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ELEMENT CONCENTRATIONS AND BASELINES FOR MOSS, LICHEN, SPRUCE, 

AND SURFACE SOILS, IN AND NEAR WRANGELL-SAINT ELIAS NATIONAL 

PARK AND PRESERVE, ALASKA 

J.G. Crock, K.A. Beck, D.L. Fey, P.L.  Hageman, C.S. Papp, and T.R. Peacock 

The main purpose of the studies in and near the Wrangell-saint Elias National Park 
and Preserve (WSEP), Alaska, was to establish predevelopment baseline elemental 
information on selected native vegetation and the organic-rich 02 soil horizon before a 
proposed coal-fired power plant was to be built near the northwest boundary of WSEP. 
Thie  objective was accomplished by establiohing three traverses, one generally north-to- 
south into WSEP, one generally south-to-north along the Copper River near the weetern 
boundary of WSEP, and one generally west-to-east, also into WSEP. Traverse sampling 
sites were poeitioned at intervals beginning near the proposed power plant eite 
northeaet of Cakona, Alaska on Alaska Highway One. At each site, samples were collected 
of e~lendens (Hedw.) BSG (feather moss, whole plant, including rhieoids), 
peltieera avhthosa (L.) Willd. (ground lichen, whole plant), Picea alauea (Moench) Vase. 
(white spruce, twigs and needles), and the 02 horizon eoil. All materiale were analyzed 
for their major and trace total element concentratione. Observed baseline ranges are 
reported for each of these media and are in good agreement with those reported in the 
literature. Sample sites are also described to assist in returning to the exact 
location if resampling ia required in the future to monitor impact of the proposed power 
plant on the biological resources of WSEP. 

This report is to serve as a compilation of the analytical data collected by the 
U.S. Geological Survey (USGS) and to present listings of observed elemental baseline 
range* for the sampled media and is not meant to be an interpretive summary of the WSEP 
studies. This report is the result of a cooperative study between the U.S. National 
Park Service (NPS) and the USGS. The NPS and the USGS have an existing Interagency 
Agreement to conduct research related to air quality impacts on biological resources. 

INTRODUCTION 

BACKGROUND 

The studies described in this report provide predevelopment baseline information 
to help evaluate the potential impact of the proposed 10 MW coal-fired power plant on 
the biological resources of the Wrangell-Saint Elise National Park and Preserve (WSEP). 
The power generated by this proposed power plant is for a proposed U.S. Air Force Over- 
The-Horizon Backscatter Alaskan Radar System for south-central Alaska. The transmitting 
site was to be located near Gulkana, Alaska, and the receiver site was to be located in 
Tok, Alaska. Construction of the power plant is complete, but will not be put on-line. 

Native vegetation, including feather moss, S~haanum moss, and various soil 
lichens, and organic-rich soils have been used with success to assess the areal extent 
of industrial emissions [for example, Folkeson (1981), Godbeer and others (1981), Gough 
and Erdman (1977), LeBlanc and de Sloover (1970), Markert and Weckert (1989), Onianwa 
(1988), Pilegaard (1987), Severson and others (1992), and Thomas and others (1984)J. 
Details of these examples have been discuesed elsewhere (Crock and others, 1992). 



GEOLOGY AND PHYSIOGRAPHY 

The WSEP study area is located in southcentral Alaska in the Copper River basin, 
an intermountain lowland flanked on all sides by mountainous uplands (fig. 1). The 
lowlands tend to be generally flat with numeroue small thaw-lakes which are the result 
of permafrost and associated subsidence. The northwest WSEP boundary is located 
approximately 2.5 km south of the proposed transmitting sits and less than 2 km from the 
proposed power plant site. The area has been affected by an extensive glacial and 
volcanic geologic history. Most of the WSEP atudy area is underlain by Pleistocene 
glacial deposits resulting from the damming of the Copper River that formed the former 
Lake Atna. The skyline to the south and east of Gulkana is dominated by the Wrangell 
volcanic field, including Mount Sanford (4,950 m), Mount Drum (3,662 m), and Mount 
Blackburn (4,997 m). There has been no major volcanic activity in this area in recent 
hiotory, but Mount Wrangell is listed as active. The geology of the WSEP study area is 
summarized by Richter and others (1979, 1989). Details of the extensive volcanic 
history of the WSEP area are given by Richter and others (1990). 

The WSEP study area is located within a continental climate cone which is 
characterized by cold, dry winter6 and comparatively warm, humid summers, Prevailing 
winds in the area are relatively gentle, with the highest frequency of ocaurrence during 
the summer from a southerly direction. During the winter, winds are also gentle and 
prevail from the north. During the spring and fall, the winds are gentle and usual4y 
prevail from the southeast. Temperature invereions with calm conditione are common'in 
the winter. 

SOILS 

Soils in the study area range from very ehallow residual materials to very deep 
glacial and eolian deposits. Gough and others (1988) discuse Alaekan eurfieial material 
types, weathering characteristics, and soil geochemistry. In this study, we were only 
interested in the organic-rich 02 horizon: the eoil layer between the surface 
vegetation mat above and the A0 mineralized layer below. 

METHODS 

STUDY DESIGN 

These studies focus on the use of mosa, lichen, and apruce as biornonitors of the 
emissions from the proposed power plant. Wvlocomium s~lendena (feather moss), Peltiqera 
aphthosa (ground lichen), and Pieea alauca (white spruce), epecies found throughout 
WSEP, have been used as bioindicators of metal accumulation in previous studies (Crock 
and others, 1992). By determining the metal concentrations in these species, it is 
possible to map the spatial distribution of the zone of influence of airborne sulfur or 
metals from a point source. There measurements give necessary data for the generation 
of the predevelopment baseline ranges, a snapshot in time, of these sensitive 
bioindicators. The organic-rich surface soil (02 horizon) was also collected and 
analyzed as an integrator of possible areal deposition of sulfur and metals. 

BASELINE CALCULATION 

Baseline information for the vegetation species and the 02 soils wae calculated as 
the observed range, dry-weight basis, for all eamples collected, since it is believed 
that the area has not been impacted by anthropogenic sources. 



FIELD SAMPLING AND SAMPLE PREPARATION 

Site Selection 

The field sampling was conducted with one fieLd crew composed of NPS personnel in 
early September 1990. 

The study area is shown in fig. 1 and the actual position of the sampling 
traverses in f i g .  2, with detailed information for each of three traverse sampling sites 
given in fig. 3-5. Sampling sites for this study were  elected to be as similar to one 
another as possible with regard to soil, vegetation, geology, slope, and aspect. Plant 
and soil samples were collected within 3 m of each other. 

The general design consisted of three traverses that were delineated on 
topographic maps of the WSEP area before visiting the actual site. Theee traverses 
were: (1) the North Traveree, which originated at the proposed power plant site and 
progressed northward near the Copper River; (2) the East Traverse, which originated near 
the power plant site and progressed southeast into WSEP towards Mount Drum; and, (3) the 
Southern Traverse, which also originated near the power plant site and progressed into 
WsEP, along the west flank of Mount Drum. The closer eample apacing near the power 
plant site broke the pattern of standard geometric sampling to provide a greater epatial 
resolution near this eitr (fig. 2). 

Sites consisted of conifer stands dominated by white apruce with a canopy cov& of 
between 30-60 percent (moderately dense). Sites were further stratified according to 
the vegetation classification system of Viereck and others (1986) as determined by field 
crews. Sites were characterized by a moderate understory of mixed shrubs and a dense 
ground cover of momses (~vloeornium/PLeuroziurn/P01~trichum) with scattered clumps of 
miscellaneous lichens (Cladina and Peltisera). Often this type of ground cover 
(moss/lichsn) was beet found under spruce tree canopies. 

All sites were marked (numbered site locator tree), mapped, and geographical 
coordinates recorded. Sitee were identified on 15-minute topographical maps (1:63,000). 
Photographa were taken of each eite. This information is given in fig. 3-5. 

Sam~lina Locations At Each Site 

At each sampling mite along each of the traverses, permanent elemental monitoring 
plots were established by marking one dominant white spruce (numbered site locator tree) 
with a steel tag, flagging, and an aluminum tag. This site locator tree was usually a 
predominant feature of the site and will help facilitate resampling in the future. It 
became the focal point for each of the three sampling location8 within that site, with 
each of the three sampling locations per site having its own dominant white spruce tree. 
The three locations were within 200 m of each other (with a minimum of 50 m between 
locations); distance and direction between trees were randomly selected within 
reasonable constraints of movement within the spruce stands. Each of the three spruce 
trees were also tagged and mapped and serve as focal points for each location. 
Diameter-at-breast-height, bole characteristics (beetles, lightning scars, overall 
health, etc.) and canopy condition (percent live crown; foliage discoloration) were 
recorded for each Locator tree. 

Any additional location characteristics such as slope, elevation, aspect, and 
canopy closure thought to influence the structure of the lichen or vaacular plant 
communities were recorded for all sites. The presence of vascular species was evaluated 
to aid in the Viereck vegetation classification of each plot. 



Plant Collection 

At each sampling location within a site, sufficient material to yield 
approximately 200 g dry weight of feather moss and lichen were collected. Distance and 
azimuth were recorded from the first plot indicator tree to the second and third plot 
indicator trees. Samples were taken within a 10 m radius of the location tree: 
Distance and azimuth were not recorded for every sample since it was necessary to 
collect over an entire area to acquire sufficient sample mass. The moss samples 
consisted of usually thick, uniform mats and included the stratified old material as 
well as young material. Lichen samples were collected aleo from the forest floor where 
it was usually found in small clumps intermingled with various mosses, low-lying shrubs, 
such as blueberries, or other lichens. Samples of the feather moss and lichen were 
composites of several clumps or mats within 10 m of the dominant white spruce tree. 

Other lichens were also collected at some of the sample locations when present in 
sufficient quantity. These were included in the study for poasible later use aa 
bioindicators of areal contamination. 

Needles and twigs (terminal 15 cm) were collected from the location indicator 
white spruce and several adjacent trees. A compoeite sample of several low branches was 
made by clipping with stainleer steel sheers Erom around the dominant tree. All samples 
were labeled as to location, placed in Hubco cloth bags, and allowed to air dxy at camp. 
All samples were cleaned of soil and debris and then sorted at the WSEP headquarter&. 
All aamples were then mailed to the USGS Denver Laboratories for analyses. 

02-~oriz~n Soil Collection 

At one of the three sampling locations per site, Living vegetation was removed 
from the soil surface and a 50 cm-diameter circle was cut into the top 10-15 cm of soil 
with a tiling shovel. The organic-rich 02-horizon was then separated from the mineral 
soil using a knife or trowel and a subsample placed in a Hubco sample bag. This 
procedure was repeated at two additional points within the location. The three soil 
subsamples were dried and sent to the Denver USGS laboratories where a single composite 
sample was prepared. 

LABORATORY METHODS 

At the Denver laboratories, the samples of moss and lichen were washed by 
suspending the entire sample in plastic buckete filled with tap water. Foreign material 
was removed after careful visual inspection, and excess water was removed by hand 
squeezing. The material was then traneferred to aluminum colanders and rinsed at least 
twice with demineralized water. The washed samples were then dried in a forced air oven 
at ambient room temperature. The white spruce samples were not washed, but were dried 
as received Erom the field in the same fashion as the mosses and lichens. 

Once dry, the plant samples were ground to pass a 10 mesh (2 mm) screen with a 
standard Wiley mill. A laboratory-made split of each plant sample was ashed at 4 5 0 ~ ~  
over an 18-hr period, and the other split was left unashed. Analytical procedures 
followed established quality assurance and quality control policies used in the USGS 
laboratories (Arbogast, 1990) and included the analyses of laboratory-made duplicate 
samples. 

Soil samples were dried under forced air at ambient temperature in the original 
paper bag. All of the dry samples were disaggregated using a mechanical ceramic mortar 



and pestle and then sieved to minus lo-mesh (2 mm). Sample split6 of the 02-horizon 
were ground to minus 100-mesh with an agate shatter box and a eplit of the minus 100- 
meeh material was ashed in a muffle furnace at 4 5 0 ~ ~  over an 18-hr period and ash yield 
was calculated. Both the dry, as-received, and ashed material were used for analyses, 
depending on the method of analysis. 

Splits of the ashed vegetation and soil samples were analyzed simultaneoualy for 
38 elements using inductively coupled plasma-atomic emission spectroscopy. Each soil 
ash sample (0.200 g) and plant ash sample (0.100 g) was dissolved uaing a low- 
temperature digestion with concentrated hydrochloric, hydrofluoric, nitric, and 
perchloric acids (Crock and others, 1983). The acidic sample solution was taken to 
dryness and the residue was dissolved with 1 a of aqua regia and then diluted to 10 g 
with demineralized water. Reagent blanks, reference materials, and sample replicates 
were all digested by the same procedure and analyzed at the same time as the samples. 
The element8 determined and their limits of determination are shown in table 1. The 
relative standard deviation (RSD) for replicate determinations of most elements ia five 
percent or lese. 

Mercury in soil and plants was determined using an automated continuous-flow, 
cold-vapor atomic absorption spectroscopic method (Kennedy and crock, 1987). An unashed 
0.100 g soil or 0.200 g plant sample was digested with nitric acid and sodium dichromate 
in an open flint glass test tube and then diluted to 12 mL with deionized water. The 
solution was reacted w i t h  a sulfuric acid-hydroxylarnine hydrochloride solution and 
stannous chloride solution in a continuous-flow system. The gaseous mercury was '' 
eeparated in a phase separator and swept into a quartz cell of an atomic absorption 
spectrometer; Mercury was determined using an aqueous standard calibration curve. 

Total sulfur in both soila and plants was determined using a Leco SC-132 automated 
analyzer. The sample and a vanadium pentoxide flux were combueted in an oxygen-rich 
atmosphere at 1 3 7 0 ~ ~  and the evolved sulfur dioxide measured by an IR (infra-red) 
detector (Jackson and others, 1985; 1987). Limits of determination are given in table 1 
for both Hg and total sulfur. 

Total fluorine in the soils was determined by an ion selective electrode (ISE) 
method described in Jackson and othere (1987). A 0.25 g sample was fused with aodium 
hydroxide after being ashed with magnesium oxide, and the fusion cake dissolved in 
demineralized water. The resulting alkaline solution was buffered with ammonium citrate 
and the fluoride content determined using an ISE with an appropriate calibration curve. 
Limit of determination is given in table 1. 

RESULTS AND CONCLUSIONS 

All the analytical data on an ash-weight basis for the feather moss samples are 
given in Appendix table Al. The analytical results converted to a dry-weight basis for 
these same samples are given in table A2. For all the samples, concentrations of Ag, 
As, Au, Be, Bi, Cd, Eu, Ho, Nb, Sn, Ta, Th, and U in the ash were below their respective 
limits of determination as given in table I. 

All analytical data on an ash-weight basis for the ground lichen samples are given 
in Appendix table A3. The analytical results converted to a dry-weight basis for these 
aame samples are given in table A4. For all the samples, concentrations of Ag, As, Au, 
Be, Bi, Cd, Eu. Ha, Nb, Sn, Ta, Th, and U in the ash were below their respective limits 
of determination as given in table 1. 



All analytical data on an ash-weight basis for the white spruce samples are given 
in Appendix table A5. The analytical result8 converted to a dry-weight basis for these 
same samples are given in table A6. For all the aamples, concentrations of Ag, As, Au, 
Be, Bi, Cd, Eu. Ho, Nb, Pb, Sc, Sn, Ta, U, and Yb in the ash were below their respective 
limits of determination as given in table 1. Only four samples showed detectable Mo, 
five showed detectable Nd, seven ehowed detectable Th, and eight showed detectable Y. 

All analytical data on an ash-weight basis for the lichen sample6 other than 
peltisera aphthosa are given in Appendix table A7 and were converted to dry-weight basis 
as given in Appendix table A8. 

All analytical data on an ash-weight banis for the 02-horizon soil samples are 
given in Appendix table A9. All analytical results converted to a dry-weight basia for 
theee soils are given in Appendix table A10. For all the samples concentrations of Ag, 
Au, Be, Bi, Cd, Eu, Ho, Nb, Sn, Ta, Th, and U in the aah were below their respective 
limits of determination as given in table 1. Only one soil eample showed detectable Mo. 

An observed baseline for the elemental content and ash yield of feather moss is 
given in table 2. Also lieted is the calculated baseline range for feather moue from 
the Kenai National Wildlife Range (KNWR), Alaska (Crock and others, 1992). By 
comparison, moat trace elements and percent aah yield from the WsEP study are higher; 
they are similar, however, for total 6 ,  Hg, Pb, Y, and zn. Aleo listed are results for 
a baseline study for the Denali National Park and Preserve (DENA), Alaska. Thie study 
was completed with aimilar field and laboratory methods. The DENA study area is m o a  
geographically and geomorphologically similar to the WSEP atudy, both being heavily 
influenced by a major river valley with its intermittent dust storms and lower 
precipitation as compared to the Kenai PenineuZa. 

An observed baseline for the elemental content and ash yield of Peltiaers aphthosa 
lichen for the WSEP study area is given in table 3. Also listed is the obeerved 
baseline values for this lichen from the DENA. For most elements there is good 
agreement between the two studies. 

An observed baseline for the elemental content and ash yield for white spruce for 
the WSEP study area is given in table 4, Also listed are the baseline ranges for KNWR 
and DENA. There is good agreement among all three studies. 

An observed baseline for the elemental content and ash yield for the 02-horizon 
soils for the WSEP is given in table 5. Also lieted are the baseline ranges for WJWR 
and DENA. In general there is good agreement among the three studies with several 
exceptions. These exceptions include Ce, Nd, and La, indicating a possible REE (rare 
earth elements) enriched source for the DENA soils. There is good agreement for the 
WSEP surface soils when compared to the reported baseline range of Alaskan surficial 
materials given by Gough and others (1988) in table 6. 

This project was funded by the National Park Service, Air Quality Division. All 
the chemical analyses were performed in the Denver Laboratories of the U.S. Geological 
Survey by the authors. Mary Beth Cook, Barbara Brease, Colette DeFarrari, Jim Baker, 
Margie Steigerwald, and Jim Thorne of the Wrangell-Saint Elias National Park provided 
invaluable assistance in this study by doing the field work. 



REFERENCES CITED 

Arbogaet, B.F. (editor), 1990, Quality assurance manual for the Branch of Geochemietry: 
U.S. Geological Survey Open File Report 90-668. 

Crock, J.G., Gough, L.P., Mangis, D.R., Curry, K.L., Fey, D.L., Hageman, P.L., and 
Welch, E.P., 1992, Element concentrations and trends for moss, lichen, and surface 
soils in and near Denali National Park and Preserve, Alaska: U.S. Geological 
Survey Open-File Report 92-323, 149 pp. 

Crock, J.G., Lichte, F.E., and Brigga, P.E., 1983, Determination of elements in National 
Bureau of Standards Geologic Reference Materials SRM 278 obsidian and SRM 688 
baaalt by inductively coupled argon plasma-atomic emission epectrometry: 
Geostandards Newsletter 7, pp. 335-340. 

Crock, J.G., Severson, R.C., and Gough, L.P., 1992, Determining baselines and 
variability of elements in plants and soils near the Kenai National Wildlife 
Refuge, Alaska: Water, Air, and Soil Pollution, 63, pp. 253-271. 

Folkeson, Lennart, 1981, Heavy-metal accumulation in the moss Pleurozium ~chreberi in 
the surroundings of two peat-fired p o w e r  plants in Finland: Annales Botanici 
Fenniei, 18, pp. 245-253. 

*) 

Godbesr, W.C., Morgan, N.C., and Swaine, D.J., 1981, The use of  moss to monitor trace 
elements: Proceedings of the Seventh International clean Air Conference, Adelaide, 
pp. 789-798. 

Gough, L.P. and J.A. Erdfnan, 1977, Influence of a coal-fired power plant on the element 
content of Parmelia chlorochroa: The Bryologist, 80, pp. 492-501. 

Gough, L.P., Severson, R.C., and Shacklette, H.T., 1988, Element concentration8 in soils 
and other surficial materials of Alaska: U.S. Geological Survey Professiongl Paper 
1458, 53 p. 

Jackson, L.L., Brown, F.W., Neil, S.T., 1987, Major and minor elemente requiring 
individual determination, classical whole rock analysis, and rapid rock analysis, 
pp. GI-G23, in, P.A. Baedeeker, editor, Methods for Geochemical Analysis: U.S. 
Geological Survey Bulletin 1770. 

Jackson, L.L., Engleman, E.E., and Peard, J.L., 1985, Determination of total sulfur in 
Lichens and plants by combustion-infrared analysis: Environmental Science and 
Technology, 19, pp. 437-441. 

Kennedy, K.R. and crock, J.G., 1987, Determination of mercury in geologic materials by 
continuous flow, cold vapor, atomic absorption spectrophotometry: Analytical 
Letters, 20, pp. 899-908. 

LeBlanc, Fabius and de Sloover, Jacques, 1970, Relation between industrialization and 
the distribution and growth of epiphytic lichens and mosses in Montreal: Canadian 
Journal of Botany, 48, pp. 1485-1496. 

Markert, Bernd and Weckert, Vera, 1989, Use of Polvtrichum formosum (moss) as a passive 
biomonitor for heavy metal pollution (cadmium, copper, lead, and zinc): The 
Science of the Total Environment, 86, pp. 289-294. 



Onianwa, P.C., 1988, Monitoring regional gradients in atmospheric heavy metal pollution, 
A comparative application of top-soil, epiphytic moss and plant litter as 
indicators: Environmental Monitoring and Assessment, 11, pp. 25-31. 

Pilegaard, Kim, 1987, BioLogieal monitoring of airborne deposition within and around the 
Ilimaussaq intrusion, Southwest Greenland: Bioscience, 24, pp. 3-27. 

Richter, D.H., Ratte', J.C., Scholl, H.R., Laeman, W.P., Smith, J.G., and Yehle, L.A., 
1989, Geological map o f  the Gulkana B-1 quadrangle, Alaska: U.S. Geological 
Survey Geologic Quadrangle Map GQ-1655, Scale 1:63,360. 

Richter, D.H., Smith, J.G., Lanphere, M.A., Dalrymple, G.B., Reed, B . L . ,  and Reed, Shew, 
1990, Age and progression of volcanism, Wrangell volcanic field, Alaaka: Bulletin 
of Volcanology, 53, pp. 29-44. 

Richter, D.H., Smith, R.L., Yehle, L.A., and Miller, T.P., 1979, Geologic map of the 
Gulkana A-2 quadrangle, Alaska: U.S. Geological. Survey Geologic Quadrangle Map 
GQ-1520, Scale 1:63,360. 

Severson, R.C., Gough, L.P., and van den Boom, G, 1992, Baseline element concentrations 
in soils and plants, Wattenmeyer National Park, North and eaat Frisian Ialande, 
Federal Republic o f  Germany: Water, Air, and Soil Pollution, 61, pp. 169-18b 

Thomas, W., Ruhling, A,, and Simon, H., 1984, Accumulation of airborne pollutantfa (PAH, 
chlorinated hydrocarbons, heavy metals) in various plant species and humus: 
Environmental Pollution (Series A) 36, pp. 295-310. 

Viereck, L.A., Drynees, C.T., and Batten, A.R., 1986, The 1986 revision of the Alaska 
vegetation classification: Institute of Northern Forestry, U.S. Department of 
Agriculture, Forestry Service and The University of Alaska Museum, Fairbanks, 
Alaska, Draft Technical Paper, final reviaion in print. 



Figure 1.--Index map showing location of Wrangell-Saint Elias 
National Park and Preserve, Alaska (WSEP). 



Figure 2.--Location of transects for the Wrangell-Saint Elias 
National Park and Preserve study area, Alaska. 



Figure 3.--~escription of the sites on the North Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska. 



Figure 3.--~escription of the sites on the North Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 



Figure 3.--~escription of the sites on  the North Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 



Figure 3.--Description of the sites on the North Traverse ,  Wrangell- 
S a i n t  Elias National Park and Preserve study area, Alaska 
(continued) . 
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Figure 3.--~escription of the sites on the North Traverse, Wrangell- 
saint E l i a s  National Park and Preserve study area, Alaska 
(continued) . 
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Figure 3.--Description of the sites on the North Traverse, Wrangell- 
Saint Elias N a t i o n a l  Park and Preserve study area, Alaska 
(continued) . 



Figure 3.--~escription of t h e  sites on the North Traverse,  Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) - 



Figure 3.--Description of the sites on the Nor th  Traverse,  Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 
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Figure 4.--Description of the s i tes  on the East Traverse, Wrangell- 
S a i n t  Elias ~ational Park and Preserve study area, Alaska. 
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Figure 4.--~escription of t he  sites on the East Traverse ,  Wrangell- 
Saint Elias National Park  and Preserve s t u d y  area ,  Alaska 
(continued) . 



Figure 4.--Description of the sites on the East Traverse, Wrangell- 
Saint Elias Nat iona l  Park and Preserve study area, Alaska 
(continued) . 



Figure 4.--~escription of t h e  sites on t h e  East Traverse, Wrangell- 
S a i n t  E l i a s  National Park and Preserve study area, Alaska 
(cont inued)  . 



Figure 4.--Description of the sites on t h e  East Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 



Figure 4.--Description of the sites on t h e  East Traverse, Wrangell- 
saint Elias National Park and Preserve study area, Alaska 
(continued) . 



Figure 5.--Description of the sites on the South Traverse, Wrangell- 
S a i n t  E l i a s  N a t i o n a l  Park and Preserve study area, Alaska. 



Figure 5.--Description of the sites on the South Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 



~ i g u r e  5.--~escription of the sites on the South Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 
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Figure 5.--~escription of the sites on the South Traverse,  Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 



Figure 5.--Description of the s i t e s  on the South  Traverse,  Wrangell- 
Saint Elias N a t i o n a l  Park and Preserve study area, Alaska 
(continued) . 



Figure 5.--~escription of the sites on the South Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(continued) . 
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Figure 5.--~escription of the sites on the  South Traverse, Wrangell- 
Saint Elias National Park and Preserve study area, Alaska 
(cont inued)  . 



Figure 5.--~escription of the sites on the South Traverse, Wrangell- 
saint Elias ~ational Park and Preserve study area, Alaska 
(continued) . 



Table 1. Listing of approximate limits of detsrr inat ion for elements reported. 

: ~ ~ ~ = = = ~ : = ~ = = = ~ ~ = ~ ~ : = : ~ = = = : ~ ~ ~ : ~ ~ : ~ ~ % ~ : ~ ~ ~ ~ ~ ~ ~ r z : ~ ~ ~ ~ ~ ~ x ~ z ~ : ~ ~ ~ ~ ~ ~ ~ x ~ : ~ ~ x : ~ ~ : : ~ : z : z : ~ ~ ~ :  

hnalytical method Hedium Oaterrination limit Variables 
-_w1C___I-I---1--.-1_---I----lr----------*-----.------------"-------.------------------------- 

Inductively-coupled argon Soi l  and 2 ppa 
plasma opt ical  Plant1 ,2  

emission spectroscopy 0.05 t 

Ag, Cd, La, Li, No, Hi, 
Sc, Sr,  V ,  Y 
A l ,  Ca, Fs, K, ng, Ha, 
P, Ti 
Br, Be, Co, Cr, Cu, Yb 
Ce, 6a, Ho, Nn, Ub, Nd, 
Pb, Th, Zn 
Au 
81 
SR 
l a  
U 

Conti~uous-flow cold Soil3 0.02 ppu Hg 
vapor Plants 0.01 ppr 

Soils 0.05% 5 
Plant3 O.OSt 

Ion Selective Electrode soil3 0.01% F 

1 Determined on plant ash. 
2 Sarpls mass for  plant  ash was one-half tha t  for s o i l s ,  so determination l i a i t s  for  plant 

ash are  twice those Listed for so i l s .  Values reported in Appendix Tables 42, Al, A6, 
A$, and A10 have been adjusted to be on a dry-weight basis. 

3 Oeterrined os dry r a t e r i a l ,  



Table 2.--observed baseline range for element concentrations and ash yield for (feather moss), 
  rang ell-Saint Elias National Park and Preserve study area, Alaska (dry-weight basis). 

====5----w-w------------------ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ , , ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ = I = ~ Y = = = ~ = ~ : = = = ~ = Z = Z = = Z = ~ ~ ~ ~ E ~ ~ = = : I ~ ~ ~ ~ I ~ : : - . = = : = = ~ ~ I = I = : ~ = ~ = I = = = = = = = : I : Z ~ ~ ~ - - - - - - =  

Variable, Wrangell-Saint Elias, Alaska Oenali National Park, Alaska Kenai Peninsula, Alaska 
Unit of Observed Baseline (Crock and others, 1992) (Crock and others, 1992) 
Measure ( n.67) Observed Baseline ( n.45) Calculated Baseline (n.21) 

41, 2 0.375 - 3.48 0.0636 - 0,781 0.113 - 1.24 
Ca, t 0.530 - 2.03 0.597 - 1.06 0.347 - 1.30 
Fe, % 0.187 - 1.82 0.0478 - 0.529 0.059 - 0.527 
K ,  t 0.219 0.627 0.153 - 0.539 0.298 - 0.559 
n9, t 0.157 - 0.988 0.147 - 0.277 0.085 - 0.307 
Ns, % 0.115 - 1.11 0.0327 - 0.159 0.040 - 0.432 
P I  % 0.065 - 0,082 0.0686 - 0.171 0.080 - 0.116 
Ti, t 0.016 - 0.205 0.0028 - 0.035 0.005 - 0.057 
nn, PPW 104 - 752 56 - 1280 192 - 999 
Ba, P P ~  4 1 - 198 13 - 227 2 1 - 228 
Ce, PPR 1.4 - 13 0.4 - 18 0.5 - 3.8 
c0, PPM 1.3 - 10 0.4 - 2.5 0.4 - 2.7 
Cr , PPm 3.9 - 30 0.9 - 16 1.4 - 8.1 * 
Cu, PPm 5.5 - 23 9 - 25 3.0 - 6.9 
Ga, P P ~  0.9 - 7.9 0.3 - 2.2 0.4 - 2.2 
La,  PPm 0.6 - 7.5 0.3 - 10 0.6 - 2.6 
Li, PPR 0.6 - 4.5 0.3 - 5.0 0.4 - 2.2 
no, P P ~  (0.3 - 1.6 0.7 - 2.8 
Nd, P P ~  0.6 - 7.5 0.4 - 8.2 0.5 - 3.3 
Ni, PPI 2.5 - 25 1.1 - 9.5 1 .O - 3.7 
Pb, PPM (0.6 - 3.2 0.7 - 4.7 0.6 - 7.0 
Sc, PPn 0.6 - 7.9 (0.2 - 1.3 0.2 1.9 
Sr, PP# 41 - 245 37 - 82 18 - 107 
V ,  PP@ 6 .O - 59 1.1 - 20 1.7 - 17 
Y ,  P P ~  0.6 - 7.5 0.2 - 2.5 0.3 - 2.9 
En, PPfi 24 - 60 22 - 81 16 - 77 
Hg, PPB 0.04 * 0.12 (0.02 - 0.13 0.04 - 0.17 
Ash, 15 6.46 - 39.5 3.36 - 12.6 3.39 - 16.3 
Total S, t 0.05 - 0.08 0.05 - 0.10 0.05 - 0.10 

=*====*=====5'-'----- """"'-"'"""----------------------------*--*---------------------------------- --------5--------------------------------------------------------------------------m--------~ZZ=5ZJ=JSfJI(Z 



Table 3.--Observed baseline range for element concentratiors and ash 
yield for lW&m aphthosa (lichen), Wrangell-Saint Elias 
National Park and Preserve study area, Alaska (dry-weight basis). 

I x = z = = x = ~ ~ E : ~ = : = ~ = = = g : : : ~ = Z L . Z Z  

Variable, Urangell-Saint Elias Oerali National Park, Alaska 
Unit of Observed Baseli~e (Crock and others, 1992) 
Heasur e (n=67) Observed Baseline (n=45) 
- _ _ " I C - - - - - - l - - - I c - - - - - - - - - - - I - - c . I - - - C - " - - - " - - . - - - - -  

41, t 0.189 - 0.724 0.0215 - 0.241 
Ca, t 0.269 * 0.651 0.168 - 0.656 
f e ,  t 0.103 - 0.407 0.0142 - 0,190 
I(# % 0,490 - 0.760 0.181 - 0,948 
no, s: 0.107 - 0.251 0.0575 - 0.201 
Ha, t 0.059 - 0.230 0.0116 - 0.0445 
PI % 0,087 - 0.194 0,0986 - 0.368 
Ti, t 0.0073 - 0.0400 0.0003 - 0,0077 
Hn, PPb SO - 285 32 - 494 
Ba, P P ~  19 - 60 9 - 49 
Ce, PPl 0.8 3.1 (0.2 - 7.3 
Co, ppr . 0.6 - 2.4 0.2 - 2.0 
Cr, P P ~  . 1.6 - 6.7 0.4 - 3.6 
Cu, PPB 5 - 11 5 - 16 
6a, QPB 0.4 - 1.7 (0.2 - 0.7 
l a ,  PPU 0.b - 2.0 (0.1 - 4.1 
Li, PPI 0.4 - 1.2 (0.1 - 1.0 
no, PPW (0.2 - 0.9 (0.2 - 1.5 
Hd, wn 0.4 - 2.0 (0.2 - 3.5 
Hi, P P ~  1.3 - 6.8 0.6 - 5.9 
Pb. ppr 0.4 - 1.1 0.2 - 3.3 
SCI PPm 0.4 - 1.5 (0.1 - 0.4 
ST, P P ~  19 - 53 11 - 38 
0 ,  PPl 3.1 - 12 0.4 3.9 
Y ,  PPa 0.4 - 1.7 (0.1 - 0.8 
Zn, PPB 21 - 50 20 - 95 
Hg, PPH 0.04 - 0.12 to.02 - 0.12 
Ash, t: 3.75 - 10.0 2.02 - 7.29 
Total  S, t 0.06 - 0.11 0.08 - 0.14 

; = = : = : ~ = z = ~ = : = * ~ : = ~ = z = = = = : ~ z ~ I ~ ~ ~ = : ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ z : ~ : ~ ~ ~ : Z z ~ ~ ~ ~ ~ : :  



Table 4.--Observed baseline range for e l e ~ e n t  concentrctions and ash yield for Qlauca (white spruce), twigs and 
needles, Wrangell-Saint E-lias National Park and Preserve study area, Alaska (dry-weight basis). 

~===~=~====f=::=======z===:~z====r~zxtts===:zz:zr====r=zxxz==x==x=as=rz====r=r=~rr~====a:==zzx=z=======~=~ssz~z~~~z:= 

Variable, Urangell-Saint Elias, Alaska Oensli Hatiooal Park, Alaska Ksnai Peain8ula, Alaska 
Unit of  Observed Baseline (Crock and others, 1992) (Crock and others, 1992) 
ileaaure (nth:) Observed Brseliae ( n.23) Calculated Baseline (na21) 
*-I----___----Crr---*--------------------.-------------*-------------------------------*-----------------------"----"- 

Al, t 0.0125 - 0.0990 0.0002 - 0.0266 0.0066 - 0.0662 
Ca, t 0.116 - f .O6 0.405 - 1.15 0.365 - 0,948 
Fe, 2 0.0054 - 0.0594 0.0026 - 0.0204 0.0039 - 0.0327 
K, t 0.256 - 0,773 0.2784 - 0.624 0.295 - 0.870 
&, t 0.063 - 0.127 0.0690 - 0.118 0.068 - 0.146 
Mh t 0.0054 - 0.0345 0.0006 - 0,0048 0.0030 - 0.0335 
P, t 0.0462 - 0.182 0.0710 - 0.179 0.100 - 0.230 
~ i ,  t 0.0005 - 0.0079 (0.0002 - 0.0009 (0.0002 - 0.0036 
nn, P P ~  41 - 1130 102 - $71 157 - 956 
08, PPH 7 - 127 21 - 110 7 - 29 
C@, Ppr (0.2 - 0.4 (0.2 - 0.6 0.2 - 0.3 a. 

to ,  PPfi 0.1 - 0.4 0.1 - 0.4 0.1 - 0.4 
Cr, P P ~  0.3 - 2.6 0.2 - 0.8 0.2 - 1.2 
Cu, PPR 1.6 - 2.9 1.3 - 7.5 1.9 - 4.0 
Ga, PPR (0.3 - 1.4 (0.2 - 0.6 0.1 - 0.4 
l a ,  P P ~  (0.1 - 0.3 (0.1 - 0.4 0.2 - 0.4 
l i ,  PPI (0.1 - 0.8 (0.1 - 0.4 0.1 - 0.3 
Mi, PPM 0.3 - 1.8 0.2 - 3.0 0.4 - 2.3 
Sr, PPD 18 - 77 15 - 62 18 - 84 
V ,  PPfl 0.2 - 2.2 (0.1 - 0.4 0.1 - 0.9 
zn, PPB 36 - 103 39 - 81 20 - 79 
~ g ,  P P ~  (0.02 - 0.07 (0.02 - 0.05 (0.02 - 0.05 
Ash, 2 2.48 - 5.52 2.38 - 4.79 2.95 - 4.81 
Total 5, % (0.05 0.08 0.05 - 0.09 0.05 - 0.09 

= = E = ~ = = = 3 t Z = ~ ~ E = : l ~ 3 = = ~ ~ : = = Z ~ ~ U Z ~ ~ ~ Z ~ 8 Z ~ ~ ~ ~ ~ Z Z ~ ~ ~ Z ~ ~ : ~ ~ ~ : : ~ ~ ~ ~ ~ ~ Z ~ ~ Z ~ : & 2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Z : ~ Z ~ : Z : Z ~ ~ ~ ~ ~ ~ ~ ~ Y ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  



Table 5.--Observed baseline range for element concentrations and ash yield for 02-Horiton soil sanples, 
Urangell-Saint Elias National Park and Preserve study area, Alaska (dry-weight basis). 

=~====I~=z==i=L===3====I=rl===LE==t==sIE==trII:-II:- ----t-----t-,-----, ---- -v--..-=--C-.,- -r,,,,-t--,, ----==--- ~---~=~r:=~t~f~:~:~====:==z=::~:a=~z:x= 
variable, Urangell-Saint Elias, Alaska Oenali National Park, Alaska Kenai Peainsula, Alaska 
Unit of Observed easel ine (Crock and others, 1992) (Crock and others, 1992) 
Measure ( n=35 ) Observed Baseline (n=21) Calculated Baseline (n=21) 
C--------**-.--*------.---"------"----.------"----"------*----*-------*----*-*-----"-.--*m-------------------- 

Al, t 2.15 - 7.33 7 - 5,96 0.126 - 3.00 
Ca, t 1.49 - 3.93 0.237 - x i 8  0,102 - 1.25 
Fe, t 0.943 - 3.46 0.728 - 4.00 0.060 - 1.44 
K ,  0.309 - 1.14 0.270 - 2.225 0.032 - 0.468 
He. 0.440 - 1.76 0,148 - 0.650 0.024 - 0.454 
Na, t 0.681 - 2.43 0.130 - 0.780 0.043 - 1.04 
P I  0.045 - 0.100 0.053 - 0.180 0.019 - 0.095 
Ti, 8 0,0814 - 0.534 0.0343 - 0.325 0.007 - 0.177 
no, PPI 152 - 1240 69 - 2390 . 30 - 1000 
81, P P ~  141 505 21 - 1691. 25 - 353 
Ce, P P ~  7.9 - 26 9 - 85 0.6 - 12 
Co, PPB .4,7 - , 2 2  5 - 19 0.3 - 6.0 
Cr, PPI . 15 - 67 14 - 85 1.2 - 21 
Cu, P P ~  . 18 - 52 10 - 42 1.3 - 11 
6a, P P ~  4.2 - 15 3 - 16 0.3 - 8.4 
La, PPI 4.7 - 16 5 - 47 0.4 - 7.5 
Li, P P ~  3.7 - 102 4 23 0.3 - 6.7 
Md, PQr 5.2 - 17 6 - 37 0.3 - 8.6 
H i ,  P P ~  9.4 - 41 10 - 37 0.6 - 7.9 
Pb, ppr 2.1 - 31 3.5 - 20 0.7 - 4.0 
SC, PPI 3.4 - 13 2.7 - 11 0.3 - 5.8 
Sr, P P ~  162 - 486 36 - 190 10 - 147 
V ,  P P ~  32 - 121 19 - 117 2.1 - 43 
y ,  PPn 4.7 - 15 2.2 - 12 0.3 - 7.1 
Yb, PPE (0.5 - 1.8 (0.2 - 1.3 
zn, PPW 13 - 242 25 - 136 4 - 47 
As, PPI (5 50 1.1 - 11 0.3 - 1.5 
 HI^, P P ~  0.02 - 0.10 0.06 - 0.14 0.10 - 0.34 
Ash, t 52.4 - 88.6 14.3 - 85.2 14.1 - 65.7 
Total S ,  t (0.05 - 1.55 0.07 - 0.23 0.07 - 0.18 
=~.==~*=================~=f==.=tl==='===~=~:==:===~=:==~=====*=L:sz===L~~===~~~==zz====:~~=:===z~~===~=====z===~=~===z= 





EXPLANATION OF APPENDIXES 

~=e====5~===~=f=======~=L==I=~I~5==L===I=I=====Ca=~====1==3a5P====3P~====PP~~===It===PP=I====PP===PII==I=PPI5s==5P=====L== 

These tables give the sanple i d m t i f  ication, location, and chemical conposi t i o n  as i t  was determined f o r  the plants and 
s o i l  sanples col lected i n  1990 fo r  the Vrangell-Saint El ias National Park and Preserve study area. The Sanple 10's are 

keyed as follows: 

F i r s t  position: W f o r  the 1990 WSEP study. 

Second position: Sanpling s i t e  group: E - East traverse; N - North Traverse; S - South Traverse. 

Third and fourth pwftions: Si te  nunber in a given traverse, with the larger twhr being farther away from the 
proposed power plant. 

F i f t h  position: Sanple dEm: M - feather moss; L - & arhthosa lichen. 

s ix th  posi tion: Location in a gfvm s i t e  (1, 2, 3); Blank or a C, laboratory-made -site senpLe frm the sf te 's  
smpl ing  Locations; X a laboratory-prepared duplicate s p l i t  o f  the conrpooite sanple. 

Tables AS-A4 

F i r s t  position: U for the 1990 WSEP study. 

Second position: Sampling si te  group: E - East Traverse; N - North Traverse; S - Swth  Traverse. 

Third and fourth positions: S i t e  nwber i n  a given traverse, with the larger nunber being farther away from the 
proposed power plant. 

F i f t h  and Sixth positfen: Sample mediun: SP - white spruce. 

Seventh position: Location (1, 2, 3); BLank or  a C, laboratory-made conposite sarnple frm the s i te 's  sampling locations, 

Eighth position: Analyt ical sp l i t :  Blank or X. 

Tables A9-A10 

F i r s t  position: U f o r  the 1990 WSEP study. 

Second position: Sarnpling s i t e  group: E - East Traverse; N - North Traverse; S - South Traverse. 

Third and fourth positions: S i te  nunber in  a given traverse, with the larger nube r  being farther away from the 
proposed power plant. Each sanple was a conposite o f  three points i n  a randornty chosen 
location a t  each s i te.  

F i f t h  posit ion: Sample medim: S - 02 s o i l  horizon. 

Six th position: Analyt ical sp l i t :  Blank or X. 
-------==============i?=P==I==P=z===~P=~=e=E~======e=====~=s=========~===================1~P===============L*=====~=====~====~====== 



Table A1.--- sp_ltndens ( feather aoss) analytical results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted with an t ) .  

= = X I ~ ~ ~ ~ ~ E ~ ~ ~ ~ = I ~ = = = ~ = = = ~ ~ : ~ = ~ ~ : ~ L ~ ~ ~ ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X : ~ ~ ~ : : ~ Z ~ I ~ I I ~ ~ : ~ ~ Z ~ ~ I : ~ ~ ~ ~ ~ ~ : : ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~  

Sample l a t i t u d e  Longitude Al,t C a , t  F e , t  K , t  Hg,t Na,t P , %  Ti, t 
--1---------"----d------------------"---------------d*--*-"---------*--*----------d-------------"--dh-""-"*"------- 



Table A].--- splendens. (feather moss) analytical results for the Urangell-Saint Elias National Park a d  
Preserve study area, Alaska (ash-weight basis, unless noted uith an t )  (continued). 

= ~ ~ ~ ~ = ~ ~ = = r ~ ~ = : ~ = ~ ~ = : = ~ = : ~ = = ~ x ~ a ~ : z ~ x ~ ~ ~ : ~ ~ ~ z ~ ~ ~ ~ ~ z z ~ ~ ~ : : x ~ ~ ~ : ~ z f ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z x r : z ~ ~ - - - - - - ~ ~ - - - - - -  ------ -----,=*rsfx====:= 

Sample Latitude Longitude A l , t  C a , t  F a , %  K,t M , %  N a , t  P , t  Ti, t 
___--___---_""-__-----*----~--------*---"-----**-----"------*----------"-------.--------------------------*-------- 



Table A1.--lly.lpCpriUr -(feather loss) analyt ica l  results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

Sarple Ha, ppr Ag, ppr As, ppr Au, ppr Bar PPU Be, P P ~  fli, PPM Cd, VIM Ce, vva 
_"_"_____----__-_1----d------*--------------*-*----------------------*"---*----d""----*---------------------------- 

1600 
1700 
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1300 
1500 
1500 
2900 
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1000 
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1300 
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1400 
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(20 
(20 
(20 
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(20 
(20 
(20 
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Table Al.--Hvlocoliua sPlendens ( feather moss) ana ly t i ca l  results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted uith an t )  (continued). 

Sarple N n ,  PPR Ag, pprr AS, ppr Au, ppa Ba, WN Be, PPB B i ,  ppm Cd, ppn Ce, ppa 
------r------"-r----r-'--*-------"-*------r----------------------"------*.-----"-------------"--"------*-*-----*-*-*-- 

usolnc 
USOlHX 
USO2llC 
us03nl 
uso3n2 
us03n3 
WSO3lC 
USO4F 
U S O ~  
USObHl 
US06112 
WS06tl3 
USObHC 
usofnc 
USOIC 
US09tll 
US09H2 
US09H3 
wso9nc 
WSlONC 
us1 t nc 
WSllnX -------" 

810 (2 
790 (2 
780 (2 

1100 (2 
990 (2 
880 (2 
950 (2 
620 (2 
640 (2  
620 (2 
630 (2 
620 (2 
630 (2 
660 (2 
790 (2 
660 (2 
640 (2 

1100 (2 
820 (2 

HOO (2 
1100 (2 
1100 (2 



Table hi.--- splendens. (feather moss) analytical results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted with an t ) (continued 1. 

~ ~ ~ ~ ~ ~ : ~ ~ : : ~ = ~ = z ~ ~ ~ : = . ~ ~ = ~ ~ = ~ = ~ ~ ~ * = r : = = ~ x r ~ ~ ~ : ~ ~ ~ ~ ~ z z ~ ~ ~ ~ ~ ~ : z ~ z ~ x ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ z ~ ~ ~ z ~ ~ ~ ~ x ~ ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~  

~arple Co,ppm Cr , ppr Cu, ppr Eu, P P ~  6a, ppr Ho, ppr La,  PPO L i  , PPM no, ppm 
_1___*-_1__________---_-4_-------"*---*------"-----------"-------------"------"----------------------"""-"---"----- 

WNOlHC 20 73 69 (4 10 (8 10 10 (4 
UNOlHX 21 77 68 (4  10 (8  10 10 (4 
WNO2HC 20 76 63 (4 10 (8 10 10 I 
UN03Hl 22 92 65 { 4 20 (8 20 10 (4 
WN03H2 21 88 67 ( 4  20 (8 20 10 (4 
WN03H3 21 89 70 (4  20 ( 8  20 10 (4 
WH03HC 2 1 88 67 (4 20 (8 10 10 (4 
UN04HC 22 .. 94 60 ( 4  20 (8 20 10 ( 4  
UNOSHC 2 1 95 62 (4  20 ( 8  20 20 (4  
UNObHl 23 9 1 73 ( 4  20 (8 20 10 (4 
WNObH2 23 100 74 ( 4  20 (8 20 20 (4 
UNObH3 22 93 72 (4 20 ( 8  20 10 ( 4  
WNObHC 21 90 69 ( 4  20 (8 20 10 ( 4  
WNO7HC 24 97 66 ( 4  20 (8  20 20 (4  
WNOlHC 20 72 72 (4  20 (8  10 10 ( 4  
UN09Hl 20 65 88 (4 20 (8 10 10 7 
UN09H3 20 61 92 ( 4  20 (8  10 10 7 
UN09H3 20 59 85 (4 20 ( 8  10 10 8 
WN09HC 2 1 6 7 97 ( 4  22 (8 10 10 10 
UNlOHC 20 69 9 1 ( 4  20 (8 10 10 4 
UNlOHX 20 73 81 ( 4  20 (8 10 10 ( 4  
___-___"-_--f--__------------------"-----------.----------4--------"-"---------------4--*--------------*---*---* 

. 45 



Table AI.--- gPlandens (feather ROSS) analytical results- for the Wrangsll-Saint Elias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted uith an *) (continued). 

--------------------- -. 

Sample CO,PPB Cr , PPW Cu, P P ~  Eu, ppa 6a, p~r  Ha, V P ~  La, ppr Li, PPB lo, PPM 
rl_____l_l"--_-l-_----"--*-"--*----*----"*--------------.------*------m"----"--*---**----------"-----"------.------ 



Table A l . - - U m & m  $&&u (feather moss) analytical results for the Urangell-Saint El ias National Park and 
Preserve study area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

------ ------=--- ,,,S-------,-----,,,c ----------------=----- - - - I ~ X Y L I ~ = = = = = L S ~ Z 8 Z X % E t X O X S Z S t t # f = S I I = ~ ~ = = = = = ~ = ~ t = = = = ~ ~ = L = I = = L = L = = E 5 = = = = = = = ~ Z = = = = ~ = =  

Sample Nb,ppu Nd, ppm Ni ,  ppm Pb, P P ~  Sc, PPB Sn, P P ~  Sr ,  P P ~  la ,  P P ~  Th, ppr U, ppm 
_-_"11___1_____"_____----r-ll----------------"m""-----------------------------*--------*--------------------------"------ 



Table AI.--- (feather moss) analytical results for the Urangell-Saint Elias National park and 
Preserve study area, Alaska (ash-ueight basis, unless ~ o t e d  with an *)  (contirmed). 

---"------ ,,,,-,,,,,=Y,,,,,,,, ----'--Cr--------C-------------------- ~ , r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e = ~ ~ ~ x r ; x ~ r : ~ ~ ~ z ~ ~ z x a 8 = ~ ~ ~ ~ ~ ~ ~ : s a = : ~ : ~ ~ ~ ~ ~ ~ ~ ~ : z z ~ ~ ~ ~ : ~ ~ x ~ ~ ~ ~ ~ ~ ~ : ~ ~  

Sample Nb ,ppm Nd, P P ~  Ni , P P ~  Pb, P P ~  Sc, P P ~  Sn, P P ~  Sr ppn i a ,  P P ~  T h ,  PPU U, ppr 



Table AI.--- sPlendens. (feather ross) analytical results for the Wrangell-Saint Elias ~ational Park and 
preserve study area, Alaska (ash-weight basis, unless noted uith an t )  (continued). 

~===l======Z~======S==~~xx==~~:=:===zi:=t~======:=========~=~~~==:=========:======:~=~~:===~==a===~~z~~=:~~=z===a==:~ 

Sample V, ppn Y ,  ppn Yb, ppm Zn, ppn Hg, ppmt Total S ,  t*  Ash, t* 
____________l_r+--l----------------"------------d---------------------""--*"""-----------"------------------"------ 

EasUwW 

UNOlHC 
UNO 1 HX 
WNO2HC 
UN03Hl 
UN03H2 
UN03H3 
WN03HC 
UNO4HC 
UNOSHC 
UHO6Hl 
UNO6H2 
UN06H3 
UHOCHC 
UH07HC 
UN08HC 
UNO9H1 
UNO9H3 
UNO9H3 
UN09HC 
UNlOHC 
WNlOtlX 



Table A1.--- sp_leodens ( feather ross) analytical results for  the Urangell-Saint Elias Nat ional  Park and 
Preserve study area, Alaska (ash-weight basis,  unless noted u i t h ' a n  t )  (continued). 

=1==========='===ZZ=~=:==:=~======:======;:=:===~====:~====:=~======~=::x=:======:~======~------"--- -*- --.-------r,,- 

Sample V , p p ~  Y,  ppr Yb, ppr Zn, ppr Hg, ppr* Tota l  S ,  t* Ash, tt 
--f_l--l*l*-""r----__----1---1--------"-------"------.--".--------------*------*--------------------------------- 

sQ!Auwm 



Table ~2.--- &&m ( feather moss) a n a l y t i c a l  r e s u l t s  for the Wrangell-Saint Elias Nat ional  Park and 
Preserve study area, Alaska (converted to  dry-weight basis) .  

-"-4----zz*----------*------=----------"-----*--------*--------*z-------*-------*--------------4-*- ,,,,,,,, ,---,,,,,,,------, ,,,,,,-,--r-----r--------*------*-" ,,--,-rr----,,,,-----*---------+--z==E===z;=====e= 

Sample L a t i t u d e  Longitude 1 % Ca, t Fe, t K ,  1 h g , t  A s h , %  Ma, t 
_r----_---*----l-lr------"---------"*------*-*-------------"--*---------*---------"--------------------------*-,-"- 

WNOlHC 
unoinx 
UNO2HC 
UH03Hl 
WN03fl2 
WN03H3 
UN03HC 
UNOlHC 
UNOMC 
WN06Hl 
UN06H2 
WNO6H3 
WNO6flC 
WN07NC 
UN08flC 
UN09HI 
UNO9H3 
UN09H3 
WN09HC 
UNlOHC 
unlonx 



Table A 2 . - - t m  (feather moss) analytical results for the Wrang811-Saint Elias Hational Park and 
Preserve study area, Alaska (converted to dry-weight basis) (continued). 

= = ~ ~ = ~ ~ ~ = ~ = = = ~ ~ = ~ ~ = = = = . = = = = = z ~ ~ ~ ~ ~ ~ x ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ s s r ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z z ~ ~ ~ ~ x ~ ~ : : ~ ~ ~ : z : ~ : ~ ~ x s ~ ~ ~ : ~ ~ ~ ~ ~ : ~ ~ ~  

Sample latitude Longitude 1 ,  t Ca, t Fe, t K, tlg, t Ash, t Ma, t 
--*1"-------"_*-----------------*----*---------*-----"----------*"---**----*-"---------------------------.--------* 

sQuwu&w 



lable A2,--- SPlendenS (feather ross) analytical results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (converted to dry-weight basis) (continued 1. 

====x*=zszz-----"----"----- ,,,,,,,,---,,,,rs---"----------------- ---*--"-*-----------"=-------" --,-----zIE'L=5-xr*----------- - ,,,,,----,,I,-,,,a,,---------,I,,--,,,,-s"--.- ----- --"'*""" -------- ----- 
Sample P, t Ti, Z Hn, VPH Ea, PPM Ce, PPU Co, ppn Cr , ppr Cu, vpr 
-_______C---l----r------*"------------d--------------"*---------------d--"-d-------"--"---*---"----------------.--- 

l3sLuWm 



Table A 2 . - - H y I o c o ~  &&.E ( feather  moss) a n a l y t i c a l  resul ts  for the  Urangell-Saint Elias National  Park and 
Preserve study area, Alaska (converted t o  dry-weight basis)  (continued). 

Sarple P, t Ti, Hn, ppr Ba, PPR Ce, P P ~  Co, ppn Cr , P P ~  Cu, PPR 
_____"__l_"___l*-__--"~---d~----*~---*------------------------*--------------*"--------------------------"--------- 



Table A2.--- &J&IK (feather ross) analytical results for the Urangell-Saint Elias Nat iona l  Park and 
Preserve study area, Alaska (converted to dry-weight basis) (cantinuad). 

------x1--lrl---------C11-----------------------*---------====z3--------- _ _ _ _ _ _  _..I* flC_C--________II--C_----l-------l------------ ,-,,,,---E:Z:==ZZ:IlrL1IL=:'=I=::::==:======ZZZ=S::=:ZZ 

Sample 6a, ppm l a ,  ppm l i ,  ppm no, p p l  Nd, ppr Ni,ppm Pb, ppr Sc, ppm 
&1**-"------------------------------------""----------.-------*"---***--.--------------------*-----"-*--**--------- 

Ea3ULwm 

UHOlHC 1.3 1.3 1.3 (0.5 1.3 5.6 2.5 1.3 
YNOlHX 1.3 1.3 1.3 (0.5 2.6 5.6 2.6 1.3 
WNOZHC 1.3 1.3 1.3 0.5 2.6 5.9 1.3 1.3 
UN03H1. 3.3 3.3 1.6 (0.5 3.3 8.2 1.6 3.3 
IN0312 2.8 2.8 1.4 (0.5 1.4 7 .O 2.8 2.8 
WN03H3 2.7 2.7 1.4 (0.5 2.7 6.5 1 .4 2.7 
WN03tlC 2.9 1.4 1.4 (0.5 1.4 7.2 3.0 2.9 
WNO4HC 4.7 1.7 2.3 (0.5 4.7 i1 2.3 4 -7 
WNOSHC 4.5 4.5 4.5 (0.5 4.5 11 1.8 4.5 
WN06Hl 2.8 2.8 1.4 (0.5 2.8 7.3 1.4 2.8 
WN06N2 3 .O 3 .O 3 .O (0.5 3 .O 7.8 1.5 3 .O 
UHObH3 2.9 2.9 1.4 (0.5 2.9 7.6 1.1 2.9 
WNO6HC 3.2 3.2 1.6 (0.5 1.6 8.6 1.6 3.2 
UNO71C 4.3 4.3 4.3 (0.5 4.3 12 2 , 2  4 .3 
UNOIHC 2 .O 1 .O 1 .O (0.5 1 .O 1.5 2 .O 1 .O 
UNO9Hl 1.4 0.7 0.7 0.5 0.7 3 .O 0.7 0.7 
UN09H3 1.3 0.6 0.6 0.5 0.6 2.8 0.6 0.6 
UN09H3 1.4 0 -7 0.7 0.5 0.7 2.9 0.7 0.7 
WN09HC 1.5 0.7 0.7 0.7 0.7 3.1 0.6 0.7 
UNlOtlC 1.7 0.9 0.9 0.3 1.7 3.8 0.9 0.9 
UNlOtiX 1.7 0.9 0.9 (0.5 1.8 3.9 0.9 0.9 
----""r---*--*--l--__rrl--"-------------"""-------"--*"--""--"---**-*------*----------------------*--*--------""-----*-- 



Table A2.--Hylncoriur (feather moss) analytical  resul ts  for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (converted t o  dry-weight basis) (continued).  

____d_l__l-l___--__---------- , , ~ ~ , , , ~ , , ~ ~ , , , , , ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z = = r ~ ~ : x z ~ = ~ ~ ~ ~ ~ : z ~ ~ s ~ ~ ~ ~ : r : ~ ~ ~ : z ~ ~ : x ~ ~ ~ ~ : x ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z z ~ z ~ ~ z ~ ~ ~ : : ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~  

Sanple Ga, ppr La, ppr li, PPa 40, PPr Nd, Ppr Ni,ppn Pb, PPr Sc, P P ~  
"________~___-__-__d--*--*"---"--."-""----~-----------------------------*-----------------------**------**--------* 

SouthTraverse 



Table AZ.--- salandens (feather moss) analytical results for the Urangell-Saint Elias National Park and 
Preserve study area, Alaska (converted to dry-ueiaht basis) (continued). 

. ~ = = = ~ = = = = = ~ = = = : * s ~ I = I = = : = = ~ = = E : : = = = = = = = = ~ = z : ~ z = z = z ~ = = = = = = = = = = = z : = = ~ : = : = =  

Sample Sr, ppr V, ppn Y ,  ppr Yb, ppr Zn, ppr Hg, ppn Total S, t 
_d___-___I------_----.---"---------**-------*--------------------------**-.-----------*---------------*-----------" 

EastTraverse 

YNQlHC 9 1 11 1.3 (0,2 32 0.04 0.07 
CNO!YX 97 16 1.3 (0.2 34 0.06 0.07 
Uh02HC 108 16 1.3 (0.2 32 0.06 0.07 
UN03H1 95 23 3.3 (0.2 36 0.06 0.06 
WHO3H2 85 19 1.4 (0.2 29 0.06 0.06 
UN03H3 86 18 1.4 (0.2 4 1 0.06 0,06 
UN03HC 84 19 1.4 (0.2 33 0.06 0.06 
UH04HC 133 35 4.7 0.5 4 2 0,06 0.08 
UNOSE 125 33 4.5 (0.2 5 1 0.06 0.07 
UNObnl 15 20 2.8 (0.2 4 7 0.08 0 .Ob 
UNO6H2 84 22 3 .O 0.3 37 0.06 0.06 
WN06H3 79 20 2 -9  0.3 34 0.06 0.06 
UNO6HC 87 23 1.6 0.3 41 0.08 0.06 
UNO7HC 114 32 4*3 (0.2 4 8 0.10 0.07 
WN08HC 62 11 1 .O (0.2 35 0.08 0.06 
UN09hl 42 7 0.7 (0.2 43 0.08 0.08 
WN09H3 4 1 6 0.6 (0.2 30 0.06 0.08 
UN09H3 46 6 0.7 (0.2 2 7 0.06 0.07 
UNO9HC 48 8 0.7 (0.2 38 0.06 0.07 
WNlOHC 6 1 9 0.9 (0.2 4 2 0.06 0.06 
UNlOHX 62 10 0.9 (0.2 44 0.04 0.07 
1 ~ - ~ * * 1 ~ ~ - ~ " ~ ~ ~ ~ ~ ~ ~ _ _ C I - - - - C - - - - l - - - - - - - - - ~ ~ ~ ~ ~ - - - ~ - - ~ ~ ~ ~ " ~ ~ ~ ~ ~ ~ - - ~ ~ - ~ ~ ~ ~ ~ - - - - - ~ ~ ~ - - - - - - - - ~ - - - - ~ * ~ ~ ~ " ~ ~ ~ ~ ~ ~ ~ - - " - ~ ~ ~ - ~ - - - -  



Table 42.--HylpCpliUI gPLendelg ( feather moss) analytical results for the Wrangell-Saint Elias National Park and 
Preserve study area, Alaska (converted to dry-weight basis) (continued). 

= : = = : : = : : : : = = E = = = : = = = = = = = Z ~ E = = = = : ~ ~ : : ~ = I : ~ : : : : ~ Z E ~ Z ~ Z ~ ~ ~ ~ ~ : ~ Z : : ~ ~ ~ : : : : ~ ~ : ~ : ~ C : : L X ~ ~ I Z : ~ ~ ~ : : ~ Z ~ ~ ~ ~ : I : : ~ ~ ~ I : : E E : : Z : E : ~ ~ = ~ ~  

Sample Sr, ppr V, ppn Y ,  ppr Yb, ppr Zn, ppn Hg, ppr Total  S, 2 
1**"----""---1--~-___1--"---1----------~**---""--1--*----"---------*-------*-*--"--"----"----------*-------"----"--~---- 





Table A3:-Paltinera (licbu) analytical results for the WrragtlI-Saint E l i r s  National Park and Preserve study 
area, Alaska (ash-weight basis. unless noted with an t )  (continued), 

~:~:=::t=:=~a=~~1::~z~2r:~~f~:tx3:~t:~t~:~~:~z1~~s~~:t;~=~s15~zt511s1~:x~1~x1~szz~~~~zxr~1~tt~~:tn:~a~1z~t~~~t~~~~~:~~~~ 

Sample Latitude Longi t~do A l , t  C a , Z .  F e , t  K , Z  H g , %  H a , %  P , t  T i ,  t 
_______l--*l------r---*--*----"---"----*---"-------*--------m---.--------"--.--.------*-------.------------wP-----*-** 

South.Travsrse 



Table A3.--- && ( l ichen)  analyt ica l  results for the Wrangell-Saint Elias National Putk rnd Preserve study 
area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

~ ~ = = t : ~ : ~ = ~ ~ ~ ~ = ~ z z ~ = = = = = z d ~ : ~ = = : z a ~ z ~ ~ z : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : : : ~ ~ ~ r ~ t ~ ~ ~ : ~ ~ : ~ X ~ : ~ ~ z ~ ~ ~ : ~ ~ ~ : ~ ~ ~ : ~ ~ ~ ~ Z ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ r ~ ~ ~ X ~ ~ ~ ~ : ~ ~ ~ ~  

Sample I n ,  ppr Ag, ppm As, WR Au, P P ~  Ba, ppm Be, ppm Bi , ppa Cd, p p ~  Ce, ppr 
__1_1-___1-"*-------------1*--------h------"--------------**"--------------------"---------**-------------.----------- 

C& T r a v m  

UNOlLC 1420 (4 (20 (20 641 (2 (20 (4  26 
YNOiLX 1450 (4 (20 (20 632 (2 (20 (4 25 
UN02lC 964 (4 (20 (20 628 (2 (20 4 25 
UN03Ll 2400 (4 (20 (20 588 (2 (20 (4 30 
W03L2 2730 (4 (20 (20 624 (2 (20 (4 3 1 
UN0313 2970 (4 (20 (20 587 (2 (20 ( 4  31 
UH03LC 2610 (4 (20 (20 591 (2 (20 (4 29 
WMO4LC 2520 (4  (20 (20 641 (2 (20 (4 32 
UNOSLC 2880 (4 (20 (20 616 ( 2  ( 20 (4 31 
WNObLl 2850 (4 (20 (20 592 (2 (20 ( 4  33 
IN0612 2800 (4 (20 (20 654 ( 2  (20 (4 34 
WH06L3 2800 (4 (20 (20 607 (2 (20 ( 4  36 
M 6 L C  2970 (4 (20 (20 621 (2 (20 (4 35 
UH07LC 2840 (4 (20 (20 635 (2 (20 (4 42 
WNO8lC 4300 ( 4  (20 (20 569 (2 (20 ( 4  25 
WH09L1 6130 (4 (20 (20 54 4 ( 2  (20 ( 4  25 
llN0912 6290 (4 (20 (20 511 ( 2  (20 (4 21 
WN0913 6580 (4 (20 (20 533 ( 2  (20 ( 4  27 
UNO9lC 5970 (4  (20 (20 52 1 (2 (20 (4 25 
WnlOlC 3530 (4  (20 (20 636 (2 (20 ( 4  29 
WNIOLX 3470 (4  (20 (20 634 (2 (20 (4  27 
-----*"-----r-----r-----r----..--------C*-------"-------------------------"-----*------------""---------***-----"- 



Table A3.--Pellisera (lichen) analytical results for the Urangell-Saint Elias Hdtioaal Park and Preserve study 
area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

~ ~ ~ ~ ~ ~ X I ~ : x ~ ~ t l : Z + ~ = ~ D ~ z ~ ~ r ~ Z : ~ ~ 8 S S S : ~ : ~ X ~ ~ ~ ~ : ~ Z ~ ~ x : z ~ ~ ~ l ~ Y ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : 6 s ~ : ~ ~ ~ Z ~ ~ ~ ~ ~ ~ ~ x a z x ~ ~ ~ : z ~ c ~ ~ ~ ~ : ~ # ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Sarple tin, PPB Ag, ppn AS, PPI Au, ppr 01, P P ~  80, PPB Bi, P P ~  Cd, PPU Ca, P P ~  



Table ha.--edltiaera ( l ichen) ana ly t i ca l  r e s u l t s  for the Wrangell-Saint E l i a s  National Park and Preserve study 
area, Alaska (ash-weight basis, unless noted w i th  an t )  (continued). 

= = = ~ ~ ~ = = : ~ ~ : ~ ~ ~ = : : z z ~ ~ z : z ~ t ~ ~ ~ : ~ ~ ~ ~ t : ~ : ~ ~ z ~ ~ ~ ~ z x z ~ ~ : ~ ~ ~ ~ z a z ~ ~ ~ ~ ~ ~ ~ : : ~ z ~ ~ ~ ~ ~ s ~ ~ z ~ : : : z : z ~ ~ s ~ a = : ~ ~ z ~ n ~ ~ ~ ~ ~ ~ z ~ ~ ~ z ~ ~ ~ ~ s ~ ~ ~ ~  

Sanple Co, ppr Cr, ppr Cu, ppr Eu, ppa 6a, ppa H o , ~ a  La,ppr L ~ , P F R  MO,PPB ___CI-__"____------"---.-----------"-----------".---------""----------.---"---------------------.-----------*---"----- 
bsl rrw#q& 

~ ~ 0 1 1 ~  20 46 121 (4 11 (8 17 12 (4 
UHOlLX 19 65 121 (4 12 (8 17 11 (4 
JNOZLC 20 58 113 (4 12 (8 16 11 (4 
UNO3Ll 21 64 165 ( 4  13 (8 17 12 (4 
UN03L2 23 52 134 (4 15 (8 20 13 (4 
Ul403L3 22 43 155 (4 I 4  (8 18 12 (4 
NMO31C 22 48 147 (4 13 (0 18 12 (4 
WHO4LC 23 72 134 (4 17 (8 19 13 (4  
WNOKC 23 59 128 (4 15 (8 20 13 ( 4  
UNO6Ll 26 56 139 (4 15 (8 22 14 ( 4  
UHO6l2 24 6 1 141 ( 4  14 (8 2 1 13 (4 
UNObL3 25 54 147 (4 15 (8 22 13 (4 
WHO6lC 25 62 148 t 4 13 (0 22 14 (4  
WNO71C 27 56 152 (4  15 (8 24 14 (4 
W(O8lC 19 59 153 ( 4  15 (8 17 11 4 
UN09L 1 19 54 146 ( 4  14 (8 17 I1  (4 
UNO9L2 17 42 165 ( 4  1 1 (8 15 9 9 
UH09L3 2 1 47 152 ( 4  14 (8 16 I1 9 
WHO9lC 20 4 I 149 (4 13 (8 16 10 5 
UM1OlC 20 44 146 (4 13 (8 18 11 (4 
UNlOlX 20 42 148 (4  12 (8 18 11 (4 
" * _ _ " C 3 1 _ _ _ " ~ ~ * _ _ _ _ _ C - - - - - l - - - - - - l - - - - - " " "  --------------rrl--------------"---C-----------"-------- 

63 



Table A3.--- spthOsa (Lichen) analytical results for the Urangell-Saint E l i r s  National Park and Preserve study 
area;Alaska (ash-weight basis, unless noted with an t )  (continued). 

---- . - - .. --- - - -  --- 

Sample CO,PP@ C ~ , P P ~  C U , P P ~  E U , P P ~  ~ ~ I P P M  Ha, P P ~  La, P P ~  L i ,  PPM Uo, ppr 
--C-----------------.1-1--------v----*--*-------"----"---*-------------"------------------------------------"-----"-.---- 



Table A3.--- aP_thosa (lichen) analytical results for the Urangell-Saint Elias National Park and Preserve study 
area, Alaska (ash-weight basis, unless nated with an t )  (continued). 

~=~f==:~r==~::::~x~x~~x~a%tt==:::~fII:IxtS3~x~Ift~f~~xI11~~~~::~:1r~:~~~~~:~~x~:::~tt:~~tLxIIa~~i¶tI(SIatEEX~fLtf::f~xr~Z 

Ssrpfe Nb, ppr Nd, ppr N i ,  ppr Pb, PPD Sc, PPH Sn, PPM Sr, mi - Ta, ppr Th, P P ~  U, ppr 
________-*-.*----_-----------*-----------.---.------------------------------*--.---.-------------------------*-------- 



table 43."- aathPsa (lichen) analytical results for the Urangtll-Saint Elias National Park and Preserve study 
area, Alaska (ash-weight basis,  unless noted with an t )  (conti~ued). 

Sarple Nb, ppr Hd, ppn Hi, ppr Pb, ppr Sc, PPR $8, pP4 Sr, PPI l a ,  P P ~  Th, PPI U, ppr 
--IC--.------------.-----c---)l------*"--*--*"---*--------.--*-------.*-""---------.------------------"----"---------"-"-- 



Tsble A3.--- apthosa (lichen) a~alytical results for the Urangell-Saint Elias National Park and Preserve study 
area, Alaska (ash-weight basis, unless noted with an *)  (continued). 

~=~~~.=:.=====~:=x~~~=I~t==:~:ss~z~~~:*~x:~~~x~~~::::s~xz:~:~~~:~zz~~z~~x~.~z:~~~~~~a~xax~~z~~~:z~sx~~~s~~asz~~azs~~~~ 

Sarple V ,  PPr Y, ppr Yb, ppa Zn, ppr Hg, ppat lotal 5 ,  t* Ash, t* 
,,,",,--,,,,,,r-r-----r--------rrrr-----------*------*---------*-----------------*-------------------**------"---.--------- 



Tabla A3.--- a ( lichen) analytical re su l t s  for the Urrngell-Saint Elias National  Park rnd Preserve study 
area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

C = ~ t Z = = Z I X E E ~ Z ~ I Z = = ~ t t = e = ~ = ~ Z I Z ~ = ~ Z ~ Z t Z ~ S X ~ ~ = ~ ~ X ~ = 3 ~ ~ ~ ~ ~ Z ~ Y ~ ~ S L ~ ~ ~ O 1 5 = ~ ~ I S I 3 Z ~ t X ~ ~ f ~ ~ ~ ~ t ~ ~ ~ = ~ ~ ~ Z ~ ~ X ~ ~ ~ ~ ~ f : ~ ~ ~ ~ ~ Z f ~ Z ~ ~ ~ ~ : y  

Sample V, Ppm Y,ppr Yb,pvr Z A , P P I  Hg,ppnt l o t a l S , % x  ~ s h , t *  
3----------.----1.-----"---II----..------------*--------."----."-------w-------------*-w---*"-----------*----*-*-------* 



Table Ad.--- aPthnsa l ichen a n a l y t i c a l  r e s u l t s  for the Wrangell-Saint Elias National  Park and Preserve study 
area,  Alaska (converted to  dry-weight bas is ) .  

=z~=~==+=======~:===~====='"=~=~==~9Z=~=~I~===============E=~:===L~==Z=~Dz=f===:==Z=~=::=I====~===z==z====~============ 

Saaple latitude longitude A l ,  I Ca, t Fe, I K, t 4, Ha, t Ash, % 
"___r_____l"__--ll_--------------------------------------*------------------""---*-----------------d*-----d----------- 

UEOlLC 
WEOlLX 
WEO2Ll 

I UE02L2 
UE02L3 
UEO2LC 
UEOXC 1 UE04LC 
WE0511 
UEOSLL 
UE05L3 
UE05LC 
UEO6LC 
WE07LC 
UEO8Ll 
UE08L2 
WEO8L3 
UE08LC 
WEOPLC 
YElOLC 
U E l l L l  
WE1112 
UEllL3 
UEllLC 



Table A4.--- lichen analytical results for the Uransell-Saint Elias National  Park and Preserve study 
area, Alaska (converted to dry-weight basis ) (continued). 

--""'-""--*-"'..- "'--"'-E"s=""---------------"------ ""'*""" ------"--------------tEEEEEEE-EE -- ~ - ~ - ~ ~ ~ ~ ~ - ~ ~ ~ - - ~ ~ ~ ~ - ~ ~ - - - r , S r - ~ - - , - - ~ - ~ - - ~ ~ ~ . ~ = ~ ~ ~ ~ z z ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ z ~ z z ~ z ~ z ~ ~ ~ ~ ~  

Sanple Latitude Longitude A l ,  t Ca, 2 Fe, t , K, t H a , %  Na,t Ash, t 
l---*l-----l-----------*"-----------"------"----*"---+--------------*--------------------"----""----"---------"-"-*--* 

&!&hkuw 



Table A4.--- lichen ana ly t i ca l  r e s u l t s  f o r  the Yrangell-Saint E l i as  National Park and Preserve study 
area, Alaska (converted t o  dry-weight basis) (continued). 

====================:=====I::I:====:I=L=E=====L==:======:======:===E=======z=:=:====:==:::==E:=====::========z==~zz===: 

Sample P, t Ti, t Hn, ppm fla, PPM Ce, PPM Co, ppa Cr, PPM Cu, PPP 
_r__"___r_____C____------------------*----------"*---**"-------------"---*---------------*--*------"------------------ 

WEOlLC 
UEOlLX 
WEO2Ll 
WE0212 
UE02L3 
WEOZLC 
WEO3LC 
UEO4LC 
WEOSLl 
UE05L2 
ME05L3 
UEOSLC 
WEObLC 
UE07LC + 

WEO8Ll 
WEO8L2 
WE0813 
UEO8LC 
YEOPLC 
WElOLC 
U E l i L l  
YE1112 
WE1113 
WEllLC 

WNOlLC 0.160 0.014 84 38 1.5 1.2 2.7 7.2 
UNOlLX 0.161 0.017 87 38 1.5 1.1 3.9 7 ,3 
WNO2LC 0.160 0.015 54 35 1.4 1.1 3.2 6.3 
UNO3Ll 0.099 0.019 138 34 1.7 1.2 3.7 9.5 
WN03L2 0.125 0.020 163 37 1.8 1.4 3.1 8 .O 
WN03L3 0.097 0.011 138 27 1.4 1 .O 2.0 7.2 
WNOSLC 0.103 0.018 144 33 1.6 1.2 2.6 8.1 
UNOQLC 0.126 0.033 198 50 2.5 1.0 5.6 11 
UNOSLC 0,115 0 -025 201 43 2.2 1.6 4.1 8.9 
WHO6Ll 0.104 0.019 152 32 1.8 1.4 3 .O 7.4 
WNObL2 0.107 0.033 216 5 1 2.6 1.9 4.7 11 
WN06L3 0.096 0.020 174 38 2.2 1.6 3.4 9.1 
WNO6lC 0.106 0.027 185 39 2.2 1.6 3.9 9.2 
WNO7LC 0.087 0.021 183 4 1 2.7 1.7 3.6 9.8 
WNO81C 0.100 0.013 199 26 1.2 0.9 2.7 7.1 
WN0911 0.097 0.013 286 25 ' 1.2 0.9 2.5 6.8 
UN09L2 0.102 0.010 236 19 0;0 0.6 1.b 6.2 
WN09L3 0.110 0.009 263 2 1 1.1 0.8 1.9 6.1 
UN09LC 0.099 0.010 250 22 1 .O 0.8 1.7 6.2 
WNlOLC 0.092 0.011 160 29 1.3 0.9 2.0 6.6 
WNlOLX 0.089 0 -007 158 29 1.2 0.9 1.9 6.7 
"--------------------------------*-----------------------"----------------------------------------------------------d 

71 



Table A Q . - - p e l t i a e ~  aPthosa lichen analyt ica l  results for the Urangeli-Saint Elias National Park and Preserve study 
area, Alaska (converted t o  dry-weight basis) (continued). 

r - - - " - - - - " - - " l " - * ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - - - - ~ ~ E E = = z " - " -  -""'- --' "'-C-"--"-"-""------------"---- 
_f__h_--f-*-----f-l---l-----"----+--- ----,------,r-----X----"-r-----r----------*-----."------------.---"- 

Saaple P, 0 Ti, t Hn, PPP Ba, P P ~  Ce, P P ~  Co, PPM Cr , P P ~  Cu, P P ~  
_1_________C--rl-__--------------------"--------------*"----------------------"---------------*-----*------*-"-------* 

sQuLbum 



Table A4.--- aPthdsa l i chen  a n a l y t i c a l  r e s u l t s  for the Urangel l -Saint  E l i a s  Nat iona l  Park and Preserve study 
area, Alaska (converted t o  dry-weight basis) (continued). 

_h_II*------------*--**--*---------*------"**""-------"-------------------------------**--*-----------------*--"*----- ___-__------------------*----------------------------*-----*----*------*------"-------------*----*---------**.*------- 

Sample Ca,ppm La,ppm L i , p p ~  Ho,ppm Nd,ppn Ni,ppm Pb,ppm Sc,ppm 
______----_1-_-1-*-----------*----".*--------------------""*------------*--------------------**--*-*------------------ 

WEOlLC 
WEOllX 
YEOZLl 
WE02L2 
UEO2L3 

I UEO2LC 

I WEO3LC 
WEO4LC 
WE0511 
UE05L2 
WE05L3 
WEOSLC 
WEO6LC 
WE07LC + . 
UEO8Ll 
WE0812 
WE08L3 
WEO8LC 
WEOPLC 
UElOLC 
U E l l L l  
UEl lL2 
WEllL3 
UEllLC 

WNOlLC 0.7 1 .O 0 -7 (0.5 0.9 2.5 0.9 0.7 
WNOlLX 0.7 1 .O 0,7 (0.5 0.9 2.6 1 .O 0.7 
WNOZLC 0.7 0.9 0.6 (0.5 0.9 2.4 0.b 0.6 
WN03L1 0.7 1 .O 0.7 (0.5 1 .O 2.8 0.9 0.7 
WN03L2 0.9 1.2 0.8 (0.5 1.2 3 .O 0.7 0.8 
OH0313 0.7 0.8 0.6 (0.5 0.9 2.3 0.7 0.6 
UN03LC 0.7 1 .O 0.7 (0.5 0.9 2.8 0.8 0.7 
WNO4LC 1.3 1.5 1 .O (0.5 1.5 4.5 0.9 1.2 
WNOSLC 1 .O 1.4 0.9 (0.5 1.4 3.4 0.7 1 .O 
WNObLl 0.8 1.2 0.7 (0.5 1.1 3.0 0.6 0.8 
WNObL2 1.1 1.6 1 .O (0.5 1.7 5 .O 0.7 1.2 
WNObL3 0.9 1.4 0 .8 (0.5 1.2 3.7 0.6 0.9 
UNObLC 0.8 1.4 0.9 (0.5 1.6 3.9 0.6 1.0 
WN07LC 1 .O 1.5 0.9 (0.5 1.7 4.1 0.6 1 .0 
UNO8LC 0.7 0 .8 0.5 0.2 0.8 2.4 0.4 0.5 
WN09L1 0.7 0.8 0.5 (0.5 0.8 2.3 0.5 0 .S 
UN09L2 0.4 0.6 0.3 0.3 0.4 1.7 0.4 0.4 
WN09L3 0.6 0.6 0.4 0.4 0.6 1.8 0.5 0.5 
UN09LC 0.5 0.7 0.4 0.2 0.6 2 .O 0.5 0.5 
WNlOLC 0.6 0.8 0.5 (0.5 0 . b  2.5 0.6 0.5 
UNlOLX 0.5 0.8 0.5 (0.5 0.6 2.4 0.6 0.5 
-*-**"-*------"-------------------------**"*-"--------------*"-**-*-----------"-"--*---------*------------------"----- 



Table Ad.--- l i chen  a n a l y t i c a l  r e s u l t s  for the  Urangell-Saint E l i a s  national Park and Preserve study 
area, Alaska (converted to dry-weight basis) (continued).  

- - - ~ - l - - - - - - - - ~ " - - c " - - - - - - ~ - ~ - ~ - - " * - - - - - - -  ---..""--'--""- _ ~ ~ _ _ , - , ~ _ ~ , , , , , , , - - - - - - - * - - * - - - ~ - - " - h - - "  ,,,,-,----,,,-,,, --,,rr---l-----E-----"----,,,, 

Sample Ga,ppn L a , p p a  L i , p p r  n o , p p r  Nd,ppm N i , p p a  Pb,pplr S c , p p r  
___1__--__d-__d--"------"---_-"-------"---"-------------------*----*----------------------*-----------"-*---"---*----- 

SouthTraverse 



Table R4,--- aPthosa lichen analytical results for the Urangell-Saint Elias N a t i o n a l  Park and Preserve study 
area, Alaska (converted to dry-weight basis) (continued). 

====.===~=z~=X~:=.:==:=:=::=:=E'====~=z===s=~==z======:=::=E'=s===:=:==::==z====:=====:==:==:====::=====:===z=:~=~~E'== 

Sample Sr , P P ~  V ,  P P ~  Y, PPn Yb, PPa Zn, ppn Hg, ppm Total S, t 
"___---*-------11*11_----*-*-----------*-"""*-----------"-------------~--"""-*------*---------"---**-*-*---------------- 

WEOlLC 
UEOlLX 
WEO2Ll 
WE02L2 
UE0213 
UEOZLC 
WE03LC 
WEO4LC 
WEOSL1 
WE0512 
WE05L3 
WEOSLC 
UEO6LC 
UEO7LC 
WEO8Ll 
WE0812 
IIEO8L3 
WEOOLC 
klOP!.i 
WElOLC 
U E l l L l  
WE1112 
UE11L3 
UEllLC 

UNOlbC 34 5.9 0.7 (0.1 28 0.08 0.09 
UNOtlX 33 6 .O 0.7 (0.1 3 1 0.07 0.09 
UNO2LC 34 5.2 0.7 (0.1 21 , 0.07 0.09 
UNO3L1 30 6 . 3  0.7 (0.1 30 0 -07 0.09 
UN03L2 30 7.0 0.9 (0.1 33 0.08 0.08 
UN03L3 23 5.0 0.7 (0.1 24 0.04 0.08 
WN03LC 28 6.2 0.8 (0.1 28 0.04 0.08 
UN04LC 39 9.8 1.2 (0.1 4 2 0.09 0.09 
UNOBC 35 8.6 1.1 (0.1 32 0.08 0.08 
WNO6Ll 26 7 .O 0.9 (0.1 30 0.11 0.09 
UNO6L2 40 10 1.2 (0.1 42 0.12 0.08 
UN06L3 31 8.0 1.1 (0.1 32 0.06 0.08 
UN06LC 31  8.2 1.1 (0.1 36 0.07 0.08 
WNO7LC 30 8.9 1.2 0.1 28 0.08 0 .08 
UNOELC 24 4.5 0.6 (0.1 33 0.11 0.08 
UN09L1 25 4.5 0.6 (0.1 4 3 0.08 0.10 
UN09L2 19 3.1 0.4 (0.1 39 0. 10 0.09 
UN09L3 20 3 .6  0.4 (0.1 38 0.09 0.09 
UNO9LC 2 1 3.7 0.5 (0.1 39 0.07 0.09 
UNlOLC 25 4.4 0.6 (0.1 46 0.11 0.09 
WNlOLX 25 4.3 0 -6 (0.1 4 4 0.11 0.09 
-----"-d-dd---_----------------------------"------------------"--------------------------"*--------------------------- 
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Table A(.--- a lichen analytical results for the Wrangell-Saint Elias national Park and Preserve study 
area, Alaska (converted to  dry-weight basis)  (continued). 

~ ~ l ~ ~ ~ = ~ = t = ~ ~ ' ~ = = ~ L ~ = = ~ z = = = : = = ~ = = = ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ z ~ ~ ~ : z ~ ~ ~ : z ~ ~ ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ ~ z ~ : ~ ~ ~ ~ : ~ ~ ~ z ~ z ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~  

Sample Sr , PPB V ,  PPU Y , P P Q  Y ~ , P P P  Zn, pps Hg, ppm Total S, t 
____l__rl-__d--__&--------h*------.-w--------------"---------"------*-----*---------------"-----------*---------*----- 

E!umwmk 



Table A5.-- (white spruce), .needles and twigs, analytical results for the Wrangell-Saint Elias 
National p a r k  and Preserve study area, Alaska (ash-weight basis, unless noted with an $1. 

* - ' - - - " - - - - - - - C - - - ' - - - - - - - - - - - - - - - - - - -  ,,,,,,,,,,,,,,--,,,-,,,--,,,- ------r-r----------------------r---------"---x"-*-----------"--"-------------------- 

Sarple Latitude Longitude A l ,  I Ca, t Fe, t K, t M a , %  N a , t  P ,  t Ti, t 
----------"------------------------------*---*-------------------------*-"---------------------------------*----- 

UEOlSPl 
WEOlSPlX 
WE02SP 
UE03SP 
WEO4SP 
WEOSSP 
UEO6SP 
WE07SP 
UEO8SP 
UEO9SP 
WElOSP 
WElOSP2 
WEllSP 
UEllSPX 

WNOlSP 
UNOlSPX 
WN02SP 
WNO3SP 
UNQ4SP 
UNOSSP 
WNO6SP 
WN0 7SP 
WNOISP 
UNOPSP 
UNlOSP 
UNlOSPX 



Table A5. - -  slaucd (white spruce), needles and twigs, analytical results for the Urangell-Saint Elias 
National Park and Preserve study area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

= = = L ~ * = = = ' = ' = E = = = = = z = = = r = = = ' = = = = =  ----------r-------*--- -*----x------------------ ---:L"""- ------ --..---,%-,,,,, 

Sample Hn, ppn Ag, ppn As, ppr Au, ppa Ba, PPB Be, ppo Bi, ppn Cd, ppa Ce, ppa 
--------r-l--------------------------------------w--------------------*--------*----"--------------------------- 

E a L U Y e m  

UNOlSP 
UNOlSPX 
UNO2SP 
WN03SP 
WNO4SP 
UNOSSP 
UNO6SP 
WNO7SP 
WNO8SP 
WNO9SP 
UNIOSP 
UNlOSPX 

USOlSP 2500 
WSOlSPX 2200 
WSO2SP 2400 
USOJSP 2100 
USO4SP1 25000 
USO4SP2 24000 
US04SP3 26000 
USO6SP 18000 
USO75P 20000 
USOBSP 6000 
WSO9SP 13000 
YSlOSP 5300 
--+-------*--*--- . .  



Table A5.-- (uhite spruce), needles and twigs, analytical results for the Urangell-Saint Elias 
~atioral Park and Preserve study area, Alaska (ash-weight basis, unless noted with an * )  (continued), 

.':~:..~.=.=.:.::=:====.'=:=======;=.~~==~~=~=======~====:===:====z===:====:====:=======:====:=====z=:==::==z~==:= 

Sarple Co, ppm Cr ,ppm Cu, ppn Eu, ppm Ca, ppm Ho, ppr La, ppr L i ,  P P ~  no, P P ~  
__*___________--__--------------------"-----------**-*-----------------------------------"--"-------------------- 

UEOlSPl 
UEOlSPlX 
WEOZSP 
UEOJSP 
UEO4SP 
WEOSSP 
WEO6SP 

I WE07SP 
WEOISP 
YE095P 
WElOSP 
UElOSP2 
WEllSP 
WEllSPX 

UNOlSP 
UNOlSPX 
WN02SP 
WN03SP 
UN04SP 
WNOSSP 
UNObSP 
WN07SP 
UNOBSP 

I WN09SP 
WNlOSP 

I WNlOSPX 

YSOlSP 6 20 59 ( 4  (8 (8 (4 4 
US01 SPX 5 20 57 ( 4  . ( 8  (8 (4  4 
USOZSP 6 21 4 5 (4  (8 (8 (4  b 
WSO3SP 5 20 47 ( 4  (8 (8 (4 5 
WSO4SPl 7 48 68 (4 32 (8 6 10 
US04SP2 7 30 6 1 (4  29 ( 8  5 8 
WS04SP3 6 30 50 ( 4  33 (8 4 10 
WSObSP 8 38 4 8  ( 4  25 (8 5 9 
USOlSP 5 28 59 ( 4  30 (8 5 6 
WSOBSP 5 20 47 ( 4  10 (8  (4  5 
USO9SP 1 10 7 1 (4  10 (8 (4  ( 4  
WSlOSP 5 10 5 1 (4  ( 8  (8 (4 (4  
------*----d*---------------------------*"*"""*e*---------------d----------------------------+- 



Table AS.-- eiWL (wh i t e  spruce), needles and twigs,  a n a l y t i c a l  results for the Wrangell-Saint Elias 
Nat iona l  Park and Preserve study area, Alaska (ash-weight basis,  unless noted w i t h  an x )  (continued). 

= : : = : = : ~ = : Z = ~ ~ : : = : = ~ = : = = : : = = = = = = ~ : = I Z ~ E ~ : : Z ~ : Z ~ ~ ~ Z ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ : ~ : ~ ~ Z ~ ~ ~ ~ : ~ ~ ~ Z ~ Z ~ ~ : Z ~ ~ Z ~ Z ~ ~ : X ~ ~ ~ ~ Z ~ ~ : ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~  

Sarple Nb, ppm Nd, ppn N i ,  ppm Pb, pPa Sc, P P ~  Sn, PPP Sr, PPr T a ,  P P ~  Th, PPR U, P P ~  
_________**__-__-"_-----"-------*"--"---"---.-------"---------"------.----------*-------*-----------*~------*""-- 

UEOlSPl 
WEOlSPlX 
UEO25P 
UEO3SP 
UEO4SP 
UEOSSP 
UEObSP 
UEO7SP 
UE08SP 
UEO9SP 
WElOSP 
VElOSP2 
UEllSP 
WEllSPX 

WNOlSP 
UNOlSPX 
WHO2SP 
UNO3SP 
UNO4SP 
UNOSSP 
UNObSP 
VN07SP 
UNO8SP 
UN09SP 
UNlOSP 
UNlOSPX 



Table A5.-- slauca (white spruce), needles and tw igs ,  analytical results for the Urangell-Saint Elias 
National Park and Preserve study area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

~ ; ; ~ ; ; : : . : . : : = = = . = . = = = = = I . = = = = ~ = = E Z . T = = : : = = : : = : = = : = : : ~ = = = = = = = = = = : = :  

Sanple V ,  ppa Y ,  ppa Yb, ppa Zn, ppa Hg, p p ~ t  Total S, t% Ash, tt 
dd_--______________-----+---.-----"----d--d---------------**+----**-"----------------------------------*-----*--- 

East._Traverse. 

UEOlSPl 
UEOlSPlX 
UEOZSP 
UEOJSP 
WEO4SP 
UEOSSP 
UEO6SP 
UE07SP 
UEO8SP 
UE09SP 
UElOSP 
WElOSP2 
UEllSP 
UEliSPX 

UNOlSP 
WNOlSPX 
UNOZSP 
UNO3SP 
WNO4SP 
UNOSSP 
UNObSP 
WN07SP 
WNOlSP 
WN09SP 

1 WNlOSP 
, WNlOSPX 



Table A6.-- t h  slauca (white spruce), needles and twigs, analytical  results for the Wrangell-Saint El ias  
N a t i o n a l  Park and Preserve study area, Alaska (converted to dry-weight-basis). 

: ~ ~ ~ ~ = ~ ~ ~ ~ ~ I ~ : ~ Z : ~ ~ ~ : : ~ = : ~ ~ ~ ~ : ~ ~ : : ~ E I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Z Z ~ ~ ~ ~ ~ ~ : ~ ~ ~ : ~ : ~ : ~ ~ ~ E Z Z ~ ~ ~ ~ ~ Z : : ~ ~ ~ : E ~ E ~ E Z ~ ~ : ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~  

Sanple latitude Longitude b l ,  t Ca, t Fe, t K ,  I ng, t Na, t P, t 
--+--------"--------------------*----------*---*---*-------*--------*-------------"---*---*------------"-------- 

EAsLwau 

UEOlSPl 
UEOlSPlX 
UEOZSP 
UEO3SP 
UEO4SP 
UEOSSP 
liEO6SP 
uE07SP 
UEQ8SP 
UE09SP 
UElOSP 
WE1OSP2 
UEllSP 
WEllSPX 



Table A6.-- nlauca (white spruce), needles and twigs, analytical results for the Urangell-Saint Elias 
~ationai Park and preserve  study area, Alaska (converted to dry-weight basis) (continued). 

===~f=*;=:===~~=~=========:============~=:~=~=~z==~=z===:========z==z==:=:~===:========:==:====:~===:======:=:== 

Sanple Ti, t nn, ppr Ea, PPW Ce, pph Co, PPW Cr , PPP Cu, PPN Ga, PPN 
___r_________*____*r- -C- l - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -" - - - - - - - - - -" - - - * - - - - . - - - -  

E&uhUm& 

UEOlSPl 
WEOlSPlX 
UEO2SP 
UE03SP 

I WEO4SP 
UEOSSP 
WEObSP 
WE07SP 
UEOBSP 
WEOPSP 
UEl  OSP 
WElOSP2 
UEl lSP 
UEllSPX 

, UNOlSP 
WNOlSPX 
UN02SP 
UNOSSP 
WNOiSP 
WNOSSP 
UNObSP 
WN07SP 
UN08SP 
UN09SP 
WNlOSP 
UNlOSPX 



Table A6.-- eiEBB slauch (white spruce), needles and twigs,  a n a l y t i c a l  r e s u l t s  f o r  the Urangel l -Saint  Elias 
Nat iona l  Park and Preserve study area, Alaska (converted t o  dry-ueight bas is )  (continued). 

Sarple ~ a , p p a  ~ i , p p m  Ho,ppr Nd,ppr N ~ , P P P  Sc,ppn S r ,ppa  t h , p p ~  
-__*-__"__"__-C____----*---d----*---*--"---"-d----"*--------------"---------**-------*----*--*-------------**--- 

UEOlSPl 
UEOlSPlX 
WEO2SP 
UEO3SP 
WEO4SP 
UEOSSP 
UEObSP 
WE07SP 
UEOBSP 
WE09SP 
HE 1 OSP 
WElOSP2 
WEliSP 
UEllSPX 

WNOlSP 
UNOlSPX 
WNOZSP 
UNO3SP 
UNO4SP 
UNOSSP 
UNObSP 
UN07SP 
UNOBSP 
UNOPSP 
WNlOSP 
UNlOSPX 



Table A6.-- && slauca. (white spruce), needles and tuigs, analytical results for the Urangell-Saint Elias 
National Park and Preserve study area, Alaska (converted to dry-weight basis) (continued). 

=:Z:.=:~~:t~l~=~':~=r==*r:==~~~~~~::~~I::~:~~~~~::::~:::~:~~~~~:::Z:~:~:~~::~:z~~:~~::~~~:::z~:~:~~~~~~~~~~~~~~~~:~~~ 

Sanple V ,  P P i  Y ,  PPfi Zn, ppa Hg, PPB Total 5, % Ash, 1 
_"--__-----------*----------"-*--------------------------"---------------------------------*----""*-+----------- 



Table ~7.--- rannlferlna and &p. (lichens) analytical results for the Wrangell-Saint Elias National Park 
and Preserve study area, Alaska (ash-weight basis, unless noted with  an *). 

--*-"==-----------'--"------ - - - ' - " * " * - - ~ - - - - - - - - ' - - - - * - - - - " - = - - - -  -------c---------------------- -'-- ,,-,, ,,,,-,,,,,,,,,,,--,,,C---,,----,-ll------*---"--*"-- -r------- l --- ,+-- ,x-- , , -----"-----r---------x4*--  

Sample Latitude Longitude 1 2 Ca, t Fe, % K, % tlg, t Na, % P ,  t Ti, s 
__---"_"-l"rl-C*-"--------------------------------.------*----------------*---*"--------*---"--**--------------*-- 

USNEASS- 635200 1484500 1.6 29 1.2 2.8 2 .O 0.58 1.4 0.18 1 

Sarple Hn; ppm Ag, ppm As, PPR Au, PPR Ba, PP@ Be, PPM Bi , P P ~  Cd, ~ P f i  Ca, PPR 

USNERSS- 1300 ( 4  22 (20 1600 (2 (20 8 69 I 
----C"---d--1---------"-------*--------------w-------*--------*----------------------"----"---"---d---*----------- 

Sample Co, ppm Cr , ppm Cu, ppm Eu, ppa Ga, ppr HOj ppp La, ppn Li , ppm no, ppr 
--**-"'------*-------d----*---"------4-----------"---*--m--------"---*-----------------d"---"-----------*------d--"- 



Table A7.--- rannifarina and a. ( l ichens)  a n a l y t i c a l  resul ts  for  the Wrangell-Saint Elias National  Park 
and Preserve study area,  Alaska (ash-weight bas is ,  unless noted wi th  an t )  (continued). 

------*------------------*"----"-----------------------------b--------------------------------------"*d--------*-- 
---1"-----------"--------------------------h------------------------*------------------h------------*-------*-h-*- 

Sarple Nb, ppr Nd, ppr Mi, ppa Pb, P P ~  Sc, ppa Sn, PPM S t ,  ppr Ta, ppe Th, ppm U ,  ppr 
-----------w-C----------*----**---------------4-------------*----------------------*--------d---------*----------- 

Sample V;PPB Y ,  PPB Yb, ppn Zn, ppr Hg, ppa Ash, % Tota l  S ,  t 
--------"---------C----------**--------".+--------------------.--------*--------*--------**----"-----"----*d-*---- 

USNEASS- 43 44 4 580 0.36 7.08 0.12 
-"1+1------*"-*-----*--------------"-----*--"--*--------------------*------*--*---------------"--***-------------- 



Table Ad.--- ransiferina and W a. ( l i c h e n s )  a n a l y t i c a l  r e s u l t s  f o r  the Wrangell-Saint Elias Nat iona l  
Park and Preserve  s tudy  a r e a ,  ~ l a s k a  ( c o n v e r t e d  t o  dry-weight  b a s i s ) .  

-*-'-""'-'-"-"----"-"----*------------------4-"--d---"-="----------=-=-----s--------------d"--"*---"-"------ 
- - - r - - " - - - - ~ - - - - - - - - - - - - I - - - " - - - ~ - - " - - ~ ~ ~ - " " " -  ------..---- r ----.. ---*----------------------I------ZZ 

Safiple l a t i t u d e  l o n g i t u d e  h l ,  % Ca, 2 Fe, t K ,  a ng, % Total  S ,  % 
- -"~--"~~_l~"~~-"~*-- - . - - -r - - - - - -"-~""-~"-d-- - - - - - - - - - -"- - - - - - - - - - - - - - - - -*"- - - - -~-- - -* - - - - - - - -~+-- - -~*- - - - -"~~"-~d~ 

USNERS5- 635200 1484500 0.113 2.053 0.085 0.198 0.142 0.12 
--------*"--------g"--."---s---------w--"--------------*----"----.------------------9"**--"----"----w---"---------- 

Sample Na, t P, % Til % tin, PPN Ra, ppn Cd, P P ~  Ce, PPP Co, P P ~  
-_-----_"---*"-_*----**----"-----------"-----*--------------------------------.--------------------*------"--"-"-- 

USNEASS- 0.041 0.099 0.013 92 113 0.6 4.9 1.4 
_"*--d*-"_---r----_"-----------**--------4-----------------------------------*"--------*"------*---"----"------"** 

Sample Cr , PPR Cu, P P ,  Gal ppa l a ,  ppfl Li, P P ~  l o ,  ppr Adl ppa Ni, P P ~  
_dl-"--------r-*-------d---------**"--"-------d--------"----"-------*---*--------"-------*----------------"-----*- 

USNEASS- 3.5 9.2  (0.1 2.8 0.7 0.6 2.9 2 .9  
-*-_r**_rh--r---r--__r------r------l----d---d"----"---*---d*---------""--"------*-"---*-----*----"-------d*-"--- 



� able A8.--- Uferi .na and I)S[LBB u. ( l i c h e n s )  a n a l y t i c a l  r e s u l t s  for the   rang ell-Saint E l i a s  National  
Park and Preserve study area, blaska (converted t o  dry-weight basis) (continued). 

~ : ~ = ~ . ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ = = = = = = ~ ~ = ~ ~ ~ ~ ~ p ~ ~ : ~ ~ ~ . = ~ ~ : ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ : ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ x ~ : ~ ~ ~ z ~ ~ ~ z ~ : ~ ~ ~ ~ ~ ~ ~  

S a ~ p l e  Pb, ppm Sc, PPP Sr , P P ~  V ,  P P ~  Y ,  ppm In, ppm Hg, ppr Ash, I 
_*"____1_____"_**__~~*~**-"~~~*~~------~~~-*1*-------~~--*---~-"~~*+~----~---~-~-~-~~-------"-----"--**----------- 



table 49.--02-horiro~ soil sarples rnalytical rssults for the Urangell-Saint Elias National Park and Preserve 
study area, Alaska (ash-weight basis, unless noted with an *). 

L X ~ X ~ I X X I ~ ~ I ~ X S I ~ X X ~ ~ X Z : ~ ~ ~ ~ I I ~ ~ ~ ~ S X L ~ ~ S ~ X L ~ ~ ~ Z S E ~ ~ ~ ~ ~ ~ Z X Z S X Z L ~ ~ ~ P ~ ~ ~ Z L I ~ ~ ~ I ( I ( ~ ~ I L ~ L E ~ C ~ ~ I L ~ X Z ~ ~ ~ ~ ~ ~ ~ ~ S L ~ ~ ~ I Z I ~ ~ Z X  

Sample Latitude Longitude A l ,  t Ca, t Fe, t Il, t ng, t Ma, t P, Z T i ,  2 

I ence ~atar!al 



Table A9.--02-horizon soil saaplss analytical results for the Urangell-Saint Elias National Park and Preserve 
study area, Alaska (ash-weight basis, unless noted with an *) (contiwed). 

~ ~ ~ r s ~ f l r ~ ~ ~ t t + ~ z = t ~ ~ f ~ : : t ~ s ~ ~ s x a ~ ~ t a s z t e ~ r : ~ ~ ~ ~ n ~ ~ ~ : = = ~ ~ ~ t ~ ~ ~ t ~ ~ ~ t ~ : = a ~ ~ ~ : ~ ~ x ~ ~ t t ~ t t ~ ~ t t ~ ~ ~ t ~ ~ ~ s ~ a ~ ~ t ~ ~ f : ~ ~ t x ~ t ~ ~ ~  

Sarple Hn, pph Ag, ppr As, ppn Au, ppr Ba, ppm Be, ppr Bi, ppr Cd, ppr Cb, PPI 
-.*------*-*--*-------"----"-"-----"------------------*--""------.--*-*------------*---*----------"------------** 

EBsuwxa 



Table A9.--02-horizon soil samples analytical results for the Yrrngsll-Saint Elias Nation41 Park rod Preserve 
study area, Alaska (ash-weight basis, unless noted with an t )  (continued). 

~ = = E ~ = = = = Z = ~ Z = Z = f = Z ~ = Z = ~ Z r E = = Z ~ E = ~ Z = ~ X ~ ~ Z ~ S X ~ Y S ~ Z 5 ~ Z f ~ X Z S f ~ Z ¶ Z = Y S ~ ~ S S X ~ S ~ S S E E : X Z Z ~ I 5 Z ~ Z Z Z S X I Z Z f D ~ ~ I ~ f ~ ~ Z ~ Z ~ ¶ 5 Z ~ S ~ ~ S  

Sarple Co, ppr Cr, ppr Cu, ppr Eu, ppr 66, ppr Ho, ppm l a ,  ppr L i ,  p p ~  no, ppr 

WlS 
wisx 
UWS 
w3s 
W4S 
W5S 
WS 
uN07s 
MOSS 
UM9S 
W1OS 



Table A9.--02-horizon s o i l  sarplss analytical results for.-the Ura~gell-Saint Elias Hationrl Park ad Prsssrvs 
study area. Alaska (#ah-weight basis, unless noted with an t )  (continued). 

x L r ~ ~ L ~ a = Z : ~ ~ ~ ~ ~ ~ t ~ L ~ ~ ~ ~ ~ ~ ~ g ~ ~ = = : = ~ : ~ ~ X ~ ~ I ~ E t ~ ~ ~ t ~ ~ ~ ~ I L X t I S Z Z ~ t ~ ~ I ~ ~ ~ I L ~ ~ ~ ~ X ~ ~ I ~ ~ J ~ ~ f t t X X ~ ~ ~ i ~ ~ S ~ ~ Z ~ ~ ~ ~ X X X ~ ~ ~ ~ ~ ~ Z  

Sarple Ad, p p i  Hi, ppr Pb, ppr k, ppn SR. w n  Sr, PPU l a ,  ppn Th, ppr U, ppr 
------1.1-d-*_-d--*----------"----"-------"w-----------------------------------"**.----.---------------.---*"*"-- 

Eastlravcrse 



Table 49.--02-horizon s o i l  sarples aaalytierl results  for the UrrngslS-Saint ELias Uatiooal Park ad Preserve 
study area, Alaska (ash-weight basis, unless noted with sr *) (coatinued). 

X I I S X t = Z ~ X t Z X ~ L L Z ~ ~ Z ~ L E 3 : ~ t t ~ I ~ Z ~ I Z t t I L Z t X ~ ~ D ~ L ~ t ~ * ~ = ~ O I I t X ~ X L f 5 X X S Z S I I : ~ ~ L S ~ * Z 8 X ~ ~ * t I = X X Z I = t I I X = = ~ S I t ~ = Z Z ~ f ~ ~ X X ~ ~ ~ Z X  

Sarpla V, ppr Y,  pp& Yb, ppa Zn, ppr Hg, pprt F, tf Total 5, t r  Ash, t: 
--"---*-------""-"---r--r-r----"------------------------------"-.---.-------*"------~------*---------------"----"----- 



Table A1o.--02-horizoa soil urlytical~rssults for the Uranqell-Saint ELias Hational P u k  aad Preserve study area, 
Alaaka (converted to dry-weight basis). 

~ ~ ~ ~ : ~ ~ = = = t 1 t ~ ~ = = ~ ~ ~ = ~ : ~ ~ z ~ ~ ~ ~ ~ ~ t ~ f f t ~ ~ t ~ 8 ~ ~ ~ ~ z x x ~ ~ ~ ~ ~ u r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ X ~ ~ X ~  :=~Z==~aLIFf=SZXll=I1=X=:ISE=ZSZftL~ 

Salple Latitude Logitude Al, t h, t fe, t Kl t He, * Ha, r P1 1 
_---3+*__"--______1---d--------*-------.-----*-*-----------------------*-*----*--------.---------------------""-- 

EasuuMm 

SGR 1 2.31 3.93 1.34 0.88 1.76 1.63 0.088 
-----**---------"*-------------m-*-----------***-------"-------------------------------------*------------------- 



Table A10.--02-horizon soil analytical results for the Urangell-Saint:Eilas, national Park and Preserve study areal 
Alaska (converted to dry-weight basis) (contiwed). 

~ = : = t = ~ x x x ~ ~ ~ : 6 = : x z x ~ : x x = = a ~ ~ ~ ~ ~ ~ : ~ ~ z ~ ~ ~ ~ : : z 2 ~ ~ ~ : ~ ~ ~ ~ s ~ ~ ~ n ~ ~ t ~ ~ ~ x x x s x ~ ~ ~ ~ = ~ x ~ s t x ~ z z ~ ~ : ~ ~ a ~ ~ a s ~ ~ z x ~ x a ~ ~ s z ~ ~ x z z x : ~ t  

Sawle T i ,  t Nn, ppr As, ppr Ba, ppn Ce, ppr Col ppn Cr, ppl Cu, ppn Ca, ppk -1-------"----1---"-----"--.---"--------*.-"---*------.-*----.--.-------------.----------------*"---"-----*------ 
ElLmYwQ 



fable A10.--02-horizon s o i l  analyt ical  results for the Yrangell-Saint El ias National Park a ~ d  Preserve study area, 
Alaska (converted to dry-weight basis) (continued). 

~ ~ ~ ~ ~ = = = ~ = ~ = ~ ~ ~ ~ * = : = t ~ a ~ 5 : ~ 0 t ~ = = ~ = ~ ~ ~ ~ ~ ~ a r a n ~ x r m r z x ~ = s x = u ~ = = = = = ~ x ~ u z ~ = = = = = z x t ~ ~ ~ z = ~ = = = x t x = r ~ ~ = = z ~ ~ a f r ~ a ~ ~ ~ ~ % Z ~ ~ ~ ~ x  

Sample La, ppr L i ,  ppr Hd, ppn N i ,  vpr Pb, PPR Sc, ppr Sr , PPM V ,  PPR Y, ppr 
_____-_________-13_-"m-----"---"--------------"--"--"--*-----------w-----------"----------"----------.----------- 

mudYmi 



Table Ai0,--02-horizon soil analytical results for the Urangsll-Saint Elias Matioral  Park and Preserve study area, 
Alaska (converted to dry-weight basis) (continued). 

~~~~~:=~=~~=:~~~~:~=~~~~~~c2:=:=:~:=~~~~~~::1::::r.1:~:~:~~~:~t:~~~t:~zx~0zx~:z~~z~a~~~:~1:z~:1~:tzzz1~~~~f~:zz~~~ 

Sarple Yb, ppr Za, ppr Kg, ppr F, t Total S, t Ash, t 
____1_.____________--------------"--"-d--.-------------------d-------*-----------"------"----------------""-----* 

€dur.mm 

Green R R  


