Spatial Distribution of Arsenicin Eastern
Kentucky Coals

High arsenic concentrations (>24 ppm) in Kentucky coal appear to be oriented in lines
trending northeast to southwest or northwest to southeast (fig. 4). The northeast to
southwest trends are parallel to the regional trend of Appalachian fold and faults. The
perpendicular trend (northwest to southeast) is parallel to mapped cross strike
discontinuities (CSD; Coleman and others, 1988) (fig. 5). These CSD's and major
Appalachian folds and faults could have focused hydrothermal fluids generated during
orogenic processes into the Kentucky Appalachian Basin.

Eastern Kentucky coal rank increases to the southeast, probably due, in part, to a
southeastward increase in paleogeothermal gradient (Hower and others, 1991). Flow of
mineralizing hydrothermal fluids through the Central Appalachian Basin along CSD's
from southeast to northwest is consistent with these paleogeothermal gradients.

Residence of Arsenicin Coal

Figure 6 shows arsenic concentrations plotted against pyritic sulfur concentrations for the
drill-core, channel, and weathered channel samples in the USGS Coal Quality Database.
The three plots all show a positive relation between the two variables indicating that
pyrite is a likely candidate for the residence of the arsenic in the coal. A similar relation
was found in all U.S. coals (Coleman and Bragg, 1990). The scatter in each of the plots
likely reflects variations in the ratio of early diagenetic pyrite to epigenetic pyrite in the
coal samples and variable amounts of siderite present in the coal.
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Figure 1. Map of the Appalachian Coal Region in Eastern USA showing location of
study area. (modified from Britton and others, 1989)
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Figure 2. The resource map (A) shows eastern Kentucky coal resources by county.

Photos (B-E) of the Kentucky coal industry and resource map were
downloaded from

http://www.coaleducation.org/Ky_Coal_Facts/main_coal_facts.htm
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Figure 3. Histogram of arsenic concentrations (whole-rock basis) in Eastern Kentucky
Coal (data from Coleman and Bragg, 1990; Bragg and others, 1997).
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Figure 4. Spatial distribution of arsenic concentrations (ppm) in east Kentucky coal.
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Figure 6. Cross plots of Arsenic (ppm) versus pyritic sulfur (wt % S) in drill-core,
channel, and weathered channel coal samples.



Diagenetic pyrite formed early in the peat's history would not accumulate arsenic unless
arsenic was in the peat pore water. Whether the peat was influenced by seawater or not,
it is unlikely that large amounts of arsenic would be available during, or shortly after,
peat deposition. Most arsenic in the Warrior Basin to the South is associated with
epigenetic pyrite formed when mineralizing fluids moved through the Alabama coals
after deposition and early diagenesis (see Goldhaber and others, submitted). We
hypothesize that the enrichment of arsenic in eastern Kentucky coals occurred under
similar conditions to those in Alabama.

ARSENIC IN NURE SAMPLESFROM THE KENTUCKY
APPALACHIAN BASIN

Twelve hundred forty NURE (National Uranium Resource Evaluation) stream sediment
samples from the Kentucky Appalachian Basin were reanalyzed because of improved
detection limits for arsenic and other metals. Ninety-three per cent of the samples have
arsenic concentrations less than 10 ppm, the average arsenic abundance in shale
(Wedepohl, 1974) (fig. 7). High arsenic concentrations along the western edge of the
basin correlate with exposure of arsenic-enriched Upper Devonian black shale (Leventhal
and Kepferle, 1982) (fig. 8).

Some stream sediments from the eastern Kentucky coal region are high in arsenic
(Pennsylvanian rocks in fig. 8). Arsenic-enrichment in this portion of the basin likely is
associated with streams impacted by coal mining and agriculture (Porter and others;
1995).

Possible Controlson Arsenicin NURE Samples from the Kentucky Appalachian
Basin

Elevated amounts of iron oxyhydroxide precipitates in streams affected by coal mining
have been reported in eastern Kentucky coal region (Porter and others, 1995). Arsenic
released to the environment either through natural weathering processes or human
activity such as coal mining is adsorbed onto iron oxyhydroxide precipitates (Cullen and
Reimer, 1989).

The cross plot in Figure 9 shows the relation between arsenic concentration (ppm) and
iron concentration (wt%) in NURE stream sediment samples. In the coal region
(Kentucky Appalachian Basin proper), there is a weak, but observable positive relation
between the two variables. The scatter in these data is likely due to variability in the
availability of arsenic in the drainage basin. On the northwest margin of the basin where
the Devonian black shale crops out, there is a strong positive relation between the two
variables. Several samples from the coal region (pink dots) plot in the Devonian black
shale field and suggest that these stream sediments accumulated arsenic over and above
most stream sediment in the coal region.
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Figure 7. Histogram of arsenic concentrations in 1,200 NURE stream sediments,
Kentucky Appalachian Basin (abundance data from Wedepohl, 1974;
Kentucky Devonian shale data from 14 core samples of Leventhal and
Kepferle, 1982).
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Figure 8. Map showing generalized geology of the Kentucky Appalachian Basin, and
arsenic concentrations (ppm) in NURE stream sediments.
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Figure 9. Cross plot of arsenic (ppm) versus iron (wt %) divided into regions within the
basin. Geometric mean calculated from all data reanalyzed in this study. Pink
dots; data from the Coal region that plot with those from the Devonian black
shale region.

ARSENIC IN SHALE AND COAL COLLECTED IN THE KENTUCKY
APPALACHIAN BASIN

Our sampling of the Devonian New Albany Formation was designed to test the working

hypotheses that the formation is the source of anomalously high concentrations of
Arsenic in sediments on the western margin of the Kentucky Appalachian basin. In
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addition, our study will investigate the weathering processes that transport the arsenic to
the stream sediments. Five types of New Albany Shale samples were collected at an
outcrop near Clay City (fig. 10A). The first was surface samples from a horizontal
transect across the face of a roadcut (fig. 10A and 10B). These samples (n = 17)
represent a weathering profile related to topography in the region and surface weathering
since the roadcut. The second type was unexposed samples directly behind the first type
(fig. 10B). These samples (n = 9) represent a weathering profile related to topography,
with minimal surface weathering related to the road cut. The third type was soils that
developed on the side of the transect (n = 4) (fig. 10A). The fourth type was from a drill
core taken a short distance from the outcrop. These samples (n = 22) represent
unweathered shale material. In addition, shale fragments that had been mechanically
weathered from the outcrop (n = 3) and salt crusts on the shale (n = 4) were also sampled.
The semiquantitative XRF data for all samples are in Appendix Il.

Coal samples were collected at 4 mines to test the hypothesis that arsenic mobilized
during weathering of pyrite in the Kentucky coal is the source of arsenic anomalies in the
Appalachian basin proper. Bench samples were collected at each mine for analyses by
the USGS coal package (data not included in this report). Pyrite and associated coal (n =
11) were sampled at each mine except at one where no pyrite could be found. The
semiquantitative XRF data on these pyritic samples are in Appendix Il. Three of the 11
coals are from the fold-belt at Pound Gap (Chestnut, 1998) (fig. 10C) and were collected
to test the hypothesis of large-scale fluid flow through this region.

Relation between Iron and Arsenic in the Eastern Kentucky Coal

Compared to the coal in the Warrior Basin in Southern Appalachia, there is visually less
pyrite in the Kentucky coal. Also, there appears to be much less structural features in the
coal suggesting fewer conduits for epigenetic fluid flow. Figure 11 indicates that there is
an increase in arsenic concentration with increasing iron content in Eastern Kentucky
coals. This is consistent with the data in Figure 4 from the USGS coal database, as most
of the iron in these mineral-poor coals is assumed to be pyrite, although some siderite
nodules have been noted. The coal from the Pine Mountain Thrust contained no visible
pyrite, but one sample contains appreciable arsenic (74 ppm As)—a possible imprint left
by migrating fluids through the region.

14






Figure 10. Photos of A) transect across the Devonian outcrop (Clay City, Kentucky), B)
surface weathered and "fresh” shale behind, and C) two coal beds in Pound
Gap roadcut.
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Figure 11. Cross plot of iron versus arsenic in coal collected from the Kentucky
Appalachian basin.

Relation between Iron and Arsenic in the Devonian Shale

There appears to be a strong relation between iron (likely as iron hydroxides) on
weathered shale samples from the outcrop and arsenic content (fig. 12A). This relation
suggests that arsenic and iron from pyrite in the shale is mobilized during weathering and
redeposited as iron hydroxides on the shale surfaces. Our preliminary working
hypothesis mechanically transports the arsenic into stream sediments bound to this
weathering rind. Once in the stream, the arsenic will remain bound to the iron
hydroxides until chemical conditions radically change--the iron hydroxide dissolves or
the pH of the stream increases dramatically causing the arsenic to desorb from the iron
hydroxide surface.

16



Salts (mostly iron sulfates) forming on the outcrop accumulate arsenic (concentrations up
to 170 ppm As; Tuttle and others, 2001). When these salts dissolve, they release the
arsenic. This arsenic probably ends up in the iron oxyhydroxides that either form on the
shale fragments or on the stream sediments (Tuttle and others, 2001).

In the core, both the shale samples and those containing significant pyrite as nodules,
beds, etc. show a similar linear relationship between Fe and As (fig. 12B); however, the
slope of the linear best fit is different between the two core populations. This difference
indicates that the pyrite-enriched samples have a lesser amount of arsenic per unit iron
than the shale. The residence of arsenic in the shale samples may be different than pyrite,
or arsenic may have been less available for incorporation into the more massive pyrite
that formed during later stages of diagenesis.

CONCLUDING REMARKS

Eastern Kentucky coal has less pyrite than that in the Warrior basin to the south. The
difference may reflect less structural deformation in the Kentucky coal during the
Allegheny Orogeny, hence fewer fluid migration pathways. Most of the epigenetic pyrite
we sampled in the Kentucky coal was arsenic enriched. Weathering of this pyrite on
mine-waste piles or on outcrop, will produce acid solutions that mobilize the iron and
arsenic. Long-range transport of arsenic is unlikely because it will adsorb onto iron
oxyhydroxides as the acidic water is neutralized.

Along the western margin of the Kentucky Appalachian basin, the source of arsenic in
the stream sediment appears to be the New Albany Shale. Weathering rinds on the shale
surfaces are enriched in arsenic relative to the unweathered shale surfaces. It appears that
weathering of arsenic-rich pyrite within the shale mobilizes arsenic and iron that is
redeposted on the shale surface. Mechanical transport of weathering rinds on shale
fragments appear to be the primary transport mechanism of the arsenic into the stream
sediment. Some arsenic accumulates in weathering salts on the outcrop. Arsenic in these
salts is mobilized during salt dissolution, but likely is adsorbed quickly onto iron oxides.

Currently, quantitative chemical and stable isotopic data are being collected. Data will be
used to test our working hypotheses developed for arsenic, determine source, residence
and mobility of other trace elements in Kentucky coal and Devonian New Albany Shale,
and pick additional sites for more detailed follow-up studies on trace-metal effects on
streams and ecosystems.

17
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APPENDIX I--NURE STREAM SEDIMENT DATA (REANALYZED)

The <100 um fraction of the sample was generally analyzed. In some cases, the <40um
and >100um fraction was analyzed if the <100 um fraction was not available. Both
fractions from 43 samples were analyzed to cross check concentrations. The lowest
arsenic concentration of the pair was on the average 30% lower than the higher
concentration. In 77% of the pairs, the higher concentration was in the finer-grained
fraction.

Analytical Methods

Arsenic was determined by weighing 0.1 g of sample into a zirconium crucible.
Approximately 0.75 g of sodium peroxide is added and mixed. The mixture is heated in a
muffle furnace set at 750°C for four minutes. The sample is cooled then 15 ml of water
and 5 ml of concentrated HCI is added. The mixture is shaken and 0.25 ml of an ascorbic
acid Kl solution is added then diluted with 20% HCI and let to stand overnight. Arsenic
is then measured using hydride generation atomic absorption spectrometry. The optimum
concentration ranges without sample dilution for arsenic in various solid phase sample
media is 0.6 ppm to 20 ppm. Sample weight is 0.1 g and data will be deemed acceptable
if recovery of As is £20% at five times the LOD and the calculated percent RSD of
duplicate samples is no greater than 20%.

Forty major, minor, and trace elements were determined in geological materials by
inductively coupled plasma-atomic emission spectrometry (ICP-AES). The sample is
decomposed using a mixture of hydrochloric, nitric, perchloric, and hydrofluoric acids at
low temperature. The digested samples are aspirated into the ICP-AES discharge where
the elemental emission signal is measured simultaneously for the forty elements.
Calibration is performed by standardizing with digested rock reference materials and a
series of multi-element solution standards. Sample weight was 0.2 g

Reporting limits for 40 elements by ICP-AES:

Element: Concentration Range
Aluminum, Al 0.005 - 50%
Calcium, Ca 0.005 - 50%
Iron, Fe 0.02 - 25%
Potassium, K 0.01 - 50%
Magnesium, Mg 0.005 - 5%
Sodium, Na 0.005 - 50%
Phosphorous, P 0.005 - 50%
Titanium, Ti 0.005 - 25%
Silver, Ag 2 - 10,000 ppm
Arsenic, As 10 - 50,000 ppm
Gold, Au 8 - 50,000 ppm
Barium, Ba 1 - 35,000 ppm
Beryllium, Be 1- 5,000 ppm

20



Element:
Bismuth, Bi
Cadmium, Cd
Cerium, Ce
Cobalt, Co
Chromium, Cr
Copper, Cu
Europium, Eu
Gallium, Ga
Holmium, Ho
Lanthanum, La
Lithium, Li
Manganese, Mn
Molybdenum, Mo
Niobium, Nb
Neodymium, Nd
Nickel, Ni
Lead, Pb
Scandium, Sc
Tin, Sn
Strontium, Sr
Tantalum, Ta
Thorium, Th
Uranium, U
Vanadium, V
Yttrium, Y
Ytterbium, Yb
Zinc, Zn

Data is deemed acceptable if recovery for all 40 elements is £15% at five times the
Lower Limit of Determination (LOD) and the calculated Relative Standard Deviation

Concentration Range

10 - 50,000 ppm
2 - 25,000 ppm
5-50,000 ppm
2 - 25,000 ppm
2 - 25,000 ppm
2 - 15,000 ppm
2 - 5,000 ppm
4 - 50,000 ppm
4 -5,000 ppm
2 - 50,000 ppm
2 - 50,000 ppm
4 - 50,000 ppm
2 - 50,000 ppm
4 - 50,000 ppm
9 - 50,000 ppm
3 - 50,000 ppm
4 - 50,000 ppm
2 - 50,000 ppm
5-50,000 ppm
2 - 15,000 ppm
40 - 50,000 ppm
6 - 50,000 ppm
100 - 100,000 ppm
2 - 30,000 ppm
2 - 25,000 ppm
1-5,000 ppm
2 - 15,000 ppm

(RSD) of duplicate samples is no greater than 15%.
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Sample # |Latitude |Longitude [County |Asppm |Al % Ca% Fe % K% Mg % Na % P %
KYBEOO1E [36.8125 [83.7077 [Bell 6.2 6.0 0.12 3.0 1.7 0.43 0.37 0.049
KYBEOO2E [36.8202 [83.6535 [Bell 3.5 4.0 0.050 2.2 1.2 0.24 0.30 0.043
KYBEOO3E [36.8474 |83.6323 [Bell 8.5 5.6 0.13 3.3 1.7 0.43 0.18 0.038
KYBEOO4E [36.8969 [83.5757 [Bell 23 6.5 2.8 3.6 1.7 0.66 0.13 0.027
KYBEOOSE [36.9374 [83.5428 [Bell 3.1 5.0 0.072 2.0 1.7 0.32 0.12 0.027
KYBEOOGE [36.8796 [83.5388 [Bell 3.9 3.7 0.061 2.1 1.1 0.21 0.085 0.027
KYBEOO7E |36.8481 [83.5363 [Bell 3.1 3.0 0.039 1.9 0.87 0.17 0.11 0.022
KYBEOOSE |36.8161 [83.5802 [Bell 2.9 3.4 0.083 1.9 1.0 0.21 0.18 0.027
KYBEOQ9E (36.7713 [83.7034 [Bell 5.6 4.1 0.077 2.5 1.2 0.27 0.23 0.038
KYBEOL0E [36.7524 |83.7766 (Bell 3.5 3.5 0.077 1.9 1.1 0.21 0.25 0.027
KYBEOL1E |36.7329 [83.8077 [Bell 4.6 5.8 0.14 3.0 1.7 0.39 0.26 0.038
KYBEO12E [36.7469 [83.6528 [Bell 1.9 2.2 0.14 1.1 0.57 0.15 0.035 0.016
KYBEOL3E [36.7521 [83.6077 [Bell 3.9 3.0 0.13 1.9 0.82 0.22 0.10 0.027
KYBEO14E |36.8014 [83.5203 [Bell 1.9 1.8 0.033 1.1 0.47 0.11 0.045 0.016
KYBEOL5E [36.7655 [83.5014 [Bell 3.7 3.9 0.13 2.2 1.2 0.28 0.23 0.027
KYBEOL6E [36.7263 [83.5501 [Bell 4.5 5.0 0.36 2.5 1.4 0.39 0.22 0.038
KYBEOL7E |36.6940 [83.5532 [Bell 3.7 4.3 0.31 2.0 1.2 0.33 0.24 0.032
KYBEO18E [36.7144 |83.5125 |[Bell 3.7 4.5 0.099 2.3 1.2 0.33 0.30 0.032
KYBEO19E [36.6371 [83.6679 [Bell 1.4 1.3 0.044 0.89 0.31 0.070 0.025 0.011
KYBEO20E |36.6650 [83.5881 [Bell 1.5 1.7 0.072 0.92 0.39 0.12 0.045 0.016
KYBEO21E [36.7140 [83.6043 [Bell 54 3.9 0.066 2.1 1.0 0.24 0.20 0.027
KYBEO22E [36.7016 [83.6363 [Bell 6.3 55 0.099 3.0 1.5 0.39 0.30 0.043
KYBEO23E [36.6665 [83.6559 [Bell 6.9 5.4 4.4 2.7 1.5 0.79 0.27 0.038
KYBEO24E [36.6973 [83.7572 [Bell 5.7 5.4 0.15 2.8 1.6 0.40 0.28 0.043
KYBEO25E [36.7088 [83.7881 [Bell 3.8 4.5 0.094 2.4 1.2 0.29 0.20 0.038
KYBEO26E [36.6807 [83.8253 [Bell 4.8 5.4 0.22 2.9 1.5 0.40 0.24 0.038
KYBEO27E |36.6456 [83.8766 (Bell 3.5 3.6 0.13 2.2 1.0 0.23 0.10 0.032
KYBEO28E [36.6239 [83.8277 [Bell 6.4 4.8 0.12 2.8 1.4 0.35 0.075 0.038
KYBEO29E [36.6288 [83.7667 (Bell 6.1 4.5 0.12 2.7 1.3 0.32 0.15 0.038
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Sample # |Latitude |Longitude [County |Asppm [Al % Ca% Fe % K% Mg % Na % P %

KYBEO30E [36.5934 |83.8930 |[Bell 16 6.4 0.077 2.9 1.8 0.43 0.23 0.038
KYBEO31E [36.6184 |83.9327 |[Bell 7.3 5.0 0.28 2.9 1.4 0.36 0.25 0.043
KYBHO001 [37.6717 (83.4210 |Breathitt (3.7 3.4 0.11 2.3 1.0 0.22 0.43 0.032
KYBHO002 [37.6802 (83.4012 |Breathitt (3.6 3.6 0.050 1.9 1.1 0.20 0.44 0.027
KYBHO003 [37.6728 |83.3583 |Breathitt (3.0 3.6 0.061 1.6 1.2 0.20 0.47 0.022
KYBHO004 [37.6183 (83.3966 |Breathitt (3.9 4.0 0.077 2.0 1.2 0.27 0.55 0.032
KYBHO005 [37.6366 (83.3896 |Breathitt (3.3 4.1 0.066 2.1 1.2 0.27 0.47 0.027
KYBHO006 [37.6533 (83.3745 |Breathitt (3.7 4.5 0.083 2.3 1.3 0.31 0.36 0.032
KYBHO007 [37.6625 |83.3440 |[Breathitt (3.4 3.5 0.061 1.9 1.1 0.23 0.28 0.027
KYBHO008 [37.6330 (83.2879 |Breathitt (1.2 2.3 0.039 1.1 0.92 0.14 0.24 0.016
KYBHO009 [37.6536 (83.3127 |Breathitt (3.1 3.5 0.050 1.9 1.1 0.23 0.39 0.022
KYBHO010 [37.6690 |83.3075 |Breathitt |2.4 2.4 0.044 1.5 0.82 0.15 0.19 0.022
KYBHO011 [37.6652 (83.2915 |Breathitt (2.1 1.8 0.028 1.2 0.63 0.091 0.13 0.016
KYBHO012 [37.6500 (83.2539 |Breathitt (1.6 1.7 0.028 1.1 0.65 0.086 0.13 0.011
KYBHO013 [37.6140 |83.2670 |Breathitt |1.8 3.1 0.066 1.3 1.1 0.18 0.36 0.027
KYBHO014 [37.6340 |83.2254 |Breathitt |1.5 1.4 0.018 0.83 0.52 0.069 0.11 0.010
KYBHO015 [37.6041 |83.2272 |Breathitt |2.0 2.7 0.053 1.1 0.98 0.15 0.22 0.015
KYBHO016 [37.6182 |83.2078 |Breathitt |2.5 3.4 0.053 1.5 1.1 0.18 0.19 0.015
KYBHO017 [37.5781 (83.1960 |Breathitt (2.1 3.0 0.047 1.3 1.1 0.16 0.20 0.020
KYBHO018 [37.5508 |83.3414 |Breathitt |2.8 3.1 0.053 1.5 0.99 0.18 0.41 0.020
KYBHO019 [37.5788 (83.3173 |Breathitt (4.3 9.0 2.5 3.2 2.0 0.73 0.23 0.035
KYBHO020 [37.5936 |83.2831 |[Breathitt |1.8 2.3 0.035 1.0 0.86 0.11 0.19 0.010
KYBHO021 [37.5732 |83.2550 |[Breathitt 1.5 2.2 0.61 0.82 0.9 0.12 0.18 0.015
KYBH022 [37.6076 |83.1622 |Breathitt |1.5 2.7 0.047 1.1 0.97 0.14 0.17 0.010
KYBHO023 [37.6294 (83.1789 |Breathitt (1.6 3.3 0.047 1.3 1.1 0.18 0.19 0.020
KYBHO024 [37.5858 (83.3587 |Breathitt (2.1 2.9 0.041 1.3 0.95 0.17 0.28 0.015
KYBHO025 [37.5954 |83.3472 |Breathitt |5.0 3.3 0.059 1.6 1.2 0.19 0.30 0.025
KYBHO026 [37.6055 (83.2993 |Breathitt (5.9 8.1 0.19 3.4 2.1 0.52 0.27 0.040
KYBHO027 [37.6292 (83.3209 |Breathitt (5.9 5.0 0.11 2.3 1.4 0.36 0.33 0.030
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Sample # |Latitude |Longitude [County |Asppm [Al % Ca% Fe % K% Mg % Na % P %

KYBHO028 [37.6156 |83.3647 |Breathitt |3.8 4.5 0.082 2.0 1.4 0.31 0.39 0.030
KYBHO029 [37.5832 |83.1869 |[Breathitt |2.0 1.9 0.029 1.0 0.68 0.11 0.12 0.010
KYBHO030 [37.5568 |83.1854 |Breathitt |1.8 2.5 0.047 1.2 0.97 0.14 0.22 0.015
KYBHO031 [37.5585 (83.1536 |Breathitt (2.9 5.6 0.10 2.1 1.8 0.36 0.21 0.030
KYBHO032 [37.5739 (83.1469 |Breathitt (2.3 3.6 0.064 1.7 1.3 0.22 0.18 0.015
KYBHO033 [37.5701 |83.1269 |Breathitt |2.8 2.3 6.2 1.4 0.8 0.17 0.19 0.015
KYBHO034 [37.5508 (83.0912 |Breathitt (1.6 2.4 0.029 0.86 0.95 0.11 0.20 0.010
KYBHO035 [37.5412 |83.0657 |[Breathitt 1.4 2.0 0.035 0.83 0.81 0.098 0.14 0.015
KYBHO036 [37.5395 |83.0232 |Breathitt |1.8 2.9 0.041 1.2 1.0 0.14 0.17 0.015
KYBHO037 [37.5118 |83.0260 |[Breathitt 1.4 15 0.018 0.62 0.66 0.069 0.10 0.005
KYBHO038 [37.5102 (82.9931 |Breathitt (2.9 2.2 0.035 0.95 0.93 0.098 0.21 0.010
KYBHO039 [37.5234 |83.0852 |Breathitt |3.0 3.6 0.029 1.6 1.2 0.18 0.10 0.020
KYBHO040 [37.5383 (83.1197 |Breathitt (2.7 3.4 0.27 1.4 1.3 0.17 0.22 0.020
KYBHO041 [37.5049 83.1028 |[Breathitt 1.4 2.2 0.023 0.74 0.88 0.098 0.14 0.010
KYBHO042 [37.5412 (83.3314 |Breathitt (5.1 4.7 0.50 2.8 1.4 0.37 0.54 0.040
KYBHO043 [37.5122 (83.3015 |Breathitt (1.7 2.3 0.035 1.1 0.92 0.11 0.28 0.015
KYBHO044 [37.5446 |83.2830 |[Breathitt |3.4 3.8 0.11 1.8 1.1 0.22 0.37 0.025
KYBHO045 [37.5222 |83.2728 |Breathitt |1.5 2.5 0.041 0.99 0.90 0.14 0.19 0.015
KYBHO046 [37.5398 |83.2345 |[Breathitt 1.4 2.0 0.053 0.94 0.75 0.11 0.11 0.010
KYBHO047 [37.5139 (83.2414 |Breathitt (1.3 2.4 0.035 1.1 0.96 0.13 0.14 0.010
KYBHO048 [37.5157 (83.2156 |Breathitt (2.1 2.2 0.053 1.1 0.88 0.12 0.18 0.010
KYBHO049 [37.5031 (83.1976 |Breathitt (3.9 2.7 0.047 1.7 0.84 0.14 0.12 0.015
KYBHO050 [37.5182 (83.1593 |Breathitt (1.1 1.9 0.053 0.80 0.74 0.086 0.08 0.010
KYBHO051 [37.4898 |83.3287 |Breathitt |2.5 2.0 0.041 0.90 0.80 0.10 0.16 0.010
KYBHO052 [37.4951 (83.2773 |Breathitt (1.6 2.6 0.041 1.1 0.95 0.12 0.22 0.015
KYBHO053 [37.4538 (83.2828 |Breathitt (2.1 2.0 0.047 1.2 0.76 0.11 0.19 0.015
KYBHO054 [37.4293 |83.2506 |[Breathitt |1.8 1.8 0.023 0.75 0.75 0.081 0.14 0.010
KYBHO055 [37.4535 (83.1580 |Breathitt (1.7 1.8 0.035 0.71 0.73 0.081 0.21 0.015
KYBHO056 [37.4782 |83.1387 |[Breathitt 1.0 1.4 0.018 0.67 0.57 0.058 0.10 0.005
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Sample # |Latitude |Longitude [County |Asppm [Al % Ca% Fe % K% Mg % Na % P %

KYBHO057 [37.4722 |83.1480 |[Breathitt |2.4 2.7 0.047 1.2 0.96 0.14 0.13 0.015
KYBHO058 [37.4321 (83.1987 |[Breathitt |1 1.8 0.023 0.77 0.75 0.081 0.21 0.010
KYBHO059 [37.4566 (83.1954 |Breathitt (1.2 1.8 0.029 0.99 0.66 0.098 0.12 0.010
KYBHO060 [37.4388 |83.1616 |[Breathitt 1.0 1.6 0.023 0.71 0.63 0.075 0.14 0.010
KYBHO061 [37.4044 |83.2773 |Breathitt 2.4 2.1 0.46 15 0.74 0.13 0.14 0.015
KYBHO062 [37.4185 (83.2750 |Breathitt (4.2 2.0 0.029 1.1 0.69 0.10 0.10 0.010
KYBHO063 [37.4590 (83.3189 |Breathitt (2.3 3.2 0.059 1.4 1.1 0.18 0.39 0.015
KYBHO064 [37.4092 (83.3076 |Breathitt (3.6 3.9 0.12 1.6 1.4 0.22 0.42 0.020
KYBHO065 [37.3884 |83.3342 |Breathitt |2.8 2.4 0.11 1.2 0.89 0.12 0.18 0.015
KYBHO066 [37.4183 |83.3596 |[Breathitt |1.8 2.4 0.035 1.2 0.9 0.11 0.32 0.015
KYBHO067 [37.4310 (83.3474 |Breathitt (3.2 3.3 0.047 1.6 1.1 0.17 0.41 0.020
KYBHO068 |37.4654 [83.3449 |Breathitt (1.6 2.4 0.035 0.76 1.1 0.11 0.16 0.010
KYBHO069 [37.4677 (83.3972 |Breathitt (1.7 2.4 0.035 1.2 0.82 0.13 0.27 0.015
KYBHO070 [37.4459 |83.3843 |Breathitt |2.8 3.1 0.053 1.5 0.98 0.18 0.38 0.020
KYBHO071 [37.4087 |83.3865 |[Breathitt 4.0 3.0 0.26 1.6 0.94 0.17 0.26 0.015
KYBHO072 [37.3913 (83.4088 |Breathitt (2.7 2.4 0.041 1.2 0.82 0.14 0.28 0.015
KYBHO073 [37.4162 (83.4422 |Breathitt (2.6 3.4 0.076 1.7 1.1 0.21 0.37 0.020
KYBHO074 [37.4117 (83.4629 |Breathitt (2.7 2.6 0.041 1.4 0.87 0.15 0.27 0.015
KYBHO75 [37.3666 |83.4005 |[Breathitt 6.8 3.2 0.059 1.9 1.0 0.19 0.18 0.020
KYBHO076 [37.3460 (83.3819 |Breathitt (5.6 4.1 0.11 2.1 1.2 0.25 0.24 0.030
KYBHO77F [37.3743 |83.4331 |Breathitt 4.0 5.0 0.57 2.2 1.6 0.35 0.64 0.032
KYBHO78F [37.4446 (83.4226 |Breathitt (3.7 5.4 0.13 2.6 1.6 0.35 0.71 0.049
KYBHO79F [37.4259 (83.4172 |Breathitt (2.7 4.6 0.099 2.2 1.5 0.31 0.61 0.038
KYBHO80F |37.4577 [83.4446 |Breathitt (3.9 5.7 0.15 2.7 1.7 0.39 0.71 0.049
KYBHO81F [37.3949 (83.5301 |Breathitt (3.7 4.5 0.088 2.0 1.4 0.28 0.61 0.032
KYBHO082F [37.3695 |83.5292 [Breathitt 4.0 55 0.15 2.7 1.6 0.35 0.56 0.043
KYBHO083F [37.3535 |83.5065 |[Breathitt 4.5 4.5 2.0 2.3 1.4 0.33 0.43 0.038
KYBHO084F [37.3967 (83.4756 |Breathitt (3.1 4.4 0.099 2.0 1.3 0.26 0.39 0.043
KYBHO85F [37.4223 (83.4767 |Breathitt (4.7 5.0 0.17 2.4 1.5 0.34 0.62 0.038
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Sample # |Latitude |Longitude [County |Asppm [Al % Ca% Fe % K% Mg % Na % P %

KYBHO86F [37.4475 (83.4782 |Breathitt (4.3 55 0.13 2.5 1.6 0.38 0.58 0.049
KYBHO87F [37.4365 (83.5174 |Breathitt (3.1 4.6 0.11 2.2 1.4 0.28 0.60 0.038
KYBHO88F [37.4391 (83.5372 |Breathitt (3.6 4.6 0.077 2.3 1.4 0.29 0.59 0.032
KYBHO89F [37.4609 |83.5016 |[Breathitt 3.5 5.2 0.11 2.4 1.5 0.36 0.71 0.043
KYBHO90F [37.4914 |83.5532 [Breathitt |5.5 4.9 0.47 2.8 1.4 0.33 0.69 0.038
KYBHO091F [37.5006 |83.5318 |Breathitt |5.8 6.0 0.099 3.1 1.7 0.45 0.71 0.049
KYBHO092F [37.4808 (83.4558 |Breathitt (6.2 6.1 0.20 2.9 1.8 0.47 0.59 0.049
KYBHO093F [37.4971 |83.4615 |[Breathitt 4.4 5.1 0.13 2.3 1.5 0.34 0.68 0.038
KYBHO094F [37.5090 |83.4778 |Breathitt (3.4 4.5 0.14 2.1 1.4 0.28 0.81 0.032
KYBHO095F [37.5166 (83.5258 |Breathitt (4.2 4.9 0.088 2.4 1.4 0.34 0.72 0.038
KYBHO096F [37.5372 (83.5414 |Breathitt (5.3 4.7 0.12 2.3 1.3 0.30 0.57 0.032
KYBHO097F |37.5548 [83.5112 |Breathitt [4.3 4.8 0.088 2.6 1.4 0.32 0.67 0.043
KYBHO098F [37.4865 (83.4048 |Breathitt (2.6 4.1 0.19 1.8 1.5 0.25 0.63 0.032
KYBHO099F (37.5183 |83.4057 |Breathitt 3.5 4.9 0.22 2.0 1.5 0.30 0.68 0.032
KYBH100F [37.5272 |83.3788 |Breathitt 4.5 6.5 0.53 3.0 1.9 0.44 0.49 0.049
KYBH101F [37.5520 |83.4244 |Breathitt 4.5 5.1 0.76 2.4 1.6 0.40 0.68 0.032
KYBH102F [37.5610 |83.4758 |Breathitt 4.0 5.0 2.4 2.4 1.5 0.37 0.66 0.038
KYBH103F [37.5828 |83.4718 |Breathitt 4.5 5.1 0.17 2.4 1.5 0.35 0.62 0.038
KYBH104F [37.5946 |83.5207 |Breathitt 4.5 5.2 0.094 2.4 1.5 0.32 0.56 0.032
KYBH105F [37.6085 (83.5158 |Breathitt (5.1 4.3 0.077 2.3 1.3 0.29 0.53 0.032
KYBH106F [37.5639 (83.5407 |Breathitt (5.2 4.5 0.083 2.6 1.3 0.27 0.73 0.032
KYBH107F [37.5911 (83.4526 |Breathitt (3.9 4.3 0.072 2.1 1.2 0.27 0.61 0.032
KYBH108F [37.6080 |83.4410 |[Breathitt 4.8 5.1 0.23 2.5 1.5 0.40 0.62 0.038
KYBH109F [37.6296 |83.4232 |Breathitt 4.5 4.5 0.13 2.0 1.3 0.29 0.63 0.032
KYBH110F [37.6205 (83.4673 |Breathitt (2.7 2.8 0.055 1.3 0.77 0.13 0.15 0.022
KYBH111F [37.5696 (83.3966 |Breathitt (3.2 4.4 0.083 2.0 1.3 0.27 0.70 0.032
KYBH112F [37.5899 (83.3908 |Breathitt (4.9 5.0 0.094 2.5 1.5 0.34 0.74 0.038
KYCY001 E[37.0574 (83.8316 [Clay 2.9 3.6 0.064 1.7 0.98 0.21 0.62 0.020
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Sample # |Latitude |Longitude [County |Asppm [Al % Ca% Fe % K% Mg % Na % P %

KYCY002 E[37.0844 (83.7704 [Clay 4.0 4.0 0.064 1.9 1.1 0.25 0.55 0.025
KYCYO003 E[37.0641 (83.7313 [Clay 4.7 3.9 0.14 2.0 1.1 0.24 0.48 0.025
KYCYO004 E[37.0434 (83.7518 [Clay 4.2 3.9 0.047 2.0 1.1 0.23 0.53 0.025
KYCY005 E[37.1631 (83.7389 [Clay 53 4.2 0.094 2.1 1.1 0.25 0.57 0.030
KYCYO006 E[37.1331 (83.7309 [Clay 6.0 4.6 0.11 2.4 1.2 0.31 0.53 0.035
KYCY007 E[37.1078 (83.7183 [Clay 4.5 4.2 0.076 2.1 1.2 0.26 0.46 0.030
KYCYO008 E[37.1479 (83.6603 [Clay 5.8 5.0 0.24 2.5 1.3 0.37 0.57 0.040
KYCYO009 E[37.2084 (83.5694 [Clay 6.0 4.3 0.47 2.2 1.2 0.32 0.66 0.030
KYCY010 E[37.1780 (83.6012 |[Clay 7.7 5.7 0.11 2.8 1.6 0.41 0.50 0.035
KYCY011 E[37.1698 (83.5695 |[Clay 6.1 5.4 0.11 2.7 1.5 0.36 0.63 0.035
KYCY012 E[37.1289 (83.6034 [Clay 5.0 4.6 0.26 2.3 1.3 0.30 0.69 0.030
KYCYO013 E[37.1081 [83.5845 [Clay 4.3 5.0 0.082 2.0 1.4 0.30 0.57 0.025
KYCY014 E[37.0979 (83.5629 [Clay 4.5 4.0 0.49 2.0 1.1 0.29 0.48 0.030
KYCYO015 E[37.0629 (83.5470 |[Clay 5.4 4.0 0.076 2.0 1.2 0.25 0.47 0.030
KYCY016 E[37.0630 (83.5928 [Clay 3.6 3.7 0.18 1.7 1.1 0.24 0.32 0.020
KYCY017 E[36.9851 (83.5627 |[Clay 3.6 4.0 0.20 1.9 1.3 0.25 0.24 0.025
KYCYO018 E[36.9640 (83.5337 [Clay 6.0 3.9 0.082 2.4 1.2 0.25 0.20 0.030
KYCYO019 E