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ABSTRACT
As part of a series of geoenvironmental studies on the mobilization, reaction 

pathways, transport, and fate of selenium (Se) and other potentially toxic elements in 
southeast Idaho phosphate mining areas, composite soil samples were collected along 
vegetation and soil sampling transects established on the Wooley Valley units 3 and 4 
waste rock dumps. Soil samples were also collected along vegetation sampling 
transects established in the Dairy Syncline lease area to serve as pre-mining baseline 
data. Total recoverable element concentrations in the soil samples were determined by 
digestion in concentrated HNO3 + HCIO4 . Mean or median scintillometer readings, 
several element concentrations (e.g., Na, Ca, Sr, Cr, Mo, Ni, Cu, Zn, Cd, P, As, S, and 
Se), soil pH, and total N were all significantly higher in Wooley Valley Unit 4 Waste 
Rock Dump soils than in Dairy Syncline lease area soils. The soil chemical analyses 
and the weathering and disturbance histories of the sedimentary deposits and soils 
have important implications concerning Se mobility and thus management of waste rock 
dumps and soil stockpiles to minimize Se bioaccumulation in the environment. Recently 
disturbed, but relatively unweathered sedimentary deposits with high Se concentrations 
(new waste rock dumps) have the highest potential for Se mobilization. Undisturbed 
materials have the lowest potential for Se mobilization either because they have not 
been exposed to an oxidizing environment (e.g., deeper-lying phosphatic shales) or 
they have already been exposed to weathering for long periods of time (e.g., 
overburden soils on upper slopes and ridge-tops such as the Dairy Syncline lease 
area). Older waste rock dumps (e.g., Wooley Valley) and older soil stockpiles represent 
an intermediate state in weathering and disturbance history. Therefore, to minimize Se 
oxidation and mobility during material handling it would be best to stockpile overburden 
soils in a dry environment, to not expose waste rock at the surface of the dumps, and to 
use topsoils and subsoils with the lowest Se concentrations to cap waste rock dumps.
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INTRODUCTION

Background
The U. S. Geological Survey (USGS) has studied the Permian Phosphoria 

Formation and related rock units in southeast Idaho and the Western U.S. Phosphate 
Field through much of the twentieth century. In response to a request by the Bureau of 
Land Management (BLM), a new series of resource and geoenvironmental studies was 
undertaken by the USGS in 1998. Integrated, multidisciplinary research studies are 
currently addressing issues such as (1) resource and reserve estimation of phosphate 
in selected 7.5-minute quadrangles; (2) elemental, mineralogical, and petrochemical 
characteristics; (3) mobilization and reaction pathways, transport, and fate of potentially 
toxic elements associated with the occurrence, development, and societal use of 
phosphate; (4) geophysical signatures; and (5) improved understanding of the 
depositional origin. To carry out these studies, the USGS has formed collaborative 
research relationships with two federal agencies, the U.S. Bureau of Land Management 
(BLM) and the U.S. Forest Service (FS), who are responsible for land management and 
resource conservation on public lands, and with five companies currently leasing or 
developing phosphate resources in southeast Idaho. The five companies include 
Agrium U.S. Inc. (Rasmussen Ridge phosphate mine), Astaris LLC (Dry Valley 
phosphate mine), J. R. Simplot Company (Smokey Canyon phosphate mine), Rhodia 
Inc. (Wooley Valley phosphate mine - inactive), and Monsanto Company (Enoch Valley 
phosphate mine). Because raw data acquired during the project will require time to 
interpret, the data are released in USGS open-file reports for prompt availability to other 
workers. Open-file reports associated with this series of resource and 
geoenvironmental studies are submitted to each of the Federal and industry 
cooperators for technical review; however, the USGS is solely responsible for the data 
contained in the reports.

As part of the geoenvironmental studies on the mobilization, reaction pathways, 
transport, and fate of potentially toxic elements, composite soil samples were collected 
along vegetation and soil sampling transects established on the Wooiey Valley units 3 
and 4 waste rock dumps. Soil samples were also collected along vegetation sampling 
transects established in the Dairy Syncline lease area to serve as pre-mining baseline 
data. This report presents total recoverable (by HNO3 + HCIO4 digestion) element 
concentration data from these soil samples as well as some ancillary soil 
characterization data useful in interpreting the mobility and fate of trace elements in 
soils.

Although phosphatic shales contain many potentially toxic trace elements (e.g., 
V, Mo, Cr, Ni, Zn, Cd, and Se), the element of most concern at present is Se. Elevated 
levels (up to 2000 ug/L) of Se have been found in drainage waters leaching phosphate 
mining waste rock dumps (Piper and others, 2000), and several incidents of livestock 
deaths have been linked to Se toxicosis. Although other element concentrations are 
presented in this report, the discussion will focus on Se because of its potential toxicity 
and relatively high geochemical mobility.



Location and General Geology
The Wooley Valley phosphate mining area is located about 25 km northeast of 

Soda Springs, Idaho (T7S R43E) in an area of southeastern Idaho that has had 
extensive phosphate mining during the past several decades. The Dairy Syncline lease 
area is located about 25 km east of Soda Springs, Idaho (T9S R44E) on a ridge at the 
head of Wilde Canyon between Big Basin and Slug Creek. The general location of the 
Wooley Valley area is shown on a map in Herring and Amacher (2001).

Service (1966) provided an evaluation of the western phosphate industry in Idaho 
and a brief description of the mining history, ore occurrence, and geology. More 
detailed discussion of the Phosphoria Formation in the Western Phosphate Field is 
found in McKelvey and others (1959). Gulbrandsen and Kier (1980) discussed general 
aspects of the large and rich phosphorus resources in the Phosphoria Formation in the 
vicinity of Soda Springs. Gulbrandsen (1966, 1975, and 1979) summarized bulk 
chemical compositional data for various lithologies of the phosphatic intervals in the 
Phosphoria Formation.

METHODS

Sample Collection
Transects for sampling soils and above-ground live vegetation were established 

on the slopes and terraces of lifts 1 through 4 of Wooley Valley Unit 4 Waste Rock 
Dump (see photograph of Unit 4 Waste Rock Dump in Herring and Amacher, 2001). 
Additional details concerning construction of the dump are found in Herring and 
Amacher (2001). For each transect, an arbitrary starting point was marked with a 
chaining pin at the southeastern edge of each slope and terrace of the waste rock 
dump. Transects on the lift slopes followed the slope contours while transects on the lift 
terraces ran parallel to the lift slopes.

At selected points along each transect, scintillometer readings were taken and 
soil samples were collected from -the top 15 cm of the waste rock material using a 
bucket auger. The soil samples were collected adjacent to the above-ground vegetation 
that was sampled (Herring and Amacher, 2001). The soil samples collected along a 
given transect were composited in a plastic pail and thoroughly mixed. A subsample 
was taken and stored in a labeled, plastic-lined soil sample bag. Distances along each 
transect were measured with a hip chain and the GPS location of each sampling site 
was recorded.

A composite soil sample was also collected from the slope of Wooley Valley Unit 
3 Waste Rock Dump adjacent to the haul road. Soil samples were not collected from 
the fenced top of the unit 3 dump because it was overgrazed and the soil trampled so 
that undisturbed soil and plant samples could not be obtained.

To obtain pre-mining baseline data on the trace element content of undisturbed 
soils and trace element accumulation by above-ground biomass of native plant species, 
soil and plant sampling transects were also established across the Meade Peak 
Phosphatic Shale member of the Permian Phosphoria Formation in the Dairy Syncline 
lease area. Four transects were established. The first transect began in the underlying 
Grandeur dolostone, crossed the Meade Peak, and ended on a Rex chert outcrop on a 
ridge above the valley floor. The second transect, began in a Rex chert - Meade Peak
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transition zone, crossed the Meade Peak parallel to a forest road, and ended in 
Grandeur dolostone. The third and fourth transects had the same starting point 
adjacent to a forest road, ran along an old exploration trench in the Meade Peak, and 
ended in Rex chert. The third transect ran through the native vegetation above and 
adjacent to the exploration trench and the fourth transect ran along the side-wall of the 
exploration trench. Distances along each transect were measured with a hip chain. 
The GPS location of each transect starting point was recorded.

At selected points along transects 1, 2, and 3, scintillometer readings were taken 
and a sample of the top 15 cm of soil was collected with a bucket auger. At transect 4, 
scintillometer readings were taken and the exposed subsoil comprising the side-wall of 
the exploration trench was sampled using a trowel. The soil samples were placed in 
labeled plastic-lined soil sample bags and returned to the laboratory for analysis.

Sample Preparation
The soil samples were air-dried at ambient temperature. Stable soil aggregates 

were then crushed using a ceramic mortar and pestle and each soil sample was sieved 
through a 2-mm stainless steel sieve to remove coarse fragments. The weights of the 
coarse fragment and <2-mm size fractions were recorded. A well-mixed representative 
subsample of each soil sample was placed in a glass scintillation vial with a steel pin 
and mixed on a motor-driven roller for 4 days to further pulverize the samples to < 100 
mesh.

Sample Analysis
A 0.500-g sample of each soil was digested in 20 mL of a mixture of 

concentrated HNO3 and HCIO4 (3.5:1 ratio) on a hot plate at low heat until the white 
fumes of HCIO4 were visible. At this point the undigested mineral residue has a 
bleached white or gray color. Digestion vessels were 125-mL conical beakers with 
small funnels placed in the mouths of the beakers to promote refluxing of the acid 
mixture. A digest blank consisting of the acid mixture without soil was also heated to 
fumes of HCIO4. After cooling, the digests were transferred to 50-mL volumetric flasks 
by rinsing with small volumes of 1 % HCI. The flasks were filled to volume with 
deionized water, mixed, and transferred to plastic storage bottles. Element 
concentrations in the digests were determined by inductively coupled plasma - atomic 
emission spectrophotometry (ICP-AES). Because some of the element concentrations 
(e.g., Al, Ca, Fe, Mg, and P) were above the linear range of the instrument, the digests 
were also diluted 1:10 with deionized water and again analyzed by ICP-AES. The ICP- 
AES was calibrated with working standards and instrument performance was monitored 
with independent solution check standards of known element concentrations from a 
commercial source. These standards serve as an instrument calibration check and do 
not measure digestion efficiency or element recoveries. Although the HNO3 + HCIO4 
digestion method will generally extract most trace elements in soils, it cannot provide a 
complete digestion of all soil minerals. Therefore, elements extracted by this method 
should be considered total recoverable by HNO3 + HCIO4 digestion rather than a true 
total.

Some ancillary soil characterization data were collected including 1:1 soil-water 
pH (Thomas, 1996), total carbon (TC) by combustion furnace (Nelson and Sommers,
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1996), total organic carbon (TOC) by dichromate oxidation with heating (Nelson and 
Sommers, 1996), total inorganic carbon (TIC) calculated from TC - TOC, and total 
nitrogen by combustion furnace (Bremner, 1996).

Data Analysis
Scintillometer readings, element concentrations, and ancillary soil 

characterization data for the composited soil samples from Wooley Valley Units 3 and 4 
Waste Rock Dumps were plotted versus location (lift number slope or terrace). 
Scintillometer readings, element concentrations, and ancillary soil characterization data 
for the Dairy Syncline lease area soil samples were plotted versus distance along the 
transects. Box plots comparing the distribution of data for Wooley Valley Unit 4 with the 
Dairy Syncline lease area were also prepared. For normally distributed data, an 
analysis of variance was run to compare mean values from Wooley Valley Unit 4 with 
mean values from the Dairy Syncline lease area. For non-normally distributed data, a 
Kruskal-Wallis analysis of variance on ranks was run to compare median values from 
the Wooley Valley Unit 4 Waste Rock Dump with median values from the Dairy Syncline 
lease area. Data from Wooley Valley Unit 3 were omitted from the analysis of variance 
because only one composite sample was collected from this area.

RESULTS
Sample identifications, locations, and Scintillometer readings associated with the 

sampling sites are listed in table 1. Total recoverable (cone. HNO3 + cone. HCIO4) 
element concentrations in the soil samples in mg/kg are listed in table 2 and ICP 
performance data are documented in table 3. Two different ICP performance standards 
were analyzed - one with the undiluted sample set and the other with the diluted 
sample set. All measured element concentrations were within performance limits for the 
standard run with the undiluted sample set, whereas measured K, Mo, and Na 
concentrations were slightly below performance limits for the standard run with the 
diluted sample set. Because the data from the undiluted sample set was used for these 
elements, the lower concentrations obtained in the analysis of the diluted sample set 
are moot. Ancillary soil characterization data are found in table 4.

Mean ± standard error Scintillometer readings along each transect on the units 3 
and 4 waste rock dumps are plotted in figure 1. Element concentrations in the 
composite soil samples collected along each transect on the units 3 and 4 waste rock 
dumps are shown as bar graphs in figures 2 through 10. Ancillary soil characterization 
data from these same transects are plotted in figures 11 and 12. Figure 13 shows the 
association between total recoverable Se in the composite soil samples and mean 
Scintillometer readings along each transect.

Scintillometer readings along the Dairy Syncline lease area transects are plotted 
in figure 14. Element concentrations and ancillary soil characterization data from 
selected locations along each transect are plotted in figures 15 through 27. Soil 
samples were not collected at every location along the plant sampling transects at 
which plant samples and Scintillometer readings were taken. Instead, soil samples were 
collected at only some of the locations to keep sample analysis costs within budget.

Box plots comparing the distribution of Scintillometer readings, element 
concentrations, and ancillary soil characterization data at Wooley Valley Unit 4 Waste
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Rock Dump and Dairy Syncline lease area are shown in figures 28 through 40. Mean or 
median values of each measured variable along with results of the analysis of variance 
comparing Wooley Valley Unit 4 Waste Rock Dump with the Dairy Syncline lease area 
are shown in table 5. Mean values are reported for normally distributed data while 
median values are reported for non-normally distributed data.

Although a full discussion and interpretation of these and other data will appear 
in the scientific literature at some later date, some of the more significant findings are 
summarized below.

Wooley Valley Unit 3 and 4 Waste Rock Dumps

  Scintillometer readings, concentrations of many elements (e.g., Na, Mg, Ca, Sr, 
Cr, Mo, Ni, Cu, Zn, Cd, Pb, P, As, S, and Se), total carbon and TOC, and total N 
tended to decrease moving upslope on the Unit 4 Waste Rock Dump from lift 1 to 
lift 4 (figs. 1, 2, 3, 4, 6, 7, 9,10, and 12). Since these elements tend to be 
associated with the phosphatic shales, this suggests that the exposed surfaces 
of lifts 1 and 2 contain more waste shale and less of other rock types than lifts 3 
and 4. Most of the Se in the unit 4 dump appears to be concentrated in the 
upper terrace of lift 1 and the slope of lift 2 (fig. 10). This is also the area of the 
dump where the highest concentrations of Se in the above-ground portion of 
sampled vegetation were found (Herring and Amacher, 2001).

  Mn, Fe, Co, and Al concentrations tended to increase moving upslope on the 
Unit 4 Waste Rock Dump from lift 1 to lift 4 (figs. 5, 6, and 8). Soil pH increased 
from lift 1 to lift 3 and decreased at lift 4 (fig. 11). Potassium and Al 
concentrations were higher in lift slope soils than in terrace soils (figs. 2 and 8).

  Unit 4 Waste Rock Dump soils contain much higher levels of Mo, Ni, Zn, Cd, and 
Se than Unit 3 Waste Rock Dump soils in the areas sampled (figs. 4, 6, 7, and 
10).

  The strong association of total recoverable Se with scintillometer readings (fig. 
13) suggests that a scintillometer may be used as a reconnaissance tool to 
delineate areas of potentially high Se concentrations and accumulation by 
vegetation.

Dairy Syncline Lease Area

  Scintillometer readings were higher in soils developed in the Meade Peak 
Phosphatic Shale Member of the Permian Phosphoria Formation than in soils 
overlying Grandeur dolostone and Rex chert (fig. 14).

  Concentrations of several elements (e.g., Na, Ca, Sr, Cr, Zn, Cd, B, and P) 
tended to be higher in soils developed in the Meade Peak Phosphatic Shale
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Member of the Permian Phosphoria Formation than in soils overlying Grandeur 
dolostone and Rex chert (figs. 15, 16, 17, 20, 21, and 22).

  No detectable Se (by ICP-AES) was found in the A horizon of soils sampled in 
the Dairy Syncline lease area (except at the starting point of transect 3 at the 
exploration trench). However, Se was found in the subsoil from the side-wall of 
the exploration trench (transect 4 in fig. 23).

Comparison of Wooley Valley Unit 4 Soils with Dairy Syncline Lease Area 
Soils

  Mean or median scintillometer readings, several element concentrations (e.g., 
Na, Ca, Sr, Cr, Mo, Ni, Cu, Zn, Cd, P, As, S, and Se), soil pH, and total N were 
all significantly higher in Wooley Valley Unit 4 Waste Rock Dump soils than in 
Dairy Syncline lease area soils (table 5 and figs. 28, 29, 30, 31, 33, 34, 36, 37, 
38, and 40)

  Mean or median Ba, Mn, Fe, Co, and Al concentrations were significantly higher 
in Dairy Syncline lease area soils than in Wooley Valley Unit 4 Waste Rock 
Dump soils (table 5 and figs. 30, 32, 33, and 35).

DISCUSSION
The waste rock dumps at Wooley Valley and at other locations were constructed 

from a variety of materials including overburden soils, phosphatic shales that are too 
low in P concentrations to be economically useful with current technologies (e.g., middle 
waste shales), and related sedimentary deposits such as cherts, limestones, and 
dolostones. The waste rock also represents sedimentary deposts with a range of 
weathering histories ranging from deeper-lying, unweathered (unoxidized) phosphatic 
shales to more weathered (oxidized) near-surface sedimentary deposits (Herring and 
others, 1999, 2000a, 2000b, 2000c). In contrast, soils developed over the Meade Peak 
Member and related sedimentary units represent the most weathered geologic 
components on the landscape, particularly those on upper slopes or along ridge-tops 
where higher precipitation (more leaching) leads to more weathering.

Compositional differences between waste rock dumps constructed of 
sedimentary deposits (e.g., Wooley Valley Unit 4) and undisturbed soils overlying the 
sedimentary units are easily explained by weathering history. The waste rock dumps 
constructed primarily from less weathered sedimentary deposits contain higher 
concentrations of relatively geochemically mobile elements (such as Se) than the more 
strongly weathered soils overlying those undisturbed rock units. Furthermore, the more 
highly weathered overburden soils have lower pH levels and higher concentrations of 
elements (e.g., Mn, Fe, Al) associated with minerals more resistant to weathering (e.g., 
metal oxides) than the waste rock dump soils. Also, no detectable Se was found in the 
topsoil of these soils, but instead occurred in the subsoils, which is consistent with the 
weathering history of these soils. Higher Se levels also tend to be found in the deeper- 
lying, unweathered phosphatic shales than in the more weathered near-surface 
sedimentary deposits (Herring and others, 1999, 2000a, 2000b, 2000c).
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The weathering history of the sedimentary deposits and soils developed from 
them is summarized in table 6. At one end of the weathering spectrum lie the 
unweathered, deeper-lying phosphatic shales and at the other end are the more 
strongly weathered soils overlying these deposits. Also shown in table 6 is the 
disturbance history of these geologic materials ranging from the undisturbed 
sedimentary deposits and soils in place to recently disturbed materials used to construct 
waste rock dumps and soil stockpiles.

The soil chemical analyses and the weathering and disturbance histories of the 
sedimentary deposits and soils have important implications concerning Se mobility and 
management of waste rock dumps and soil stockpiles to minimize Se bioaccumulation 
in the environment. Recently disturbed, but relatively unweathered sedimentary 
deposits with high Se concentrations have the highest potential for Se mobilization (new 
waste rock dumps). The high potential for Se mobilization of these sedimentary rocks 
was confirmed by passive leaching experiments (Desborough and others, 1999). 
Desborough and others (1999) found that significant amounts of Se were leached from 
phosphatic shales reacted with pH 5 deionized water for 48 h. Selenium concentrations 
in the leachate were strongly correlated with sulfate and the highest levels of Se and 
sulfate were leached from rocks crushed to < 0.5 mm. Selenium in leachates reacted 
with 11 waste rock samples was positively correlated with Mg, Ca, and Fe in the 
leachate and with Se, Cd, and pyrite levels in the rock. Selenium concentrations on the 
order of 180 ug/L were found in leachates reacted for 48 h with two waste rock samples 
containing 95 and 180 mg/kg Se.

Undisturbed materials have the lowest potential for Se mobilization either 
because they have not been exposed to an oxidizing environment (e.g., deeper-lying 
phosphatic shales) or they have already been exposed to weathering for long periods of 
time (e.g., overburden soils on upper slopes and ridge-tops such as the Dairy Syncline 
lease area). Older waste rock dumps (e.g., Wooley Valley) and older soil stockpiles 
represent an intermediate state in weathering and disturbance history, but still have a 
high potential for Se mobilization as shown by the relatively high concentrations of Se 
found in seeps at the base of the dumps (up to 2000 ug/L)(Piper and others, 2000).

Overburden subsoils that contain Se concentrations much lower than the 
sedimentary units from which they developed may still represent a Se hazard to the 
environment after they are disturbed because then they would be exposed to a new 
oxidizing environment. Thus, to minimize Se oxidation and mobility during material 
handling it would be best to stockpile overburden soils in a dry environment, to not 
expose waste rock at the surface of the dumps, and to use topsoils and subsoils with 
the lowest Se concentrations to cap waste rock dumps. Other reclamation issues 
dealing with using plant species to minimize Se accumulation will be addressed 
elsewhere.

The Se concentrations presented in this report and those in other cited reports 
are total or total recoverable Se values and do not provide any information on the forms 
of Se found in the soils or sedimentary deposits. Selenium mobility and bioavailability is 
in part dependent on the forms of Se in the environment (McNeal and Balistrieri, 1989). 
Data are needed on the mineral forms and associations (e.g., sorbed to iron oxides) and 
chemical species (e.g., selenide (Se(-ll)), elemental (Se(0)), selenite (Se(IV)), and 
selenate (Se(VI))) of Se in the sedimentary deposits, soils, and sediments in

15



southeastern Idaho to provide a more accurate assessment of the mobility, 
bioaccumulation potential, and fate of Se in that environment. Methods are now 
available to provide data on the solid phase speciation of Se in soils and sediments 
(Martens and Suarez, 1997).
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Table 1. Soil sample identifications, locations, and scintillometer readings from Wooley 
Valley units 3 & 4 waste rock dumps and Dairy Syncline lease area.

WUSP
Sample
Number

WPTU4L1S

WPTU4L1T

WPTU4L2S

WPTU4L2T

WPTU4L3S

WPTU4L3T

WPTU4L4S

WPTU4L4T

WPTU3S

WPTDST11

WPTDST14

WPTDST17
WPTDST21
WPTDST22
WPTDST23

WPTDST25
WPTDST31

WPTDST33

WPTDST35

WPTDST42
WPTDST43
WPTDST44
WPTDST45
WPTDST46

Date
Collected

07/07/99

07/07/99

07/07/99

07/07/99

07/06/99

07/06/99

07/06/99

07/06/99

07/08/99

07/09/99

07/09/99

07/09/99
07/09/99
07/09/99
07/09/99

07/09/99
07/09/99

07/09/99

07/09/99

07/09/99
07/09/99
07/09/99
07/09/99
07/09/99

Transect or Site Location

Wooley Valley Unit 4
Lift 1 lower slope composite (4 sites)

Lift 1 upper terrace composite (4 sites)

Lift 2 slope composite (4 sites)

Lift 2 terrace composite (4 sites)

Lift 3 slope composite (3 sites)

Lift 3 terrace composite (3 sites)

Lift 4 slope composite (3 sites)

Lift 4 terrace composite (3 sites)

Wooley Valley Unit 3
Slope composite (4 sites)

Dairy Syncline Lease Area
Ridge above valley floor
Ridge above valley floor
Ridge above valley floor
Ridge above valley floor
Ridge above valley floor
Ridge above valley floor
Ridge above valley floor
Along road at top of ridge
Along road at top of ridge
Along road at top of ridge
Along road at top of ridge
Along road at top of ridge
Top of exploration trench
Top of exploration trench
Top of exploration trench
Top of exploration trench
Top of exploration trench
Side of exploration trench
Side of exploration trench

ide of exploration trench
ide of exploration trench
ide of exploration trench
ide of exploration trench

Transect
Site No

WVU4L1LS1-1
WVU4L1LS1-2
WVU4L1LS1-3
WVU4L1LS1-4

WVU4L1UT1-1
WVU4L1UT1-2
WVU4L1UT1-3
WVU4L1UT1-4

WVU4L2S1-1
WVU4L2S1-2
WVU4L2S1-3
WVU4L2S1-4

WVU4L2T1-1
WVU4L2T1-2
WVU4L2T1-3
WVU4L2T1-4

WVU4L3S1-1
WVU4L3S1-2
WVU4L3S1-3

WVU4L3T1-1
WVU4L3T1-2
WVU4L3T1-3

WVU4L4S1-1
WVU4L4S1-2
WVU4L4S1-3

WVU4L4T1-1
WVU4L4T1-2
WVU4L4T1-3

WVU3S1-1
WVU3S1-2
WVU3S1-3
WVU3S1-4

DS1-1
DS1-2
DS1-3
DS1-4
DS1-5
DS1-6
DS1-7
DS2-1
DS2-2
DS2-3
DS2-4
DS2-5
DS3-1
DS3-2
DS3-3
DS3-4
DS3-5
DS4-1
DS4-2
DS4-3
DS4-4
DS4-5
DS4-6

Transect
Distance

m

40
90

140
193

35
80

123
169

35
73

117
178

30
88

132
176

52
90

138

36
75

128

22
55
98

30
70

125

32
68

102
136

0
20
40
60
82

105
138

0
20
40
60
80
0

20
46
69
90

0
30
50
70
90

115

GPS readings
Latitude

42.821050
42.821467
42.821817
42.822317

42.819967
42.820283
42.820567
42.820933

42.819100
42.819317
42.819583
42.819983

42.817933
42.818033
42.818617
42.818900

42.817400
42.817617
42.817883

42.817167
42.817433
42.817717

42.816667
42.816750
42.817017

42.815917
42.816150
42.816467

42.850667
4Z851817
42.850883
42.851367

42.610800

42.626450

42.625817

42.625817

Longitude

-111.398233
-1 1 1 .397883
-111.397633
-111.397367

-111.397350
-111.396983
-111.396750
-1 1 1 .396367

-1 1 1 .396700
-111.396350
-111.395950
-111.395383

-111.396367
-1 1 1 .395900
-111.395533
-111.395167

-111.394500
-111.394117
-111.393683

-111.394067
-111.393717
-111.393317

-111.392317
-111.392000
-111.391617

-111.392033
-111.391650
-111.391083

-111.421767
-111.422017
-111.420917
-1 1 1 .420667

-111.335950

-111.353850

-111.352617

111.352617

Scintillometer
Reading

cps

230
145
125
120

125
175
170
180

170
135
160
105

180
370
360
115

125
110
115

135
130
120

120
90
70

130
130
115

48
110
54

115

35
50
60
65
70
60
35
33
50
90
50
40

125
78
85
48
40

150
125
120
115
125
75

19



T
ab

le
 2

. 
T

ot
al

 r
ec

ov
er

ab
le

 (
co

ne
. 

H
N

O
3 

+ 
co

ne
. 

H
C

IO
4)

 e
le

m
en

t c
on

ce
nt

ra
tio

ns
 in

 W
oo

le
y 

V
al

le
y 

un
its

 3
 &

 4
 w

as
te

 r
oc

k 
du

m
ps

 a
nd

 D
ai

ry
 S

yn
cl

in
e 

le
as

e 
ar

ea
 s

oi
l s

am
pl

e.

W
U
S
P
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Nu
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WP
TU

4L
1S

WP
TU

4L
1T

WP
TU

4L
2S

W
P
T
U
4
L
2
T

W
P
T
U
4
L
3
S

W
P
T
U
4
L
3
T

W
P
T
U
4
L
4
S

W
P
T
U
4
L
4
T

W
P
T
U
3
S

W
P
T
D
S
T
1
1

W
P
T
D
S
T
1
4

W
P
T
D
S
T
1
7

W
P
T
D
S
T
2
1

W
P
T
D
S
T
2
2

W
P
T
D
S
T
2
3

W
P
T
D
S
T
2
5

W
P
T
D
S
T
3
1

W
P
T
D
S
T
3
3

W
P
T
D
S
T
3
5

W
P
T
D
S
T
4
2

W
P
T
D
S
T
4
3

W
P
T
D
S
T
4
4

W
P
T
D
S
T
4
5

W
P
T
D
S
T
4
6

Bl
an

k

Al
mg
/k
g

15
57
1

12
96

1
18
06
1

10
12

1
22
23
1

12
02

1
23

81
1

16
35

1
28
65
1

13
68

1
25
92
1

28
38
1

23
70

1
30

82
1

32
89

1
27
39
1

23
36

1
26

43
1

27
77

1
31

06
1

25
68

1
32

04
1

27
95

1
31

82
1 28

As
mg
/k
g

27
.7

25
.9

27
.8

15
.9

 1
7.
6

24
.4

14
.3

17
.3

13
.6 4.
3

4.
8

9.
7

5.
2

4.
6

6.
5

6.
6

6.
9 6

6.
6 17

19
.9

10
.4 8.
4

10
.9 0

B
mg
/k
g

37
1

32
0

36
6 78 72
2

15
0

27
1

11
0

33
4 32 10
2 32 15 59 19
0 43 31
1 91 56 31
9

37
9

24
0

20
7 74 30

Ba
mg
/k
g

10
8 98 12
1 65 16
4

10
4

13
1 95 15
4

16
8

36
2

35
3

27
4

27
7

28
8

18
8

24
7

20
8

27
0

20
0

13
8

18
7

20
1

18
0 0

Ca
mg
/k
g

13
19
79

14
71

79
13

44
79

18
77

79
11

16
79

12
91

79
84

61
9

10
41

79
38
78
9

50
07

17
64

9
82
21

61
77

10
31
9

38
21

9
55
80

69
37
9

38
82

9
94
89

45
72
9

83
93

9
57
57
9

43
99
9

52
85 35

Cd
mg
/k
g

58
.6

58
.5

46
.3

74
.8 33

31
.4

23
.8

40
.3

13
.5 2.
4

20
.1

17
.8

11
.9

14
.4

11
.5 3.
6

17
.8

21
.6

19
.3 8.
7

12
.3

29
.2

30
.6 3 0

Co
mg
/k
g 1.
8

1.
8

0.
7

0.
1

4.
1

2.
4

3.
9 3

5.
9

7.
2 7

9.
7 9

7.
3

7.
3

7.
4

4.
5

5.
7

7.
5

6.
9 2

2.
6

8.
4

14
.9 0

Cr
mg
/k
g

13
15

11
02

14
12 47
7

77
1

12
22 67
0

56
3

61
2 22 87 73 67 70 20
0 47 21
5

18
0

16
5

60
8

12
72 58
5

20
3

29
6 1

Cu
mg
/k
g

12
6.

4
13

0.
4

10
4.

5
84
.9

67
.8

11
3.
8

60
.2

83
.2

54
.6 7.
2 14

15
.8

12
.9 9.
8

11
.8 8.
2

10
.4

13
.1

17
.1

48
.8

12
2.

7 40
18

.9
18

.6 0

Fe
mg
/k
g

14
42
0

14
46
0

15
59
0

10
74

0
15

76
0

15
26
0

16
12
0

15
73
0

15
94

0
86

92
16
42
0

17
72

0
19
05
0

19
07
0

18
69
0

15
63
0

14
91

0
16
73
0

18
74
0

23
27
0

20
20
0

18
19

0
16
44
0

27
15
0 8

K
mg
/k
g

49
50

44
34

64
01

23
76

63
58

40
30

62
69

38
99

62
79

33
80

64
00

64
65

43
71

56
25

53
75

39
29

45
11

48
42

64
70

65
51

62
91

68
59

61
08

79
18 13

Mg mg
/k
g

76
22

87
81

93
04

35
18

32
29

45
53

44
65

24
24

27
50

19
03

41
54

42
38

36
95

43
64

42
41

40
49

31
66

36
91

37
94

37
24

25
89

36
89

38
36

38
75 12

M
n

mg
/k
g

11
1

12
6 93 10
1

39
1

15
2

22
5

19
2

18
2

79
8

62
1

99
4

98
9

60
1

20
0

36
0

44
0

48
3

79
0

25
9 32 18
6

43
3

51
3 0

M
o

mg
/k
g

25
.9

28
.9

33
.8

14
.9

14
.1

36
.7 12

15
.4 2.
7

0.
8 2

1.
7

21 1.
6

0.
5

0.
4

2.
9

2.
5

4.
3

5.
2

8.
5 7

3.
6

9.
1 0

Na
mg
/k
g

12
22

14
04

14
15

15
86

14
09 96
1

72
9

69
9

66
9

14
0

41
0

25
3

12
4

42
3

53
2

32
8

83
4

28
6

30
0

72
5

10
25 59
1

49
1

29
6 38

Ni
mg
/k
g

22
2.

1
29

5.
8

26
4.

7
15

7.
7

13
2.

2
28

4.
6

11
3.
5

14
1.

7
34
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14
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22
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26
.3
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17
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31
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17
6
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6
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6
81
43
6
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6
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6
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Table 4. Ancillary soil characterization data for Wooley Valley units 3 & 4 waste rock 
dumps and Dairy Syncline lease area.

WUSP
Sample
Number

WPTU4L1S
WPTU4L1T
WPTU4L2S
WPTU4L2T
WPTU4L3S
WPTU4L3T
WPTU4L4S
WPTU4L4T
WPTU3S
WPTDST11
WPTDST14
WPTDST17
WPTDST21
WPTDST22
WPTDST23
WPTDST25
WPTDST31
WPTDST33
WPTDST35
WPTDST42
WPTDST43
WPTDST44
WPTDST45
WPTDST46

Coarse
Fragments

> 2 mm
%

48.93
42.12
49.26
53.18
43.17
34.85
50.44
41.67
43.36
14.06
39.92
49.71
38.59
42.96
36.24
38.90
37.53
28.47
61.54
36.49
44.25
16.89
36.67
47.24

pH

6.71
6.88
6.95
7.11
6.96
7.11
6.96
6.59
6.74
5.70
6.19
6.19
5.99
5.29
5.36
5.52
5.31
5.69
6.17
6.20
6.40
6.03
6.43
6.26

Total
Carbon

- %

5.48
6.76
6.22
2.69
3.28
4.92
3.52
3.58
0.95
4.90
5.58
4.08
4.09
2.93
1.61
4.01
4.25
2.85
8.98
0.98
0.95
1.46
2.78
1.03

Total
Organic
Carbon

%

4.59
5.90
4.34
2.11
2.97
3.61
3.30
2.88
0.85
4.72
4.86
4.02
3.50
2.68
1.31
3.65
3.91
2.58
7.60
0.96
0.79
1.24
3.00
0.90

Total
Inorganic
Carbon

%

0.89
0.86
1.88
0.58
0.31
1.31
0.22
0.70
0.10
0.18
0.72
0.06
0.59
0.25
0.30
0.36
0.34
0.27
1.38
0.02
0.16
0.22

-0.22
0.13

Total
Nitrogen

%

0.52
0.63
0.56
0.23
0.38
0.58
0.35
0.42
0.22
0.23
0.33
0.25
0.20
0.12
0.11
0.12
0.21
0.17
0.44
0.27
0.35
0.18
0.15
0.09
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Table 5. Mean ± standard error or median scintillometer readings, element 
concentrations, and ancillary soil characterization data for soil samples from Wooley 
Valley Unit 4 Waste Rock Dump and Dairy Syncline lease area. Mean values not 
followed by the same letter are significantly different (p<0.01). Median values not 
followed by the same letter are significantly different (p<0.01) according to the Kruskal- 
Wallis analysis of variance on ranks.

Parameter

Scintillometer
Na
K
Mg
Ca
Sr
Ba
Cr
Mo
Mn
Fe
Co
Ni
Cu
Zn
Cd
Pb
B
Al
P
As
S
Se
Coarse fragments
PH
Total carbon
Total organic 
carbon
Total inorganic 
carbon
Total nitrogen

Units

Cps
mg/kg
mg/kg
mg/kg
%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
%
%
mg/kg
mg/kg
mg/kg
%

%
%

%

%

Wooley Valley 
Unit 4 (n = 8)
130 a (n = 28)
1178 + 120 a
4840 ±510 a
4509 a
12.89 + 1.09 a
520 a
111 + 10a
936 a
20.6 a
174 + 35 a
1.54 a
2.1 a
202 + 26 a
94.7 a
1018 + 111 a
43.3 a
8.2 ±1.0 a
296 a
1.60 a
4.69 a
21. 4 ±2.0 a
3363 a
63.0 a
45.5 ±2.1 a
6.91 ±0.06 a
4.25 a
3.46 a

0.78 a

0.46 + 0.05 a

Dairy Syncline 
Lease Area (n = 1 5)
65 b (n = 23)
451 + 66 b
5673 ± 321 a
3794 a
2.97 ± 0.68 b
99 b
236+ 17 b
180 b
2.5 b
513±75b
1.82b
7.3 b
35.6 ± 5.5 b
14.0 b
326 ± 32 b
14.4 b
9.3 + 1.1 a
91 a
2.78 b
0.53 b
8.5+ 1.2 b
307 b
O.Ob
38.0 ±3.1 a
5.92 ± 0.10 b
2.93 a
3.00 a

0.25 a

0.22 + 0.03 b
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Table 6. Relationship of weathering and disturbance history of phosphatic shales, 
related sedimentary deposits, and overburden soils to potential for Se mobilization.

Disturbance 
history

Undisturbed

Older 
disturbances
Recently 
disturbed

Weathering history & tendency
                              >

Unweathered

Deeper 
phosphatic 
shale 
deposits

Lightly 
weathered

Near- 
surface 
sedimentary 
deposits 1

Moderately 
weathered

Old waste rock dumps

New waste rock dumps

More 
strongly 
weathered
Soil 
developed 
over 
sedimentary 
deposits
Old soil 
stockpiles2
New soil 
stockpiles2

^                              

Potential for Se mobilization

\ f

Potential 
forSe 
mobilization

1 Grandeur dolostone, Rex chert, etc.
2 Old and new soil stockpiles are topsoil and subsoil overburden removed during 
phosphate rock mining and stockpiled for use in waste rock dump reclamation. New 
soil stockpiles have been recently removed from their original position on the landscape 
and stockpiled in a new weathering environment. Old soil stockpiles are those that 
have been subjected to weathering for at least several years.
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Figure 1. Mean ± standard error scintillometer readings along sampling transects on the 
slopes (S) and terraces (T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 
Waste Rock Dump and the slope of Unit 3 Waste Rock Dump.
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Figure 2. Total Na and K in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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terraces (T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock 
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Figure 4. Total Cr and Mo in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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Figure 5. Total Mn and Fe in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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Figure 6. Total Co, Ni, and Cu in composite soil samples from slopes (S) and terraces 
(T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and 
the slope of Unit 3 Waste Rock Dump.
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Figure 7. Total Zn, Cd, and Pb in composite soil samples from slopes (S) and terraces 
(T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and 
the slope of Unit 3 Waste Rock Dump.
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Figure 8. Total B and Al in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, 12,13, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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Figure 9. Total P and As in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, 12,13, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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Figure 10. Total S and Se in composite soil samples from slopes (S) and terraces (T) of 
lifts 1 through 4 (L1, 12, L3, L4) at Wooley Valley Unit 4 Waste Rock Dump and the 
slope of Unit 3 Waste Rock Dump.
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Figure 12. Total organic and inorganic C and total N in composite soil samples from 
slopes (S) and terraces (T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley Unit 4 
Waste Rock Dump and the slope of Unit 3 Waste Rock Dump.
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Figure 13. Relationship of total Se to scintillometer readings in composite soil samples 
from slopes (S) and terraces (T) of lifts 1 through 4 (L1, L2, L3, L4) at Wooley Valley 
Unit 4 Waste Rock Dump and the slope of Unit 3 Waste Rock Dump.

38



Dairy Syncline
150
125
100
75
50
25

150
125
100

C/5 .._
Q. 75 
o
^ 50

£ 25 O ^
E 150

= 125
| 100
CO 75

50

25

150
125
100
75
50
25

Transect 1

Meade Peak phosphatic shale

ex chert -
Grandeur dolostone

H      I      I   

Transect 2

-Rex chei

Meade Peak phosphatic shale

Grandeur dolostone

Meade Peak phosphatic shale Transect 3
Trench topsoil

Meade Peak phosphatic shale Transect 4
Trench subsoil 

Rex chert

0 20 40 60 80 100 120 140

Distance, m
Figure 14. Scintillometer readings along sampling transects in the Dairy Syncline lease 
area.

39



*f
08
CO

10000

1000

100

10000

1000

100

10000

1000

100

10000

1000

100

Dairy Syncline

Transect 1

H      h H      h H   :  h

Transect 2

H      h

MPphsh

Transect 3
Trench topsoil

H      I-

MPphsh

T4
Rch Trench 

subsoil

0 20 40 60 80 100 120 140

Na 
K

Distance, m
Figure 15. Total Na and K in soil samples at selected locations along sampling transects 
in the Dairy Syncline lease area.

40



Dairy Syncline

O)

CD 
co
03

CD
o
D)

100000

10000

1000

100 

10
100000 

10000

1000 

100 

10
100000

10000

1000

100 

10
100000

10000

1000 

100 

10

MPPhsh Transect 1 Rch ]
Gdo .....-.           -   -..-......... ..

+     ~ *

__- - - - """"""" ~^       V !v  
  I     I      I      I      I      I     I        I   i

Rch ^phsh ® - .... G<° Transect 2

v    v'" ^""----^

    I        I       -H        I        I        I        I        I    

* phsh ........ Transects
9 90 Tr^n^h t^p^il

~~~~~~~~~~\7 1

   I       I       I       I       I       I       I       I    !

^"phsh Trench subsoil ,
        -  _0^_              -0 ;

0 20 40 60 80 100 120 140

- Mg 
Ca

-- Sr
- Ba

Distance, m
Figure 16. Total Mg, Ca, Sr, and Ba in soil samples at selected locations along sampling 
transects in the Dairy Syncline lease area.

41



Dairy Syncline

0

O)
^̂
-,

O)
E
0
^
#
0

1000 

100

10

1

0.1
1000 

100

10

1

0.1
1000

100 

10

1

0.1
1000 

100 

10

1

0.1

Transect 1 j

* "~~~~ MPPhsh RCh 1

d° ............................................................... i

   1       1       1       1       1       1       1       1    !

^_.^_^ Transect 2

- Rch MPphsh G -
do

 - -- «

   1       1       1       1       1       1       1       1    :

. 9 9 Transect 3  
.._ Trench topsoil ;
MPphsh

-

Ivl ̂ ^ ~
phsh r\ :.

...................... ....,-  i
.     -9'    A  "'

; * Transect 4 1
Trench subsoil :

20 40 60 80 100 120 140

Cr
Mo

Distance, m
Figure 17. Total Grand Mo in soil samples at selected locations along sampling 
transects in the Dairy Syncline lease area.

42



Dairy Syncline

O)

O)
E-

LL

C 
^

10000

1000

100

10

10000 

1000

100

10

10000

1000

100

10

10000 

1000

100

10

1   
f\ -        ""'  

Gdo MPphsh Rch \

Transect 1 !
  i      i      i      i     i      i      i      i   !

R * Transect 2 -
. i^" MPPhsh Gdo :

^ *

  i      i      i      i      i      i      i      i   !

r   <»   Transects ,
^Pphsh Trench topsoil

-

  i     i     i     i     i     i     i     i   !

MPphsh Rch ;

r ^X\-x/^ Transect 4 i
Trench subsoil

i i i i i i i i :

0 20 40 60 80 100 120 140

Distance, m
Figure 18. Total Mn and Fe in soil samples at selected locations along sampling 
transects in the Dairy Syncline lease area.

Mn 
Fe

43



100

10

1

100

10
D)
E
D
O

100

O 10

1

100

10

Dairy Syncline

IMPlvirphsh

R- MR* Phsh
      o       '

MPphsh

Transect 1 ~.

Transect 2

Transect 3
Trench topsoil

Transect 4
Trench subsoil

- Co 
Ni

- Cu

0 20 40 60 80 100 120 140

Distance, m
Figure 19. Total Co, Ni, and Cu in soil samples at selected locations along sampling 
transects in the Dairy Syncline lease area.

44



Dairy Syncline

D)

E
-Q 
0.
08

o
cf
N

1000

100

10

1
1000

100

10

1
1000 

100

10

. 1
1000

100

10

1

Transect 1 =
^                       :

..   ' £? ^&y

  i      i      i      i      i      i      i      i   ':

     -^^^ Transect 2  

! Rch MPphsh ^ }

i   \     i     i     i     i     i     i     i   ;

^___     *          Transect 3 :
r MPphsh Trench topsoil -

  i     i     i     i     i     i     i     i   !

A ft A   ~~~~~ ^^~~~~~~^  A oh

MPphsh Transect 4 i
0^^.. ^ Trench subsoil^~*-^^-*>~~*> ^ \

0 20 40 60 80 100 120 140

Zn 
Cd 
Pb

Distance, m
Figure 20. Total Zn, Cd, and Pb in soil samples at selected locations along sampling 
transects in the Dairy Syncline lease area.

45



10000

1000

100

10

10000 

1000

0) 100

^ 10

< 10000

CD 1000

100

10

10000

1000

100

10

0

Dairy Syncline

MPphsh

MPphsh

Transect 1

Transect 2 ,

Transect 3
Trench topsoil

Transect 4
Trench subsoil

Rch

20 40 60 80 100 120 140

B 
Al

Distance, m
Figure 21 . Total B and Al in soil samples at selected locations along sampling transects 
in the Dairy Syncline lease area.
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Figure 22. Total P and As in soil samples at selected locations along sampling transects 
in the Dairy Syncline lease area.

47



Dairy Syncline

0

D)
=^£

E
<D

CO
08 
CO

1000

100

10

1

0.1
1000

100

10

1

0.1
1000

100

10

1

0.1
1000

100

10

1

0.1

9 1

" Gdo MPphsh Rch ]
 :

 

Transect 1 ;
  i     i     i     i     i     i     i     i   = 

*----              

phsh do

:

-

Transect 2 :
 :

       I                I                I                I                I                I                I                I        ;

*        --  ___ - __ 9 :

MPphsh I

*   ~

r Transect 3 -
Trench topsoil

-.  \     i     i     i     i     i     i     i   !

MPphsh ~*^^« ]

- ....... .- '*'    -  R°h 1

  Transect 4 -
Trench subsoil -

20 40 60 80 100 120 140

S 
Se

Distance, m
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sampling transects in the Dairy Syncline lease area.
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Figure 25. pH of soil samples at selected locations along sampling transects in the 
Dairy Syncline lease area.
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Figure 26. Total organic and inorganic carbon in soil samples at selected locations 
along sampling transects in the Dairy Syncline lease area.
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Figure 27. Total N in soil samples at selected locations along sampling transects in the 
Dairy Syncline lease area.
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Figure 28. Box plots of scintillometer readings from Wooley Valley Unit 4 Waste Rock 
Dump and Dairy Syncline lease area.
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Figure 29. Box plots of total Na and K in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 30. Box plots of total Mg, Ca, Sr, and Ba in soil samples from Wooley Valley Unit 
4 Waste Rock Dump and Dairy Syncline lease area.
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Figure 31. Box plots of total Cr and Mo in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 32. Box plots of total Mn and Fe in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 33. Box plots of total Co, Ni, and Cu in soil samples from Wooley Valley Unit 4 
Waste Rock Dump and Dairy Syncline lease area.
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Figure 34. Box plots of total Zn, Cd, and Pb in soil samples from Wooley Valley Unit 4 
Waste Rock Dump and Dairy Syncline lease area.
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Figure 35. Box plots of total B and Al in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 36. Box plots of total P and As in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 37. Box plots of total S and Se in soil samples from Wooley Valley Unit 4 Waste 
Rock Dump and Dairy Syncline lease area.
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Figure 38. Box plots of coarse fragment content and pH of soil samples from Wooley 
Valley Unit 4 Waste Rock Dump and Dairy Syncline lease area.
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Figure 39. Box plots of total C, total organic C, and total inorganic C in soil samples 
from Wooley Valley Unit 4 Waste Rock Dump and Dairy Syncline lease area.
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Figure 40. Box plots of total N in soil samples from Wooley Valley Unit 4 Waste Rock 
Dump and Dairy Syncline lease area.
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