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ABSTRACT
This study reports bulk chemical compositions of plant samples collected during 

July of 1999 from the surface of the Wooley Valley surface phosphate mine Unit 4 waste 
pile and nearby locations in southeastern Idaho. The waste pile, which has an areal extent of 
approximately 1/2 mi2 (-130 ha), was completed in 1995 but had been in various stages of 
reclamation, including installation of reclamation plant species, for the previous decade. The 
waste pile occupies one of two parallel, adjacent valleys that form the headwaters of Angus 
Creek as it flows down Little Long Valley. The data for the affected areas are compared to 
two reference sites: an unaffected wetland adjacent to the wetland affected by seeps draining 
the waste pile; and Dairy Syncline, an area 15 km away where similar plants grow on 
phosphatic rocks of the same formation but where they have not been disturbed by mining 
activities. This latter reference site is now under lease option for mining; consequently, 
plant sampling from this area provides an important baseline should the area be developed.

The data show that trace element concentrations of selected plants growing on the 
waste pile are elevated by one to two orders of magnitude compared to the reference site 
located on similar rocks in Dairy Syncline. Of the environmentally significant elements on 
the waste pile and in the affected wetland, selenium has the greatest enrichment for nearly all 
plant group types. Other elements of potential contaminant concern are Mo, particularly as 
it leads to low values of the Cu/Mo ratio, and Tl. Cd, Cr, Ni, V, and Zn all show lesser 
degrees of enrichment relative to concentrations in plants from the two reference sites.



INTRODUCTION

Background

U.S. Geological Survey (USGS) geologists have studied the Permian Phosphoria 
Formation in southeastern Idaho and the Western U.S. Phosphate Field throughout much 
of the twentieth century. In response to a request by the U.S. Bureau of Land Management 
(BLM), a new series of resource and geoenvironmental studies was initiated by the USGS 
in 1998. Present studies involve many scientific disciplines within the USGS and consist of 
(1) integrated, multidisciplinary research directed toward resource and reserve estimations of 
phosphate in selected 7.5-minute quadrangles; (2) elemental phase associations and 
mineralogical and petrochemical characteristics; (3) mobilization and reaction pathways, 
transport, and disposition of potentially toxic trace elements associated with the occurrence, 
development, and use of phosphate rock; (4) geophysical signatures; and, (5) improving the 
understanding of depositional origin.

To carry out these studies, the USGS has formed cooperative research relationships 
with: two Federal agencies, the BLM and the U.S. Forest Service (USFS), which are 
responsible for land management and resource conservation on public lands; and with five 
private companies currently leasing or developing phosphate resources in southeastern 
Idaho, including Agrium U.S. Inc. (Rasmussen Ridge mine), Astaris LLC (Dry Valley 
mine), Rhodia Inc. (Wooley Valley mine-inactive), J.R. Simplot Company (Smoky Canyon 
mine), and Monsanto Co. (Enoch Valley 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. The USGS open-file reports associated with this 
series of resource and geoenvironmental studies are submitted to each of the Federal and 
industry collaborators for technical comment; however, the USGS is solely responsible for 
the data contained in the reports.

The mining of the Permian Phosphoria Formation in the northwest United States 
satisfies approximately 12 percent of the nation's annual demand for phosphate. This 
formation is a marine sedimentary phosphorite deposit that extends over a 5-state region 
(McKelvey and others, 1959). 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 given by McKelvey and others (1959) and by Cressman and Swanson 
(1964) for the same rock units in nearby southwestern Montana. Gulbrandsen and Krier 
(1980) discussed general aspects of the large and rich phosphorus resources in the 
Phosphoria Formation in the vicinity of Soda Springs, Idaho. Past studies of the bulk 
chemical composition of the Meade Peak include several by Gulbrandsen (1966,1975, and 
1979) that summarized data for various lithologies of the phosphatic intervals in the 
Phosphoria Formation. Unfortunately, most of the analytical descriptions of the phosphatic 
and associated waste rock units published in these earlier works include only minimal 
concentration data on several now-recognized potential contaminant trace elements, notably 
Se, Cd, and Mo. However, Herring and others (1999,2000a, 2000b, and 2000c) list bulk 
chemical compositional data that includes these elements and several other potential toxicant 
elements for the various lithologies of the Meade Peak.

In the study area in southeastern Idaho, the Phosphoria Formation consists of three 
members, which in ascending order are the Meade Peak Phosphatic Shale the phosphatic 
unit of the Phosphoria the Rex Chert, and the informally named cherry shale (McKelvey 
and others, 1959). The Meade Peak directly overlies the Grandeur Tongue of the Permian 
Park City Formation, a dolomitic unit. Stratigraphy and description of measured sections at 
each of the four working mines in southeastern Idaho are summarized in reports by Tysdal



and others (1999, 2000a, 2000b, and 2000c). Structurally, the Phosphoria is a folded, often 
steeply dipping unit with elongate surface or near surface exposures with north to northwest 
strike. Depending on the dip of the strata, a typical phosphate mine will be up to a few 
hundred meters deep and several km long.

The Meade Peak is approximately 50 to 55 m thick. It has two phosphate ore zones, 
a lower and upper one of approximately 10 and 5 m thickness, respectively. The two ore 
zones are separated by a middle waste unit of shale that is approximately 18 to 20 m thick. 
When the Meade Peak is mined, the two ore zones are removed and processed, whereas the 
middle waste shale and other waste rock are removed and backfilled into the mine pit or 
placed in a nearby gully as cross-valley fill waste pile. Over the 15 to 20 year life of a 
typical mine, 20 to 40 million tonnes of ore will be extracted and an amount of waste shale 
and chert of 2 to 5 times this amount will be generated and require disposal.

Environmental Concerns Se and other trace elements

The geoenvironmental studies of the Western U.S. Phosphate Project consider 
mobilization and reaction pathways, transport, and disposition of potential contaminant 
elements associated with the occurrence, development, and mining of phosphate. In 
particular, the study focuses on the mobilization of selenium and other trace elements from 
waste rock that is removed from the strip mines during phosphate rock extraction. This 
waste rock is stored in large piles, either by backfilling the mine pit or is removed and 
placed into nearby valleys. In this latter case, drainage percolating through the waste rock 
pile can leach trace elements from the rock and discharge them into streams draining from 
the waste pile. In particular, this study examines trace element concentrations in plants 
growing on the waste pile and the affected wetland and compares these with plants growing 
at the reference wetland and nearby Dairy Syncline sites.

Elevated concentrations of Se and other geoenvironmentally sensitive trace elements 
(e.g. As, Cd, Cr, Cu, Mo, Ni, Tl, U, V, and Zn) within the middle waste shale of the Meade 
Peak have raised concerns about the introduction of these trace elements into the ecosystem 
as a result of mining and disposal of the waste rock. Se and several of these other trace 
elements, notably Cu, Mo, and Zn, can act either as essential micronutrients at low 
concentrations or a toxin at elevated concentrations. Gough and others (1979) provide 
summaries of element concentrations, both bioessential and toxic, to plants, animals, and 
man.

A table in Piper and others (2000) summarizes concentrations of Se that have been 
noted to occur in various components of the ecosystem in this part of Idaho. The purpose 
of the present study is to determine if any detectable enrichments of the Se or any other 
geoenvironmentally sensitive trace elements in the vicinity of the Unit 4 dump of the 
Wooley Valley phosphate mine are accumulating in plants growing on the waste pile or in 
the wetland that is influenced by seeps draining the waste pile. Sufficient enrichment of 
these contaminant trace elements presents a hazard to any wildlife feeding on the plants. In 
addition to concern over unusually high concentrations of individual elements, there are also 
synergistic interactions that can be important even at relatively low concentration 
enrichments. In the case of forage plants consumed by grazers, it is desirable for the mass 
ratio of Cu/Mo to be >2 in order to prevent occurrence of molybdenosis (Erdman, 1990).

For the specific case of Se, safe and adequate concentrations in food crops for 
animals are believed to be around 100 parts per billion (ppb), dry weight, as noted by 
Kabata-Pendias and Pendias (1984). They further note that a threshold value of 3000 ppb 
and a minimum requirement concentration of 100 ppb are proposed for grasslands.



Sample Locations and Setting

The locations of the sampling stations are shown in figure 1. The general area lies 
approximately 25 km northeast of Soda Springs, Idaho, in an area of southeastern Idaho 
that has had extensive phosphate mining over the past several decades and currently has 
four active phosphate mines. The location for the sampling area at Dairy Syncline is 
approximately 23 km south-southeast of the waste pile. Dairy Syncline is an occurrence of 
the Meade Peak where no mining disturbance has occurred to date. As such, the plants 
growing on the Meade Peak there reflect baseline concentrations of trace elements that are 
naturally developed on the Meade Peak without the influence of disturbance from mining. 
Additionally, this reference site is now under lease option for mining. Consequently, plant 
sampling from this area provides an important baseline should the area be developed in the 
future. Figure Ib is an air photo that shows the waste dump pile in greater detail and has 
annotations that correspond to the sampling location terms used in this report. The air 
photo was taken in approximately 1994 and shows the waste pile with a view to the 
southeast. There are four terraces to the waste pile: Lift 1 is the lowest in elevation, largest, 
and closest to the wetland; in numerical order, the other terraces (Lifts 2,3, and 4) increase 
in altitude and distance from the wetland and decrease in volume relative to Lift 1. The 
Slope occurs between Lift 1 and the wetland. Within this slope area there are a number of 
perennial seeps that drain water from the waste pile. The seeps are enriched in dissolved Se 
and several other trace elements (Stillings and others, 2000). The reference wetland site, just 
off the lower left portion of figure Ib, is located about 200 m adjacent to the indicated 
wetland that drains the seeps at the toe of the waste pile. The reference wetland site is 
created by a spring that is not affected by seeps flowing from the mine waste pile, and, 
consequently, plants growing in this wetland should be relatively free of trace elements 
leached from the waste pile. The seeps and the spring combine to form the headwaters of 
Angus Creek as it flows down Little Long Valley.

The dump is approximately 4 million m in volume (W. Johnson, BLM, 1999, oral 
communication; waste dump tonnage is estimated at 6 to 8 megatons at an assumed density 
of about 1.5 g/cm3) and was completed in 1995. The rocks that comprise the waste pile 
have been extensively sampled and geochemically characterized at the nearby phosphate 
mine sites (Herring and others, 1999,2000a, 2000b, and 2000c). In addition, other 
components of the ecosystem in and proximal to Little Long Valley have been analyzed, 
including stream sediments and water from Angus Creek and trace element content of 
introduced and indigenous bryophytes (Stillings and others, 2000; Herring, Castle, and 
others, 2001). Notable enrichments of Se and other trace elements occur in some samples 
of all of these ecosystem components at this locale. Air samples were collected in June 
2000 from two sites within Little Long Valley and analyzed for volatile Se (Lamothe and 
Herring, 2000).
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Figure la. General location of the Wooley Valley phosphate mine waste pile.

Figure Ib. Wooley Valley Unit 4 Waste Dump



Use of Plants to Assess Trace Element Mobility

Vascular and nonvascular plants have been used to indicate bioavailability of various 
trace elements in a variety of settings (see, for example, Kabata-Pendias and Pendias, 1984). 
Generally, the uptake response in the plant reflects the concentration of the trace elements in 
the growth substrate. However, it also is determined by many other interactive and complex 
factors, such as mineral and organic host of the trace elements, ambient pH and Eh, and 
water solubility of trace elements in host soil phases. It further includes numerous aspects 
of the plant physiology, toxic element tolerance, and of the growth environment including 
climate.

Experimental Design

The ideal study for assessing trace element bioavailability to plants compares the 
same plant species in both the reference (background) and the disturbed sites to be 
evaluated. Realistically, it is not often possible to find large assemblages of similar plants in 
both reclaimed and indigenous, background areas. Often reclamation species are chosen for 
reasons other than simple replacement of native species. In this study, the plants sampled 
on the waste are mostly different from indigenous species in the reference wetland or at 
Dairy Syncline. Fortunately, there are a few similar species that permit direct plant species 
and genus group comparison between the various terraces of the waste pile and between the 
waste pile plants and the same species at Dairy Syncline. For example, aspen samples have 
been taken on one lift, in both reference locales, and in the wetland. Furthermore, although 
several of the forbs and grasses are not similar at the species level, they are similar at the 
genus level, especially for wheatgrass (Agropyron) and sedge (Carex). The reference 
wetland site serves as an additional baseline location and provides background values to 
compare with several plant types from the wetland site that is affected by the waste pile and, 
in the case of willow (Salix), on one of the lifts. Willow was not sampled at Dairy Syncline, 
but the reference wetland site samples provide a baseline for this genus. Tufted hairgrass 
(Deschampsia caespitosd) has been sampled at both Dairy Syncline and in the reference 
wetland, and these concentrations can be directly compared with the samples of the same 
species collected from the affected wetland. Another consideration of an ideal plant study 
involves sampling different plant types in order to examine a range of different plant 
metabolisms and trace element uptake processes. Here, that was accomplished by selecting 
at least two each of grass, forb, and woody plants. The final consideration in plant selection 
was to obtain plants, ideally the same species, from marshy, mostly ever-wet affected areas 
to contrast trace element uptake with drier, seasonally wet areas on the slopes and terraces of 
the waste pile. Of the grasses, smooth bromegrass (Bromus inermis) and orchardgrass 
(Dactylis glomeratd) occur in the wetland and on at least one of the lifts, as do the aspen. 
In addition, some of these plants occur in both the reference and affected wetland sites, 
which permits assessment of baseline concentrations.



METHODS

Plant Sampling

Transects for sampling above-ground vegetation were established on the slopes and 
terraces of Lifts 1 through 4 of the Unit 4 mine waste-rock dump at Wooley Valley, within a 
wetland at the base of the Unit 4 dump, and in the reference wetland nearby to the Unit 4 
wetland. This reference wetland exists in an adjacent, parallel drainage to the waste pile 
wetland, and it is unaffected by the mine or waste pile. An arbitrary starting point for each 
transect was selected on the right-hand side (facing toward the dump) of Unit 4 and the 
wetland. Transects on the lift slopes followed the slope contours. Transects on the lift 
terraces ran parallel to the lift slopes. Transects in the wetland ran parallel to the base of 
Unit 4. At selected points along each transect, representative plant species that comprised 
major components of the plant communities were sampled within a 1-2 m radius of each 
sampling point. Distances along the transects were measured with a hip chain. The latitude 
and longitude of each sampling location and the starting points of the transects were 
recorded with a GPS unit. The above-ground portion of each sampled plant species was 
clipped and placed in labeled paper bags and taken to the lab for pre-analysis preparation. 
Samples of plant species that could not be identified in the field were also collected and 
returned to the lab for identification using various plant identification manuals (e.g., 
Cronquist and others, 1977).

To obtain pre-mining baseline data on the accumulation of trace elements by the 
above ground biomass of native plant species, plant sampling transects were also established 
across the Meade Peak 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 transition area, 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 an old phosphate exploration trench and the fourth transect ran along the 
sidewall of the exploration trench. Mechanics of location and transect distance 
measurement were the same as for the previous localities. Plants were sampled in a manner 
consistent with the samples collected from the Unit 4 waste pile and wetland.

Plant Sample Preparation

The plant samples were dried in mechanical convection ovens at 60° C for 48 hours 
and ground to < 20-mesh in a stainless-steel Wiley plant grinding mill. Splits of the 
material were provided to analysts for the various analyses. All splits were obtained with a 
riffle splitter to ensure that the splits were representative of the whole sample.

Analysis

Plant samples were analyzed for Se and As using hydride generation followed by 
atomic absorption (AA) spectroscopy (Arbogast, 1996). Samples also were analyzed for 40 
major, minor, and trace elements using 4-acid digestion in conjunction with inductively 
coupled plasma-atomic emission spectrometry (ICP-AES). An ashed split was dissolved 
using a low-temperature (<150°C) digestion with concentrated hydrochloric, hydrofluoric,

10



nitric, and perchloric acids (Arbogast, 1996). The acidic sample solution was taken to 
dryness and the residue was dissolved with 1 ml of aqua regia and then diluted to 10.0 g 
with 1 % (volume/volume) nitric acid. The reported concentrations based on the ash weight 
of the sample have been converted to their respective concentrations in the dry plant sample 
by multiplying the element concentrations in the ash by the ash weight in percent. Also, a 
subset of 40 of the plant samples was analyzed using inductively coupled plasma-mass 
spectrometry (ICP-MS) after a 4-acid digestion of the dried plant sample. Lamothe and 
others (1999) describe the methodology.

RESULTS

Element concentration data for the plant analyses are listed in table 1. There has 
been no statistical manipulation of the data or consideration of qualified values. Qualified 
values of concentration result when elements have concentrations less than their lower 
detection limit (LDL). They are listed in the data table with "<" preceding the LDL.

For the analysis of As and, especially, Se, the hydride analytical technique is 
considered to be superior to other analytical techniques that involve heating or exothermic 
acid digestion during preparation. Consequently, the analytical data for As using acid 
digestion ICP-AES, for which only two values exceeded the LDL of 20 ppm, have been 
eliminated from the data set and only those for the hydride technique are reported for all 
samples. For the other elements in the ICP-AES set, detection limits for the various 
elements have been reported after correcting to the dry weight of the plant. This produces a 
variable LDL for a specific element even though only a single LDL concentration is 
reported for each element in the ash. Of the ICP-MS analyses for As, more than one-half of 
the samples had qualified data below the LDL and, consequently, this element also was 
eliminated from the data set. In all ash samples the following elements were reported as 
below their LDL (listed in parentheses in ppm) and were eliminated from the data table: Ag 
(4), Au (20), As (20), Be (2), Bi (20), Ce (8), Eu (5), Gd (8), Ho (8), Nb (8), Nd (8), Sc (4), 
Ta (80), Th (8), U (200), and Yb (2). Those elements eliminated from the ICP-MS data 
table are Er (0.05), Ho (0.02), K (not reported), Nb (2), Sc (0.3), Ta (0.2), and Ti (40). La, 
Nd, and Pr had only a single unqualified datum each that barely exceeded the LDL; 
consequently, determinations of these elements also were eliminated from the data set. Se 
determination also was eliminated from the listed ICP-MS data set. Usually Se is not 
reported on organic-rich samples as the Se is mostly volatilized and lost during the 4-acid 
digestion preparation (P. Lamothe, oral communication, USGS, 2001). Because of the 
interest in Se in this study, the ICP-MS determinations for Se were reported to note how 
much was lost during 4-acid preparation. Typically this was 90 percent of the amount of Se 
reported by the hydride method.

As a measure of combined analytical, experimental, and laboratory precision, the 
listings in table 1 include a calculated value of the average relative standard difference in 
percent obtained by averaging the relative standard difference for each of two pairs of 
duplicated specimens analyzed by ICP-AES. For duplicate sample pairs without any 
qualified determinations, those precision values are listed at the top of the table. General 
measures of accuracy of the various analytical methods are discussed by Arbogast (1996).

The abbreviations for analytical techniques in the column headings in table I for 
analytical methodology are:
Hyd.: hydride generation followed by atomic absorption spectroscopy. 
ICP-MS: inductively-coupled plasma spectrometry, mass spectrometry, acid digestion. 
ICP-AES: inductively-coupled plasma spectrometry, acid digestion.
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Observations and Discussion

Graphical depictions of the concentrations of the geoenvironmentally significant 
trace elements in the plant samples are shown in figures 2, 3, and 4. The summary data 
used to generate these figures is in tables 2, 3, and 4, respectively. Concentration ranges 
showing the maximum, arithmetic mean, and minimum are included for a variety of trace 
elements, the percent ash content of plants, and the Cu/Mo mass ratio. The few 
concentration values below detection limits of the data used to generate these figures have 
been replaced by their LDL values; table 2 lists the percentage of unqualified values for the 
environmentally significant trace elements. The graphs in figures 2 and 3 have logarithmic 
scales to accommodate the large range of concentration values. For each figure, all graphs 
are plotted with the same vertical scale or range of concentrations to facilitate comparisons 
among various genus groups of locations. In figure 2, the element concentrations for all 
plant samples from 8 genus groups are shown without separation as to locality. This 
depicts the regional ranges of concentrations of the various trace elements in the plants from 
unaffected sites to those suspected to be affected by mining. Se exhibits the greatest 
concentration range of all elements shown in figure 2. Among genus groups, yarrow 
exhibits the smallest range of concentrations for all elements. Of the remaining genus 
groups, the most notable elevations in concentration defined as an arithmetic mean greater 
than a factor of two above the individual element mean concentrations for all plant samples 
from Dairy Syncline (figure 3) occur in the grasses for Se, Mo, and Tl and to a lesser 
extent for Cr, V, and U. Se mean concentrations in all genus types, with the exception of 
yarrow, are elevated by a factor of 50 to 100 over the Dairy Syncline mean for all plants.

The choice of all element concentrations in plants from the Dairy Syncline reference 
area poses some potential complications. Concentration variability for all plants ranges over 
a factor of about 100 for most trace elements with the exception of Tl, Th, and U. This 
variability arises in part from the many different plant types collected from the site, with 
concomitant variability in physiology. Within genus groups, however, this dispersion is 
generally less. Also, the Dairy Syncline site lacks several of the specific genus groups that 
have been introduced onto the mine waste pile as part of reclamation. Nonetheless, if the 
mean concentration of each element for all collected samples at the Dairy Syncline site is 
used as a comparer, there are notable elevations in concentration for many 
geoenvironmentally significant trace elements at the various sampling locations on the mine 
dump waste pile. These elevations in contaminant trace element concentrations are 
summarized in table 5 along with the occurrence of notably low Cu/Mo concentration ratios.

Among locations (figure 3), notable elevations in concentrations occur for Se as 
noted by the mean concentration in all plants collected from the lifts and the wetland. The 
slope site is notably lower, with a mean concentration of 2 ppm, but this is still well in 
excess of the two reference sites. We note that it is possible that plants collected from 
undisturbed sites on the Meade Peak, notably Dairy Syncline and the reference wetland site, 
may reflect modest increases in element concentration as a result of high concentrations of 
trace elements in these rocks compared to regional concentrations in similar plants growing 
in soil overlying different types of rocks. In a previous study (Herring, Castle, and others, 
2001), bryophyte specimens collected upstream from the reference wetland and from Dairy 
Syncline sites have Se concentrations that are elevated between a factor of 2 to 4 over the 
lab-raised control sample of the same bryophyte. This suggests that there is a slight 
regional elevation of the concentrations compared to clean laboratory conditions. Indeed, 
mean Se concentrations for various plant groups from the Dairy Syncline and reference 
wetland, typically a few hundred ppb dry weight, considerably exceed mean Se 
concentrations for grasses, clovers, and hay from several countries (Kabata-Pendias and 
Pendias, 1984), which are typically <150 ppb, dry weight.

Figure 4 depicts means of the geoenvironmentally significant trace element 
concentrations as a function of both genus group and location. The data for this figure are
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listed in table 4 and include the relative standard deviation as a measure of dispersion when 
there are 10 or more values.

There are few strong correlations among element concentrations for the set of all 
plants. For all plants from the lifts, slope, and wetland sites, only Cd with Zn and Cr with V 
have correlation coefficients >0.8. No other correlations are above 0.7. For the two 
baseline sites, the Cr with V correlation increases to 0.9, and other correlations between 0.7 
and 0.8 are As with Cu, Cd with Zn, and the Cu/Mo ratio with both Ni and Zn.

Summary

Among plant samples from the lifts, Se shows the greatest range of enrichments 
relative to the samples at the reference wetland or from Dairy Syncline. The mean 
enrichments for the lift and wetland sites are typically 100-fold greater than either reference 
site mean. For all plant samples, there is little difference between element concentrations at 
the reference wetland and the Dairy Syncline sites. Significant trace element enrichments 
relative to the reference sites are listed in table 5. Note that yarrow, exhibiting no significant 
enrichments, was collected only from Dairy Syncline.
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Figure 2. Element concentration ranges (maximum, mean, and minimum) in ppm (ash weight 
in % and Cu/Mo in weight ratio) for all plant samples and 8 genus groups. All concentrations 
shown are based on dry weight of the sample.

17



Figure 2, continued. Element concentration ranges (maximum, mean, and minimum) in ppm 
(ash weight in % and Cu/Mo in weight ratio) for all plant samples and 8 genus groups. All 
concentrations shown are based on dry weight of the sample.
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Figure 3. Element concentration ranges (maximum, mean, and minimum) in ppm (ash weight 
in % and Cu/Mo in weight ratio) in all plant samples for various locations. All concentrations 
shown are based on dry weight of the sample.
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Figure 3, continued. Element concentration ranges (maximum, mean, and minimum) in ppm 
(ash weight in % and Cu/Mo in weight ratio) in all plant samples for various locations. All 
concentrations shown are based on dry weight of the sample.
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Cd, ppm, dry weight
Cr, ppm, dry weight

Mo, ppm, dry weight
Cu/Mo mass ratio, dry weight

Figure 4. Summary of all samples from a genus group or plant type plotted by location for each 
element. The location axis for the Cu/Mo mass ratio is reversed from other graphs to display the 
geoenvironmentally sensitive values, in this case the low values, toward the front.
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 *. *»i 
Se, ppm, dryweight Zn, ppm, dry weight

Figure 4 continued. Summary for each element of all samples from a genus group or plant type
plotted by location. 
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