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ELEMENT CONCENTRATIONS AND TRENDS FOR MOSS, LICEEN, AND

SURFACE SOILS IN AND NEAR DENALI NATIONAL PARK AND PRESERVE, ALASKA

by

J.G. Crock, L.P. Gough, D.R. Mangis,
K.L. Curry, D.L. Fey, P.L. Hageman, and E.P. Welsach

EXECUTIVE SUMMARY

Investigations in and near Denali National Park and Preserve (DENA),
Alaska, had as their major objectives: (1) estdblishment of baseline information
on selectad native vegetation and the organic-rich Oa sofl horizon of the atudy
areaj and, (2) definition of current alemant areal trends, if any, of the area,
possibly resulting from anthropogenic influences such as power-plant emiasions.
These objectives were accomplished by establishing twa generally east-to-west
traverses (The Control and Stampaede Traverses), one north-to-south Traverse (the
Nenana River Traversga), and twelve additional sites at various strategic places
in or near DENA, Traverse sgample localitles were positioned at geometric
intervals starting near the existing Golden Valley Electric Association (GVEA)
power-plant located in Healy. At each locality, gamples were collected of
Hylocomium gplendens (Hedw.) B8SG (feather mosgs, whole plant, including rhizoids),
Peltjigera aphthosa (L.) Willd. (lichen, whole plant), and the Oa so0il horizon.
Picea glayca (Moench) Voss, (white spruce, twigs and needles), was also collected
at salected sitesa. All materials were analyzed for their major and traca total
alement concentrations,

This report is the result of a cooperativa study between the NKational Park
Service (NPS) and the {J. S. Geological Survey (USG3). A product of thig study
will be providing the information so that an asasessment of the potential for any
effacts to the bioclogical resources of DENA from air pollutants to be emitted
from the proposed Healy Clean Coal Project (HCCP) power-plant can be made.

l. Biogeochemical bageline and areal trends were assessad using an
ANOVR /traverse study design. Baseline information wasg calculated as tha obsarved
range using the collactive valuas for each of the three sampled media for gites
beyond 6 km from the GVEA.

2. Moss gsamples possessed a higher and more variable aah yiaeld than lichen
samples. Samples of both moss and lichen had higher and more variable ash yiald
along the Stampede and Nenana traverses than along the Control Traverse. All
samples were washed, and loocaae, extraneocus dust was removed. Very little overt
contamination was observed; however, ash yield versus concentrations of Ti, Sc,
and Al indicate that deeply imbedded, difficult to remove, dust contamination was
present. We conclude, however, that the contamination would only dilute the
relative concentration of environmentally important metala, not enhance their
concentrations. In addition, important inverse ash yield versus distance trends
occur for moss, lichan and soil on nearly all traverses, tha only exception being
for soil along the Control Traversa.



3. Among-sita variability for elaement concentrations in moss and soil is
large, and is small for lichen, for nearly every elsment along every Traverse.

4. Among-sample, within-site element concentration variability also
appears large for moss and small for lichen (soil within-site variability was not
measured). This is particularly true for samples collected within 6 km of GVEA.

5. In general, element concentration levels follow the progression:
lichen < moss < soil. Except for total sulfur laevels, the concentrations of most
alements were several times greater in moss than in lichen.

6. Most elements show their highest concentrations close-in to the
GVEA/Nenana River area and by far their smallest concentrations baéyond about 6 km
from GVEA (but not necesgarily the Nenana River). For those elements showing
concentration values at or near thae detection limit for the analytical method
uged, most occur beyond the 6 km range.

7. Plant samples from the Control Traverse have the lowest element
concentration levels; inversae concentration versus distance trends are thought to
rasult from the influence of airborne dust originating from the Nenana River
alluvial plain. This Traverse appears to be well outside the potential influence
of the present GVEA facility.

8. Plant samples from the Stampade Traverse have the highaest overall
alement concentration lavels in all three sample media; however, these higher
concentration levels do not necessarily translate into strxonger concentration
versus distance trends. Some of these concentration levels appear elavated when
compared to levals cited in the gaeneral cryptogram literature and the Traverse
trends indicate that the GVEA facility, or the Healy araa in general, or both,
ara probable sources for some elements.

9, Plant samples from the Nenana Traverse have intermediate cencentration
levels when compared to the Control and Stampede levels and the trends appear
influenced by GVEA, or the Healy area in general, or both.

10. We discuss the relative importance of tha levels of environmentally
important elements in both moss and lichen tissue by comparing the data from this
study with values from the literature. In general, levels of As, Cr, Cu, Mn, Wi,
V, and the rare earth elements were high in moss tissue. Levels of Mn and total
5 were somewhat elevated in lichen tissue. Moss tissue was found to be somewhat
low in concentracions of C4&, total S, and Zn, whersas lichen samples were
generally low in Cd, Pb, and Zn. The concentrations of most all of the other
@lements analyzed for waere close to published values including values for Pb in
moss and As, Cr, Cu, Ni, and V in lichen.

1l. Concentrations of the environmentally important elemencs (including
total §) in Oa-horizon soils were found to be close to published values. We
found no unusually high concentrations of any of the elements, including the
rare-earth elements. Many of the element concentration versus distance Ctrends
observed for both moss and lichen wera paralleled in the soil. .This is to be
expected if the soil organic matcer is assumed to serve as a sink for che
elements that are being transmitted through the atmosphere.

02



12. The coal being burned at the GVEA is relatively homogeneous and is low
in total § and many of the potentially toxic metals. A true mass-balance study
was not performed. Analysis of composite coal and fly ash samples, however, ahow
that the amount of most elements, including Hg, As, V, Co, Cr, and Cu, lost to
the atmosphera during coal combustion does not appear great. Total §, Ni, Pb,
and zn (and ¢d by implication of the very similar chemigtry and ita geochemical
association, although €d was below the limits of detection of the ICP-AES method)
are being released in the flue gasaes.

13. White spruce proved to beé nonconclusive in this study. 1In general, it
waa sampled only occasionally; however, from the relatively complete sampling
along the Nenapa Traverse, very little interpretabla information was obtained.
Only Cu proved to be above the baseline calculated for Wrangell-sSaint El{as
National Preserve, Rlaska, (WSE) and the remaining elements fell well within the
WSE ranges. White spruce showed greater varjiance for within plot samples than
with distance, indicating a large local varianca and thus it has little utility
in defining distance trends.

INTRODUCTION

BACKGROUND

This study provides information that will assist in evaluating the
potential impact of the proposed 50 MW Healy Clean Coal Project (HCCP) power-
plant on the blological resources of Denali National Park and Preserve (DENA) by
establishing background information and areal biogecchemical trends for gelacted
native vegetation and the organic-rich Oa soil horizen. Construction of the HCCP
powar-plant {s proposed to begln Iln April 1993 and be completed June, 1996. It
will be located adjacent to an existing coal-fired power-plant, the Golden Valley
Elactric Association (GVEA) Healy Unit #1 (25 MW), that has been operating since
1967. Both power-plants will be approximately 4 milea (6.5 km) from the
northeastern border of DENA. The proposad HCCP plant will burn coal from
thraughout Alaska during the first year of operation to tast the clean coal
technology as proposed by.the Alaska Industrial Development and Export Authority

for support through the Clean Coal Technology Program of the U.S. Department of
Energy.

Chemical emissions during the first-yaar test period can only be estimatad,
due to the different coal sources which will be used. After the first year, HCCP
will burn coal mined from the same source as the GVEA plant (the nearby Poker
Flats mine owned by Usibelli Coal Mine, Inc.). The projected annual emissions
from the HCCP plant, using coal from tha Pokar Flats mine, are 243 tons per year
(TPY) of sulfur dioxide, 988 TPY of nitrogen oxides, and 56 TPY of particulata
matter (AIDEA, 1992). These values are the tegt rasulta of pilot studias of the

proposed new technologies that are to be included as a part of the HCCP using
coal from the Poker Plats mine.

The NPS is concerned that emlssiong reaulting from the proposed HCCP plant
could negativaely effect the biological resources in DENA. Preliminary studiea
conducted by the NPS and the USGS in October 1990 indicated that emiasions froam
the existing GVER powex-plant may be affecting the chemistry of selected lichen
and moss specles; notably, an increase in concentrations of the rare earth
elements (REE), The number of samples collected in the 1990 pilot study wasg not
gufficient to clearly delineate patterns of elemental accumuiation. Further



research was needed to evaluata the response of vascular and non-vascular plant
species and assoclated fauna of DENA to airborne contaminants emitted from coal-
fired power-plants. This atudy, however, only addresses tha assessment of
patential impacts to non-vascular species (lichens and mosses) by establishing
current areal trends and baseline information.

Uges of Mosses_and Lichens gs Biomonjtors

Vegetation and organic-rich soils have been uged successfully to asaess the
areal extent of industrial emlssions [for example, Folkeson (1981), Godbeer and
others (1981}, Gough and Erdman (1977), LeBlanc and de Sloover (1970), Markert
and weckert (1589), Onianwa (1988), Pilegaard (1987}, Severson and others (1992)
and Thomas and others (1984)). Polkeson {1981) used the moss Pleurozium
schrebarf to monitor heavy metal contamination resulting from peat~firaed power
facilities in Finland. 1Increases in Ca, Cu, Pb, V, and 2Zn, and a decrease in Mn
wera observed in mosg downwind from the facilities. This trend in Mn was
attributed, in part, to an increase {n the gulfur dioxice {S07) levels in the
plume gases close to these facilities. The authors theorized that the solubility
{and the phyto-availability) of Mn decreased a3 soil pH decreased, presumably
from the increased levels of SO;. Godbeer and others (1981) used cleaned
Sphagnym moss enclosed in fine mesh envelopes placed on stakes. The moss merved
as & biocaccumulator matarial af trace element input from a power station in New
S50outh Wales, Auastralia. Seascnal variations in the trace alement contents of the
mos® were observed. Slight decreases were noted as the distance from the power
station increasad. Gough and Erdman (1277) used a soll lichen, Parmelia
ghlorochroa, to delineate the effect of a coal-fired power-plant in eastern
Wyoning. They found that ash yield, Li, Se, and Sr showed strong (p < 0.01)
negative linear trends with distance from the power-plant. An additional ten
slements showed a lass significant response (p < 0.05) with distance. LaRlanc
and Sloover (1970) used the presence or absence of various mosses and their
tolerances for toxins as a method of mapping the long-range effects of air
pollution. Markert and Weckert (1989) sampled Polvtrichum formosum (mossa)
gaasonally over three years, and showed strong seasonal variations in its metal
content. The authors proposed that to obtain comparable results, samples must be
taken at the gsame time of year. They also propoged that moss would be an
effactive global monitoring medium for air pollution. In Greenland, Pilegaard
{1387) usad Hylocomjium gplendens (faather moss) to delineate the mineralization
sean Lln the country rock, the Ilimaussag mafic intrusfon. Trends in heavy metals
in this moss mirrored those observed in the substrate’s geochemistry. Heavy
metal concentrations in top soil, litter (the humus layer of so0ilg), and mogsas
were ugaed by Onianwa (1988) to monitor air pollution in Migeria. He found that
the mosses tended to have higher lavels of matals than the 90il materials, but
all three media ware effective monitors of aerial deposition of heavy metals.
Severson and othera (1992) used the A horizon of weakly-devaloped soila and three
different vegetation species, including H. splendens, to investigate the
possibility of anthropogenic influences on five small islands in the Wattenmeer
National Park and Preserve, Germany. They established baseline ranges for these
media in thia area and showed anthropogenic additions of Hg and Pb i{n the surface
fiolls. Thomas and others (1984) demcnstrated that various trees, both deciduous
and coniferous, and soil litter were all suitable monitors for both man-made
organic compounds and heavy metals resulting from aerial deposition from an
indugtrial area in Swaden. They alsa suggest that contamination levels observed

in mosges and lichans may be used to pradict the contamination levels in higher
vagetation.



Lichena are often overlooked members of the plant community, nevertheless
they neverthaless play a very important role in the ecosystem. At high
elgvations they stabilize fragile tundra soil. They are the pioneers of plant
muccesgion in disturbed environments. Lichens provide homes for invertebrates
(Rhoadas, 1988), and they participate in mineral cycling by releasing organic
compounds whan they decompose. Lichens are a good source of carbohydrates and
are eaten by mites, insects, and gastropods, as well as deer, caribou, and other
vertebrates (Nieboer and others, 1978). Additjonally, they are an important
component of the biodiversity of natural ecogystems.

hygiogr Clim nd Vegetatio

A detailed discussion of the physiography, climate, and vegetation is given
by Gough and others (1988c). 1In general, the study area is dominated by the
mountains of the Alaska Range. This landscape {3 broken by the presence of broad
alluvial fan complexes within wide river valleys covered with glacial outwash and
eolian daposits. There are also lowlands containing many small lakes acattered
in the glacial till. The area has a cold and dry continental climate; extremes
in temperature are the rule. The vegetation is characterized by interior white
spruce - birch forest with well-devaloped bogs and muskegs. AssoClated with
these forests is an abundant shrub, licheén, and moss underxstory growth. The
upland areas tend to be dominated by permafroat and tundra vegetation.

Geglogy

The geology of the Healy Quadrangle is summarized by Csejtey and others
(1986). The USGS has also completed an in-depth geochemical reconnaissance
survay of the Healy Quadrangle (under the Alaska Mineral Resource Assegsment
Program); results are presented in Cox and othars (1989), King and others (1989),
Light and others (1989), and Light and othaers (1%89Q).

The study area is underlain by a wide variety of sedimentary, volcanic, and
igneous rocks ranging in age from Precambrian to Recent. The area also has a
complex metamorphic history. Most of the older formations have undergone at

least some degree of metamorphism. There are numercus thrust faults throughout
the area.

As is true of much of Alaskan geology, there is a complex higtory in the
rocks of the Healy area. In genekral, the river valleys (Nenana River and Healy
and Dry Creaks) are predominantly undifferentiated Quaternary and Tartiary
surficial deposits. Thesa include glacial deposits of sevaeral ages, lake
deposits, and landslide debris, the latter being very common in the Nenana River
valley. All of these deposits consist mainly of unconsolidated material ranging
in size from huge boulders to very fine claysa.

The Sugar Loaf Mountain, Mount Healy, Mount Margaret, and Mount Wright
areag, also called the Primrose Ridge, consist of a Precambrian and aarly
Paleozoic pelitic and gquartzose schist sequence. This entire area is faultaed and
has undergone intense deformation. South of Primrose Ridga, the area is
dominated by the Tsrtiary Cantwell Formation, consisting of two predominant
unitg: (1) an upper volcanic unit, as seen in the area to the gouth of Healy at
Mount Fellows; and (2) a lower sedimentary unit consisting of conglomerata,
sandgtone, arkose, siltstone, argillite, shale and a few thin coal beds. The



sedimentary sequence is riddled with numerous igneous intrusions. The entire
formation may exceed 3,000 m {n thickness and is the dominant unit in the study
area.

The coals of thae Healy Quadxangle are predominantly associated with the
Upper Oligocene to Late Upper Pliocene formations, with the greatest number and
thickest coals in the Healy Creek and Suntrana Formations. Coal seams range from
S em to over 18 m in thickness and range in apparent rank from lignite A to
subbituminous B coal {(Affolter and others, 1980). The coal~bearing formations
have been folded and faulted into a series of smallex basins, with low to
moderate dips. The coal at the Poker Flats mine is associated with the Eocene to
Miocene coal-bearing rocks, undivided, as described by Csejtey and others (1986).

Soils

Soils have developed over geological materials that vary from very shallow
to very deep residual, glacial, or eollian deposits. The field notes, presented
as a whole elsewhere, define the depths, color, and texture of the major soil
horizons. Gough and others (1988c) discuss Alaskan surficial material types,
weathering characteristics, and soil geochemistry. In this study, we are only
interested in the organic-rich Oa horizon (usually 3-15 cm thick and about 3-4 cm

below the surface), the soil layer between the vegetation mat above and the AQ
mineralized layer below.

POLLUTANTS OF CONCERN AND SENSITIVE BIOLOGICAL RECEPTORS

The air pollutants of particular concern for blological resources of DENA
that are commonly produced in the operation of coal~fired power~plants include
gulfur dioxide (SO,), nitrogen oxides (NOx), volatile organic compounds
(precursorg of ozone), and toxic metals (e.g., A8, Se, and Hg) occurring as
particulate mattar and gases. Following i3 a brief discussion of some of the
ecological effects of selected pollutants.

Sulfur Dioxide

Sulfur dioxide waa probably one of the earliest recognized air pollutants.
This gas entera vascular plants through the stomata. Under humid conditions, SO
can even stimulate stomatal opening, thereby allowing greater entry of other
gaseous pollutants that are often associated with it. Also, conditions that
usually enhance stomatal opening, i.e., high humidity and high light {ntenaity,
arq the same ones that increase sulfur diloxide absorptian in laboratory
experiments (Ziegler, 1975). Sulfate accumulates in plants exposed to SO5, and
the accumulation increases with their photosynthetic activity. At low doses,
transpiration increases bacause the stomata have been.satimulated to open. At
higher deoges, however, the stomata collapse and transpiration is reduced. In
broadleaf plants, chlorophyll is decomposed and viaible injury in the form of
interveinal or marginal chloroaig/necrosig results (Mudd, 1975; Jacobsen and
Hill, 1970). Conifer needlea become dry, brown, and brittle. Biochemical
effecta of SO include reduction {n carbon dioxide (CO,) uptake with a resulting
decreage in photosynthesis, decreased metabolism, decrease in the protein content
of leaves, enzyme inactivation (Mudd, 1975), decrease in DNA synthesis in higher
plants, and a reduction in terpene production in conifers (Ziagler, 1975).



The gstructural characteristics of lichens and btyoﬁhytes‘make Lhem
particularly susceptible to the effects of air pollution. Lichens trap
particulates and accumulate sulfur and heavy metals. For this reason, they are
often used as biomonitors. Because they are adapted to absorb moigture, they
congsequently absorb ampient pollutants (Rhoades, 1988). Lichens are almost
entirely depandent on the atmosphere for their nutrients and moisture. 1In
addition, unlike vascular plaats which are a&ble to close thelr stomata at night,
lichens exchange gases with the atmosphere continuously. Sulfur dioxids
interrupts the lichen's photosynthetic process. Because of thelr low metabolic
rate, they have a limited ability to respond to abrupt environmental changes
(Anderson and Treshow, 1984).

Sensitive species of lichen grow poorly or are misaing from areas with high
atmospheric sulfur concentrations. Treshow and Anderson (1989) showed all
epiphytic lichena absent from an area with mean annual ambient air lsvels of 170
ug/m- (0.06 parts per million (ppm)) SO,. Senzitive species were severely
depleted above 6Q ug/m~ (0.02 ppm), and effects were measurable as low as 10
ug/m3 (0.01 ppm) of SO5 . McCune {1988) showed that the variatioa in lichen
community composition and cover were correlated with mean annual amblent alr SO,
levels. A mean annual coacentration of 30 ug/m3 (0.01 ppm) of S0, may injure
sengitive individual species Of Usnea, Lobaria, Ramalina, and Cladonia. Other
lichen species may be even more gensitive to sulfur oxides. LeBlanc and de
Sloaover (1970) showed that Cladonia fimbrjiata, Leacidea nylanderi, Ramalina
americana, Rinodipa papilats, and Xanthoria fa%;ax were prasent only when the
annual average of SO; was less than 13~26 ug/m”. Lichens growing on acid
substrates are more sensitive to SO, than those growing on basic ones. Anderson
and Treshow (1984) mentioned that a correlation between the concentration of
atmospheric SO, and tree bark acidity can exist. The number of epiphytic lichens
declined as the pH of the tree bark decreased.

Nitroqen Dioxide

The greatest man-made source of nitrogen oxidea is the high-temperature
combustion of fosgil fuels. During combustion, some of the nitrogen in the air
and fuel Ls oxidized to nitrogen oxide (NO) and nitrogen dioxide (NOj). Through
photochemical reactionsg involving the absorption of sunlight and interactions
with hydrocarbons and oxygen, atmospheric NO is converted to NOj, and some NOy is
consumed {n the production of ozone (Taylor and others, 197S).

Nitrogen oxide and NO, are phytotoxic. Concentrationg exceeding 100 parts
per billion (ppb) (hourly average) over many days have been shown to negatively
affect sensitive plant sgpecies. Nitrogen dioxide reacts with water in the leaves
to form nitrous and nitric acids. When the acids exceed a cesrtain threshold, the
tissues of the leaf are injured. Characteristic visual symptoms include brown or
black spota--especially on the margins of the leaves~-asgociated with necrosis,
and an overall waxy appearance. Injury is exacerbated under moist conditionsa.
Nitrogen oxide has been shown to reduce CO, abgorption and photosynthesisg, while

NO, causea growth depression, increases leaf drop and reduces yield (Taylor and
others, 1975).

Nitrogen addition through atmospheric NO, daposition can have a profound
effact on ecosystems in two ways. First, it has baeen shown that the addition of
atmospheric NO, acts as a fertilizer to plants (Van Cleve and Oliver, 1982;
Ekwebelam and Reid, 1984). Zeavaart (19768) documented the addition of



atmospheric nitrogen to fumigated plants by measuring the increase in protein
content of the leaves. Growth stimulation {g a common reaponse of broad-leaf and
conifer trees and herbacecus plants to small amounts of NO, (Okano and others,
1986, 1988, 1989). New growth that occurs too early in the season could aenhance
gensitivity to an early spring frost (Freer—-Smith and Manafield, 1987).
Alternatively, unnatural fertilization causes plants to grow later into the fall.
Plants are also, therefore, more susceptible to frost damage in the winter.

Second, the spatial distribution of nitrogen slgnificantly influences
vegetation community structure (Robertson and othera, 1588). In a satudy of
secondary successaion, it was shown that plant biomass and helght significantly
increased and spacies diversity significantly decreased with added nitrogen
(Tilman, 1987). Initial species abundance did not make a difference in terms of
interspecies competition. Nitrogen addition led te a period of transitional
dominance by certain species.

Toxic Elementsg

The interaction between elements and biological systems is determined by
the inherant properties of the elements, particularly the chemical reactivity,
solubility, and interactiona with other inorganic and organic molecules (Lepp,
1981a,b). Determining the total conecentration of an element is usually, but not
always, relatlively simple since each element of the periodic table can be
detected in biological and abiotic samples with varying degrees of precision
uging different analytical techniques. Separating anthropogenic accumulation of
elements in tissues from natural concentrations of the same elements and
determining levels of thresholds for injury are difficult due to the natural
variability of elements in ecosystems. Sufficient replication of individuals at
a site and sites within a study area are important for determining gradienta from
point or regional sources of potentially toxic elements.

The physical, chemical, and biological propertles of mosses and lichens
that facilitate the uptake of sulfur also allow the uptake of atmospheric heavy
metala. Particlea are trapped an the rough plant surface and transported into
the thalli through ion-axchange and intercellular uptake (Puckett, 1988). 2inc,
Cd, and F have been found to cause chlorosis and reduce photosynthesis in several
lichen gpecies (Nash, 1971; 1975).

Lichens and moases are able to accumulate metals to a far greater level
than iLs necessary for their physiological needa. The metals remain in the plant
throughout its lifetime, and accumulate in the surrounding soll when the plant
dies and decays. Once in the soil (either due to plant decay or dry depoaition),
metals can have a profound impact on soil microorganisms. Heavy metala have been
shown to decrease the decompogitlion rate of litter by fungl (Inman and ParXker,
1978; Tyler, 1984), and fluoride hasg baen shown to be toxic to litter-decomposing
woodlice (Beyer and others, 1987). Ovar time, a decrease in decomposition will
reduce the availability of macronutrients to vaescular plants. Heavy metals also
decrease the rate of starch decomposition by microorganisms and decrease 3oil
respiration (Ebregt and Beoldewijn, 1977). Earthworms, an Lmportant food source
for amall mammals and birda, have been shown to accumulate heavy metals in their
tiasues (Van Hook, 1974). The accumulation of metals in the soil alsc makes them
available for uptake by vascular plants in toxic quantities. Many studies have
shown that the depoaition of toxic elements into an ecosaystem results in the



movement of the elements into biological components of the scosystem (Lepp, 1981a
and b).

Lichena have been established as biomonitors of metal depoajtion (Nash and
Wirth, 1988) and can help distinguish between airborne metals and those occurring
naturally in the soil. Species differ in their uptake of these alements.

Methods developed for determination of toxic element effecta on blalogical
gystems have typically been designed to detect spatial and/or temporal trends in
the accumulation of metals in plants and their subsequent movement through
trophic levels.

DENALI BIOMONITORING RESEARCH PLAN

This study focuses on the use of lichens and mosses as both passive and
active biomonitora of the proposed HCCP facility. Peltigera aphthgsa and
Hylocomium gplendensg, lichen and moss species found in DENA, and the two primary
non-vascular target specles for elemental analyses, have been ussd as
bioindicators of metal accumulation in previous studies. By analyzing thallus
tigsue it is possible to map the spatial distribution of the zone of influence of
gome point source of airborne sulfur or metals. The use of radiating traverses
in the assassment of spatlal trends is a more economical way of measuring zonas
of influence if general trends are desired rather than a detalled biogeochemical
map. The measurement of metal levels in lichens and mosses, coupled with an
examination of the geochemistry of local organic-rich solls and coals to be
burned, assists in the process of evaluating the potantial impact of the new HCCP
plant by identifying both the background geochemistry of natural materials and
the patterns of accumulation of elements for comparing future levels of exposurs
under the operation of the BCCP.

METEODS

STUDY DESIGN

A technique commonly used to define the minimum region of influence of a
point source is discussed in detail by Gough and athers (1986), and involves the
detsrmination of elemental cancentration trends in vegetation with respect to
distance from an emisajion source. An inverse linear relationship between elaement
concentration in soll and vegetation with distance from an emission source ia
frequently found near foasil-fuel power-plants and refineries or other types of
processing facilitles. Typically, the concentration trends of selected trace
metals, such as V from fuel oll or S from ccal, can be measured in native
vegetation. Because differences in emission-source-related trace~element
concentrationg may ba found among different plant specles (due to differences in
longevity, absorptive surfaces, metabolism, growth-form, habitat, and
wicroenvironment) more than one potentially sensitive speciesg was sampled.

REGRESSION ANALYSIS

Variations of alement concentrations in two cryptogam specles (lichens and
mosses, or more generally, vaegetation without an internal vascular system),
relative to distance from GVEA, were examined by linear regression. A least-



squares equation was used for the regression model and the prediction equation
takes the form:

X=a+}hlogighl

wherg X ls the concentration of the element in the receptor material, D is the
distance from GVEA, and @ and b are, respectively, the regresalon constant and
regression coefficient. The statistical significance of each regression was
determined by analysis-of-variance (ANOVA) procedures. Coefficients of
determination between element concentration and. log distance estimate the
proportions of the total variance in concentration that is associated with
distance from GVEA., Large coefficients of determination are strong arguments for
associating an emission source with element accumulation in vegetation or soil.
The correlation coefficient () is not used as an indication of statlstical
significance because the values for distance were selected and cannot be
considered as random, independent variables. Finally, tha covariation between
logarithms of element content in plant samples among the sample locations aleng
each of the traverses was estimated by the product-moment correlation
coefficient.

FIELD SAMPLING AND SAMPLE PREPARATION
Site Selectjon

The field sampling was completed September 6-16, 1991 with three field
crewse composeéd of both USGS and NPS personnel.

The study area is shown in Figure 1 and the actual location of the sampling
sltes in Figure 2. Sampling sitea for this study were selected to be as similar
to one another as possible with regard to soil, vegetation, geology, 3lope, and
aspect. Variations observed in element content of plants or soils, therefore,
could be attributed more confidently to some contamination point source rather
than site-relatsd influences. Plant and soil samples waere collected in close
proximity to each other (less than 3 m apart).

The general design consists of three traverses which were delineated on
topographic maps of the Healy area before visiting the actual site. These
traverses were: (1) the Nenana River Traverge which originated at the GVEA and
progresaed south; (2) the Stampede Traverse which originated at the GVEA and
progresased northwest; and, (3) the Northern Control Traverse which originated at
the Nenana River 18 km north of the GVEA and progressed west. The lncreased
intensgity of sampling cloge to GVEA, relative to standard geometric sampling,
provides increased resolution of analyses near the plant (Figure 2). The
traverses and sampling densities are summarized in Table 1.

The Nenana River Traverse sampling sites were located at approximately 0.0,
6.5, 1.0, 2.0, 4.0, 8.0, 16.0, 25.0, 40.0 and 80.0 kn. The Traverse continued
south and included the Riley Creek drainage with alternate sites along the Nenana
River, depending on acceas. The Stampede Traverse followed Panguingue Creekx and
the Stampede Trail and had sampling sitas located at approximately 0.5, 1.0, 1.5,
2.0, 4.0, 5.0, 8.0, 14.0, 16.0 and 32.0 km.

Three other sites, in addition to the above Traverse sgites, were
established near meteoroiogical or ambient pollutant monitoring equipment at each
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of the sites. One site {Denali monitoring site) is on the northern boundary of
DENA, approximately 6 km south of the GVEA plant. The gscond monitoring site
(Hdealy monitoring site) is approximately 1 km west of GVEA. A third site was
located near the DENA Headquarters.

Additional sites were located at nine positions near the base of Healy
Mountaln and the Dry Creek drainage. These nine sites are designated as Radial
Arc sites in Table 1. Although not in the original design, several of the
Stampede and Radial Arc sites formed a Traverse which we later called the Dry
Creek Traverse. This Traverse consiats of samplesa from the Stampede Trall Site
0.5, Meteorologic Site 001, and Radial Arc Sites 002, 003, 004, 005, and 006.

These sites comprigse a2 Traverse that progresses from the GVEA southwest alang Dry
Creek at the base of Mount Healy.

Sites consisted of conifer stands, dominated by white spruce, with a canopy
cover of between 30-60% (moderately dense). Sites were further atratified
according to the Viereck vegeatation classification system (Viereck and others,
1986) as determined by field crewsa, Sites were characterized by a moderate
understory of mixed shrubs and a dense ground cover of mossges
{(Bylocomium/Pleurozium/Palytrichum| with scattered clumps of Cladjina and

Pe era. This ground cover type (moss/lichen) was often found under spruce
tree canoples.

All gites were marked (numbered locator tree), mapped, and geographical
coordinates recorded. 8ites were i{dentified and recorded on USGS 15 minute
topographical mapa (1:63,300). Photographs were taken of each site. Sites were

at least 200 m (i4f possible) from roads or railroads and at least 50 m from lakes
or meadows.

Sampli lots At ch te

At each sampling site along the traverses, two or three permanent elemental
monitoring plots (See Table 1.) were established by marking one dominant white
spruce (plot locator tree) with a steel band, flagging, and an aluminum tag. The
locator tree was usually a prominent feature of the site, making relocation
possible. It became the focal point for each of the two or three sampling plota.
The plots were within 200 m of each other (with a minimum of S50 meters between
plots); distance and direction betwesn plots were randomly selected within
reasonable constraints of movement within the spruce atands. The dominant tree
was tagged and mapped and served as focal point for the plot. Diameter at breast
height (adbh), bole characteristics (beetles, lightning scars, overall health,

etc.), and canopy condition (percent live crown; foliage discoloration) were
recorded for each tree.

Any additional plot characteristics such as slope, elevation, aspect, and
canopy cloaure thought to influence the structure of the lichen or vascular plant
communities, were recorded. The presence or absence of vadacular species was
recorded to aid in the Viereck vegetation classification of each plot. This
information was antared on the field sheets, ae ghown in Figurs 3. All samples

were labeled with coded field numbers. Coding is described in the "Explanation
of Appendices”.



Vegetatjon Collectlofn.

At each sampling plot within a site, approximately 200 g dry waight (dw) of
feather moss and 200 g dw of Peltigera aphthoga llchen were collected. Distance
and azimuth from the plot locator tree to the polnt where the samples were
collected was recorded. The moss samples were usually thick, uniform mats and
included the stratified o0ld material as well as young material. Attachad organic
detritus and extraneous vegetation was removed as much as possible in the field,
Lichen samples were collected from the forest floor, where the lichen was found
in small coloniaes intermingled with variocus mosses, low-lying shrubs such as
blueberries, or other lichens. Samplea of the feather moss and lichen were
compoaltes of several clumps or mats within 10 m of tha dominant white spruce
trea of each plot. Needles and twigs (terminal 15 cm) were collected from the
dominant white spruce of each plot. A composite gample of sevaeral low branches
was made by clipping with stainless steel sheers. All vegetation samples were
labsled with coded sample numbers, placed in Hubco cloth bags, allowed to air dry
at camp, and then mailed to the USGS Denver laboratories.

Qa-Horizon Soi)l Collection

At one of the three sampling plots per site, living vegetation was removed
from the soil surface and a2 50 em-diametsr circle was cut into the top 10-15 c¢m
of soil with a tiling shovel. The organic-rich Oa-horizon was then separated
from the mineral s20il using a kxnife or trowel. The Oa material was then
disaggregated into a plastic bucket. Thig procedure was repeated at two
additional places within the plot and the soil from these three places were mixed
in the bucket. A homogenized portion waa then placed in a water-resistant paper
bag and labeled with c¢oded sample numbers. The samples were mailed to the U.S.
Geological Survey laboratoriee in Denver, Colerado.

LABORATORY METHODS

At the Denver laboratories, the samples of mess and lichen were washed by
suspending the entire gsample in plastic buckets filled with tap water. Foreign
material was removed after careful vigual &nspection, and excess watsr was
removed by hand squeezing. The material was then transferred to colanders and
rinsed at least twice with demineralized water. The washed samples were then
driad in a forced air oven at ambient room temperature. The white spruce samples
waere not washed, but were dried as received from the field in the same fashion asg
the mosges and lichans.

Once dry, the plant samples were ground to pass 10 mesh (2 mm) with a
standard Wiley mill. Each plant sample wag divided, with one part ashed at 450°¢c
over a 24 hr period, and the other part left unashed. BAnalytical procedures
followed established Q/A and @Q/C policies used in the USGS laboratories
(Arbogast, 1930) and included the analysis of duplicate samples of the same
material and the analysis of proposaed in-house standard lichen, moss, and white
spruce materials. These in-house standards do not give information about the
accuracy of the results, but Qo show method precis{on. A separate in-progress
study will determine if these materials prove to be homageneous, and whether in
fact can be used as standards. All samples and analytical duplicates (randomly
chogen for 10% replication) of a given media were randomly ordered, and then
divided into lota of 38 samples. Each lot had randomly inserted two gamples of
the appropriate proposed in-house standard.

Y
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50il samples were dried under forced air at ambjient temperature. All of
the dry samples were disaggregated uging a mechanical ceramic mortar and pestle
and then sieved to minus 10 mesh (2 mm). Sample splits of the Oa-horizon were
ground to minug 100 mesh with an agate shatter box and a split of the minus 100
mesh material was ashed in a muffle furnace at 450°C and ash yield (percent ash)
was calculated. Percent ash or ash yield equals (weight of ash)/(dry-welight
sample weight ashed) * 100. Both the raw and the ashed material were uged for
analysis, depending onrn the method of analysis.

ductivel oypled Plasma-Atomic ssiop Spectrosco CP-AES

Splits of the ashed vagetation and soil samples were analyzed
simultanecusly for 38 elements using ICP-AES. Each soil ash sample (0.200 g) and
plant ash sample (0.100 g) was dissolved using a low-tamperature digestion with
concentrated hydrochloric, hydtofluoric, nitri¢, and perchloric acids (Crock and
others, 1983). The acidic sample solution was taken to dryness and the residue
wag dissolved with 1 mL of aqua regia and then diluted to 10 g with 1% (V\V)
nitriec acid. Reagent blanka, reference materials, and sample repllicates were all
digested by the same procedure and analyzed at the same time aa the samples. The
elements determined and their limits of determination are shown in Table 2. The
relative standard deviation (RSD) for replicate determinations of most elements
is five percent or less.

Continuvous-flow, Hydride-generation Atomic Absorption (HGAAS)

Argenic and selenium in the vegetation and soils were determined by HGAAS
(Crock and Lichte, 1982; Sanzolone and Chao, 1987). A 1.000 g unashed plant or
soil sampls was digested with nitric and perchloric acids and 30 percent hydrogen
peroxide. After digestion, the clear, colorlesgs solution was dilutad to 50 mL
with 6N hydrochloric acid. Arsenic and selenium were determined independently
using specifically~deasigned continuous-flow systems. In the procedure, the sample
solucion was raacted with sodium borohydride to gensrate the gaseous hydrides,
which were swept into the heated quartz furnace of an atomic absorption
spectrometer. Arsenic and selenium were determined using an aqueous standard
calibration curve. Determination limits for arsenic and selenium are shown in
Table 2. The RSD for the determination of both elements was about ten percent,

Migcellaneous Determipatjions

Mercury in soil and plants was determined using an automated continuous-
flow, cold-vapor atomic absorption spectroacopic method (Kennedy and Crock,
1987). An unashed 0.100 g soil or a 0.200 g plant sample was digestad with
nitric acid and sodium dichromate in an open-glass test tube and then diluted to
12 oL, with deionized water. The sclution was reacted with a sulfuric acid-
hydroxylamine hydrochloride solution and stannous echloride solution in a
continuocus-flow gystem. The gaseous mercury was separated in a phase geparator
and swept into a quartz cell of an atomic absorption spectrometer. Mercury was
determined uging an agqueocus standard calibration curve.

Total sulfur in both s0ils and plants was determined using a Laco SC-132
automated analyzer., The sample and a vanadium pentoxide flux were combusted in
an oxygen-rich atmosphera at 1370°C and the evolved sulfur dioxide measured by an
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IR (infra-red) detector (Jackson and others, 1985, 1987). Limits of
detarmination are given in Table 2 for both Hg and total S.

RESULTS

All the analytical results, as determined, for the samples, duplicates, and
in-house standarde are given in Appendix Tables Al-AS. For the RESULTS
discussion, the analytical duplicates were averaged, and the average used for the
statistical calculationsg.

All the analytical data for the feather mose samples are given in Appendix
Table Al. The analytical results converted to a dry-weight basls for the Radial
Arc Sites are given in Table 3, the Northern Control Traverse Sites in Table 4,
the Meteorologic Sites in Table 5, the Nenana River Traverse Sites in Table §,
the Stampede Trall Traverse Sites {in Table 7, and the in~house standard feather
mods in Table 8. PFor all the samgles, concentrations of Ag, Au, B84, Eu, Ho, Sn,
Ta, and U were below their respective limits of determination as given' in Table
2. 1In general, the results for the in-house standard feather mosa look to be
pracise, with Se, La, and Pb having the highesat RSD,

All analytical data for P. aphthosa lichen samples are given in Appendix
Table A2. The analytical results converted to a dry-weight basis for the Radial
Arc Sites are given in Table 9, the Northern Control Traverse Sites in Table 14,
the Meteorologic Sitas in Table 11, the Nenana River Traverse Sites in Table 12,
the Stampede Trail Traverse Sites in Table 13, and the in-house standard P,
aphthosa lichen in Table 1l4. For all the gamples, Au, Bi, Bu. Ho, Nb, Sn, Ta,
and U were below their respective limits of determination as given in Table 2.
Only two samples showed detectable Ag and only one sample daetactable Be. The
results for the in-house lichen standard look precise, with Ga, La, Pb, Se, Nd, Y
having the highest RSDs of concern.

All analytical data for the Oa-horizon soll samples are given in Appendix
Taple A3. All analytical results converted to a dry-weight basis for these soils
are given in Table 15. VFor all the aamples, Au, Bi, Ho, Sn, Ta, and U were
below their respective limits of determination as given in Table 2. Only two
goils showed detectable Ag and Eu.

All analytical data for the white spruce samples are given in Appendix
Table A4. The analytical results converted to a dry~waight basis for all the
samples are given in Table 16. For all the samples, Ag, BAu, Be, Bi, Bu, Ho, Nb,
§¢, Sn, Ta, O, ¥, and Yb were below their respective limits of determination as
given in Table 2. Only one sample showed detectable Mo. All values for the in-
house standard white spruce are acceptable, except for Se.

All analytical data for the miscellaneous lichen samples are given in
Appendix AS. Due to the difficulty in finding sufficient sample maas for the
Ysnea fampla, and one sample of Cladina, percent ash and ICP~AES methods were not
performed. Of note i3 the elevated volatlle element content of the Uspea 2ample
as compared to the other lichens analyzed from the atudy area. This is
egpecfally true for total § and Hg.



ELEMENTAL CONCENTRATION BASELINE

Baseline information for the vegetation species and the Oa soils was
calculated as the observed range, dry-weight basis, for those samples thought to
be beyond the influence of the GVEA. Examination of element concentrations
versus distance from the GVER for the various traverges (See Figures 4-5 as
examples.) shows that beyond about & km an inflection point is reached. The
collective values beyond this point were used as a “working” or "observed"
baseline range (Figures 4, 5). Therefore, the samples of the various media from
Radial Arc Sitea 003, 004, 005, 006, and 007, Control Traverse Sites 7.5, 008,
and 016, Nenana River Traverse Sites 008, 016, 025, and 040, and Stampede Trail
Traverse Sites 008, 014, 016, 025, and 032 were used to tabulate an observed
bageline range for each of the media. This rangs was simply the range of
obgerved values for this selected suite of samples.

Basellnea for the elemental content and ash yield of feather moss ara given
in Table 17. Also listed are the calculated baseline ranges for elements in
feather moss from the Kenai National Wildlife Range (XNWR}, Alaska (Severson and
others, 1990). By comparison, most trace elements from this study are aimilary
they are higher, however, for Ce, Cr, Cu, la, Li, Nd, Ni, and As and lower for
percent ash yield and Al. Also listed are unpublished results for a baseline
study for the Wranqell-Saint Elias Wilderness Area (WSE), Alaska. This study was
completed by the same NPS and USGS personnel using the same field and laboratory
methods. The WSE study area is more geographically and geomorphologically
similar to this sgtudy site, both being heavily influenced by a major river valley
with its intermittent dust storms and lower precipitation as when compared to the
Kenai Peninsula., Tha REE (Ce and lLa) ranges for this study appear to be higher
than the WSE atudy. This may Indlcate a localized RER influence in this study
area, Total S, Mn, Pb, and Zn alsc show a slightly larger high~end for the
baseline range. This may indicate an anthropogenic influence an the mosses.

An observed baseline for the elemental content and ash yield for P.
aphthosa for this study area is given in Table 18. Alsc listed are the observed
baseline ranges for the lichen from the WSE. For most elements there is good
agreement between the two studies with a few exceptlions. The REE appear elevated
in this study area lichen, similar to the mosses., Total S, Mn, Pb, and Zn also
ghow a larger high-end for the baseline range. This may alsoc indicate an
anthropogenic influence an the lichen.

An obsarved baseline for the elemental content and ash yield for white
gspruce for this study area is given in Table 19. Alsc listed are the baseline
rangesd for XKNWR and WSE. There is good agreement between all three studies,
except for Cu which Ls highest in this scudy.

An observed bageline for the elemental content and ash yield for the oa-
horizon goils for this study is given i{n Table 20. RAlgso listed are the baseline
ranges for KNWR and WSE. In general there is good agreemant batween the three
studies with several exceptions. These exceptions include Ca, Nd, and La,
indicating a possible REE enriched gource for this atudy area‘s 30ils. This
_enrichment {2 also noticed when this study area’s soil samples are compared to
tha geometric means listed for surficial materials of Alaska (Gough and athers,
1988c) given in Table 21. The REE content of this atudy area‘s soils does fall
within the baseline range of Gough and othars (1988c): howavar, other elementsg in



this study area‘’s soils tend to be elevated include Ba, Mn, Be; Cr, and Th.
These elements also fall within the range for Alaskan surficial materials, but do
tend to be elevated when compared to the raported geometric means.

SPATIAL ELEMENT CONCENTRATION VARIABILITY

The total variance in the elsmental concentration of sampled materials was
partitioned among three sources: (1) distance away from the GVEA power—-plant, or
the Nenana River (Northern Control Traverse); (2) among plots within a site; and,
(3) procedural or laboratory error.

Distance, plot, and procedural variance for elemental concentrations and
ash yield for P, aphthosa lichen are presented in Tables 22 and 23. In general
the analyses proved to be precise when the elemental concentrations were well
above (usually >10 times) the respective limits of determination (possible
exceptions being Ba, Mg, and Ca). The imprecise determinations may be due to the
occurrence of an insoluble phase in the ash of the lichena. This may be a
sulfate or an oxide (total 3 ig more lmprecise for the lichens than the mosses).
The majority of the remaining variance lies in the distance factor. BAs with the
mosses, the volatile elements in the lichens show a greater amount of varilation
in the within-site variation.

Distance, site, and procedural variance for elemental concentrations and
ash yisld for feather moss are presented in Tables 24 and 25. 1In general, when
the elemental concentrations were well above the limit of determinatiocn,
procedural variance was below about 3% (Tables 24 and 25). This indicates that
the analysea were precise. Procedural variance was not listed for the Dry Crsek
Traverse becauge there were no randomly-chosen duplicates in the group of samples
selected for that Traverse. The majority of the variation for most of the
elements was agsociated with distance. The noticeable exceptions are Hg, total
S, and Se. The majority of the variance i3 associated with plots within sites.

Because of study design economy, replicate scil samples were not collected
at each site: therefore, an ANOVA for the Oa~horizon solls was not performed.

) Distance, plot, and procedural variance for elemental concentrations and
ash yield for white spruce for the Nenana River Traverse is presented in Table
26. In contrast to the moss and lichen, the variance was not primarily
associated with the distance factor. When the element was gufficiently above the
detection limit, procedural variation was small. For most elements, the within-
gite variation was large, thus demonstrating the limited ueefulness of white
spruce to monitor possible contamination. Because of insufficient spruce
materials from sites along the other traverses, no ANOVA was performed.

TRAVERSE TRENDS

Ash Yjielgd

Highly variable ash yield data for plant tissue used in biomanitoring
gtudies is always troublesome because of the implication that one may be
measuring differences in the deposition and entrapment of airborne particles. We
have found this to be of particular concern in semi~arid environments (Gough and
Erdman, 1977; Jackson and others, 1985; Gough and othera, 1988a) but not ao
inportant in mesic environments (Gough and others, 1988b; Severson and others,



1990). Many studies have shown fallout-dérived particles deeply imbedded in
intertwined lichen tissue that were difficult or impossible to remove by standard
cleaning procedures.

Samples of mosa and lichen were washed, as detailed in the "Laboratory
Methods” section. The rinse water was always observed to be clear following the
third treatment and no debris was observed either on the bottom of the container
or suspendad in the water. Neither material was collected contiguous to the soil
surface and we fasel conflident that nearly all of the loose extranecus attached
material was removed through the washing process. The moss grows in dense,
tangled matg which add vertically to their mass with each growing season. It ia
possible that entrapped extraneous material in the moss mat was not removed.

The growth habit of the lichen, which has a smooth upper surface, however, makes
the attachment of alrborne particles difficult.

The large and small variability in ash yield for moss and lichen,
respectively, can be seen in Figure &. Ash yield ranged from <4 to 42 percent
for moas and <2 to 7.5 percent for lichen. Several methods can be uged to assess
the relative degree of contamination originating from soil that might contribute
to this variability: (1) asgess the absolute concentration of resistate,
biologically non-functioning elements, such as T and Sc¢, and (2) examine the
relation between the concentration of these elements and ash yield.

Table 17 gives the obgerved range of values for element concentrations in
H. splendena measured in three separate studies in Alaska. In general,
concentrations of Ti, Sc, Al, and other non-hiological elements are higher in the
moss from the WSE arsa than from either XKNWR or DENA. (It should be noted that
the WSE and KNWR materlals were collected in exactly the same manner as the DENA
material; Kenai material, however, was-not washed.) None of these concentrations
igs excessaively high when compared to the general litsrature for the concentration
of these elements in plant materials (Ebens and Shacklette, 1982; Guough and
Erdman, 1983). The Ti and Sc data for P. aphthegsa are also considered in the low
range of obgerved concentrations for lichens in general (Gough and others,
1988a,b). These concentration data do not, by themselves, suggest soil
contamination as the cause of the variable ash yield.

Figure 14 ghows the plots of ash yield versus the concentration of Ti, Sc,
and Al in moss tissue from samples collected along the three major traverses.
The slopes are poaitive and the £2 valuas indfcate that these relationa are
strong for all nine trenda. The same relations for the lichen material follow:



Coefficients of determination for relations betwean concentrations
of Ti, Sc, and Bl in P. agphthosa and ash yield along the three major
gtudy traverses.

Traverse: Element: rz
FT 3 I FEF s 3 ¢+ E P13 2 12+ 2 2 333 F 2 2 2 L | 44
Control Titanium 0.81
Scandium 0.85
Aluminum 0.%0
Stampede Titanium 0.94
Scandium 0.79
Aluminum 0.94
Nenana Titanium 0.83
Scandiuvm 0.88
Aluminum - 0.96
33t T X - P X A - L4 3 F 24 2 F & 3 )

The relations for lichen tissue are not quite as strong as for moss but are,
navertheless, very Lmportant. Thege data indicate that the highly variable ash
yield values, especially in mosa, are probably the result of deeply entrapped
soil particles. Although a concern, the presence of soil la of minor importance
in this study, except that soll serves to “dilute” the concentration of most
elements, such as the heavy metals. This is because ash-forming minerals, like
quartz and feldspar, are composed of the major elements such as Ca, Fe, Mg, Si,
and Ti, and not the trace elements, which are of more environmental cancern.
Therefore, entrapped soil particles should serve to causgse an under-estimation of
the presence of environmentally important trace elements - not an exaggeration or
over-estimation.

The Control Traverse was incorporated into the overall study design in
order to (1) factor out any observed GVEA influence, and (2) assess the potential
influence of the Nenana River as a source of natural "contaminatfon®. Braidad
streams in Alaska, with their broad alluvial plains and extensive bars, are
source areas for wind-blown dust.

Elemental Concentrationsg

The data in Figures 6-13, and the Appendix Tableg Al-A4 that list the
element concentration data by aite, show that, in general, the Control samples
have the lowest aelement concentrations for mess, lichen, and soil (exceptiona
include concentrationa of Mn, total §, and 2n, as well as the major elements such
as Mg and P). For example, concentrations were low along the Control Traverse
for Al, Aa, Cr, Ni, Se, and V (as well as ash yield) in all three sample media,
and for Ca, Cu, Fe, La, Pb, and Y for moss and sail (but not lichen). B8y far,
the highest element concentrations were observed along the Stampede Traverse and

“intermediate” concentration levels were recorded from the Nenana Traverse
samples.

The Stampede Traverse crosses the sideslope of the Nenana River and an
upland pediment which {s a part of the Alaska Range. The Nenana River has aroded
through the pediment in much the same manner as it has through various
metamorphic and sedimentary depoaits of the Alaska Range.
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The Nenana River Traverse is basically in the Nenana River valley . The
bottom of the valley ig filled with glacial material deposits mixed with
sidaslope alluvial fans. The origin of these fans are determined by the upslope
geclogical matarials. Distance from GVEA may not be the only variable
contributing to the trends observed in the data. Other variables, such as
changes in mineral soil and geology may be important.

The data from all three traverses show that:

1. The Control Traverse has the lowest element concentration levels;
{nverse concentratlon versus distance trends are thought to result from the
influence of airborne dust originating from the Nenana River alluvial plain.
Thig Traverse appears to be outside the measurable potential influence of the
present GVEA facility.

2. The Stampede Traverse has the highest overall element concentration
levels in all three sample media; however, these higher concentration levels do
not necessarily translate into stronger concentration versus distance trenda.
Some of these concentration levels appear elevated when compared to the general
cryptogram literature (see the "Element Concentration Levels” section below) and
the Traverse trends indicate that the GVEA facility, or the Healy area in
general, or both are probabla sources for some elements.

3. The Nenana Traverse has intermediate concentration levels when comparsd
to the Control and Stampede levels. Unlike either the Control or the Stampede
Traverses, sample sites beyond about 8 km from GVEA along the Nenana Traverse are
located within a somewhat confined, narrow valley. Winds in this valley blow
both north and socuth and air pollution (haze) from the Realy area is commonly
observed to "slosh" up and down the valley along the eaat boundary of DENA (DENA
personnel, personal communication, 1991). We are unsure Why this Traverse has
element concentrations that are lesa than the Stampede values; however, like the
Stampede Traverse, tha element concentrations and trends appear influsnced by
GVEA and the Healy area.

Relations between distance from GVEA, or the Nenana River, and element
concentrations (and ash yield) in mess, lichen, and Oa soil, for each of the
three major traverses are presented in Table 27. Only those elements are given
that either (1) show strong inverse relations, or (2) show few or no inverse
ralations but are of environmental {mportance. Linear regression prediction
equations are listed only for those relations that have a calculated coefficient
of determination (r®) that is >0.50. This means that greater than 50 percent of
ths total variation in the data for a particular element along tha digtance
gradient can be explained by the concentration/distanca relation. We do not test
the gignificance of r for reasons given in the "Regression Analysis” sgection.

The relations expressed in Table 27 are graphically presented in Pigures 6-
14, The scatter plots range from showing no trends (i.e., Mn and Zn) to showing
very strong inverse relations (i.e., La and Pb). In examining these plota
certain tendencies are apparent:

1. Among-gite variability appears large for both moss and soil, and small

for lichen, for nearly every element alang every Traverse (the ANOVA in Tables
22-26 alsoc shows this).
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2. Among-sample, within-site variability (in other words, among replicate
samples at a site) also appears large for moss and small for lichen (soil within-
aite variability was not maasured).

3. 1In general, aelement concantration levels follow the progression:
lichen < moss < soll. Concentrations of most elements ware several times greater
in moss than in lichen; sulfur concentrations were similar for moss and lichen,

4, Certalin sites show cansistently unusual or highly variable data (e.qg-.,
data for ash yield and As at the 0.52 and 2-41 km sites on tha Stampede Traverse,
Figuxes 4 and 11, respectively).

S. The majority of aelemants (Appendix Tables Al-A5; Figs., 6-14) show thair
highast concentrations cloase-in to the CVEA/Nenana River area and by far their
gmallast concentrations beyond about 6 ¥m from GVER (but not neceasarily the
Nanana River). Por those. elements showing concentration valuag at or near the
detection limit for the analytical method used, most occur beyond the 6 km range.

6. Important trends for ash yield occur for moss, lichen and soil on

nearly all traverses, the only exception being for soil along the Control
Traverse.

ELEMENT CONCENTRATION LEVELS

Table 17 lists the observed baseline valuaes for moss from the DENA, WSE,
and KNWR studies in Alaska. Observad bageline is defined for this study as that
range of concentrations in samples collacted beyond 6 km from GVEA (see "Basaline
Calculation™ section). The following discussion focuses on the more important
heavy metals, non-metals, and metalloids, and compares our observed baseline
concentrationsg with literature values for moss, and to a lesser extant, lichen.
Comparisons are made uging reportad element concentrations specifically for
Hylocomiym splendens from Scandinavia (Ruhling and Tyler, 1984; Ruhling and
othara, 1987) and northerrn Germany {Severson and others, 1992) and with the
genaral lichen literature but not specifically for Peltjigera aphthosa (Gough and
others, 1988a,b). Assaessments of relative toxicity to plants, animals, and
humang comes primarily from Gough and others (1379).

rs [}

A major socurce of atmospheric As is coal combugtion. Arsenic is also
extensively used in pesticides and wood preservatives and, depending on its form,
is considered to be moderately toxic to plants and highly toxic to mammals. In
genaral As concentrations in moss, along the three major traversaes ware <2 ppm;
howaver, two axtremely high values were recorded: 6.2 ppm {0.30 km site,
Stampeda Traverse) and 5.6 ppm (7.5 km site, Control Traverse). Thase samples
were re-examined and the values appear precise. Concantrations >1.4 ppm were
reported to be high for mosa in Swedan; a range of 0.07 - 0.6 ppm has been
raported as typical for northern Garmany (Severson and others, 1992). It
appears, therefore, that As levels in mogsses from this study are comparatively

elevated whan all the data from Tables 3-7 are considerad (Twenty-gix samples are
<0.6 ppm Aas.).

Argenic concentrations in lichen wera commonly <0.5 ppm. These values do
not appear unusual and are in line with literature values.



Cadmium

Cadmium is a component of anthropogenic atmospheric emigsions, mainly from
foagil fuel combustion and waste incineration. Cadmium phytotoxicity is
noderate; however, in mammals it tends to accumulate in the liver and kidneys and
its toxicity can be very high over time. Levals of Cd in DENA moss approach
levels reported as characteristic of areas in Sweden contaminated by airborne
metals. However, our analytical method has a relatively high detection limit of
approximately 0.2 ppm (dry-weight basis); most of our data fall balow this value.
We can make no conclusions about Cd Traverse trends. Like moss, Cd
concentrations in lichen tissue were low, most being at or naar the detaction
limic,

Chromjum

Although industrial iren and steel mills are the/major contributor of
anthropoganic Cr in the atmosphere, fossil fuel combustion does contributa to tha
overall atmosapherlec Cr burden. Chromium toxjicity depends on its oxidation state,
Cr(VI) baeing much more toxic than the anvironmentally most common Cr(III) form.
Chromium levels in DENA moss are comparatively quite high. Figure 10 gives the
Cr plots for the three traverses and values >15 ppm are cammon for the Stampeda
and Nenana traverses., Values >6 ppm are common along the Control Traverse.
Chromium concentrations in moss from KNWR and WSE are similar to the DENA values
and are also high. Swedish authors report that concentrations >10 - 12 ppm are
considered indicative of airborne contamination. Except for a few samples
collected along thae Stampede Traversa, the Cr levels in lichen are not unusual,
especlially when compared to the results of the WSE study (Table 18).

Copper

In general, Cu is only of concern locally near specialized industrial
sources. Although Cu is an essential element, elevated Cu levels are highly
toxic to microorganisms (bacteria, algae, and fungi) and only moderately toxic to
mammals. One very high value of 61 ppm was found in moss at the 0.25 km site on
the Nenana Traverse and several values >25 ppm were found along the Stampede
Trave;se. These values are high compared to those given in the literature. The
Swedish authors report areas with >16 ppm ag influenced by airborne sourcas, and

in Germany a value of 14 ppm was reported as high. The Cu values in lichen do
not appear to be unusual.

La anu

Except under unusual industrial conditions, lLa and the rare earth elements
{(REE) are not considered to be of much environmental importance and their
toxieity to living organisms is moderate to very low. Geochemical reports have
shown that coal from the Healy, Alaska area may be enriched in La and REE when
compared to coals from other U.8. sources (Affolter and others, 1980). Figure 9
shows the plots for La and Table 27 gives the regression equationsg for these
relations. Very strong trends were observed for both moss and lichen along all
three travergses. Although not presentaed, trends for Ce and Nd were also atrong
(see Appendix Tables Al-A4). Levels of Yb and other REE were mastly at or below
the detection limit. Cryptogam REE concentrations rarely appear in the



literature, but ocur data appear to be higher than any values that we have seen by
a factor of two or three.

Lead

Lead originates from numerous diveree industrial sources but has been most
frequently associated with contamination near roadways where use of leaded fuels
has been a problem. Lead {8 a common airborne metal and is known to be
transported great distances in the atmosphere. Lead can be extremely phytotoxic.
Its toxicity to mammals is considerad modarate but cumulative. Literature from
Scandinavia identifies values >60-30 ppm in moss as heavily contaminated. A
value of 20 ppm was reported as high from Germany. Figure 6 shows very strong
inverse trends for Pb in moss along all three traverses with values >S5 ppm are
common from sites close to GVEA. Concentrations of Pb in moss may be associated
with GVEA or wind-blown dust from the Nenana River. The total concentration of
lead in sampled mosses and lichens is not considered high, however. Lead levels
in lichen are particularly low compared to published valueq.

Ni 1

The major sourxce of Wi in the atmoephere is fossil fuel combustion and the
ferrous maetal industry. Nickel is considered very toxic to plants but only
minimally toxic to animals and humanse. The Scandinavian literature jdentifies as
contaminated those areas with Ni concentrations in mosses exceeding 10-14 ppm.
The Scandinavians note an important decrease in Ni concentrations from the late
1960’8 to the early 1980's, and attribute this to a concurrent decrease in
industrial emissions., Much of the Ni{ in moss data for the Stampede Traverse
excaeeded 10 ppm; Ni values for the Control and Nenana traverses were commonly >5
ppm. Table 27 gives the regression equations for Ni in moss and lichen, and,
aloag with Figure 11, these data show strong inversa concentration/distance
trends (soil trends were generally not important).

Su)}fur

Sources of atmospheric smulfur are both biogenlc and anthropogenic. The
concentration of total S in plant materlals has been used extensively to define
the impact of point-sources of atmospheric emissions, particularly fossil fuel
power-plants, whera both positive and negative relations are noted between $
cancentration and distance from the source. By itself S is not particularly
taxic but it can bes an indicator of acid deposition, which is toxic. Total S
concentrations in this study never exceedad 0.15% in moss and 0.17% in lichen.
These values are low and do not represent gross contamination. Figure 7 and

Table 27 show that, except for S§ in lichen along the Control Traverse, few trends
for this element are observed.

Vanadium

The most common source of V in the environment is the combustion of oil and
to a lesser extent coal. Although moderately toxic to plants, V is one of the
least toxic metals to animals and humans. Vanadium i8 considered a good "tracer”
element for svaluating the zones of influence for the emission of metals from
power-plants. 1In general, the Alaska mosa samples were higher in V than values
reported for both Scandinavia and Germany. In Scandinavia, values above 14 ppm
have been identified as defining areas that are industrially impacted and in

to
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Germany concentrations >6 ppm were rare. In this study, values >10 ppm are
common in moss along all three traverses and values >20 ppm wera common in
samples collectad within 2 km of GVEA along the Stampade Traversae. Atmospheric
V is readily absorbed by moss. The strong inverse trends observed for V (Table
27; Figure 12) may be from power-plant aemisgions or from some available fraction
that is associated with soil. The V concentrations found in lichen (generally <5
ppm) are not considered unusual.

Zinc and Mangangse

Most Zn and Mn in the atmosphere is the result of emissions from base metal
and voltaic-cell industries. Neither Zn nor Mn is considered an important metal
originating from power-plants. Because both are essential micronutrients to all
organisms, instances of toxicity occur only under rare occasgions (e.g., gross
over-fertilization). The scatter plots in F{gure 9 and the data in Table 27
show that Zn and Mn {n moss, lichan, and soll for all three traverses, digplay no
pattern relative to distance from GVEA.

COAL AND FLY ASH

Twelve monthly samples of feedstock coal and fly ash from GVEA are to be
analyzed for their trace, minor, and major elemental content by the USGS.
Samples of the feedstock coal are taken by intercepting the finely powdered, dry
coa)l immadiately prior to its entering the firebox of the boiler. The fly ash is
sampled from the bottom of the ash separators. To date, four sample pairs have

been analyzed. Thase include pairs from September, October, and December 1591
and January 1992.

All analytical results for faedstock ccal and fly ash from GVEA are
prasentad in Table 28. The coal rasults are presentsd on both a dry-weight and
agh-weight basis. The fly ash is given on the dry-weight basia. For both coal
and {ly ash, Ag, Au, Bi, ¢d, Bu, Ho, 3n, Ta, and U wara below their respective
limits of determination as given in Table 2 for all samples.

The analytical results for the monthly samples show that the faedstock coal
and the fly ash are similar from month to month, with most differences being less
than a factor of two for most elements, except for Ni and Zn, which vary up to a
factor of S. The ash-weight basig results of the coal should be similar to the
fly ash data Lf there are no lossaes dues to slement volatility. Some elements,
including Ni, Pb, 2n, and total S, show a relative depletion in the fly ash when
compared to the coal as calculated on an ash-weight basis. This indicates that
these elements ars being released into the atmosphere. Major-element content of
the fly ash and the coal on an ash-weight basis suggest that the fly ash does
represent the coal on the ash-weight basis. This is demenastrated by the AL, Fe,
K, Na, and Ti concentrations. Elements thought classically to be volatilized
from burning of coal are responding conservatively by not being lost. Thase
include Hg, As, V, Cr, Cu, and Co. There {s a relative enrichment of tha
alkaline earth and REE elements in the fly aah.



CONCLUSIONS

1. In order to assess the potential influenca of a proposed axpanaion to
the existing Golden Valley Electriec Assoclation Powar-plant at Healy, Alaska on
the air quality of Denali National Park and Preserve and its environs, samples of
Hylocomium splendens (feather moss), Peltigera aphthoga (lichen), and Oa-horizon
Boil were collaected at sites along three traverses, as well as from non-Traverse
gites, and analyzed for their chemical element concaeantrations. Two of the three
traverses, Stampede and Nanana, originated from GVEA and progressed northwest and
gouth, respectively, for about 30 km. A Control Traverse originated at the
Nenana River about 18 km north of GVER and progressed west for about 20 km.

2. ash yield of similar plant samples may indicate dust contamination,
Moss samples possessed a higher and more variable agh yield than lichen samples.
Samples of both moss and lichen had higher and more variable ash yield aleng the
Stampede and Nenana traverses than along the Control Traverse. 2all samples were
washed, and locose, extransous dust was removed. Very little overt contamination
was observed; however, ash yield versus concentrations of Ti, Sc, and Al indicate
that deeply imbedded, difficult to remove, duat contamination was present. We
conclude, howevar, that the contamination would only dilute the relative
concentration of environmentally important metals, not enhanca their
concantrations. 1In addition, important inverse ash yield versus distance trends
occur for moss, lichen and soil on nearly all traverses, the only exception being
for #0il along the Control Traverse. '

3. MAmong-sita variability for element concentrations in moss and aoil is
large, and is small for lichen, for nearly every element along every Traverse.

4. Among-sample, within-site element concentration variability also
appaars large for moss and small for lichen (soil within-site variability was not
meagured). This is particularly true for samples collectad within 6 km of GVEA.

S. In ganeral, element concentration lavels follow the progression:
lichen < moss < soil. Except for total sulfur levels, the concentrations of most
elements were several times greater in moss than in lichen.

6. Most elements show thair highest concentrationa closa-in to the
GVEA/Nenana River area and by far their smallest concentrations beyond about 6§ km
from GVEA (but not nacessarily the Nenana River). For those alement® showing

concentration values at or near the detection limit for the analytical maethed
used, most occurx beyond the & km range.

7. Plant samples from the Control Traverse have the lowast element
concentration leveles; inverse concentration versus distance trends are thought to
result from the influenca of airborne dust originating from the Nenana River

alluvial plain. This Traverse appaars to be well outside the potential influence
of the present GVEA facility.

8. Plant samples from the Stampeda Traverse have tha highest overall
elament concentration levels in all three zample media; howevar, these higher
concentration levels do not necessarily transdlate into stronger concentration
varsus distance trends. Some of chese concentration levels appear elevated when
compared to levels cited in thae genaral cryptogram litsrature and the Traversa
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trends indicate that the GVEA facility, or the Healy area in general, or both,
are probable sources for some elements.

9. Plant samples from the Nenana Traverse have intermediate concentration
levels when compared to the Control and Stampede levels and the trends appear
influenced by GVEAR, or the Haealy area in general, or both.

10. We discuss the relative importance of the levels of environmentally
important elemants in both moss and lichen tissue by comparing the data from this
study with values from the literature. In general, levels of Re, Cr, Cu, Mn, Ni,
V, and the rare earth elements were high in mosa tissue. Levels of Mn and total
S were somewhat elevatad in lichen tissue. Moss tissue was found to be somewhat
low in concentrationg of Cd, total S5, and 2Zn, whereas lichen samples were
generally low in Cd, Pb, and Zn. The concentrations of most all of the other
elements analyzed for were close to published values including values for Pb in
moss and As, Cr, Cu, Ni, and V in lichen.

11. Concentrations of the aenvironmentally important elaements (including
total 8) in Oa-horizon soils were found to be close to published values. We
found no unusually high concentrations of any of the elements, including the REE.
Many of the element concentration versus distance trends observad for both moss
and lichen were paralleled in the soil. This is to be expected if the soil
organic matter i3 assumed to serve as a sink for the elaments that are being
transmitted through the atmosphere.

12. The coal being burned at the GVEA is relatively homogeneous and is low
ln total S and many of the potentially toxic metals. A true mass-balance study
could not be performed; however, the amount of most elements, including Hg, As,
V, Co, Cr, and Cu, lost to the atmosphere during coal combustion does not appear
great. Total S, Ni, Pb, and Zn (and Cd by implication of the very gsimilar
chemiatry and its geochemical association, although Cd was below the limits of
detection of the ICP-AES mathod) arae being releasad in the flue gases.

13. White spruce proved to be nonconclusiva in this study. In general, it
was sampled only occasicnally; however, from the relatively complete sampling
along the Nenana Traverse, very little interpretable information was obtained.
Only Cu proved to be above the WSE baseline and the remaining @lements fell wall
within the WSE ranges. White spruce showed greater variance for within plot
samples than with distance, indicating a large local variance and thus it has
little utility in defining distance trends.
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equaticns for trends with ceefficienis of determination > 0.50.
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equations for trends with coerficients of determination > 0.50.
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Figure 11. Regression trends for nickel (Ni) and zinc (Zn) versus distance from
the Golden Valley Electric Association (GVEA) power plant for Hviocomiym
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Control, Stampede, and Nenana River traverses. Table 27 gives the regression

equations for trends with coerficients of determination > 0.80.
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Figure 12. Regression trends for vanadium (V) and chromium (Cr) versus
distance from the Golden Valley Electric Association (GVEA) pawer piant fer

Hviacomium splendens (moss), Peitigera gphthosa (lichen), and 02-honzon sall

along the Controf, Stampede, and Nenana River iraverses. Table 27 gives the
regression equations for trends with coefficients of determination > 0.20.
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Figure 13. Regression trends for ¢calcium (Ca) and arsenic (As) versus distance
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equations for trends with ceefficients of determination > 0.50.
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Table 1. Traverses, distanca of sites from GVEA, number of plots per site, and
number of meoss, lichen, and soil samples to ba analyzed for elgmental contert at

e@ach site,.

Traverse

Stampede Trail

Nenana River

Nérthorn
Contral
(distances
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Nenana River)

Radial Arc

Metgorologic
Site

Pre-~-planned Site

Location
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Table 2. Listing of approximete Limits of determination for alements reported.

AT=E=S=2AR

Anatytical method

Continuous-flow hydride
generation

inductively-coupled argon
plasms optical
emiggion spectrescopy
(Values glven are for
0.2 g soil sample)

Continuous- flow cold
vapor

Combustion- R

Medium

Sail
plant!

Soil
Plant]

as= n BMX IS

Determination (imit

0.05 X

1.0 ppm

4.0 ppm

8.0 ppm
10 ppm
40 ppm
100 ppm
0.02 ppm

0.01 ppm

0.05%

Variables

Ag, Cd,
s¢, Sr,

AL, Ca,
P, Ti

B8a, Be,

Ce, Ga,
Pb, Th

Au

8y, Sn

Ta

La, Li, Mo, Ni,
V, ¥, In

Fa, K, Mg, Na,

€o, Cr, Cu, Yb

Ho, Mn, Nb, Nd,

! petermined on dry plant material.
2 petarmined on plant and soil ash
3 Sarple mass for plant ssh was one-half that for soils, 80 determination limits

for plant ash are tuice thogse tisted for soils.

an ash-weight basis In Tables A1-AS.

converted to the dry-wusight basis.

Values reported are ligted on

The data in Tables 3-20 has been

Detection limits for the dry-weight basis

concentrations will vary with the Ash Yield X of the ind{vidual sample.



Table 3.--Chemical anslyses for Hylocomium splendens (feather moss) samples from the Radial Arc sampling sites, Denali
Rational Park and Preserve, Alaske (dry-weight basis).

z=mu as==rR = cRE; amxe AR £ x

Saaple 1D Lacitude Longitude Al, % Ca, % Fe, % K, % Mg, % Na, % P, % tH, %
NAQO1A1 434945 1490138 0.58 D.92 0.29 0.48 0.20 0.07 6.13 6.02
MADD181 834945 1490138 0.42 0.83 0.20 0.6 0.18 0.06 0.13 0.01%
MAGG2A1 435023 1490346 0.29 0.88 0.15 0.37 0.18 0.06 0.14 0.01
MAOQ2B Y 635023 1490346 0.3 0.81 0.11 0.23 0.18 0.05 0.1 0.01
MAOQ3AY 835004 1490727 0.45 0.49 0.26 0.33 0.18 D0.08 0.12 0.01
MA00381 635004 1490727 0.29 0.73 0.17 0.31 616 0.06 0.1 0.01
MADQLAY 434854 1491006 0.82 0.461 0.42 0.54 0.20 0.08 0.15 0.0t
MAQO4B1 634854 1491006 0.464 0.66 0.464 0.48 0.20 0.09 0,12 0.01
MAQQSAY 434802 1491202 0.33 0.65 0.19 - 0,40 0,17 0.06 0.14 . 0.01
MADOSB Y 634802 1491202 0.46 0.4 0.2% 0.46 0.17 0.07 0.09 0.01
MADOSA 1 434706 1491851 0,68 0.383 0.24 D.4S 0.18 0.06 0.10 0.01
MA00681 634706 1491851 0.20 0.83 0.1C 0.42 0.18 0.04 0.17 0.01
MAGO7At 635158 1490438 0.59 2.77 0.27 0.37 0.20 0.10 0.12 0.02
MACGTB1 635158 1490638 0.48 0.70 0.27 0.41 Q.21 0.10 0.10 0.02
MAO32A1 634256 1492900 0.50 0.76 0.35 0.28 0.22 0,12 0.08 a.02
MAD3281 634256 1492900 0.78 1.06 0.53 0.37 0.28 0.1% 0.10 0.0
MAGL0A1 833840 1493514 0.346 0.93 0.25 0.27 6.29 0.09% 0.11 0.02
NAQL0B1 633640 1493%14 0.30 0.88 0.21 0.32 0.22 0.08 0.13 0.02
MNQBOAt 631839 1493323 0.49 D.72 0.23 0.38 0.1% 0.17 0.11 0.02
MN0g0o81 631839 149333 0.28 0.62 0.13 0.42 0.15 0.09 0.12 0.01

Sarple [D Mn, ppm 8a, ppm Be, ppm Cd, ppm Ce, pem Co, ppm Cr, ppm Cy, ppm Ga, ppm La, ppa

HAGO1TA1 743 8 0.2 <0.3 4.5 2.0 13 17 2.2 3.8
MAOOIBY 828 52 <0.1 <0.3 4.5 1.2 5.3 13 1.3 2.8
MAQO24 1 1057 88 0.1 .2 2.8 1.1 4.1 12 1.2 1.7
HA0028 1 616 66 <0.1 <0.2 2.1 0.9 2.0 18 1.0 1.2

. MADQ3AT 416 &9 <0.1 <0.3 6.9 1.4 3.7 A 1.4 4.1
MAQ0381 299 53 <0.1 <0.2 3.9 10 3.3 21 0.6 2.2
MAD4AT 157 77 <0.2 <0.4 9.5 2.3 7.0 17 1.7 5.5
MADO4B1 182 aa 0.2 <0.4 18 2.5 6.2 13 2.0 10.
NAQOSA1 272 54 <0.1 0.2 3.8 1.2 3.9 18 1.2 2.1
MAOOSR1 110 62 0.1 <0.3 4.4 1.6 3.7 13 1.3 3.7
MADGSA 1 560 109 <0.2 <0.5 10 1.1 4.7 13 2.2 5.5
MAOD&S 727 52 0.1 0.2 2.9 0.5 2.8 5 1.0 1.6
MAQO7A1 1275 128 <0.2 <0.3 3.1 1.7 6.7 13 1.7 1.9
HAOO781 340 103 0.2 <0.3 3.3 1.4 6.0 13 1.4 1.8
BAQ32A1 240 125 <0.2 <0.3 2.9 1.9 9.5 12 1.0 1.9
NAQ3281 49t 227 <0.2 <0.5 6.4 2.5 16 18 1.3 2.5
MAQLOA1 114 7 <0.1 0.3 3.4 1.4 3.4 19 0.7 1.8
MAD4OB1 126 70 <0.1 <0.3 2.4 0.6 4.3 16 0.6 1.3
MNOSOA 1 491 67 <0.2 0.3 1.8 0.8 3.3 15 1.5 0.8
MNOBOB1 326 40 <0.1 <0.2 1.1 0.5 1.9 10 0.5 0.5



Table 3.--Chemical analyses for Hylocomium gplendens (feather mass) samples from the Radial Arc sampling sites, ODenali
National Park end Preserve, Alagska (dry-weight basis) (continued).

oERNEN xx IXZATERBEFR KD 2ENEERO SRR X

ROW 1D i, pem Mo, ppm Nb, ppm Nd, ppm Ni, ppm Pb, ppm Sc, ppm $r, ppm Th, ppm vV, ppm
MAOO A1 1.8 0.8 <0.7 3.5 5.2 2.1 0.8 54 1.7 8.4
MADO181 1.3 1.3 0.5 2.1 3.8 1.7 0.6 46 1.3 4.7
MAGO2A 1 1.2 1.3 <0.5 1.5 3.2 1.9 0.5 52 1.2 3.7
MA00281 1.0 2.0 0.4 1.2 2.4 1.9 0.4 52 0.5 3.0
MADQO3A1 1.6 1.8 <0.6 3.8 3.1 2.6 0.7 .8 1.4 5.1
NAOO3BY 1.1 1.7 <0.S 2.1 2.3 2.2 0.5 49 0.4 33
MAGO4A1 2.3 0.7 0.7 4.8 6.3 4.7 0.9 43 2.2 6.3
MAOD481 2.1 1.0 <0.8 8.2 5.4 3.7 1.0 46 2.8 6.6
MADQSA1 1.2 1.9 «0.5 2.1 39 2.3 a.s 4 T 0u 3.6
NAOOSHY 1.7 1.9 <0.S 3.1 3.3 1,9 0.7 41 1.3 5.3
MAOGSA1 2.2 1.1 <0,9 4.7 4.8 3.0 1.1 55 2.2 7.3
MADOS81 1.0 1.3 <0.4 1.5 2.4 1.9 0.4 52 0.5 2.7
MAGO7A1 2.0 0.9 «©,7 1.9 3.7 1.9 0.9 48 1.7 4.3
MAOO781 1.7 1.6 0.6 1.7 3.8 1.6 0.7 S <0.4 7.4
MAO32A1 3.1 1.0 <0.8 2.3 6.0 1.9 1.0 48 <0.8 12
MAQ32B1 5.0 0.9 «1.0 2.8 9.5 3.8 1.3 &3 «1,0 20
MAG4OAY 1.4 1.4 0.6 2.1 2.1 1.4 0.7 7 <0.6 5.6
MAG4LOB1 1.3 2.1 <0.5 1.5 2.0 1.3 0.6 a2 «1.S 4.9
MNOBOAT 1.5 1.5 <0.6 0.8 1.5 0.8 0.4 59 <0.4 5.1
MNOBO0B 1 0.5 1.0 .4 1.0 1.8 1.0 0.4 48 «0.4 3.2

Sample 1D Y, ppm Yb, ppm In, ppm As, ppm Se, ppm Hg, opm Ash, X Totat §, %

MACO1AT 0.8 <0.2 82 0.460 0.04 0.09 8.35 0.1
MAGO181 0.6 <0.1 70 0.48 0.07 0.10 6.37 0.10
MAQO241 0.5 <0.1 65 0.26 0.04 0.07 5.87 0.08
KAQ0ZB1 0.6 <0.1 57 0.25 0.04 0.07 4.74 0.06
MA003A1 0.7 <0.1 2 0.47 0.05 0.06 6.94 0.06
HAQO3B 1 0.5 0.1 a2 0.40 0.04 0.08 5.65 0.08
MAQGLAN 0.9 <0.2 51 1.2 <0.03 0.07 a.70 0.08
MADO4B1 1.0 <0.2 44 1.1 0.a3 0.09 10.1 0.10
MAGO5A1 0.5 <0.1 3 0.35 <0.03 0.08 5.93 6.909
MAQOS8 4 0.7 <0.1 29 0.67 0.0 0.06 6.48 0.08
MADQSA1 0.7 <0.2 81 0.46 0.06 0.08 1.2 0.09
MAD06B1 0.3 <0.1 73 0.18 6.03 g.08 5.19 0.08
MAOO7A1 0.9 <0.2 64 0.44 0.0 0.09 a8.50 0.07
MACO781 1.5 <0.2 29 0.52 0.04 0.06 7.39 0.07
MAO32A1 1.0 <0.2 45 0.59 a.09 0.07 9.59 0.07
MA03281 2,5 <0.3 47 0.95 0.14 0.13 12.6 0.07
MAGLOAY 1.5 0.2 6} 0.43 0.03 0.07 T.14 a.cy
MAQ40B Y 1.3 <0.1 13 0.34 0.04 0.07 6,32 0.08
MNOBOAY 0.8 <0.2 35 0.2% 0.05 0.0 7.55 0.09
MN08081 0.3 <0.t 30 0.3 0.04 0.06 5.7 g.07

............................................................................................................



Yable &4.--Chemical analyses for Hyipcomium splendens (festher moss) samples from the Control Yraversse sampling sites,

ENARKEREFREEATRE

EyIRwERR

Denali Netional Park and Preserve, Alagka (dry-weight basis).

Sasmple [D Latitude Longitude

MCO,5A1
MCO. 581
MCO.5C1
MC$_0AY
MC1.0819
WC1.0CH
RCY.5A1
MCY,581
MC1.5¢1
MC3.0A1
MC3,042
MC3.081
MC3.0C1
MCT . SAt
MC7.58%
RC00BA1
MCO08B1
HCO16A1
MCO1581

MC0.5¢C1
MC1.0At
NC1.0B1
MC1.0CH
RC1.SAY
MC1.581
MC1.5¢C1
MC3.0AY
MC3.0A2
MC3.081
MC3.0C1
MC7.5A1
MC7.581
HCO08A 1

635935
635935
635935
635936
635936
435936
635935
635935
635935
635950
635950
435950
6359350
635950
435950
640111
640111
435934
635934

437

273
512
643
459
693
639
538
500

1490701
1490701
1490701
1450735
1490735
1490735
1490836
14908346
1490836
1491135
1491135
1491135
1491135
1491753
1491753
1692416
1492416
1492905
1492905

0.91
0.87
0.81
06.92
0.89
0.89
0.92
0.75
¢.as
¢.82
0.66
0.67
0.70
0.40
0.60
0.69
0.87
1.0

8.0
7.3
5.2

2.1
2.5
2.9
2.1
1.1

0.4

8.5

6.9
3.2
5.4
2.6
1.5
1.7
1.3

o 0o oo O o o o
Py
[=]

o
pN
n

0.14
0.4
0.12
0.09
0.12
0.12
0.3
a.11
0.10
¢.14

6.8

0.4

........................................................................................................................

o0



Table 4.--Chemical analyses for Hylocom{um gplendens (feather moss) samples from the Control Traverse sampling sites,
Denali Natfonal Park and Pregerve, Alaska (dry-weight basis) (cont{nued).

MCO.3A1 2.1 1.9
MC0.581 2.4 1.1
NCG.5CH 2.8 1.2
MC1.0A1 2.3 1.0
MC1.081 6.1 6.7
MC1.0c1 2.2 0.8
MC1.3A1 2.8 1.0
NC1.581 3.3 1.3
Mc1,5¢1 2.3 1.0
MC3.0A1 1.4 1,5
HC3 . 0A2 1.4 1.5
MC3. 081 6.4 1.1
MC3.0C 0.4 1.4
MCT.SA1 0.4 2.8
HC7.581 0.3 2.2
HC008A1t Q.4 2.0
HCo088 1 0.4 2.4
HCO16A79 0.4 2.8
KC01681 0.5 2.1

Sample 1D Y, com Yb, ppa in, ppm

...............................

HCO.SAY 1.0 «0.2
MCO. 581 1.1 .2
MCO.SCt 1.2 .2
MC1_OAT 1.0 .2
c1.081 3.4 0.3
MC1.0C1 1.1 .2
MC1.SA1 1.3 .3
MC1,581 1.4 .3
Mct.5c 1.0 .2
MC3.0A1 0.4 <0.1
MC3 082 0.5 <0.1
uc3, 08 0.3 <.t
Mc3.0c1 0.3 <0.1
MC?.5A1 0.2 <0.1
C?.581 0.2 <0.1
NCOOSAY 0.3 0.1
MCO08ST 9.2 0.1
MCO16AL 0.3 0.1
NCO16B1 0.3 .1

2.7

2.5
3.9
3.9
2.9
1.2
1.2
0.8
1.0
0.7
0.3
0.7
0.7
0.9
0.5

0.90

o1

1.0

1.5
1.2
1.2
1.0
0.8
0.8
1.0
1.4
1.0

1.2

3.0
141
1.3
1.4
1.0
0.4
0.4
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2

1.0
0.5
0.5
<0.3
0.4
<0.3
0.3
0.4
<0.3
0.4
<0.4

3.4
3.6
2.2
2.4
1.7
1.4
1.7
1.4
2.1
2.0



Table 5.--Chemical mal\}ses for Hylocomium splendens (feather moss) semples from the Meteorologicat sampling sites,
Denali National Park and Preserve, Alaska (dry-weight basis).

Sample 1D Latitude Longitude AL, % Cs, X Fe, % K, % Mg, % Re, % P, % i, %
MMOOOA1 634326 1485804 0.17 0.72 0.10 0.33 0.16 0.06 0.13 <0.01
MMGO08 1 634326 1485804 0.14 a.71 0.08 0.3t Q.15 0,05 0.12 <0.01
MMO01A1 435117 1485808 0.44 1.1 0.26 0.37 Q.20 0.08 a.16 0.02
MNOO1DY 435117 1485808 0.41 0.83 0.23 0.33 0.21 0.08 0.14 0.02
MMOOGAY 634808 1485654 0.16 0.89 c.10 0.33 0.16 0.05 0.13 0.01
MH00681 434808 1485854 0.24 0.9 0.14 0.27 0.20 0.07 0.15 0.01

Sample 1D Mn, ppm 8a, ppm Be, ppm Cd, ppe Ce, ppm Co, ppm cr, ppm Cu,' ppm Ga, ppm La, ppm

MMO00A1 576 a1 <0.1 1.0 1.2 0.5 2.5 12 0.5 0.5
MMO00B 1 488 30 <0, 0.4 9.9 0.4 2.7 13 0.4 0.4
MMOD1A1 335 %0 <0.2 0.6 3.6 2.1 7.4 19 0.8 2.1
N#00181 488 82 <0.2 0.6 3.3 1.6 5.6 23 0.8 2.0
MMO06AY N 40 <0.1 <0.2 1.4 6.5 1.7 20 6.5 6.5
HHO06B) 409 28 <0.t 0.2 2.4 1.1 2.4 24 1.1 1.3

Sample (D Li, ppm Mo, ppm Nb, ppm Nd, pem Ni, ppm Pb, ppm Se, ppm S¢, ppm Th, ppw Vv, pem

............ deamaemRasuvituRaceRvrAANTTTAAAANBENNE N T RYASlABET YT S sAMAAcENARUN AL EARNuEvsANaRuNv YAl ounwrSdAaaacvelAAnvacittanwy

MMOO0A1 1.0 1.6 <0.4 0.5 2.5 1.5 0.3 b4 <0.4 2.8
MM000B 1 0.4 1.3 <0.4 0.4 2.1 1.4 0.3 (1 «0.4 2.7
MMGOIAY 1.6 0.4 <0.7 2.2 5.1 2.5 0.8 74 0.8 7.7
MM001B1 t.5 0.8 <0.6 1.5 4.4 2.5 0.8 &7 g.6 7.0
NMOOSA Y 0.5 1.1 <0.4 1.0 1.6 1.4 0.3 S4 <0.4 2.4
MROCSB 1 141 1.8 «0.4 1.2 2.3 2.4 0.4 &1 0.4 3.5

Sample 1D Y, ppan Yb, ppm Zn, ppm As, pem Se, pom Hg, ppm Ash, X% Yotal §, X

....................................

MNODOA 1 6.5 <0.% 39 0.19 Q.07 8.05 4.80 0.08
MM000B1 0.4 <0.1 35 0.9 0.0§ 6.05 4.44 Q.04
MO0 1A1 0.8 <0.2 &3 0.45 0.09 0.13 8.18 0,10
MK001B1 0.4 <0.2 52 0.41 0.08 0.07 7.50 a.10
MMCDSA Y 0.3 <0.1 &4 0.29 0.05 0.1% 4.93 0.09
#M0G4B1 0.5 <0.1 61 0.30 0.06 0.13 5.54 a.io

B N R L R N el L L Y L R L I 1 R e ap g AvaunsmNeur-iimamaccuuacoow=



Table &.--Chemical analyses for Hylocomium splendens (feather moss) samples from the Nenana River Travarse sampling

sites, Denali National Park and Preserve, Alaska (dry-weight basis).

eynOuam=ssmma

Sample [0 Latitude

MNOODA 1 4635120
MNOGGA2 635120
H¥000B 1 635120
MNO.5At 435109
MN0.581 635109
MNO.SC1 435109
MNOO1AY 435047
MNOO1B1 435047
MNOO1C1 435047
MNOOZ2AY 435028
MNOO28 1 635028
MNOOZ2E1 635028
MNOD2C2 435028

MNOO4A1 834942
MK0048 1 634942
MNOOLC1 634942
M006A Y 634808
N#0068 1 634808
MNOOBA 1 636419
MNOOB81 6346619
MNOO8C1 634619
MRO16AT 634258
MNG1681 634258
MNO16C1 634258
MNO25At 4633741
MNO25A2 633741
MN02581 633741

MNOA0AY 63303¢
MNO4LOAR 633030
MNOLOB1 633030

1485438
1485638
1485729
1485729
1485729
16485452
1485652
1485652
1485804
1485806
1485804
1485804

1490013
1490013
1490013
1485654
1485654
1485407
1485407
1485407
1485335
1485335
1485335
1484720
1484720
1484720

14849501
1484901
1484901

0.92
0.93
0.83
0.89
0.%4
0.97
0.72
0.8%
0.85
6.72
0.78
0.75
0.76
0.8

0.82
0.88

0.29
0.19
0.17
0.10
0.14
6.14
0.18
0.18
6,10
0.0
0.10
0.09
0.10
0.13

33

SRS EIWINX

0.26
0.26

0.24
0.21%
0.19
0.16
0.20
0.1¢9
0.18
0.18
0.20
0.15
6.16
0.15
0.16
0.16

.....................................................................................................



Table 4.--Chemicat analyses for Hytocomium splendeng (feather moss) samples from the Nenana River Traverse sampling
sites, Denal{ Natfonal Park and Preserve, Alaska (dry-weight basis) (continued).

- ame AR S SSS=SSSE=T gatalia) xx TXTI=S 2w
Sample 1D 4n, pom 88, ppm Be, ppm cd, ppm Ce, ppm Co, ppm Cr, ppm Cu, pam Ga, ppm La, pom
KNGOOA1 445 335 <0.4 <0.7 13 4.1 17 26 3.7 7.4
MNOQOA2 487 264 <0.4 <0.7 12 (| 18 26 3.5 4.5
MR000B Y 3a3 i3 <0.4 <0.7 13 3.8 17 61 3.5 7.1
MNGC.SA1 507 154 <0.2 0.4 4.5 1.9 7.4 25 1.9 2.8
MMO.581 294 126 <0.2 <0.3 5.0 1.8 4.9 18 1.7 2.8
MNO.5C1 140 140 <0,2 .4 5.7 1.9 6.1 17 .9 3.4
MNOOTAY 217 104 <0.2 <0.4 5.7 1.8 8.7 19 1.7 3.0
MNOQ181 328 94 0.2 <0.3 4.8 1.4 7.8 16 1.6 2.8
MN001CY 306 173 <0.2 <0.4 1 2.2 10.0 7 2.0 4.0
MNOQ2A1 1310 93 0.2 <0.3 4.9 2.1 4.9 8 1.6 2.9
HNO028 1 7 127 0.2 <0.4 6.5 313 7.6 18 1.9 3.6
MN0D2C1 37 11 <0.2 0.4 8.4 2.2 7.6 20 1.7 3.7
MNO02C2 377 13 <«0.2 0.4 6.8 2,4 8.1 19 1.8 3.9
MNGO4AT 313 101 <0.2 <0.4 5.2 2.2 4.4 \7 1.8 34
MN0G4B 1 531 64 <0,1 <0.3 3.0 1.3 4.2 15 1.3 1.7
MNOOLCY 594 2 <@.1 <0.2 2.8 1.3 3.9 17 1.2 1.8
MHO0GA | 311 40 <0.1 <0.2 1.4 0.5 1.7 20 0.5 6.5
HMMO04B 409 28 <0.1 0.2 2.4 1.1 2.4 24 1.1 1.3
MNODBA1 143 52 <0.1% <0.3 2.3 1.3 4.2 14 0.7 1.4
008G 256 48 <0.1 <t.2 2.6 1.1 4.0 16 1.% 1.2
NNGOBCH S77 58 <0.1 <0.2 2.4 1.2 39 16 1.2 1.3
MNO16A1 179 &7 <. 0.3 0.9 0.5 2.8 13 0.5 9.5
MNO1681 179 22 <0.1 0.3 0.9 0.5 2.0 9 0.5 Q.5
MNO14CH 110 46 <0.1 0.2 1.0 0.5 2.2 11 0.4 0.5
MNO25At 318 49 <G.2 a.3 d.4 0.4 1.7 7 0.4 0.4
MNOZ25A2 320 52 <0.1 6.2 1.1 0.5 1.3 17 0.5 0.5
NNO2S81 432 n <0,% <0.2 1.2 0.6 2.5 12 0.6 0.6
MHOLOA 586 az <0.2 <0.3 2.1 0.7 3.6 16 1.5 1.5
NNO4L0A2 622 as <0,2 <0.3 2.3 0.8 3.3 15 1.4 .
MNOL0BY 648 78 <0.1 0.3 1.4 1.3 3.4 16 1.3 0.7



Teble 6.--Chemical analyses for Hylocomium splendens (feather moss) samples from the Nensna River Travarse sampi {ng
sites, Denali National Park and Preserve, Ataska (dry-weight basis) (continued).

....................................................................................

MNOGOA { 4.8 0.7 <1.5 6.3 12 6.5 1.9 99 3.7 20

MNOOCA2 4.8 0.9 <1.4 6.0 9.5 6.2 1.8 95 3.5 19

MNOOO8 1 4.4 0.9 <1.4 5.4 9.4 6.3 1.7 104 1.7 17

MND.SAY 2.0 1.0 <0.8 2.6 6.9 4.4 1.0 83 1.0 8.4
MNO,S81 1.9 0.8 <0.7 2.5 6.1 4.8 9.8 66 0.8 3.0
MNO.5Ct 2.2 6.9 <0.8 3.2 4.7 5.5 a.9 66 6.9 9.3
HMRO01A1 1.8 1.7 <0.7 2.6 4.3 8.1 0.9 84 0.8 9.6
MNOO1BY 1.8 1.8 <«0.6 2.7 3.8 S.2 ¢.8 74 0.8 7.8
MNOC1CT 2.2 2.0 1.0 4.7 5.0 10 1.0 34 1.0 1

MNO024A 1 1.5 1.9 <0.6 2.7 6.3 2.2 0.8 56 1.5 §.9
MH002B1 2.0 1.8 <0.7 3.4 6.5 2.4 0.9 57 0.9 8.4
MNQo2C 2.1 N 4 <0.6 3.3 6.1 3.2 0.9 65 1.7 8.0
MNOO2C2 2.3 1.8 0.7 3.4 6.9 4.0 0.9 66 1.8 8.6
MNGOLA1 1.9 0.9 <0.7 2.6 6.3 4.7 0.9 &7 0.8 7.0
HNOO4B1 1.3 1.7 <0.5 1.7 3.5 4.7 Q0.6 60 0.7 4.9
MNOO4CY 1.2 1.7 <0.5 1.7 2.4 3.3 0.5 51 0.6 4.1
BMO06A 1 0.5 19 9.4 1.0 1.6 1.4 0.3 54 <0,4 2.4
w0048 1 1.1 1.8 <0.4 1.2 2.3 2.4 6.4 61 0.4 3.5
MNO08A1 1.3 1.5 <0.5 13 2.1 3.6 a.6 63 <0.5 4.3
MN008B 1 1.1 1.7 <0.5 1.2 2.0 3.2 0.5 4B 0.5 4.1
MNOOBC1 1.2 1.5 <0.4 t.2 1.9 3.3 0.6 50 <0.5 6.2
MNO16AY 0.5 2.2 <0.3 0.9 1.5 2.5 0.3 57 <0.4 2.7
MNG148¢ 0.5 1.6 <0.4 0.9 1.4 1.5 0.3 45 <0.4 2.8
MNO14C1 0.5 2.0 <0.4 0.5 1.3 2.8 0.3 50 <0.4 2.7
MNO25A 1 a.4 1.7 <D.4 0.4 1.1 1.5 0.3 49 <0.4 2.4
MND25A2 0.5 1.6 <0.4 1.0 5.1 1.3 0.3 52 <0,5 2.9
MN02581 0.6 1.5 <0.5 0.4 1.6 2.4 0.4 S4 <0.4 3.7
MRO40A1 1.5 Q9.7 <0.6 1.6 3.3 34 0.7 57 .6 6.4
MNO40A2 1.6 1.6 <0.6 1.7 3.0 3.3 6.8 81 <«0.6 7.0
BNO4OB1 1.3 1.3 <0.5 1.3 2.8 3.3 0.6 51 <0.5 51



Table 6,--Chemical snalyses for Hylocomiug gplendens (feather moss) samples from the Nenana River Traversa saqpl ing
sites, Denali Natlonal Park and Preserva, Alaska (dry-weight bas{s) (continued).

A== ENEX

Sample 1D Y, ppm Yo, ppm In, ppm As, ppm Se, pem Rg, ppm Ash, X Total §, X

MHO00A1 3.7 <0.4 &0 1.7 Q.16 <0.03 18.6 0.1
MNDOOAZ 1.8 0.4 51 2.0 0.14 <0.03 17.6 0.11
MNO(0B Y 3.3 <0.4 75 1.4 0.15 0.08 17.4 0.12
MNO.5A1 1.0 <0.2 81 .72 0.08 0.08 9.63 0.1
MND, 581 1.7 <0.2 50 0.67 0.08 " 0.08 8.40 0.09
MNO,5C1 0.9 <0.2 51 0.67 0.06 0.09 9.33 0.08
MNOOTAT 1.7 <0.2 56 0.56 0.21 0.06 8.70 0.09
RNGQ131 1.6 <0.2 39 0.47 0.08 0.06 7.81 0.08
MNOO1CH 2.1 <0.2 41 0.75 0.10 0.06 10.2 0.09
0021 0.8 <0.2 gl 0.81 0.05 0.09 7.n 0.10
MNOQ28B T 0.9 <0.2 47 0.88 0.06 0.09 9.09 0.11
MNCG2C 0.9 <0.2 48 t.0 0.09 0.10 8.53 0.09
MN0D2C2 0.9 <0.2 69 0.96 0.c8 0.09 8.76 0.09
MNOC4A 0.9 <0.2 101 0.66 0.08 0.06 9.20 0.09
MNOOLB T 0.6 <0.1 86 0.43 0.06 0.10 6.64 0.10
MNOO4CY 0.5 <0.1 53 0.36 <0.03 0.06 5.96 0.08
MMO06A1 0.3 <0.1 &4 0.29 0.05 0.9 4.93 0.09
MM0048 1 0.5 <0.1 61 0.30 0.06 0.13 5.54 0.10
MNOOBA1 6.6 <0.1 51 0.34 0.06 0.07 4.48 6.10
MN008S1 6.6 <0.1 37 0.32 0.04 0.06 5.57 0.08
MNOOSCH 0.6 <0.1% 47 0.3% 0.06 0.07 5.77 0.07
ANG16AT 0.3 <.\ 39 0.20 0.04 0.06 4.72 0.06
MNO 1681 0.4 <0.} 22 0.45 0.05 0.05 4.48 0.06
MN016C1 c.4 <0.1 30 0.20 0.06 0.04 4.5? 0.08
HNO25A1 C.4 <0.1 33 ¢.15 0.04 0.05 4.41 0.06
MND23A2 0.4 <0.t 33 0.17 0.04 0.07 4.7 0.07
MNO2581 0.5 <0.1 52 0.21 0.05 9.08 5.41 0.06
MNG4LOA Q.7 0.2 b4 0.35 0.06 <0.03 7.42 0.08
MR04L0A2 0.8 0.2 3 0.37 0.06 <0.03 7.97 0.08
MNG40B1 a.7 <0.1 51 0.4 0.06 0.09 6.48 0.08

56



Table 7.--Chemical analyses for Hylocomium splendens (feather moss) samples from the Stampede Trail Traverse sampling

gites, Denali National Park and Preserve, Alasks (dry-wefght basis).

-3 >3 L nITZRED AT =X am 2= - =2
Sample 1D Latitude Longitude AL, X ca, X fe, % X, % Mg, % Na, % P, % i, %
HS0.5AT 435123 1485739 2.77 1.85 1.64 0.30 0.43 0.55 0.1t 0.18
MS0.5B1 635123 1485739 2.08 1.83 1.21 0.62 0.50 0.34 0.13 0.13
4S0.5C1 635123 1485739 1.18 1.25 0.86 0.55 0.32 0.23 0.13 0.07
¥S1.0A1 435138 1485757 1.17 1.63 0.66 0.49 0.32 0.17 0.19 0.06
MS1.081 635138 1485757 1.15 1.39 0.65 0.43 0.28 0.16 0.10 0.06
NS1.0CH 435138 1485757 1.35 1.49 0.76 0.4% 0.31 0.18 0.1 0.07
HSt.5A1 435156 1485816 0.56 1.0% 0.3 0.33 0.19 0.08 0.12 0.03
NS1.581 635156 1485814 1.35 1.47 0.73 0.49 0.30 0.17 8.12 0.08
M$1.382 635156 1485814 1,27 1.43 0.70 0.47 0.29 0.16 0.12 0.07
NS1.5¢1 635156 1485816 1.22 1.43 0.68 0.37 0.29 0.15 0.11 0.06
ws1.5c2 435156 1485816 1.22 1.44 0.67 0.37 0.29 0.14 0.12 0.06
NS2.0A" 435230 1485818 2.23 1.76 1.28 0.67 0.4 0.34 0.12 0.13
MS2.081 435230 1485818 2.45 1.70 1.69 0.45 0.49 0.36 0.11 0.13
S2.0C1 635230 1485818 1.58 1.49 0.92 0.4 0.36 0.23 0.10 0.09
MSOO4A1 435239 1490122 0.56 0.82 0.36 0.28 0.19 0.11 0.08 0.03
NS0048 1 635239 1490122 0.59 0.92 0.38 0.33 0.22 0.11 0.12 0.03
NS004C1 635239 1490122 0.48 0.87 0.31 0.27 0.20 0.11 0.11 0.02
HSO06A1 635328 1490242 0.57 0.74 0.35 0.29 0.19 .10 0.10 0.02
NS006A2 635328 1490242 0.58 0.7 0.36 0.28 0.19 .09 0.10 0.02
M300681 435328 1490242 0.57 0.77 0.35 0.29 0.22 0.12 0.12 0.02
MS006C 1 635328 1490242 0.52 0.76 0.34 0.29 0.20 0.10 0.10 0.02
MSO0BAT 635328 1490720 0.1 0.78 0.17 0.22 0.16 0.04 0.09 0.01
HS0088 t 435328 1490720 0.25 0.75 0.14 0.28 0.18 0.06 0.15 0.01
MS008C1 435328 1490720 0.30 0.65 0.17 0.18 0.16 0.07 0.09 0.0t
NS008C2 635328 1490720 0.34 0.7% 0.19 0.20 0.18 0.08 0.10 0.01
MSO14AY 635244 1491158 0.19. 0.40 0.11 0.18 0.15 0.05 0.10 0.01
M$01481 635244 1491158 0.2t 0.66 0.12 0.24 0.1S 0.05 0.12 0.01
MSO16A1 435225 1491513 0.21 0.73 0.11 0.23 0.19 0.05 0.13 <0.01
MS01681 635225 1491513 0.1 0.82 0.07 0.15 0.19 0.03 0.09 <0.01
MS025A1 835441 1492415 0.14 e.77 0.07 0.20 0.16 0.05 0.11 <0.01
MSO25A2 435411 1492415 0.13 0.69 0.07 .19 0.15 0.05 0.10 <0,0%
MS02581 635411 1492415 0.15 Q.77 .08 0.24 0.19 0.05 0.14 <0.01
MSO32ZA1 640414 1494727 0.18 0.66 0.10 0.29 0.16 0.07 0.13 0.0
MSQ3281 640414 1494727 0.06 0.88 0.05 0,20 0.19 0.03 0.13 0.0
-




Table 7.--Chemicat analyses for Hylocomium gplendens (feather moss) samples from the Stampede Trail Traverse sampling
sites, Denali National Park and Preserve, Alagka (dry-weight basis) (continued).

BRROE Py | x =om =zznaw w = -} =

Sampte ID nn, pom 8a, ppm Ba, ppm ¢d, ppm Ce, ppm Co, pom Ce, ppm Cy, ppm Ga, ppm La, ppm

MS0.541 462 714 .8 .7 2 9.7 32 31 8.4 15

M50.581 496 420 <0.4 1.2 21 7.4 34 30 3.1 12

¥S0.5¢Ct 323 285 <0.4 <0.8 13 3.8 12 18 1.9 7.2
HS).0At 3N 374 0.3 0.7 10 3.9 \7 24 1.7 5.4
MS1.081 427 379 ¢.3 0.5 10 3.6 16 24 3.2 5.7
NS1.0C1 846 443 0.4 <0.7 13 4.4 20 26 3.7 7.2
MS1.5A1 201 126 0.2 <0.3 5.2 2.3 9.2 19 1.7 2.9
NS1.581 414 470 0.4 <0.8 14 5.1 14 49 3.8 8.1
MS1.582 430 445 0.4 0.7 13 4.5 20 48 1.8 7.2
H$1.5¢1 in 454 0.3 «0.7 11 4.5 19 28 3.2 4.3
¥s1.5C2 158 240 0.3 <0.4 13 4.5 14 29 3.2 6.9
MS2.0M 397 640 0.6 1,2 22 7.3 34 30 6.1 12

MS2.081 425 656 0.7 .3 2 8.5 39 36 6.5 12

M§2.0C1 341 51t 0.4 .9 14 8.2 28 30 4.3 7.9
M5004A1 497 127 0.2 0.4 5.6 2.0 8.8 14 2.0 3.0
HS00481 793 144 «0.2 0.4 5.5 2.2 7.8 20 24 2.9
MS0O4CY 578 114 <0.2 0.4 4.4 1.8 7.6 15 1.8 2.4
MSO06AY 476 124 <0.2 <0.4 8.0 1.9 4.9 13 1.9 4.7
MSO06A2 431 123 <0.2 0.6 - 7.5 2.8 7.3 13 1.9 3.9
MS00681 520 128 <@D.2 <0.54 7.5 2.2 5.4 15 2.0 4.2
HS006C1 725 a7 0.2 <0.4 7.1 1.8 5.2 22 1.8 3.9
¥S008A1 781 67 <0,1 <0.2 2.7 1.1 4.2 1% 1.1 1.3
MS00BE1 450 45 0.1 0.4 1.9 1.0 3.1 19 1.0 1.1
HS008C1 499 70 <0,1 0.3 2.7 1.1 4.3 15 1.1 1.5
MSO0BG2 512 7 <0.1 a.2 2.9 1.2 7. 16 1.2 1.6
MS014A1 478 40 <0.1 0.2 1.6 0.9 2.8 13 0.8 1.0
M5014B1 494 30 0.1 0.3 2.4 1.6 2.1 19 0.8 1.3
NSO0Y4A1 828 14 <0.1 0.2 1.8 1.5 2.6 16 1.0 1.1
MS016R1 56 28 0.1 6.2 1.4 0.4 1.7 18 0.3 0.9
MSOZ5A1 425 18 <0.1 0.2 6.9 0.8 1.9 15 0.4 0.8
HS025A2 384 13 <.} 0.2 1.1 0.8 1.9 14 0.4 0.8
HS02581 534 22 0.1 0.2 1.2 0.9 2.5 16 0.4 0.9
NSO32A1 250 36 <0.1 0.3 1.1 0.4 2.0 15 0.4 0.4
503281 C 191 18 <0.1 0.2 0.4 0.8 1.4 21 0.4 0.3

.................................................................................



Table 7.--Chem{cal analyses for fiylocomium splendens (festher moss) samples from the Stampede Trail Traverse sampling
sites, Denali National Park and Preserve, Alaska (dry-weight basis) (continued).

ERE UREaDEAN ERONKX

Sample ID L, ppm Ma, ppm Nb, ppm Nd, ppm Ni, ppm Pb, ppm Sc, ppm Sr, ppn Th

........................................................................................................................

M80.5A1 13 <i.7 3.4 14 24 4.2 8.4 172 8.4 63
M$0.581 9.3 1.2 2.5 11 18 7.4 8.2 167 3.1 7
M$0.5¢1 4.9 <0.8 <1.5 6.1 9.5 4.1 1.9 110 1.5 23
MST1.0A1 4.8 1.2 1.4 S 16 7.5 3.4 163 1.7 26
MSt.081 4.6 1.0 <1.3 5.9 10 6.8 3.2 141 1.6 24
M$1.0C1 5.6 0.9 1.7 7.0 12 7.2 3.7 149 3.7 28
MS$1.5A1 2.1 0.8 <0.7 2.8 6.6 3.0 1.7 92 0.8 12
Ms1.581 5.5 0.9 <1.5 1% 15 7.1 3.8 159 3.8 28
MS1.582 5.0 Q.7 1.4 4.4 15 5.9 3.6 145 1.8 27
M§1.5CH 4.9 1.5 1.5 5.8 12 7.1 3.2 144 1.6 28
Ms1.5¢2 4.8 1.0 <1.2 5.9 12 7.8 3.2 147 1.6 26
MS2.0A% 9.8 1.2 <2.4 10 19 8.2 6.1 176 6.1 46
ns2.081 10 1.6 <2.6 12 20 7.2 4.5 173 4.5 49
M$2.0C1 6.6 1.1 1.7 1.2 14 9.0 4.3 147 2.1 34
MSO04A1 2.1 1.0 <0.8 2.9 4.2 8.4 1.0 84 1.0 8.9
M8004681 2.3 1.0 <0.3 2.8 4.8 4.4 1.0 62 1.0 10
NS004C1 1.8 1.8 <0.7 2.3 3.7 5.9 0.9 54 0.8 7.8
MS005A1 2.0 1.9 <3.8 1.2 4.8 4.2 1.0 53 1.0 7.7
MS004A2 2.2 1.9 <0.8 1.3 4.5 4.3 0.9 53 Q.9 7.8
MS00681 2.0 2.0 <0.8 3.3 5.1 3.9 1.0 ) 0.9 7.2
HS004C1 1.8 0.9 <0.7 3.5 3.9 4.0 0.9 54 1.8 7.1
MS008A1 1.2 1.3 <0.5 1.4 2.9 2.2 0.4 50 0.4 .7
MSO08B1 1.0 1.5 <0.4 1.2 2.9 2.0 9.5 50 0.5 3.7
MS008C1 1.1 2.2 <0.4 1.5 2.6 1.9 0.5 45 Q.5 4.5
NS004C2 1.3 2.4 <0.5 1.6 2.7 1.9 0.6 48 0.6 5.3
NSD14A1 0.8 2.2 <0.3 0.9 2.8 1.5 0.3 39 0.4 2.7
HSC1481 0.8 1.7 <0.3 1.2 3.9 2.2 0.4 &5 6.4 2.8
Hs016a1 1.0 2.1 <0.4 1.2 2.3 1.3 0.3 48 6.5 2.9
M501681 0.4 2.2 <0.3 1.2 2.6 a.7 0.2 56 <0.3 1.8
MSC25A1 0.4 2.8 <0.3 0.8 2.2 0.9 0.2 Sh 0.¢ 2.0
MS02542 a.4 2.3 <0,3 0.4 2.2 1.1 6.2 50 <0.3 1.9
M302581 0.4 2.3 <0.3 0.9 2.3 0.9 0.2 56 0.4 2.2
MS$03241 0.9 1.9 <0.4 0.4 1.4 0.9 0.3 48 <0,4 2.6
#303281 0.3 2.2 <0.3 0.4 1.7 Q.8 <0.2 &0 <0,3 1.1

........................................................................................................................




Table 7.--Chemical analyses for Hylocomium splendens (fsather moss) samples from the Stampede Trail Traverss sampling
sftes, Oenali Natfonal Park and Preserve, Alaska (dfy-weight basis) {continued),

= ExTW = ™ =Z==EEx sgEERx

Sample [D Y, ppm Yh, ppm n, ppm A3, pem Se, ppm Hg, ppm Ash, % Totat §, %

...........................................................................................

MSQ.5A1 4.8 <0.8 &7 6.2 0.50 0.08 42.0 0.V4
MS0.581 7.8 0.4 59 0.12 0.03 0.08 31.0 0.14
Ms0.5¢t 4.0 0.4 &2 2,0 0.28 0.06 19.0 0.12
MS1.0A1 3.7 0.5 83 1.5 6.21 0.10 17.0 0.1
MSi, 0B} 3.8 0.5 70 1.4 D.16 0.08 15.8 0.09
Ms1.0Ct 4.6 0.4 59 2.0 0.22 0.08 18.5 0.10
N§1.54% 2.1 0.2 41 0.73 0.13 0.06 8.39 0.08
Ms1.581 4.9 0.6 L3 0.66 0.25 0.08 18.8 6.10
Ms1.582 4,5 0.5 73 1.8 0.20 0.08 17.9 0.10
Ms{.5C1 5.0 6.3 57 1.7 0.30 0.09 16.2 6.09
Msy.5¢C2 4.8 0.3 56 1.7 0.28 0.09 16.4 e
HS2.0A1 7.3 0.6 &7 3.6 0.42 0.09 30.5 0.15
M52.081 7.2 0.7 &2 4.2 0.39 0.09 2.7 0.11
Ms2.0C1 5.3 0.4 62 2.8 0.15 0.08 29.3 c.10
MS004A1 1.0 <0.2 42 0.66 0.08 0.066 9.74 0.07
MS00481 1.0 <0.2 44 0.71 0.06 0.10 10.3 0.09
MS004C1 0.9 <0,2 81 0.59 0.06 0.08 8.76 0.09
MS0064A1 0.9 <0.2 3 ¢ 0.06 ¢.07 9.53 0.09
ns$004A2 0.9 <0.2 35 0.47 0.07 0.05 9.44 0.0¢9
4500681 1.0 «0.2 33 0.46% 0.07 0.05 9.81 0.08
NS004CH a.9 <«0.2 41 0.45 G.06 0.05 8.73 0.07
MSGOBAY g.é <0.1 48 0.38 0.04 0.07 5.58 0.06
#s00881 0.5 «.1 ) 0.23 0.04 0.09 5.00 0.07
MS008C1 0.5 <0.1% 26 0.35 0.0S 0.07 5.40 0.06
NSO0BL2 0.6 Q.1 30 0.32 0.04 0.05 5.95 0.06
NS014A1 0.4 <0.1 37 0.27 0.04 0.07 3.98 6.07
MSO1481 0.8 <0.1 37 .23 6.a3 0,07 4.12 0.06
MS018A1 0.4 <0.1 47 0.25 0.04 0.10 4.87 0.10
MS01681 6.7 0.1 3 0.14 <0.03 0.04 3.7 0.05
M3025A1 0.3 <0,1 3t g.18 0.04 0.03 3.86 0,06
NSQ25A2 0.3 .1 29 0.20 0.05 0.04 3.84 0.07
Ms02581 0.3 .1 51 0.17 0.04 0.07 4.28 g.08
MSO32A1 0.4 <0.1 15 0.20 0.0% 0.0% 4.40 0.08
Ms03281 0.2 «0_1 36 0.10 6.03 0.05 3.98 0.07

60



Table B.--Chemical sralyses for Hylocomium gplendens (feather moss) Standard (dry-weight basis).

Sampie ID AL, X Ca, X Fa, % K, % Mg, % Na, % X i, % Mn, pem Ba, ppm
STD 1.1 1.1 0.59 0.34 0.34 0.36 0.08 0.07 385 102
STD 1.0 1.1 0.54 0.33 0.33 0.33 0.08 0.06 359 9
STO 1.1 1.4 0.56 0.33 0.33 0.33 0.08 0.07 R3:3) 95
£340] 19 1.1 0.57 0.33 0.35 0.35 0.08 0.07 377 98
STD 1,0 1.1 0.53 0.32 0.32 0.31 0.08 0.06 386 93
STD 0.94 1.0 0.50 0.3% 0.30 0.30 0.08 0.06 367 90

.........................................................................................................................

81D <0.3 <0.6 4.7 3.1 13 9.9 3.0 3.0 1.5 <0.6
ST <0.3 <0.6 1.9 2.9 ? 9.5 2.8 2.8 1.4 <0.6
STD <0.3 <0.5 4.1 2.9 9 10 2.7 2.7 1.4 <0.5
S0 <0.3 <0.6 4.1 3.0 1 - 9.5 2.9 1.5 1.5 .4
ST «.3 <0.3 3.7 2.7 12 §.8 2.7 2.7 3.3 <0,5
ST <0.3 <0.5 3.8 2.6 13 9.4 2.8 2.6 1.3 <0.5

STD <3 3.0 7.6 3.7 3.0 91 <t 19 1.5 <D.3
ST <1 2.8 7.0 1.4 2.8 S0 <1 18 1.4 <0.3
ST «1 2.7 8.7 3.0 2.7 91 <1 18 1.4 <0.3
STD <t 2.9 7.1 1.5 2.9 93 <1 19 1.5 <0.3
STD <1 R.7 6.8 2.9 2.7 B8 <1 17 1.3 <0.3
STD <1 2.7 6.6 3.1 2.6 a5 <1 17 1.3 <0,3

§TD 37 0.28 6.85 0.07 14.8 0.07
ST0 36 0.32 0.83 6.08 13.8 0.06
STD 6t 0.2¢9 1.6 0.08 13.6 0.06
S70 35 0.31 0.49 0.08 14.5 0.06
STD 13 0.34 1.0 0.08 13.3 0.08
ST0 34 a.29 0.94 6.07 13.4 0.07

N



Table 9.--Chemical analyses for Peltigere ephthosa samples from the Radial Arc saapling sites, Denati Kational Park

and Preserve, Alaska (dry-weight basis).

Sample 1D Latitude

LAOO1AY
LACO B
LAO02AY
LADO2BY
LADO3A1
LAOD381
LAOG4A1
LAOO4R
LAGDSA1
LAOOSB Y
LACQSAT
LAOOAB Y
LAODAB2
LAOO7AY
LAQO7814
LAO32A1
LAO328 1
CAG40AT
LAG4081
LNDBOA
LNOBORY

Sample 10

LAOO1A1
LAOO1BY
LA0O2A1
LA00281
LAGO3AY
LADD381
LAOD4AY
LAOO4B1
LAOOSA
LAOOSB
LAGOGAY
LAOGGR
LAOOAR2
LAGO7A1
LAOOT81
LAQ32A1
LAG3281
LAO40AY
LAO4DB Y
LNO8OAt
LNOBOB1

634854
434802
634802
634706
634706
634706
635158
635158
834256
634256
4633640
633640
631839
431839

Mn, ppm Bs, ppm Cd, ppm

182
255
493
494
248
252
147
127

53

70
m

1450138
1490138
1490346
1490346
1490727
1490727
1491006
1491006
1491202
1491202
1491851
1491851
1491851
1490638
1490638
1492900
1492900
1493514
1493514
1493323
1493323

<0,
<0.1
0.3
0.3
0.2
0.2
0.1
0.2
0.2
0,2
0.2
0.4

G.8

4.7
7.3
2.0
1.4
1.4
0.6
1.0
1.2
1.1
1.2

6.9

0.3
6.8

1.0

1.6
1.6
0.9
1.0
1.0
0.8
1.4
1.1
2.2
2.7
1.5

0.8

0.10
0.08
0.08
0.10
0.09
6.08
0.10
0.09
0.0%

5.0
9.1
7.9
1
18
.9.9
8.7
10
9.3
10
8.3

8.5

<0.2
0.3
0.5
0.7
6.7
0.6
0.6
0.3
0.6

2.4
6.1
1.1
6.8
0.7
0.6
0.4
0.2
0.6

0.2
0.3
0.9
0.7
0.3
0.6
0.6
0.3
0.3
8.5



Table 9.--Chemical analyses for Pettigera aphthosa samples from the Radial Arc sampling sites, Denali National Park
and Preserve, Alaska (dry-weight basis) (continued).

Sample ID Mo, pem Nd, ppm Ni, ppm Pb, ppm Sc, ppm Sr, ppm Th, pem vV, pom Y, pom Yb, pem

LACD1A1 0.3 0. 8 1.9 0.9 <0.2 23 0.3 1.1 0.3 <0.1
LADO1B1 0.2 0. 6 1.3 0.7 0.1 15 0.2 0.9 0.2 <0.1
LADOZA1 0.3 0, 6 1.3 0.9 <0.1 18 0.3 0.9 0.2 <01
LADO2B7 0.3 0. 7 1.6 1.2 0.2 16 0.3 1.2 0.2 <0.1
LAOD3AY 0.3 0. 6 1.2 0.8 <0.1 15 0.3 1.0 0.2 <0.1
LA00381 0.3 1.0 1.2 1.1 0.2 17 0.3 1.3 0.3 <0.1
LAOO4A1 0.2 2.2 3.2 2.3 0.4 21 1.0 2.4 0.5 <0.1
LAOD481 0.4 3.5 5.9 3.3 0.4 38 1.5 2.8 0.7 <0.2
LADOSAS 0.2 0.7 2.1 1.3 0.2 16 <0.3 1.5 0.3 <0,1
LAODS8 0.3 0. 8 2.8 0.8 0.2 16 0.3 1.1 0.3 <0.1
LAGOSA1 0.2 0.7 1.8 0.8 0.2 17 0.3 1.4 0.2 <0.1
LAODGB 1 0.3 0. 6 1.3 0.7 <0.1 19 0.3 1.0 0.2 <0.1
LAO0SB2 0.3 0. 6 1.3 0.7 <0.1 19 0.3 1.0 0.2 <0,1
LAGDTA1 0.2 0. 6 1.3 0.6 0.2 16 0.3 1.8 0.3 <6.1
LAOO7B1 0.6 0. 6 1.2 0.8 0.3 16 <0.2 1.9 0.3 <0.1
LAO3221 0.4 0.8 2.3 0.8 0.4 16 <0.3 3.9 0.8 0.1
LAO3281 0.3 0. 8 2.0 0.7 0.3 16 <0.3 3.3 0.7 <0.1
LAG4OA1 0.3 0.7 0.9 0.6 0.2 21 <0.2 1.6 0.6 0.1
LAO4OBS 0.3 0. 6 0.7 0.6 0.2 2% <0.2 1.1 0.3 <0.1
LNOBOAY 0.4 0.7 1.2 0.8 0.1 21 <0.3 1.6 0.4 <0.1
LND80B1 0.4 0.7 0.7 0.7 0.2 27 <0.3 1.6 0.4 <0.1

Sample ID In, pem As, ppm Se, ppm Hg, ppm Ash, % Yotal §, %

........................................................................................................................

LAQOTAT 48 0.09 <0.03 0.04 3.19 0.13
LAOO1B1Y 44 0.12 0.04 0.06 2.60 0.11
LAGD2A)Y 51 0.11 0.05 0.06 3.01 0.12
LADGZBY 56 0.11 0.04 0.05 3.09 0.11
LAGO3AY 38 0.13 0.03 0.08 2.53 0.13
LA0D381 38 0.16 0.03 0.06 3.15 0.10
LAOC4AT 52 0.38 0.04 0.07 4.70 6.13
LADO4BA 95 0.24 0.03 6.09 7.29 0.14
LADO5A1 49 0.2 0.03 0.05 3.30 0.12
LAQ0581 54 0.16 <0.03 0.05 2.99 0.13
LAOOSA1 53 0.15 0.06 0.08 2.97 0.14
LAQ06BY &6 0.10 0.04 0.10 2.90 0.13
LAQOSB2 53 0.11 0.04 0.0 3.09 0.14
LAOO7A 40 0.19 0.05 0.10 2.67 0.09
LAGO7B 338 0.21 0.06 0.06 2.93 a.10
LAO32A1 42 0.18 0.06 0.0S 3.8 0.10
LAO3281 31 0.26 0.07 0.03 3.63 0.11
LAO4CAT 32 6.15 0.04 0.06 2.94 0.12
LAO408 1 27 0.14 <0.03 0.10 2N 6.10
LNOBOA1 36 0.13 0.03 0.04 3.57 0.14
LNO80B1 4 0.13 0.06 0.06 3.n 0N

........................................................................................................................




Table 10.--Chemical anslyses for Peltigera aphthose samples from the Control Traverse sampling sites, Denali Mational

Park and Preserve, Alaske (dry-waight basfs).

Saaple ID Letitude Longltude

LEO.SAS 435935 1490701
LC0.581 635935 14590701
LCG.5C1 635935 1490701
LC1.0At 635936 1490735
LC1.081 635936 1490735
LC1.0Ct 635036 1490735
LC1.5a1 635935 1490836
LE1.581 635935 1490836
Lc1.5¢1 635935 1490836
LC3.0AY 635950 1491435
LC3.081 635950 1491135
tC3.0ct 435950 1491135
LC7.5A1 635950 1491733
LC7.5A2 435950 1491753
Lc?7.581 4635950 1491753
LCO0BAY 660111 1492416
Lco0884 640111 1492416
Lcoosa2 640111 1492416
LCO16A1 635934 1492905
Lco1681 635934 1492908

LCO.5At 2%4
LCO.581 190
Lco.5¢1 176
LC1.0A1 195
LC1.0Bt 145
$c1.0c1 135
LC1.5a1 113
Lc1.581 95
Lc1.5¢cy - 93
LCI.0AY 158
LC3.081 142
Lc3.0ct 177
LC7.5A1 176
LC7.5A2 166
1€7.581 181
LCOORA1Y 200
LCO0B8Y 202
Lcooas2 194
LCO14A1 145
LC0168) 91

0.05
0.04
0.02
0.03
0.03
0.04
0.03

0.3
0.3
0.2
0.2
0.2
0.1
0.2
0.1
0.2
0.1
0.1
0.2
0.2
a.2
0.2

o

w‘.“\

6.2
0.2
0.3

0.2

K, X Mg, %
0.59 0.0%
0.47 0.09
0.53 0.10
0.40 0.0¢
0.43 0.%0
0.61 0.09
0.59 0.08
0.44 0.08
0.41 0.08
0.34 0.07
0.34 0.08
0.34 0.08
0.37 0.07
0.36 0.07
0.22 0.06
0.18 0.08
0.53 0.0¢%
0.50 0.0%
0.40 0.08
0.43 0.06

b 9.9
.9 8.0
1.5 1
1.0 1
t.9 10
1.1 11
2.2 111
1.9 13
1.6 10
0.7 6.7
0.6 8.4
0.6 7.2
0.8 7.2
0.9 6.7
0,7 8.4
0.4 5.2
0.5 6.0
. 0.7 5.5
0.5 5.7
0.5 5.0

6.3
e.3
0.3
0.3
0.2
0.5
0.2
0.2
0.2
0.2

0.7
0,7
0.9
6.7
0.7
0.4
6.2
0.2
0.3
0.2
0.2

<0.2

0.2
0.2
0.3

<0.3

........................................................



Table 10.--Chemical analyses for Peltigers aphthosa samples from the Control Traverse sempling sites, Denali Nationsl
Park snd Preserve, Alaska (dry-weight basis) (continued).

Sample 1d Ho, ppm Nd, ppm N{, ppm Pb, ppm Sc, ppm Sr, ppm Th, ppm vV, ppm Y, pom Yb, ppnm
LCO.5a1 0.3 0.7 1.4 1.2 0.2 18 <0.3 1.8 0.3 <0.1
LCO.5B1 0.3 0.7 1.6 1.1 0.3 17 <0.3 2.2 0.4 <0.1
Lc0.5¢CH 0.3 1.0 1.9 1.0 c.3 20 0.3 2.4 0.4 <0.1
LC1.0AY 6.3 0.6 1.4 1.1 0.2 17 <0.3 1.4 0.3 <0.1
LC1.081 0.3 0.4 1.9 1.0 0.3 20 0.3 2.0 0.4 <0.1
Lc1.0c1 0.3 0.7 1.6 1.2 0.2 20 0.3 1.8 0.3 <0\
LC1.5A14 0.3 1.0 2.0 1.2 0.3 18 0.3 2.7 0.7 0.1
LC1.581 0.2 1.0 1.6 0.8 0.2 16 0.3 2.0 0.3 <0.1
LE1.5¢1 0.3 0.8 1.8 0.8 0.3 15 0.3 2.1 0.3 <0.1
LC3.0A1 0.2 0,2 0.9 6.7 0.1 17 <0.2 1.0 0.2 <0.1
LC3.081 0.2 0.5 0.8 0.7 <0.1 17 <0.2 0.7 0.1 <0.1
Lc3.0ch 0.2 0.2 0.3 0.5 <0.1 14 <0.2 0.7 0.4 <0.1
LC7.5A% 0.3 0.3 1.4 0.? <0.1% 11 «0.2 0.9 6.2 <0.t
LC7.5A2 0.2 0.2 1.3 0.7 0.1 11 «0.2 0.8 0.1 <0.1
LC7.581 0.4 0.2 0.7 0.5 <0.1 12 <0,2 0.7 0.1 <0.1
Lcogsal 0.2 0.2 0.8 0.4 <0.1 15 <0.2 0.4 <0.1 <0.1
LCo0881 0.2 <0.5 1.0 0.4 <0,2 14 <0.5 0.5 <0.2 <0.1
LC0088B2 0.2 0.2 1.1 0.6 <0.1 13 <0,2 0.5 <0.1 <0.1
LCO16A1 0.2 0.5 0.8 0.5 <0.1 1% <0.2 0.5 0.1 <0.1
LCo1681 0.2 D.2 0.6 0.5 <0.1 12 <0.2 0.5 0.1 <0.1
Sampte 1D Zn, ppm As, ppm Se, ppm Hg, ppm Ash, % Total §, X

LCO.5A1 39 0.15 0.05 0.05 3.29 0.13

LCO.581 36 0.22 0.05 0.06 3.65 0.14

LCo.5¢C 42 0.22 0.06 0.06 3.82 0.6

LCT.0A1 43 0.15 D.D4 0.05 3.09 0.4

LC1.081 Sé 0.18 0.05 0.05 3.62 0.15

Lc1.oct 61 0.18 0.07 0.05 3.37 0.13

LC1.5At 27 0.23 0.06 0.07 3.4 0.10

LC1.5B1% 25 0.19 0.06 0.04 3.4 0.12

Le1.5¢c 21 0.21 0.08 0.04 3.19 0.11

LC3.0AY 24 0.09 0.07 0.04 2.39 0.09

LC3.081 29 0.08 0.04 0.05 2.41 0.09

1c3.0C1% 39 0.11 0.03 0.06 2.39 0.10

LC7.5A1 35 0.08 <0.03 K.D. 2.48 0.09

LC7.5A2 34 0.09 0.05 R.OD. 2.40 0.08

LC7.5B% 34 0.07 0.04 0.11 2.15 0.12

LCOO8A 52 0,05 <0.03 0.08 2.15 0.10

Lcoogs 1 82 0.08 <0.03 0.10 2.40 0.09

Lco0g82 58 0.06 <0.03 0.05 2.40 0.11

LCO16AY 3 0.08 0.04 0.03 2.38 0.09

LCO 1681 32 0.08 <0.03 0.05 2.27 0.08

N.D., Not determined due to insufficient sampla.

...................................................................................



Table 11.--Chemical analyses for pPeltigecs pphthosa samples from the Meteorological sampting sites, Denal{ National Park
snd preserve, Alaska (dry-weight basis),

Sasmple ID Latitude Longitude Al, % ca,% fe, % K, X Hg, X% Na, % P, % Ti, %
LMOOOA1 634326 1485804 .06 0.22 0.04 0.70 6.08 0.03 0.22 <0.0L
LHo0081 634326 1485804 0.07 0.22 0.04 0.62 0.08 0.03 0.26 <0.0t
LMOD1A1 635117 1485808 0.18 0.31 0.10 0.65 0.09 0.04 0.26 0.01
LMOO1A2 635117 1485808 0.18 0.31 0.11 0.60 0.10 0.04 0.26 0.01
LMO0181 635417 1485808 0.08 0.25 0.05 0.46 0.09 0.02 0.15 <6,04
LMOOAA1 634808 1485654 0.08 0.30 0.05 0.40 D.08 0.02 0.14 <D.0t
LM00681 634808 1485654 6.12 0.33 0.07 0.46 0.10 0.03 0.19 <0.0t

Sample 1D Mn, ppm Be, pem Ccd, ppm Ce, ppm Co, ppm Cr, ppm Cu, ppm Ga, ppm La, ppm L, ppm

........................................................................................................................

LMOOOAY 213 3 0.9 0.6 0.2 0.9 8.2 0.3 0.3 0.3
LWO0008 251 27 6.7 e.7 0.3 1.1 6.2 0.7 0.3 8.3
LMOC1A1 3 32 0.2 1.8 0.9 2.6 9.1 6.4 1.0 0.9
LMOD1A2 73 42 0.2 1.5 0.9 2.6 9.0 0.4 0.9 0.9
LMOO1BAY 150 27 0.2 0.9 0.6 1.2 7.8 0.3 0.6 0.3
L#00&AY 189 15 6.2 6.9 0.3 1.3 11 0.3 0.6 0.3
LMOOSE 1 269 10 <0.1 1.8 0.7 1.7 12 0.4 0.4 0.7

LMOOO0A1 0.3 <0.3 1.3 0.8 <0.1 13 <0.3 1.2 0.2 <0.1%
LHOO0B 1 0.3 0.3 1.4 0.8 <0.1 13 <0.3 1.3 0.2 <0,1
LMO01A1 0.4 1.1 2.1 1.3 0.4 22 0.3 3.2 0.4 <0.1
LK001A2 0.3 1.2 2.1 1.2 0.4 22 c.4 3.3 0.4 <0.1
LMOO181 6.3 0.3 1.2 0.8 0.2 19 <0.2 1.5 0.3 «0.1
LHOOKAY 0.2 0.6 1.1 1.1 0.2 18 <0.2 1.3 0.2 <0.1
LMO0SB1 <0.1 1.1 1.6 1.1 0.3 22 0.4 1.% 0.4 <0.1

Sample 1D n, ppm As, ppm Se, ppm Rg, ppm Ash, % Total 5, %

........................................................................................................................

LHOOOA 33 0.10 0.05 0.06 3.04 0.08
L¥00081 42 0.08 0.08 0.07 3.26 0.10
LHOO1AY 36 0.27 0.04 .06 4.3% 0.13
LMO01A2 36 0.27 0.06 0.06 4.28 0.4
LM0018) 29 0.10 <0.03 0.09 2.88 6.10
LMOOGA 52 0.13 0.04 0.10 3.05 6.4
LH00681 &4 0.20 0.0¢ 0.17 3.54 0.17



Table 12.--Chemical analyses for Peltigera pohthogy samples from the Nenans River Traverse sampling sites, Denalt
National Park snd Preserve, Alaska (dry-weight basis).

Sample 1D Latitude (ongitude AL, % Ca,X Fe, % K, X Mg, % Ne, X P, % T, %
LNDGOA 435120 1435438 0.35 0.43 0.22 0.62 0.14 0.04 0.19 0,01
LNDOOOB Y 635120 14356438 0.49 0.43 0.30 0.72 0.15 0.04 0.19 0.02
LNO.SAY 635109 1485729 0.10 0.32 0.06 0.47 D.10 0,02 0.31 <0.01
LNG._581 635109 1485729 0.12 0.2 0.07 0.49 0.08 0.03 0.19 0.04
LNO.5cCY 635109 14857290 0.22 0.27 0.12 0.40 0.10 0.04 0.1 0.01
LNOOYAY 635047 1485652 0.09 0.29 0.06 0.41 0.09 0.02 0.13 <0.01
LNGOIBAY 635047 1485652 0.11 0.30 0.07 0.52 0.08 0.02 0.16 <0.0%
LNQO182 435047 1485652 0.12 0.34 g.08 a.s50 0.09 0.03 .19 «<0.0%
LROD1CY 635047 1483652 0.13 0.25 0.10 0.55 0.08 0.02 0.13 0.01
LRDO2A1 635028 1485804 0.12 0.23 0.07 0.58 0.09 0.03 0.14 <0,01
LNCO2B 1Y 635028 1485804 0.07 0.22 0.05 0.54 0.09 0.02 0.16 <0.0%
Lk002C1 635028 1485804 0.09 0.29 0.05 0,54 0.10 0.02 0.17 <0.01
LROO4A1 634942 1490013 0.0% 0.28 0.05 0.34 0.0¢ 0,02 0.16 <pD.01
LK0O4B Y 634942 1490013 0.1 0.29 0.07 0.48 0.09 0.02 0.15 <0.01
LNOO4C1 634942 1490013 0.08 0.22 0.04 0.32 0.07 0.02 0.15 <0,0%
LMDOAAT 634808 1485854 0.08 0.30 0.05 0.40 0.08 0.02 0.14 <0.0l
LN00681 634808 14BS454 D.12 0.33 0.07 0.46 0.10 0.03 0.19 <0.01
LKOOBA1 634619 1485407 0.08 0.31 0.05 0.31 0.08 0.02 0.11 <0.01
LR00881 434619 14BS407 0.1 0.27 0.06 0.48 0.10 0.03 0.10 «0.01
LX008CY 634619 1485407 0.12 0.24 0.06 6.45 0.09 0.03 0.10 0.0%
LNO16AY 634258 148533% 0.05 0.25 0.03 0.47 0.09 0.02 0.15 <0.01
LNO16B1 634258 1485335 0.05 0.23 0.03 0.47 0.08 0.02 0,15 <0.01
LRO168C 634258 1485335 0.0% 0.32 0.03 0.37 0.09 0.02 0.13 <0.0%
LNO25A1 833741 1484720 0.06 0.28 0.03 0.33 0.08 0.03 0.12 <(.01
LNO25B1 633741 1484720 0.05 0.25 0.03 0.36 0.07 0.02 0.15 <¢.01
LNO4OA1 633030 1484901 0.1 0.23 0.05 0.34 0.08 0.04 0.12 0.01
LNO4081 633030 1484901 0.10 0.24 0.05 0.51 0.09 0.04 0.18 <0.01

------------------------------------------------------------------------------------------------------------------------




Table 12.--Chemical analyses for Pgltigerg gphthosa samples from the Nenana River Traverse satpling sites, Denali
National Park and Preserve, Alaska (dry-weight basis) (cont{nued).

Sample [D Hn, ppm 8a, ppm Ccd, ppm Ce, pom Co, ppm Cr, pom Cu, ppm Ga, ppm La, ppm Li, ppm

LNOODA1 137 17 0.3 3.4 1.6 5.2 16 0.6 2,0 1.4
LNOOOBY 157 28 0.4 é.4 2.3 5.2 16 1.8 2.8 2.0
LND.SA1 139 17 0.3 1.4 0.7 1.7 8.8 0.4 0.8 0.4
LN0.58Y 101 13 0.3 1.8 0.7 .3 9.1 0,3 0.9 0.3
LKO.5C1 I 21 0.4 2.5 0.9 3.1 6.4 0.4 1.4 0.8
LNOO1A1 67 9 0.3 1.2 0.3 1.4 17 0.3 0.6 0.3
LNDO1BY 128 12 0.2 1.4 0.7 .8 B.& 0.3 0.2 0.3
LNOG1B2 153 18 0.2 1.4 0.8 2.1 9.2 0.3 0.8 0.4
LNDO1CY - a3 16 0.2 2.4 0.7 1.7 7.4 0.3 1.4 0.3
LNOO2A1 272 16 0.1 1.5 0.7 1.5 10 0,3 0.% 0.3
LNOO281 260 18 0.2 0.7 0.3 0.8 11 0.3 0.6 0.2
LhO0ZCY 72 12 0.3 1.1 0.6 1.2 12 0.3 0.7 0.3
(NOGSA1 101 18 0.2 0.9 0.6 1.3 8.7 0.3 0.6 0.3
A 189 19 <0.1 1.1 0.7 1.7 1 0.3 0.7 2.3
LHOO4CT 255 15 9.1 0.5 0.5 1.1 10 0.3 0.5 0.3
LMOOSAT 189 15 0.2 0.9 9.3 1.3 1 0.3 0.6 0.3
LM0048 1 269 10 <0.1 1.8 0.7 1.7 12 0.4 0.4 0.7
LNOOSA1 59 13 0.1 0.8 0.6 1.1 9.8 0.3 0.6 0.2
LK0OB8 1 175 23 <0.1 1.0 0.6 1.0 B.S 6.3 0.6 0.3
LNOOBC 1 149 19 0,1 1.1 0.6 1.5 6.7 0.4 0.6 0.3
LND18AY : 97 11 0.3 0.3 0.2 0.7 7.1 «.2 0.2 0.2
LNG1481 76 23 0.2 8.5 0.2 0.7 7.3 0.2 0.2 0.2
LNG16CY 84 13 0.3 0.3 0.3 0.7 8.5 0.2 0.2 0.2
LNG25A1 180 16 0.3 0.2 0.3 0.6 9.6 0.3 0.2 0.2
LNO25B1 119 18 0.1 0.5 6.2 0.7 8.4 0.3 0.2 0.2
LNO40A1 137 20 0.2 0.4 9.3 0.6 8.3 0.3 0.3 8.3

LNO4DB 169 20 0.2 0.6 0.3 0.7 9.6 0.3 0.3 0.3

........................................................................................................................



Table 12.--Chemical asnalyses for Peltigera gphthoss samples from the Nenana River Traverse sampling sites, Denall
Nationat Park and Presarve, Alaske (dry-weight basis) (continued),

BE===SAEX EE = mans amx r 3]

Sample {D Mo, pem Nd, pem i, ppm Pb, ppm Sc, ppm Sr, ppm Th, ppm vV, pom Y, ppm Yb, ppm

........................................................................................................................

LROOOA1T 0.6 1.9 3.6 2.0~ 0.6 L14 0.6 6.2 1.2 «0.1%
LHOO00B1 <0.3 1.5 4.6 3.7 0.8 40 <0.6 8.2 1.5 <0.2
LRO.5A1 0.3 0.8 1.9 1.3 0.2 2 0.4 1.8 0.4 <0.1
LNG.581 0.3 0.7 1.7 1.4 0.3 20 <0.3 2.0 0.3 <0.1
LN0.5¢C1 0.4 1.2 2.3 2.1 0.4 22 0.3 3.6 0.8 <0.1
LROO1AY 0.6 1.1 1.5 0.9 0.2 ra 0.3 V.7 0.3 <0.1
LNOOBY 0.3 0,7 1.5 1.1 0.2 23 <0.3 2.2 0.3 <0.1
LNDO182 0.4 0.4 1.6 1.3 6.3 27 <0.3 2.3 0.4 0.1
LNOG1CY 0.6 1.1 1.6 2.4 0.3 21 0.3 2.2 0.6 <0.1
LNDD2A1 0.3 0.8 1.9 0.7 0.3 16 0.3 1.9 0.3 <0.1
LNGO2B1 0.3 0.3 1.8 0.3 0.2 15 <0.2 1.1 0.2 <0.1
LNOO2C1 0.3 0.7 1.7 0.7 0.2 20 0.3 1.2 0.3 <0.1
LNOG4LAY 0.2 0.6 1.7 1.5 e.2 19 0.3 1.3 0.3 <0.1
LNOO4B1 0.2 6.7 t.8 1.7 0.2 22 <0.3 1.7 0.3 <f.1
LNDO4CT 0.3 0.6 5.2 1.0 0.1 14 0.3 1.4 0.2 <0.1
LHOOSAY 0.2 0.6 1.1 1.1 0.2 18 <Q.2 1.3 0.2 <a.1
LMO0SB 1 <0.1 1.1 1.4 19 0.3 22 0.4 1.9 0.4 <0.1
LNOOBAY 0.3 0.6 1.0 1.2 0.1 20 <0.2 1.2 6.2 «0,1
L0088 1 0.3 0.6 t.1 6.9 0.2 16 <0.3 1.8 0.3 <0.1
LNOOBCY 0.3 0.7 1.1 1.2 0.2 16 0.3 1.7 0.3 <0, t
LRO16AY 0.2 0.2 0.7 1.1 <@.1 16 <0,2 0.8 0.2 <0.1
LNO1&81Y 6.5 0.5 0.8 1.0 <0.1 16 <0.2 0.8 0.2 <0.1
LNO14CY 0.3 0.3 0.6 1.0 <0.1 19 <0.2 6.9 0.2 0.
LNO25A1 0.3 0.3 0.7 1.0 <0.1 18 <0.2 0.9 0.2 «0,1
LNO2581 0.3 8.5 0.7 1.0 <D, 17 0.2 0.8 0.2 <0.}
LNO4OA1 0.3 0.3 1.0 1.1 D.2 16 <0.2 1.5 0.3 <0.1
LND4ORY 0.2 0.3 1.1 1.1 0.2 16 <0.2 t.4 0.3 «0.1



Table 12.--Chemical analyses for Palrigers aphthoss samptes from the Nensna River Travergze sampling sites, Denalf
National Park and Preserve, Alaska (dry-weight besis) (continued).

ET==NE

Sample 1D n, ppo Ag, ppm Se, ppm Rg, pom Ash, % Total §, X

.......................................................................................................................

L.NOCOCA? 41 0.54 c.13 0.13 8.22 0.16
LND0OBY 53 8.42 0.18 <0.01 7.47 0.16
LND.5A1 44 0.17 0.06 0.10 3.485 0.12
LNO.581 39 0.16 <0.03 0.12 3.25 0.12
LNO.5C1 40 0.38 <0.Q3 0.14 4.02 0.10
LRGO1A1 (A 0.11 0.05 0.08 3.48 6.12
LR0O181 8 0.16 0.07 g.08 3.45 0.16
LKOO182 38 0.15 0.05 0.12 3.a2 e.14
LNOOtC1 . 25 0.23 0.07 0.04 3.2 8.13
LNOO2AY 48 0.25 6.05 0.08 344 0.16
LN00281 51 0.4 0.04 0.06 3.02 0.15
LNOO2C1 &7 0.20 0.05 0.06 3.19 0.15
LNOOLAY 67 0.13 0.05 0.10 2.80 0.12
1.HOOLB 1 48 0.35 0.06 0.08 .44 0.14
LNOO4ACY 45 6.1 0.04 0.08 2.68 0.12
LHOGSA1 52 0.13 0,04 0.10 3.05 0.14
LM0068 1 64 0.20 0.09 0.17 3.54 0.17
LN0OBA1 L4 0.08 0.04 6.12 2.80 0.13
LN0OSB1 I8 0.14 D.03 0.04 3.18 0.14
LNODECH 35 0.16 0.04 0.05 3.18 0.12
LNO16A1 45 <0.0S 0.03 0.07 2.63 0.10
LN01681 20 0.0% 0.05 0.04 2.36 0.08
LNO16C1 37 0.0¢9 0.03 0.05 2.64 0.12
LNOZ25A1 46 0.09 0.04 0.05 2.53 0.10
LNO25B1 3 0.08 0,05 0.66 2.54 0.1
LNO4CAt 31 0.14 0.04 0.03 2.85 0.09
L¥04081 30 0.13 0.03 0.08 3.0 0.09



Teble 13.--Chemical snalyses for Peltigers aphthosy somples from the Stampede Trafl Traverse sampling sites, Denali

National Park and Preserve, Afaska (dry-welpht basis).

Sampie (0 tatitude Longitude AL, X €a,% fe, X K, X
LSO.5At 635123 1485739 0.42 0.41 0.25 0.54
L50.581 635123 1485739 0.29 0.47 0.18 0.57
LS0.5Ct 835123 1485739 0.33 0.46 0.20 0.53
L£51.0A1 635138 1485757 0.19 0.43 0.12 0.53
LS1.0A2 635138 1485757 0.19 Q.41 0.12 0.52
LS1.081 635138 1485757 0.16 0.37 0,10 0.42
L84.0C1 635138 1485757 0.21 0.39 0.13 0.53
L81.5A1 435156 1485816 0.24 0.40 0.15 0.42
£51.581 635156 1485816 0.20 0.35 0.12 0.53
tst.5C1 635156 1485816 0.27 0.41 0.16 0.41
LS2.,0A1 435230 1485818 a.38 0.53 0.24 0.56
Ls2.08t 435230 1485818 0.47 0.50 0.3¢ 0.53
L82.0¢1 635230 1485818 0.34 0.52 0.21 0.40
LS004A1 635239 1490122 0.10 0.20 6.06 0.50
LS004B1 635239 1490122 0.13 0.24 0.08 0.52
LS004C1 635239 1490122 0.08 0.12 0.04 0.22
Ls004C2 435239 1490122 0.07 0.13 0.05 0.35
LSDOGAY 635328 1490242 D.0% 0.20 0.04 0.41
LS006A2 435328 1690242 0.07 0.22 0,05 0.44
L0068 1 435328 1490242 0.11 0.23 0.07 0.42
LS004Ct 635328 1490242 0.10 0.27 0.07 0.51
£.$008A1 635328 1490720 0.07 0.19 0.04 0.29
LSo03B1 - 635328 1490720 8.06 0.17 0.03 0.30
1800882 635328 1490720 0.07 0.23 0.04 0.43
LS008C1 635328 1490720 0.07 0.20 0.04 0.41
Ls008c2 435328 1490720 0.06 0.18 0.04 6.30
L8014A1 435244 1491158 0.07 0.22 0.04 .31
L801481 6352464 14691158 0.05 0.22 0.03 0.40
LSO16A1 635225 1491513 0.03 0.18 0.02 0.30
LS01681 635225 1491513 0.03 0.23 0.02 0.42
L8025A1 635411 1492415 0.04 0.22 0.02 0.48
1502581 435411 1492415 0.03 0.24 0.02 0.47
LS032A1 40414 1694727 0.05 0.26 .03 0.37
LS032B1 8406414 1494727 0.04 0.36 0.03 0.50

............................................................................

~J
rad

a.15
6.16
0.13
0.07
0.09
0.04
0.05
0.07
0.08
0.09

6.12
0.12
0.10
0.10
0.6
0.08
0.09
0.18
0.2}
0.18

0.16
6.6
0.15
0.1%
0.17
0.13
0.14
a.20
0.15
0.19



Tabla 13.--Chemical analyses for Peltigera aphthoss samples from the Stampede Trail Traverse sampling sires, Oenali
Natjonal Park and Preserve, Alaske {dry-weight basis) (continued),

Sample 1D Mn, ppm Ba, ppm Cd, ppm Ce, ppm Co, ppm Cr, pom Cu, ppm Ga, ppm La, ppm ti, pem

L50.541% 120 58 0.8 S.0 2,2 4.9 18 1.5 2.8 1.8
LS0.5B% 125 25 0.5 3.5 1.5 S.1 14 1.1 1.8 1.2
Ls0.5CH 127 43 0.5 3.3 1.6 5.4 15 1.2 1.9 1.4
LS1.0AY I 12 0.4 2.2 1.1 2.7 1 0.9 19 0.9
LS1.0A2 69 12 0.3 2.1 1.0 2.9 12 0.4 1.2 0.9
L51.081 107 14 0.3 1.7 0.8 r 13 0.4 1.0 0.8
Ls1.0cY 119 15 0.4 2.2 1.1 3.6 13 0.9 1.1 0.9
Ls1.5A 121 26 0.3 2.2 1.3 3.8 12 0.9 1.3 0.9
L§1.581 97 20 0.3 2.2 0.9 2.5 12 0.4 1.2 6.8
Ls1.5¢1 122 26 0.3 2.8 1.5 4.7 13 0.9 1.5 1.1
LS2.0A1 124 45 6.7 4.0 2.0 6.5 14 1.3 2.2 1.7
Ls2.081 169 47 0.6 4.7 2.8 8.1 18 1.7 2.6 2.2
Ls2.0C1 156 13 0.5 3.4 1.9 5.0 14 1.2 1.9 1.4
LSOD4A1 188 25 0.2 1.0 0.6 1.7 9.4 0.3 0.6 0.3
LS004B1 206 19 <0.2 1.6 0.4 1.7 9.9 0.4 0.8 0.4
(S004CY 98 12 0.2 0.7 0.4 1.1 7.0 0.2 0.4 C0.2
LS004C2 1M 13 0.2 0.9 0.4 0.9 7.4 0.2 0.5 0.2
LSODSA1 167 17 0.2 1.1 0.5 0.8 7.2 0.3 0.8 0.3
LS006A2 182 186 0.2 1.1 0.6 0.9 7.2 0.3 0.7 6.3
LS00681 125 25 0.1 1.9 0.8 1.2 7.7 0.3 0.9 0.3
LS004C 250 25 0.3 1.7 0.7 1.4 9.5 0.3 1.0 0.3
LS008AY 95 16 0.2 0.6 0.5 1.1 7.8 0.2 0.5 0.2
Ls00881 200 15 6.2 0.5 0.2 1.4 6.7 0.2 6.2 0.2
1s00882 258 20 6.2 0.7 6.5 1.9 7,5 0.3 6.5 0.3
LS00BC1 183 15 0.2 0.8 0.3 0.8 8.1 0.3 0.5 0.3
LS008C2 160 14 0.2 0.5 0.2 1.9 7.8 0.2 0.5 8.2
LSOS4AY 208 15 0.2 0.6 0.2 0.9 9.0 0.2 0.% 0.2
LS014BY 251 21 0.2 1.0 1.2 0.6 9.0 0.5 0.6 0.2
L50)6AY 176 9 0.2 0.4 0.4 0.4 6.5 0.2 D.2 0.1
LS0968B1 32 9 0.2 0.6 0,3 0.5 1 <0.2 0.3 0.2
Ls025A1 108 16 8.2 0.5 0.3 0.5 9.3 0.2 6.2 0.2
Ls02581 226 22 6.1 0.3 ¢.3 0.8 7.6 0.2 0.2 0.1
LS032A1 185 18 0.2 0.2 6.3 0.6 6.6 6.3 0.2 0.2
L$03281 3 16 a.2 e.3 6.3 0.7 5.9 <0.3 0.3 0.2

....................................................................................



Table 13.--Chemical analyses for Peltiggra aphthose samples from the Stampede Trail Traverse sampling sites, Denslf

National Park end Preserva, Alagska (dry-weight basis) (continued).

Sample D

£s0,581
£s0.5¢H
LS1.0at
£§1.0A2
Lst.081
ts1.0cH
LS1.5A1
Ls1.581
tst.sen

Ls2.041
Ls2.081
L§2.0¢1
LS004A1
LS00481
LS004CH
LS004C2
LS006A
LS006A2
LS004A1

LsQosc
L5008A1
Lsooast
Lsooaa2
Ls008c1
Ls008c2
LS014at
LS01481
LS016AY
Ls01681

LS025A1
Ls02581
L8032A1
Ls03281

6.5
0.7
0.6
0.3
0.4
6.2
0.2
0.2
0.3
0.2

0.3
0.2
0.2
0.3
6.3

1.6

1.2

1.3

2.1
2.4
2.1
D.6
0.7
8.2
0.4
0.6
0.6
1.1

1.1
0.5
6.2
0.3
0.7
0.7
0.2
0.6
6.2
6.5

2.8
4.0

5.6
6.7
.8
$.2
1.4

fb, ppm  Sc, ppm
2.4 0.8
1.9 0.6
2.6 0.6
1.8 0.4
1.4 0.4
1.6 0.4
1.6 0.4
1.9 0.5
1.5 0.4
2.4 0.9
1.8 1.3
2.5 1.4
1.9 1.2
1.5 0.2
1.8 0.3
1.2 0.9
1.4 0.2
0.8 0.1
1.0 0.
1.0 0.3
1.2 0.2
0.7 0.1
0.6 0.1
¢.9 0.t
0.9 0.2
0.6 0.1
1.0 0.1
0.7 0.1
0.6 <0.1
0.3 <0.t
0.7 <C.1
0.5 <C.1
0.4 <0.1
0.3 <0.1

73

<0.4
0.4
0.3
0.4
0.4
<«0.3
<0.4

0.7
0.7
0.6
0.3
<«0.3
<0.2
<0.2
<0.2
0.3
0.6

0.3
<0.2
<0.2
<D.2

0.5

0.5
<0.2
<¢.2
<0.2
<0.2

4.2
3.8
4.4
5.6
4.5
6.1

1.7
2.0
1.6
0.3
0.4
0.2
0.2
0.2
0.3
0.3

0.3
0.2
0.2
0.2
0.3
0.2
0.2
0.5
0.1
6.3

0.1

0.3
0.2
0.2
<0.1%
<0.1
<0,1
<0.1
<0.1

<0.1



table 13.--Chemical analyses for Peltjqers pohthosa semples from the Stampeds Trail Traverse sempling sites, Denali
National Park and Presarve, Alaske (dry-waight basis) (continued).

Sample 1D n, ppm A8, ppm Sa, ppm fg, ppm Ash, % Total §, %

£S0.5A1 M 6.914 0.32 0.09 7.50 0.16
LS0.589 31 0.57 D.24 0.07 5.70 0.16
Ls0.5¢1 36 0.48 0.23 0.08 6.04 6.15
L§1.0A1 L0 0.-34 0.12 0.08 4.39 0.16
LST.0A2 39 0.33 0,12 N.D, 4.32 0.17
LS1.08% 42 6.27 0.12 0.08 3.8 0.13
Ls1,0C 30 0.28 0.11 0.10 &.42 0.14
Ls1.5M 43 0.36 0.18 0.0% 4.47 0-14
151.581 36 0.30 0.13 0.09 4.05 0.12
Ls1.5¢1 47 0.51 .19 0.0? 4.71 0.13
L§2.0A1 42 0.74 0.28 0.09 6.51 0.16
(52.0819 44 1.10 0.34 0.08 6.717 0.16
Ls2.0C1 43 0.49 0.26 0.09 5.76 0.1
LSO04AA1 29 0.13 0.04 6.05 2.93 0.12
LS00481 32 0.14 0.04 0.08 1.68 a.11
LS004C1 26 0-12 0.03 0.0¢ 2.00 0.10
LSOD4C2 i 0.13 0.0é 0.03 2.18 0.09
LS006A1 26 0.1 6.03 0.06 2.57 6.10
L$006A2 27 0.08 <0.03 0.12 2.76 0.09
L$00681 24 0.7 0.04 0.04 3.21 0.09
LS00&CT 47 0.21 0.04 0.05 3.38 0.12
LSODBA1 29 0.12 0.03 0.06 2.43 8.1
Ls00881 28 0,14 0.04 0.08 2.30 0.09
LS00B882 32 0.10 <0.03 6.08 2.6 0.09
(s008c1 33 a4.09 0.04 0.08 2.54 0.08
Lso0Bc2 30 0.13 0.05 0.03 2.28 0.10
LS014AY 44 0.10 0.04 0.08 2.42 0.09
LSa14B1 18 0.07 «0,03 0.07 2.37 0.1
Ls016a1 32 0.07 <0.03 0.03 2.02 0.08
LSD1681 40 <0.05 «0.03 0.04 2.47 0.14
LS025A14 30 0.08 D.04 0.03 2.91 0.0¢
1502581 50 0.06 C.05 0.07 2.63 0.08
LSD3241 48 0.09 <0.03 0.05 2.65 6.10
Lso3281 43 0.4 0.03 0.04 3.30 0.3

R.0., Mot determined due to {nsufficient sample.

-----------------------------------------------------------------------------

~ 'l

L~



Table 14.--Chemical anslyses for Peltigers aphtho3a standard samples (dry-weight basis).

as = REART

sampte 1D AL, X ca, % fo, X K, % Mg, X Na, % P, % Ti, X Mn, ppm  Bs, pem
STD 0.30 0.33 0.17 0.51 0.13 0.10 0.1 0.01 127 32
STO 0.31 0.34 0.17 0.56 0.14 0,10 0.12 0.01 131 33
$TD D.40 0.40 0.22 0.64 0.16 0.13 0.13 0.02 152 40
ST0 0.39 0.38 0.21 0.58 0.15 0.12 0.13 0.02 146 37
S0 0.33 0.33 0.18 a.49 0.14 0.10 0.11 0.01 132 32
STD 0.37 0.38 0.21 0.62 0.16 0.12 0.14 0.01 143 37

s§TD <0.2 1.4 1.1 2.9 6.6 0.6 0.4 0.6 <0,2 0.6
STD <0.2 1.5 1.1 3.7 7.4 0.6 0.6 0.6 <0.2 0.6
STD <0.2 2.1 1.3 6.6 8.0 1.3 1.3 0.7 <0.2 1.5
sTO <0.2 1.7 1.3 3.6 7.6 0.6 1.3 g.5 <0.2 V.3
ST0 <0.2 2.0 149 1.8 7.2 1.1 0.6 0.6 <0.2 1.1
STD <0.2 1.8 1.3 3.0 7.5 0.6 1.3 0.6 <0.2 1.3

$TD 2.4 1.1 0.6 2?7 <0.4 5.5 0.6 <01 25 0.21
STD 2.5 0.8 0.6 27 <0.5 5.7 0.6 <0.1 28 0.1%
STD 3.1 1.3 0.7 34 <0.5 7.3 1.3 <0.1 30 0.22
(] 2.9 1.3 0.6 32 «<0.5 7.0 0.6 <0.1 28 0.19
STD 2.5 <0.4 0.6 28 <0.4 6.0 0.6 <0.1 27 0.17
STD 2.9 0.6 0.6 32 <0.% 7.0 0.6 <0.1 29 0.25
Sample 1D Se, ppm Ng, ppm Ash, % Total §, %2

STD 0.47 0.08 5.53 0.09

STD 0.51 0.09 5.70 0.09

STD 1.30 0.07 6.63 0.09

STD 0.50 0.10 6.35 0.08

(344) 0.74 0.07 5.52 0.08

(] 0.48 0.12 6.23% 0.08



Table 15.--Chemical analyses for Qa-horizon soil semples, Densli Narjonal Park and Presarve, Alaska (dry-weight besis).

Sample ID Latitude Longitude Al, X ca, & Fe, % K, % Ng, % Na, % P, X Ti, X

........................ L N R N N L e L L R N N el e ik

Radiet Arc §ices

SAQO1AT 634945 1490138 4.k 0.90 2.6 1.5 0.39 0.36 0.11 0.12
SADQ2At 435023 1490346 4.0 0.37 1.9 1.4 0.30 0.39 0.13 0.16
SAQ02A2 635023 1490346 4ot 0.37 1.9 1.3 0.30 0.39 0.13 0.15
SAOD3IAY 635004 1490727 3.4 0.46 2.0 1.2 0.29 0.38 0.06 0.08
SADO4LAY 634854 1491006 6.0 0.32 4.0 2.2 0.5% 0.57 0.07 0.13
SAQO5A1 634802 1491202 4.5 0.24 2.8 1.6 0.36 0.34 0.08 0.0%
SAQ06A1 634706 1491851 4.3 0.30 1.6 1.5 0,24 0.22 0.05 0.09
SAQQ7A1 635158 1450438 6.5 0.53 2.3 1.1 0.3¢ 0.63 0.09 0.24
SAQ32A1 634256 1492900 5.1 1.1 2.7 1.0 0.65 0.78 0.10 0.32
SAO40A1 633840 1493514 2.4 2.3 1.6 0.61 0.48 0.39 0,11 0.20
SNO8OA1 631839 1493323 6.2 0.58 1.7 0.92 0.45 0.81 0.16 0.28
SNO80AZ 631839 1493323 6.2 0.64 1.7 0.98 0.45 0.81 0.16 0.27

Control Yraverse Sites

$CO.5A1 635935 1450701 4.1 1.2 2.1 1.2 0.58 0.75 0.08 0.20
§C1.0A1 840111 1492416 4.8 1.5 2.4 1.4 0.66 0.86 0.09 0.22
SC1.5414 635934 1492905 3.9 0.83 2.0 0.98 0.49 0.62 0.09 0.18
§C3.041 635935 1490836 4.5 0.67 2.0 1.1 0.46 0.67 0.11% 6.21
$C7.5A1 635950 1491753 4.0 0.73 1.7 t.0 0.40 G.54 0.12 6.9
§C7.5A2 635950 1491753 4.0 6.73 1.7 1.0 0.40 0.58 0.12 0.19
SC008At 6359346 1490735 3.8 0.90 2.1 0.85 0.55 0.68 0.10 0.21
SCO16A1 435950 1491135 3.9 0.87 1.8 1.2 0.48 0.64 0.13 0.1%

Meteorotogical Sjtes

SMO00AY 634326 1485804 3.9 0.90 2.5 0.71 0.47 0.52 a.19 0.9
$M001A1 635117 1485308 4.7 1.2 2.7 1.2 0.64 0.79 0.1 0.26
SMOO6AT 634808 1485454 4.3 1.7 2.2 1.3 0.45 0.53 0.08 0,16

Nenana River Transaect $ites

SROO0A1 635120 1485438 6.9 0.86 2.7 1.5 0.60 0.7 0.09 0,21
SNO.5A1 635109 1485729 5.0 1.3 2.7 1.3 0.76 0.99 ¢.11 0.25
SND01AN 635047 1485652 2.5 2.3 1.4 0.74 0.56 0.39 0.12 0.13
SHOO2A1 635028 1485804 ‘.6 0.78 2.4 1.3 0.60 8.72 0.1 0.21
SNOD4AY 834942 1490013 6.3 LI b.h 1.7 0.88 0.88 0.08 0.32
SNOO4AZ 634942 1690013 6.3 1.1 b.4 1.7 6.86 0.86 0.09 0.33
SH00481 634942 1490013 2.1 1.6 2.1 0.72 0.40 0.29 0.12 0.05
SMO06A1 634808 1485654 6.3 1.7 2.2 1.3 0.45 0.53 0.08 0.16
SN008A 834619 1485407 2.4 3.2 1.9 0.62 0.48 0.49 0.11 0.10
SNO16A1 634258 1485335 1.4 1.7 0.87 0.35 0.41 6.27 6.13 0.07
SNO25A1 633741 1484720 1.3 2.3 0.73 g.27 0.23 0.27 6.12 0.08

SNOLOA1 633030 1484901 1.7 0.67 1.0 0.39 0.30 0.30 0.09 0,10



Tab(e 15.--Chemical analyses for Oa-horizon soil semples, Denali Nationai Park and Preserve, Aleska (dry-weight basis)
(cont inued).

Sample 10 Latitude Longitude Al, % Ca, % Fe, X X, X Mg, % Ra, % P, X T, %
Srampede Vrail Traverge
550,541 435123 1485739 6.0 1.7 1.3 1.7 a.97 1.1 0.09 4.33
$S1.0a1 435138 1485757 4.6 1.7 2.3 1.¢ 0.49 8.76 0.114 0.3
$S1.5A) 635156 1485816 5.5 1.3 3 1.4 0.83 t.08 0.09 0.35
$82,0A1 635230 1485818 5.6 1.6 30 1.5 0.92 1.2 0.08 0.30
5500441 635239 1490122 4.8 0.53 2.8 1.3 0.4) 6.61 0.07 0.15
S5006A1 635328 1490242 5.6 - .0.54 3 1.5 0.5) 0.75 0.11 0.20
S3008At 635328 1490720 5.9 0.49 2.7 1.5 0.47 0.73 0.10 D.22
88014A1 635244 14691158 1.5 0.29 2.7 0.38 0.15 0.17 0.13 0.05
S$8014A2 635244 1491158 1.5 0.29 2.7 0.36 0.15 0.17 0.13 0.05
$S014A) 635225 3491543 1.2 0.41 0.a0 0.39 0.17 0.13 6.14 0.03
$$025A1 635411 1492415 1.8 6.24 0.a3 0.51% 0.20 0.26 0.12 0.06

Ss032a1 64D416 1494727 2.8 1.2 1.6 6.70 0.44 0.40 6.18 0.17



Table 15.--Chemical analyses for Oa-horizon soll samples, Dansli National Park and Preserve, Aleaska (dry-weight basis)
(continued).

Sample 1D Mn, ppm Ag, pom As, ppm 8a, ppm Be, ppn Cd, ppm Ce, pom Co, pom Ce, ppm Cu, pom
Radigl Arc sites
SAOO1At 1490 <1 5 288 0.9 <1 77 17 41 44
SADDZA1 661 P3 4 485 0.9 <1 49 9 39 20
SAODZA2 863 <1 A 488 0.9 <t 53 9 38 20
SA003A1 483 <l 9 361 0.9 <1 45 9 33 20
SAOD4A1 648 <@ 9 579 1.7 <2 85 18 54 42
SAQ05A1 5a3 <1 6 463 1.1 < 62 15 38 24
SAODAAS 390 <1 <7 437 1.4 <4 63 7 36 14
SAQQ7A1 2482 <1 8 684 1.1 < N4 10 &b 28
SAD32A1 157 <1 6 845 0.7 <1 38 12 .72 35
SA040A1 644 <1 6 322 0.8 <1 24 7 24 14
SNOBOA1 370 <1 1% 526 0.6 <1 24 6 49 16
SNOBOAZ 17¢ <1 13 538 0.6 <1 27 6 49 16

Gontrol Traverse §ites

SCD.5AY 342 <1 ) 495 1.2 3 39 52 2b
SC1.0AY 491 <1 13 663 1.3 <i [ 1 58 20
$C1.5A1 213 <1 5 819 1.0 <4 38 11 4 19
Sc3.0A1 270 <t é 674 1.1 <1 46 8 50 19
SC7.5A1 200 <t 5 634 1.0 <1 41 7 46 25
SC7.542 200 <) S 633 1.0 <1 ) 7 &4 26
SCO08A1 5364 <1 é 620 6.6 <1 28 10 bé 2t
SCO16A1 431 <l <% 1690 6.6 <1 38 1 42 19
Meteorolpgical Sites
SHMOO0AY . 782 1 5 714 1.0 3.3 18 16 47 67
SMOO 1Al 716 <1 7 788 0.7 <3 43 12 53 24
SHOOGA1 325 <t 5 440 1.0 <1 42 11 42 r3
Nenang River Treverse Sitss
SNCOOAN 500 <} 7 701 6,7 < 54 11 42 3
SNO._SAd 18 <2 8 918 6.8 <2 40 14 40 28
SNOOA1T 37 < [ 200 0.7 1.0 28 7 26 26
SNOG2A1 1750 <1 12 662 1.2 <1 S7 40 53 22
SNOO4A1 1051 <2 18 762 0.9 < 58 23 88 53
SNOO4LA2 1114 <« 17 763 1.7 <2 59 22 94 52
SN0O4BY T <« 3 144 D.6 <1 25 26 26 5
SMO06A1 325 <4 S 440 1.0 <1 42 1" &2 2b
SNOOBAT 2394 <1 3 120 0.3 <1 3 10 22 30
SNO16A1 580 <1 4 130 6.2 1.5 16 5 20 Pe]
SNO25A1t T70 <1 2 87 ¢.2 1.0 9 6 17 15
SND40A1 230 <1 5 159 0.2 1.2 1 6 22 17



Table 15.--Chemical analyses ¢or Oa-hor{zon soil semples, Denal! Matfonal Park and Preserve, Alaska (dry-weight besis)
(continued).

Sarple 1D A, pem Ag, ppm AS, ppm Ba, ppm 8e, ppm cd, ppm Ce, ppm Co, ppm Cr, pem Cu, ppm

........................................................................................................................

Stompede Trail Traverge $jtes

$50.5A1 676 < 9 1050 0.9 <« 62 16 7% 34
$51.0A1 631 <1 6 883 0.6 1.3 40 13 59 28
$81.5A1 722 7] Y4 913 0.8 <2 66 15 76 31
$52.0A1 577 <2 8 834 0.8 « 57 15 7 28
SSO04AT 35 «1 7 489 0.7 <1 55 11 46 pa]
SSO06AS 339 <2 8 618 1.5 < 83 4 N 25
SSOO0BAS 206 T 7 733 1.3 < 61 10 59 24
SSO14A1 a9 < 4 106 0.4 < 19 6 18 16
$S014A2 69 < 5 4b 0.4 0.4 17 6 18 16
SS016A1 286 < 3 21 0.3 1.0 16 19 14 14
$5025A% 120 1 2 317 .2 0.7 12 5 3 10
S5032A1 1140 <t 3 42 0.7 1.1 =] 13 37 3



Table 15.--Chemical enalyses for Os-horizon soil samples, Denali National Pack and Preserve, Alasks (dry-weight basis)
{continued).

Senple 1D Ga, ppm La, ppm L1, ppm Ho, ppa Nb, ppm Nd, pom Ni, ppm Pb, ppm S¢, ppm Sr, ppm

fRedial Arc Site

SA001A1 12 49 11 <1 4 40 42 10 9 76
SAD02A1 1n 27 12 <1 4 20 17 11 7 &2
SAQD2A2 1 k{¢} 12 <1 3 3 17 | 8 62
SADD3A1 8 25 12 < <2 19 17 " é 51
SAQ0LAY 14 47 20 <2 <3 37 37 20 10 55
SAOOSA1 11 34 16 <t 3 27 25 18 8 46
SA006A1 11 36 \5 <} <3 29 15 11 7 50
SADO7A1 11 25 15 1 6 18 21 9 10 97
SA032A1 12 21 3 3 7 1% 25 13 1 MM
SA0L0A1 7 12 10 1 4 14 10 é [ 190
SNOBDAY 13 13 20 2 [ 12 12 . 8 110
SR080A2 14 14 20 2 S 13 12 6 8 116
Control Traverse §{
$C0.5A% 10 21 14 <1 5 19 264 10 9 122
SC1.0A1 12 24 17 <1 5 22 k3| 1" 9 152
SC1.5A1 9 22 13 <t 4 18 20 10 8 108
SC3.0A1 12 24 1A <4 4 20 7 & 4 118
SC7.5A1 10 ol 12 i) 5 21 15 9 8 97
$C7.5A2 10 27 13 <t 4 24 16 8 8 124
$C008a1 9 15 15 <1 4 13 22 8 8 107
SC016A1 10 21 20 <i 5 17 22 10 8 99
Metgorological §i
SMOD0A1 10 21 14 1 4 21 61 19 o - 100
SMO01A1 1" 24 20 <1 6 21 26 13 10 B V-4
SHMO06A1 1 23 16 <1 3 18 19 11 a 110
Nena, {ve averge Sit
SNOODAY 12 3 16 <1 5 26 24 15 9 122
sSND.5A1 12 23 2t <2 6 18 29 27 10 153
SKOO1At 7 15 10 1 4 15 19 18 5 144
SN002a1 1t 31 15 «<t ] 25 25 12 %6
SNDO4LAT 15 32 bz <2 é 29 41 25 14 13
SNOO4A2 15 27 23 <2 b 27 42 21 14 120
Sk00481 8 15 9 1 <1 13 43 ? 4 90
S$MOOBA1 1 23 16 <1 3 18 19 11 8 110
SNOO8At 8 13 7 1 2 14 5 7 5 137
SNO14A1 4 [ s 1 4 7 17 4 4 118
SNO25A1 4 5 4 2 4 6 10 4 3 133
SND40A1 4 6 8 <} 2 & 14 6 4 &0

.............................................................................................



Table 15.--Chemical snalyses for Oa-horiron soil samples, Denali Natiocnal Park and Preserve, Alaska (dry-weight basis)
{econtinued),

ssmple ID  Ga, pom La, ppm Li, ppm Mo, opm Mb, ppm Nd, ppm NS, ppm Ph, ppm S$¢, ppm Sr, ppm

........................................................................................................................

Stampede Yrall Trpverse Sitesy

$S0.54) 14 33 24 2 .3 30 34 7 12 184
$S1.0At 11 22 20 <1 5 20 28 20 10 227
§$81.5M1 12 3S 25 < 8 29 35 17 12 164
€62.0A% 13 32 3 <« 6 27 32 13 12 150
SSO0LAY 11 30 16 <1 3 26 21 13 3 74
SS006A1 16 47 17 <2 4 35 26 14 10 90
SSO08A1 16 35 18 < 3 27 20 10 11 100
§8014A1 3 10 4 § 9 12 4 4 38
§S014A2 3 9 [ (3] 8 12 4 3 36
SS016A1 3 8 b 1 1 .S 14 4 3 50
§5025A1 ¢ 7 6 1 3 é 12 5 3 41
SS032A1 8 14 10 1 4 13 20 8 6 103



Table 15.--Chemical analyses for Oa-horizon soil samples, Denal{ National Park snd Preserve, Alaska (dry-weight basis)
(contimued),

Sample 1D Th, pam V, pom Y, pom Yb, ppm Zn, ppm As, ppm Se, popm Hg, ppm Ash, X Total §, %

SADOIAY 18 49 18 2 $0 4.6 0.18 0.12 45.0 0.18
SAO02AT 8 57 5 3 47 3.8 0.17 6,13 44,1 0.10
SA002A2 B 57 S <1 B4 3.7 0.15 0.12 bb .2 0.10
SAO03A1 7 37 4 <} a3 4 6. 11 0,14 &6.3 6.11
SAQOLA1 18 60 7 <1 136 8.3 0.12 c.12 85.2 0.1
SAQ05A1 12 67 5 < 96 6.0 6.12 0.1 56.5 0.11
SADD6AY 12 46 3 <1 a1 1t 0.32 0.0¢ 67.3 6.08
SACOTAY 7 T4 8 1 43 3.8 0.12 6.10 57.0 0.07
SA0324 5 117 12 t 65 5.7 0.49 0.13 65.0 0.12
SAD40A1 3 35 11 $ 74 2.6 6.18 0.1 32.2 0.19
SND80AS 3 104 S 1 L7 7.4 0.25 0.10 57.8 0.13
SKOB0A2 4 104 5 i &9 9.0 0.23 0.09 57.8 0.13

Control Traverse Sites

$C0.5A1 é b4 9 1 75 5.1 0.20 0.0% 57.9 0.10
S$C1.0A1 8 3 12 1 66 6.2 0.36 0.07 66.3 0.11
S€1.5A1% [ 62 7 i 57 1.9 0.31 0.09 51.6 0.08
SC3.0A1 6 73 7 ] 44 3.9 0.23 6.10 56.2 0.08
SC7.54) 5 68 9 1 5S¢ 3.1 0.28 0.13 48.8 0.11
SC7.5A2 7 68 9 ) 354 3.4 0,24 0.12 48.7 0.12
SCO0BA1 3 73 8 1 62 S.0 0.7 0.12 56.4 6.10
SCO16A1 5 70 é 1 117 3.0 0.15 0.0% 58.3 0.0%
Meteorolegical Siteg
SMOQOAY . S n 17 1 71 1.8 0.48 0,12 47.48 0.10
SMO01AY 7 84 9 { 79 6.9 0.31 0.08 71.6 0.07
SM004A1 [ 57 7 «1 67 3.7 0.17 0.13 47.8 0.14
Neneng River Yraverse Sites
SK000A1 11 &5 9 1 bal 4.7 0.18 0.08 71.5 0.08
SNO.SAY 7 92 10 1 92 7.5 0.48 0.07 76.5 0.06
SNO01A1 5 42 7 1 102 3.2 .52 Q.14 3.1 0.22
SNOO24 1 11 66 10 1 66 9.6 0.32 0.18 60.2 0.1
SNDO4A ] 10 96 16 2 139 14 0.29 0.28 87.6 <0.05
SHO04LAZ 10 94 14 2 137 14 0.30 0.26 85.7 0.0%
SNO0481 é 25 [ )} 107 3.1 0.32 0.15 28.9 0.22
SMO06A1 ) 57 7 <1 &7 3.7 0.17 0.13 47.8 0.14
SNO08AY 4 32 B 1 B2 2.1 0.27 0.11 34.2 0.23
SNO16A1 2 27 [ < 97 1.9 0.31 0.09 20.7 g.17
SNO25A1 1 23 3 < 25 1.5 0.39 0.08 20.8 0.20
SRO4DAT 2 39 3 <4 69 3.7 0.27 0.14 23.0 0-13

1D
>



Tabie 15.--Chemical analyses for Oa-horizon soil samples, Denali National Park snd Presarve, Atagka (dry-weight basfis)
(continued).

Sampte 1D Th, pem Y, ppm Y, pem Yb, ppm In, ppm As, ppm Se, ppm Hg, pepm Ash, % Totat §, X

....... P L L L L e N R L R R R L T Yl g

Stampede Trail Traverse §itves
§S0.5A1 11 97 14 1 es 9.8 D.47 0.07 87.8 0.08
SS1.0A% 7 82 1" 1 158 6.1 0.33 0.08 63.1 a.1
$§1.5A1 1% 100 14 2 108 8.1 0.36 0.08 a3.0 0.05
§52.0A1 1" 92 13 2 92 11 0.51% 0.08 a3.46 0.06
§5004A1 ® 60 s <9 74 6.1 0.13 0.1% 67.0 6.08
S5006A1 10 7 8 <i 66 5.3 0.14 6.10 5.4 0.05
§5008a1 10 93 7 ) 85 5.5 0.19 0.06 66.6 0.07
SSO14AY 3 2y 5 1 i3 3.9 0.30 0.09 19.2 0.1%
SSO14A2 3 27 5 <1 33 3.7 0.32 0.09 19.2 0.19
§S016AY 2 19 é <1 59 1.1 0.18 0.13 14.3 0.20
§5025A1 2 32 2 <1 51 1.4 0.13 0.13 26.4 0.14
SS032A1 4 48 8 1 74 2.4 0.3 0.10 34.8 0.19



Table 16,--Chemical analyses for Pices glaucs (white spruce) twigs and needles, Denali National Park and Preserve,

Alasks (dry-weight baais).

Sample ID Laritude Long’tude

PAOD2B?
PAOO3A1
PAQO3AR
PAQO3B1
PAOD4AT
PAOD4B1
PAODSA1
PA0QSB1
PAODSAS
PAGOSAZ
PACOAE)
PNOBOAY
PNOB0B 1

PC3.0A1
PC7.54%
PC7.581%
PCO08A1Y
PCO08a1
PCOI6R1

PK000A1T
PMODOB Y

PRO.5A%
PNO.5C1
PNCO1A1
PNOO1B1
PNQQ 182
PNOOACY
PNGO2A1
PNOO281
PNOO2C1
PHOD4A1
PNOD4BI
PR0O04CE
PNOOLL2
PRO1681
PNO16CT
PNO25A1
PHO25B
PNO4OAY
PNOAOB1

635023
635004
635004
635004
634854
434854
434802
634802
634706
634706
634706
631839
631839

635950
635950
435950
640311
640199
635934

634326
434326

635109
635109
635047
635047
635047
635047
635028
635028
635028
634942
634942
634942
634942
634258
634258
433741
4633741
433030
433030

1490346
1490727
1490727
1490727
1491006
1491006
1493202
1491202
1491851
1491851
1691851
1493323
1493323

1491135
1491753
1491753
1492416
1492616
1492905

1485804
1485804

1485729
1485729
1485652
1485452
1685652
1485452
1485804
1485804
1485804
1490013
1490013
1490013
1490013
1485335
1485335
1484720
1484720
1484901
1484901

<0,01
0.02
0.02
0.02
0.03
0.02
0.01
0.01
0.0
0.01
<0.01
0.01
0.01

<0.0¢
<0,01

0.01
<0.01
<0.0%
<qQ.01

0.0t
0.02

0.50
0.85
0.81
0.57
1.0

0.74
0.57
Q.85
0.68
0.76
0.54
0.93
0.54

0.40
0.57
0,72
0.58
0.63
0.6%

1.2
1.6

Nenang River Traversg Sites

Redial Arc Sites

<0.01 0.35
0.01 0.57
0.02 0.50
Q.01 0.&4
0.02 0.44
0.01 0.62
6.01 0.51
0.01 0.58
0.01 0.37
0.01 0.47

<0.0% 0.54
0.0Y 0.54
0.01 0.38

Cantrol Traverse §ites

<0,01 0.35

<0.01 0.36
6.01 0.52

<0.01 0.43

<0.01 0.3%

<0.01 06.62

Meteorological Sites

0.01
0.01

0.47
0.45

0.01
0.01
0.01
0.01%
0.01
0.01
0.01
0.0t
<0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
<0.01
0.01
0.01

0.47
0.31
D.44
0.39
0.47
0.38
0.55
0.65
0.48
0.59
0.55
0.40
0.38
0.54
0.28
0.45
0.41
0,45
0.44

0.10
0.10
0.10
0.07
¢.08
0.09
0.08
0.10
0.07
0.08
0.09
6.08
0.09

0.08
0.08
0.11
0.09
6.07
0.07

0.06
0.07

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<«.0
<0.01
<0.01
<0.0%
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<«0.01

«0.0%
«<Q.01

0.14
0.10
0.09
0.09
0.07
0.12
0.t
0.10
0.09
c.10
0.14
0.14
0.13

0.15
0.15
0.18
0.14
0.14
0.17

0.10
0.09

<0.01
<0,01
<0.01
<0.01
<0.01
<0.01
<0.01
«0.01
<0.01
<0.01
«<0.01
<0.0%
<0.01%

<0.01
<«0.01
<0.01
<0.01
<0.01
<0.01

<0.01
<0.01



Table 16.--Chemical analyses for Pices glaucs (uhite spruce) tuigs and needles, Denal{ Natiornal Park end Pregerve,
Alaska (dry-weight basis) (continued),

RN =

Stampede Trail Yraversq Sites

PSO324t 640614 1494727 <0.01 0.67 <0.01 0.39 06.09 <0.01 0.17 <Q0.01
£$03284 640414 1494727 <0.04 0.40 <0.01 0.31 0.08 <0.01 Q.10 <0.01

In-house Standard White Spruce

ST 0.03 0.57 0.02 0.35 0,08 0.03 0.10 <0.01
STD 0.04 0.65 0.02 0.47 0.09 0.03 0.12 <0.01
STD 0.03 0.60 6.02 0.49 0.08 6.03 0.1 <6.01
SYD 0.03 0.64 0.02 0.50 0.09 0.03 0.12 <0.01

............................



Table 16.--Chemical analyses for Pices glauca (white spruca) twigs and nesdles, Denali National Park and Preserve,
Alaska (dry-wefght basis) (continued).

Sanpie 10 Mn, ppm 8s, ppm Cd, pem  Ce, ppm Co, ppm Cr, pem Cu, ppm Gs, ppm La, pem ti, ppm

Radigl Ar¢ Sites
PAGGC281 347 35 <0. 1 <0.3 0.2 0.3 2.3 0.6 <0.1 0.1
PAOO3A 356 53 <0.2 0.4 0.2 0.4 2.4 0.4 0.2 0.4
PADO3A2 341 54 <0.2 0.3 0.2 0.8 2.3 D.4 0.2 0.4
PAQO3EY 295 60 <0.1 0.6 0.2 0.7 2.3 0.3 0.3 0.2
PADCLAY 15 98 <0.2 0.4 0.4 0.3 2.3 <0.4 0.4 <0.2
PADDLE 175 19 0.2 0.4 0.2 0.4 3.0 @.3 0.2 6.2
PAOOSAY 220 27 <0.1 0.2 0.2 0.6 2.7 0.2 D.2 0.2
PADOS5B1 427 47 <0.2 <0.3 0.3 0.5 1.2 0.4 x0.2 0.3
PADCHAY 318 (A <0.% <0.3 a.3 0.3 2.6 0.3 <0.1 0.3
PAQOGAZ 338 51 <6.2 <0.3 a.3 0.4 2.9 0.4 0.2 0.3
PADDGS 571 21 .t <0.3 0.2 0.3 2.9 0.6 <0.1 0.9
PNOHCA 1 ITe a9 <0.2 <0.3 0.3 0.4 3.2 0.4 «0.2 0.2
PNOBOB1 792 38 <0.1 <0.3 0.2 0.3 3.5 0.8 <0.1 .1
ontrol Trgvarse Si
PCY.0A1T 240 25 <0,1 <D,2 0.1 0.3 2.4 0.3 <., 0.1
PC7.5A1 rI£) 5t <0.1 <0.2 0.2 6.2 2.7 0.3 <0.1 <0,1
PC7.5B1 344 45 <0. 1 «G.3 6.2 0.3 2.4 <0.3 <0,1 <0.1
PCOGRAY 289 L3 <0.14 0.2 0.2 8.2 3.8 a.3 <0.1 <0.1
PCO0ES1 393 24 <0.1 <0.2 0.1 0.2 2.4 0.6 <0.1 <0.1
pcotesi 401 88 <0,2 <0.3 0.3 0.3 2.0 0.4 <0,2 0.2
HMetgoro L 8i
PMOO0A1 513 144 <0.2 <0.4 0.2 0.5 1.6 0.5 <0.2 <0.2
PH000B1 443 189 <0,2 <0.5 0.4 0.5 1.5 0.5 <0.2 <0.2
Nonena River Yraverse §iteg
PNO,5AY 247 74 <0.2 <«0.3 0.2 0.3 1.8 <0.3 «0.2 0.2
PNO.5C1 240 41 <0.1 <0.2 G.1 0.2 2.2 0.2 ' 0.1 0.1
PNOO1A) 113 50 <G.1 <«0.3 0.2 0.3 2.% <0.3 <0.% 0.3
PROO3BY 357 116 <6.2 <0.3 0.3 0.3 2.9 0.3 <0.2 6.2
PNOO182 375 82 0.2 <0.3 0.3 o.4 3.2 0.4 <0.2 .2
PNOO1C1 217 58 <0,1 <0.3 0.2 0.7 2.8 <0.3 <D.1 <0,1
PNOGZA1L 312 27 <0.1 <0.3 0.1 0.3 2.4 0.3 <0.1 0.1
PN00ZB1 690 30 <D.2 <0.3 0.2 0.4 3.4 0.8 <0.2 <0,2
PROO2CH 185 44 <01 <0.3 6.2 0.3 2.9 0.3 0. 6.2
PNOO4AY 130 67 <0.2 <0.3 6.2 0.3 3.3 <0.3 «<0.2 <0.2
PNOO4BY 474 19 «<0.2 <0.3 0.2 0.3 1.3 0.4 <0.2 0.2
PNODSLCH 404 40 <0.2 «0.3 D.2 0.4 1.4 0.4 0.2 0.2
PROOLC2 3581 36 <0.2 0.3 0.2 6.3 3.3 0.4 <0.2 <0.2
PND16B1 119 66 <0, 0.2 0.2 0.3 7.5 <0,2 <0.1 <0.1
PNO16CA 404 &1 <3.1 <0.2 0,2 0.3 2.6 6.6 <0.1 Q.1
PNOZ5A1 210 78 <Q,2 <0.3 0.2 0.4 2.2 <0.3 0.3 0.2
PNOZSBY 310 95 «0.2 <0.3 0.2 0.4 1.3 0.3 «0.2 0.4
PRO4OAL 302 48 <t.2 <0.4 6.2 0.5 2.5 <0.4 <02 0.3
PNOLOB I 109 . <0.2 <0.4 0.3 0.4 2.1 0.4 <0.2 0.2

[ATREY



Jable 1é6_--Chemical analyses for Picea glfaucg (white spruce) twigs and needles, Denal{ National Park and Preserve,

Alaska (dry-weight basis) {continued).

Sampte 1D n, pom B8a, ppm td, prm Ce, ppm Co, pfm Cr, pom Cu, ppm Ga, ppm La, ppm L{, ppm
34 rgil Traverse §f

PS032A1 141 &4 <0.1 <0.3 0,2 0.4 2.4 «0.3 <0.1 <0.9

PS03281 102 33 <0.1 <0.2 0.1 0.2 1.9 <0.2 <0.1 0.1
tn-house White Spruce Stendard

STD 441 27 6.3 <0.3 0.2 2.1 2.6 0.6 «0,% 0.2

STD 543 34 0.3 0.3 0.2 2.8 2.9 0.4 0.1 0.3

ST0 492 30 0.3 <0.3 0.2 2.4 2.8 0.7 <g.1 0.2

STD 531 34 0.3 0.3 0.3 2.2 2.9 0.4 <0.1 0.3



Table 16.--Chemicel analyses for Pices glguca (white sprice) twigs and needles, Denali National Park mnd Preserve,

Atlasks (Gry-weight basis) (centinued).

sample 1d

PADO2DY
PAOO3A1
PADO3A2
PAOO3B1
PAGOLA1
PAOO4BY
PAOCSA‘
PACOSEY
PAQOSAT
PAQOSAZ
PADDSB
PROBOAY
PNOZ081

pC3.0at
PC7.5A1
pc7.581%
PCOOBA1
PCoOB81
PCO6BY

PHOCOAY
PM00081

PRO,5A1
PND.S5C1
PNOO1AY
PNOU1IBY
PNGO1B2
PNOO1CY
PNOD2A1
PNO0281
PHODCT
PNOOLAT
PHO04BY
PNOO4C1
PROQ4C2
PNQ16B 1
PHO16CH
PNO25A1
PHO2581
PNOLOAT
PNO4OB1

0,2
0.3
0.4
0.3
1.2
0.8
<.2
0.4
0.3
0.3
<0.3
0.6
0.3

<0.2
0.3
<,3
<0,2
0.3
0.3

0.9
0.6

0.4
0.2
6.3
0.4
0.4
0.3
0.3
0.3
0.3
0.4
0.?
0.4
0.4
<0.2

0.4

2.4
1.1
1.1
0.6
1.7
2.0
3.0
1.3
1.4
1.6
1.7
0.8
1.3

0.5
1.2

0.9
1.6
0.7
0.8
0.9
1.1
0.7
1.4
1.8
2.6
1.9
1.5

0‘6

<0.3
<0,3
<0.3
.3
<0Q.4
<0.3
<0.2
<0.3
<0,3
<0.¥
<0.3
<0.3
<0,3

<0.2
<0.2
<0.3
<0.2
<0.2
<0.3

<0.4
<0.5

Rodigl Arc Sites
23 <0.3 <0.1
32 <0.3 0.2
30 <0.3 0.3
29 0.3 0.2
53 0.4 0.4
43 <0.3 0.2
15 <0,2 0.2
36 <«0.3 0.2
32 <«0.3 <0.1
34 <0,3 <0.2
19 <0.3 <0.1
as <0.3 <0,2
28 <0.4 <0,1

control Traverse Sites

20 <0.2 <0.1
24 <0.2 .1
19 <0.3 <0.1
25 <0.2 0.1
17 <0.2 <0.1
29 <0,2 <0.2

Metworotogical Sites

St g.4 0.2
59 0.5 0.4

Nenana River Travecse Sites

47 <0.3 <0.2
26 0,2 0.1
47 <0.3 <0.1
41 <0.3 <0,2
43 <0.3 <0.2
3% 6.3 <0.1
16 0.3 <0.1
20 <6.3 <0.2
26 <0.3 <0.4
1Y) <0,3 <0.2
S8 <0.3 0.2
18 <0.3 <0.2
18 <0.3 <0.2
22 <0.2 <0.1
28 0.3 0.1
82 <0.3 6.2
417 0.3 0.2
40 <0.4 0.3
48 <0.4 0.3

SRAES

60
T4
57
65
54
93
67

32
3%
53
52
42
51

65
57

x0,05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0,05
<Q.05
<0.05

<0,05

0.33
<0,0%
<0,05
<0.05
<0.05

<0.0S
<0,05

<0.03
<0.03
<0.03
<0.03
<0.03
«),03
<0.03
<0.03
<0.03
<0,03
<0.03
<0.03
<0,03

<0.03
<0.03
<0.03
<0.03
<0.03
<0.03

<0.03
<0.03

<0.02
0.03
0.03
0.02
0.03
0.04
0.03
0.02
<0,02
0.03
0.02
0.03
0.03

0.03
0.05
0.0
0.03
0.02
0.03

0.05
0.03



Table 16.--Chemical analyses for Plcea glsuce (white spruce) twigs and needles, Denal{ National Park and Preserve,
Aleska (dry-weight basis) (continueq).

Stampede Trafl Traverse Siges
PS03241 0.4 0.7 <0.3 33 <0.3 <0.1 7 <0.05 <0.03 0.02
psO328t 0.2 0.5 <0.2 r <0.2 <0.1 55 <0.05 <0,03 0.0
In-House White Spruge Standard
ST 0.3 0.6 6.3 27 <0.3 0.6 Ak <0,05 4.0 0.04
(3] <0.3 0.8 6.5 3 <0.3 6.7 54 <0,05 1.8 0,03
(3 0.4 0.7 7.7 30 <0.3 0.7 49 <0.05 3.5 0.04
STD 0.4 0.8 7. 31 <0.3 0.7 53 <0.05 L 6.02




Table 16.--Chemicatl analyses for pPiceg glauca (white spruce) twigs and needies, Denal{ National Park snd Preserve,
Alaska (dry-weight bas{s) (continued).

- = r 1]

Sample 1D Ash, X Total S, %

MMM ASAnNGrv e rmAAAAS s m—mAACMAR r v maAa e A AN .- [P Sy v mm P RAL Yy e AN mAAAS R mww AR AN NN —ASE e~ mr——RAAM Ay —e

Redial Arc Sites

PADQ281 3.15 0.08
PAGQ3AA 4.05 0.05
PAOO3A2 3.83 0.07
PAOO381 3.14 0.07
PAOOGLA ¢ 4.4k 0.06
PAOD4B 1 3.90 0.09
PAOO5A1 3.02 0.07
PACOSBY 1.88 0.09
PACOSA1T 3.38 0.08
PAQDSA2 3.63 0.08
PAOD&S1 3.%7 0.09
PNOBOAY 3.88 0.08
PNOBOSB T 3.17 0.09
Control Traverse Sites
PC3.0At 2.8% 0.08
PC7.5A% 3.00 0.08
PC7.58% 3.464 0.08
PCOO&A1 2.89% 0.08
PLo08s 1 3.02 6.07
PCo1689 3.65 0.07
Meteorological Sites
PMOO0OA1 4,46 0.06
PMODOB 1 S.91 0.08
Nenana River Traverse Sites
PNO.SA1 3.92 0.07
PND,5CY 2.49 0.08
PNOO1AY 3.15 0.06
PNOO1B1 4.15 0.08
PNOO182 4.31 0.07
PNOO1CY 3.44 0.08
PNOO2A T 3.43 0.09
PROO2B1 3.63 0.09
PN0O2C1 3.42 0.08
PNOD4LAT 4£.38 0.08
PNQOO4B1 31.65 0.08
PROOLCY 3.67 0.09
PNO04C2 3.76 0.09
pPRO1681 2.98 0.08
PNO14CH 2.90 0.09
PNO25A1 4.12 0.07
PNO2SB1 4.3 0,06
PNO4OA1 4,79 0.0&
PND4LOBY 4.36 0.07

.............. T L e L R R N N I N
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Table Y6.--Chemica{ analyses for Picea glauyce (white spruce) twigs and needles, Denal{ National Park and Preserve,
Alaska (dry-weight basis) (continued).

SERXNTEEER ry = =

Sasple D Ash, X Total 8§, %
St Trail 1 rse Sie
PSO32A1 3.533 Q.08
PS032B1 2.38 0.08
In-houge White Spruce Stendard
STD 3.15 0.07
sTO 3.62 0.08
STD 3.52 0.07
STD 3.54 0.07



Tabie 17.--Observed baselins ronge for element toncentrstions and ash yield for Hylocomiym gplandens, Denall Netional
Park and Preserve, Alaska (dry-weight bagls). Data based on samples collected >6 Xm from GVEA.

Variabte, Densli Kenai Peninsula, Alaska Wrangell-Saint Elias, Alaska
unit of Observed Baseline (Severson and others, 1990) Observed Base!ine
Measure (naks) Calculnted Baseline (n=21) (n=47)

AL, % 0.066 - 0.78 0.u1 - 1.2 0.38 - 3.5
Ca, % 0.60 . 1.1 0.35 - 1.3 0.53 - 2.0
Fe, % 0.048 - 0.53 0.060 - 0.53 0.1% - 1.8
K, %X 0.1% - 6.54 0.3 - 0.56 g.22 - 0.43
Mg, X 0.15 -  0.28 0.085 - 0.31 0.16 - 0.99
Ne, % 0.033 - 0.16 8.040 - 0.43 6.12 - 1.1
P, X 0.065 - 0.17 0.080 - 0.12 0.065 - 0.082
T4, % 0.003 - 0.03S 0.005 - 0.057 0.0146 - 021
Mn, ppm 5 - 1300 150 - 1000 100 - 750
Ba, peh 13 - 230 21 - 230 41 - 200

td, ppm «0,1 - 0.7

Ce, ppm 0.4 - 18 0.% - 3.8 1.4 - 13

Co, pom 0.4 - 2.8 0.4 - 2.7 1.3 - 10

¢r, ppm 0.9 - 18 1.4 - 8.1 3.9 - 38
Cu, pem 9 -5 3.0 - 6.9 5.5 -5

Gs, ppm 0.3 -2 0.4 - 2.2 0.9 - 7.9
Ls, ppm 0.3 - 10 0.4 - 2.6 0.6 - 7.5
L1, pom 0.3 - 5,0 0.4 - 2.2 0.6 - 4.5
Mo, ppm 0.7 . 2.8 <0.% - 1.6
#d, ppm 0.4 - 8.2 0.5 - 3.3 0.6 - 7.5
NI, ppm 1.1 . 9.5 1.0 - 3.7 2.5 - 25

Pb, ppm 0.7 - 4.7 0.6 - 7.0 <0.4 - 3.2
Sc, ppm <0.2 . .3 0.2 - 1.9 0.6 - 1.9
Sr, ppm 37 - A2 18 - 10 41 - 0

T, ppm <0.3 - L8

V, ppm 1.1 - 20 1.7 - 17 6.0 - 5¢

Y, ppm 0.2 - 2.5 0.3 - 2.9 0.6 - 7.5
2n, ppm 22 - 8 16 - 44 24 - &0

As, ppm 0.1 - 5.6 0.05 - 0.346

Se, ppm <0.03 - 0.62 <0.03 - 0.18

Hg, pem <0.02 - 0.13 0.04 - 0.17 0.04 - 0.12
Ash, X 3.3 - 1.8 3.39 - 16.3 6.46 - 39.5
Total §, % 0.05 - 0.1D 0.05 - 0.10 0.05 - 0,08
ES=ATIXETMNT n EME =XoX == ESxX R SINYEESEDIFRNESARES




Table 18.--Observed bageline rapge for element concentrations and ssh
yield for Pgltigerg gphthosa, Denali National Park snd Preserve,
Ataske (dry-weight besis). Dsta based on samples collected
>6 Xm from GYEA.

Veriable, Denal | Wrangell-Saint Eliag, Alaske
uUnit of Observed Baseline Ohserved Baseline
Measure (na45) (n=67)

Al, X 0.022 - 0.24 0.19 < 0.7
Ca, % 0.17 - 0.6% 0.27 - 0.66
Fe, X 0.014 . 0.16 0.10 -~ 0.4
K, % 0.8 - 0.95 0.4 - 0.7
Mg, % 0.058 - 0.20 011 - 0.25
Ha, % 06.012 - 0.045 0.06 - 0.23
P, % 6.099 - 0.37 0.00 - 0.20
Yi, X 0.0003 - 0.0077 0.0073 - 0.040
Mn, pem 32 - 490 S0 - 290
Ba, ppm 9 - 49 19 - 60
td, ppm <0.1 - 8.4

Ce, ppm <0.2 - 73 0.8 - 34
Co, ppm 0.2 - 2.0 6.4 - 2.4
Cr, pom 0.4 - 3. 1.6 - 6.7
Cu, prm 5 - 18 - - "
Ga, ppm <0.2 - 0.7 0.4 -7
ta, ppm <0.1 - At 0.6 - a0
L1, ppm <0.1 - 1.0 0.4 - 1.2
No, ppm <0.2 - 1.5 0.2 - 0.9
Nd, pem «0.2 - 3.5 0.4 - 2.0
Ni, ppm 6,6 - 5,9 1.3 - 4.8
Pb, ppm 0.2 - 33 0.4 - 1.1
S¢, ppm <01 - 0.4 0.4 = 1.8
SF, pem 1 - 38 19 - 53
Th, ppm <0,2 - 1.5

v, ppm 0.4 - 39 3.1 - 12

Y, pem <0.1 - 0.8 0.4 - 1.7
in, ppm 20 - 9 21 - 50
AS, pem <0.05 - 0.38

Se, ppm <0.03 - 0.07

kg, pem <0.02 - 0.12 0.04 - 0,12
Ash, % 2.02 - 1.29 3.75 - 10.0
Total 3§, X 0.08 - 0.14 0.06 - 0.1




Table 19.--Observed baseline range for slement concentrations and ash yield for Piges glguca (white spruce) twigs end
needles, Denali National Park and Preserve, Alssks (dry-weight basis). Data based on samples cotlected
>6 Km from GVEA.

Variable, Denali Xenai Peninsula, Alaska Wrange{l-Saint Elias, Alaska
Unit of Observed Basaline (Severson snd others, 1990) Observed 8aseline
Measure (n=23) Calculated Baseline (na21) (n=67)
Al, % 0.0002 - 0.027 0.0066 - 0.066 0.013 - 0.09%
ca, X 0.41 - 1.2 0.37 - 0.95 0.45 - 1.1
Fe, X 0.0026 - 0.020 0.0039 - 0.033 0.0054 - 0.059
K, X 0.28 . 0.62 0.30 - 0.87 0.26 - 0.77
Mg, % 0.069 - 0.12 0.068 - 0.15 0.063 - 0.13
N8, X% ' 0.0006 - 0.0048 0.0030 - 0,034 0.0054 - 0.035
p, % S0 - 0.18 0.10 - 0.23 0.046 -  0.13
Ti, X <0.0002 - 0.000% <0.0002 - 0.0036 0.0005 - 0.0079
BN, pem 100 - 570 160 - 960 61 - 1100
Ba, ppm 21 - 110 7 - 29 7 - 130
ce, ppm 0.2 < 0.6 0.2 - 0.3 0.2 - 0.4
Co, ppm 0.1 - 0.4 0.1 - 0.4 0.1 - 0.4
cr, ppm 0.2 - 0.8 0.2 - 1.2 0.3 - 2.6
Cu, pom 1.3 - 7.5 1.9 - 4.0 1.6 - 2.9
Ga, ppm <0.2 - 0.6 0.1 - 0.4 <0.3 - 1.4
La, ppm <01 - 0.4 0,2 - c.4 <0.1 - 0.3
Li, ppm <0.1 - 0.4 0.1 -~ 0.3 ©.1 - 0.8
Nd, ppm <0,2 - 1.2 g.9 - 0.5
N1, ppm 0.2 - 3.0 0.4 - 2.3 0.3 - 1.8
Sr, ppm 15 - 62 18 - 84 18 -
v, pom <. - 0.4 0.1 < 0.9 0.2 - 2.2
2n, ppm 39 - 84 20 - n 3% - 100
Hg, ppm <0.02 - 0.05 <0.,02 - 0.05 <0.02 - 0.07
Ash, X 2.38 - 4.7 2.95 - 4.81 2.48 - 5.52
Total §, % 0.05 - 0.09 0.05 - 0.09 <0.05 - 0.08
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Table 20.--Cbserved baseline range for clement concentrations and ash yield for Oa-Horizon so{l samples, Denali
Narionai Park end Preserve, Alaska (dry-weight basis). OData besed on samples collected >4 Km from GVEA.

RYRERE »E =R aE EE==2ERAZZI

Variable, denal{ Kenai Peningula, Ataska Mrangell-Ssint Elias, Alesks
Unit of Obzerved Baseline (Severson and others, 1990) Observed Basel ine
Keasure (n=21) Catculaced Baseline (nx21) (=35}

A, X 1.2 . 6.0 0.13 - 1.0 2.2 - 7.3
ca, X 0.24 - 3.2 D.10 - 1.3 1.5 - 3.9
fe, X 0.73 - 4.0 0.060 - 1.4 0.94 - 3.5
K, X 0.27 - 2.2 0.032 - 0.47 0.3 - 1.1
Mg, % 0.15 - 0,65 0.024 - 0.45 D.44 - 1.8
Na, % 0.13 - 0.78 0.043 - 1.0 0.68 - 2.4
P, X 0.053 - 0.18 0.019 - 0.095 0.045 - 0.10
Ti, % 0.034 - 0.33 0.007 - 0.18 0.08t - 0.43
®n, ppm 6% - 240D 30 - 1000 150 - 1200
Ba, ppm 21 - 1700, 25 S 1) 140 540
8¢, pom 0.2 - 1.7

td, ppm <0.4 - 1.7

Ce, pom 9 - 85 0.4 - 12 7.9 - 26
Co, pem 5 - 19 0.3 - 6.0 4.7 - 22
cr, ppm t4 - 85 1.2 - 21 15 - 67
Cu, pom 10 - 42 1.3 - 11 18 - 52
G2, ppm 3 - 16 0.3 - 8.4 4.2 - 15
La, ppm 5 . 47 0.4 - 7.5 4.7 - 16
Li, pem 4 - 3 ¢.3 - 8.7 3.7 - 102
Mo, ppm <0,5 - 4.2

Nb, pem <0.8 - 7.2

Nd, ppm [ - 37 0.3 - 8.6 5.2 - 17
Ni, ppm 10 - 37 0.6 - 7.9 9.4 - 4
Pb, ppm 3.5 - 20 0.7 - 4.0 2.1 - 1
$c, ppm 2.7 -~ 0n 0.3 - 5.8 3.4 - 13
Sr, ppm 36 - 190 10 - 150 162 - 490
Th, ppm 1.9 - 16

V, ppm 19 - 120 2.1 - 43 12 - 120

Y, ppm 2.2 -~ 12 6.3 - 7.1 «.7 - 15
Yb, ppm <0.2 - 1.3 <0.5 - 1.8
n, ppm 25 - 140 4 - 47 13 - 240
As, pem 1.4 - 1 0.3 - 1.5 <5 - 5
Se, pem 0.11  ~  0.49 .09 - 0.40

Hg, ppm 0.06 - 0.14 0.10 - 0.34% 0,02 - 0.10
Ash, % 14.3 -~ 85.2 14.1 - 65,7 52.4 - 886
fotal §, % 0.07 > 0.23 0.07 - 0.18 <0.05 - 1.55
REZERg Ny =

0=



Table 21. Bagseline data for element concentrations
in samples of surficial materials from
Alaska (Gough and others,

1988c¢).

RN A S S I N AR I I E s SRR N ETY =A==

Variable,

unit

of Geometric Geomerric Observed
measure mean deviation range
pht 5.5 1.20 3.7 - 9.0
Al, % 6.2 1.38 l.2 - 10
As, ppm 6.7 2.31 <10 - 750
Ash, % 85 1.33 6.6 - 99.7
8a, ppm 595 1.67 39 -3100
Ca, % 1.3 2.61 0.04- 10
Ce, ppm 28 1.84 <5 - 180
Co, ppm 13 1.67 <2 - &5
Cr, ppm 50 2.00 5 - 390
Cu, ppm 24 1.81 3 - 810
Fe, % 3.5 1.582 0.55- 10
Ga, ppm 15 1.44 <4 - 32
K, % 1.2 1.57 0.09- 4.1
La, ppm 19 1.68 <2 - 120
Li, ppm 26 1.74 <2 - 130
Mg, % 0.98 1.84 0.13- 7.4
Mn, ppm 510 2.07 <200 -4000
Na, & 1.2 1.74 <0.07- 3.6
Nd, ppm 23 1.73 <4 ~ 120
Ni, ppm 24 2.17 <3 - 320
P, % 0.078 1.55 <0.02- 0.34
Pb, ppm 12 1.74 <4 - 310
Sc, ppm 13 1.67 <2 - 39
Sr, ppm 159 1.93 21 - 760
Ti, % 0.48 1.48 0.09- 1.5
V, ppm 112 1.89 11 ~ 490
Y, ppm 14 1.55 <4 -~ 100
Yb, ppm 1.4 1.60 <1 - 6
Zn, ppm 70 1.64 <20 -2700
T:: PR 3 P e Lt T P P E P FE E R T T T oV P ¥ T Ty p ety

logarithms.

o
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Measured in standard units, not transformed to



Table 22.--Distance, plot, and procedural verisnce for element concentrations and ash yield for Peltigern aphthoga, Control
Traverse snd the Stampede Trail Traverse, Densl! National Park and Preserve, Alasks (logQ dry-weight basis).

bl T 1o BLPT Y ST Tt gy §oy z2x RER == = n - -
Control Treverse Stampede Yrall Traverse
Variable, Total( Percentaga of Variance Total Percentage of Variance
Unit of Log10 Smmwmsesemcscsesmsssesee-oro-onels Logld --mmmmesmmceemseseesoeisoonos
Measure var{ance Bistance Plot Procedural variance Distance Plot Procedural
AL, X 0.0766 60.1 5.9 0.1 0.13¢ 9.6 4.3 1.1
ta, 4 0.0056 70.6 19.5 9.9 0.0367 86.5 9.7 3.9
fe, % 0.07%4% 91.1 6.8 0.1 0.140 84,7 4,0 1.3
K, X 0.0180 3.3 95.9 0.9 g.0112 26.3 6.0 3.7
Mg, X 0.0035 65.5 24.3 10.2 0.0202 75.0 18.2 6.8
Na, % 0.0235 82.3 17.2 0.4 0.0378 81.2 6.4 4.6
P, % 0.011% 65.2 29.3 5.6 0.0156 60.83 19.4 19.8
Ti, % 0.225 90.8 7.5 1.8 G.258 28,5 10.2 1.2
Mn, ppm 0.0149 72.3 26.1 1.6 0.0372 10,4 84.0 S.6
Ba, ppm 0.0282 67.0 0.0 33.0 0.0411 - 17.6 6.6
Cd, pom 0.0279 4.8 25.5 9.7 0.0420 Bs,? 10.4 4.8
Ce, ppm 0.0707 9.4 19.6 1.0 0.146 91.5 3.3 5.2
Co, ppm 0.0472 74.2 25.7 0.1 0.146 78.9 9.2 11.2
Cr, ppm 0.0609 88.1 4.7 7.2 0.150 93.0 5.1 1.8
Cu, ppm 0.0171 86.1 10,7 3.2 0.0184 75.6 22.6 1.8
Ga, ppm D,0267 16.9 0.0 85.1 0.104 84.2 4.2 1.6
ta, ppm 0.0887 88.8 4.5 2,7 0.131 83.8 ¢.0 11.2
L, pm 0.0456 7.5 20.2 2.4 0.150 96.3 3.2 0.5
Mo, ppm 0.0072 25.6 73.7 a.7 0.0437 47,4 36.4 16.2
Nd, ppm 0.0725 68.7 0.0 31.3 0.127 77.3 13.4 9.4
Ni, ppm 0.0300 3.2 25.3 1,6 0.0887 87.2 11.0 1.8
Pb, ppm 0.0274 81.5 12.5 4.0 0.0721 846.5 0.6 12.4
S¢, ppm 0.0500 9.1 0.0 21.0 0.146 2.3 6.2 1,5
Sr, pom 0.0074 7.8 18.1 4.1 0.0631 92.1 5. 2.8
Th, pem 0.0328 30.4 0.0 49.4 0.0437 53.1 43.2 3.7
vV, ppm 0.0825 94.1 3.8 2.1 0.185 9.2 3.3 0.5
Y, ppm 0.0674 77.9 6.6 15.5 0.168 8.9 8.6 1.5
Yb, ppm 0.0291 21.9 0.0 78.1 0.0418 90.9 7.0 2.0
Zn, ppm 0.0206 8.4 13.9 1.7 0.0082 3t $4.8 4.1
Ag, pom 0,0504 0.3 0.6 9.0 0.149% 91.8 3.7 4.5
Se, ppm 0.0225 45.0 6.0 55.0 0.153 96.8 0.6 2.7
Hg, pom 0.481% 66.2 21.3 12.5 0.177 1.7 0.0 88.3
Ash, % 0.0084 90.9 8.5 6.6 0.0296 87.2 9.9 2.9
Total §, X 0.0092 72.3 0.0 7.7 0.0117 67.3 20.5 12.2




Yable 23.--Distance, plot, and procedural variance for element concentrations and ash yield for Peltigera aphihosa, Nenans
River Traverse and the dry Creek Traverse, Denali National Park and Preserve, Atasks (log1o dry-weight basis).

—mam - o
-=2OSXXIES L { £ =

Nenasna River Traverse Dry Creek Tesverse
varisble, Yotal Percentage of variance Totat Percentage of Variance
Unit of Logi® -esemmmm-e-- A e, R ves Logl0 -emme--e vrmmamssesemmme—ciosesosaas
Measure Varience Distance Plot Procedural Variance Distance Plot Procedural
AL, X 0.0574 83.5 13.6 2.9 0.0711 72.3 28.7 0.0

Ce, % 0.0062 52.7 28.3 19.5 0.0192 56.0 43,5 0,5
Fe, X 0.0637 85.3 14.5 3.3 0.0958 80.7 19.3 0.1
X, X 0.0089 65.8 51.4 1.8 0.0148 0.0 84.6 15.4
Mg, X 0.0059 86.6 0.0 33.4 0.0151 49.2 50,0 0.8
Na, % 0.0146 65.2 22.4 8.7 0.03%6 73.6 26.3 0.1
P, % 0.0112 16.8 54.8 28.4 0.0179 7.1 92.6 0.4
Ti, % 0.0916 58.2 40.8 1.1 0.141 69.0 28.2 2.8
Mn, pom 0.0372 35.0 56.8 8.2 0.0735 54.4 45.6 6.0
Ba, ppm 0,0143 0.1 0.0 99.9 0.0515 57.2 0.0 42,8
Ccd, pom 0,0227 54.0 1.6 4.3 0.0515 78.9 22.7 0.4
Ce, pom 0.119 79.8 20.1 0.0 0.116 73.8 16.9 11.3
Co, ppm 0.0704 76.0 22.6 1.4 0.0894 64.2 35.6 0,2
Cr, ppm 0,0683 85.¢ 13.0 2.0 0.,0842 83.1 15.6 1.2
Cu, ppm 0.0123 37.8 59.4 2.9 0.0138 61.6 35.3 3.9
Ga, ppm 0.0346 &65.5 34.5 0.0 0.0473 60.0 0.0 40.0
La, ppm ¢.110 91.1 8.0 0.9 0.0933 78.68 21.2 0.2
Li, ppm 0.0615 79.9 18.5 1.6 0.0843 55.1 43.3 1.6
No, ppm 0.0233 49.5 46.3 4.2 0.0223 51.8 44,0 4.2
Nd, ppm 0.0691 52.3 6.0 47,7 0.0865 54.7 44.8 0.5
N§, ppm 0.048¢ 92.6 5.3 2.0 6.0613 77.6 22.1 0.3
Pb, ppm 0,0411 55.5 356.1 8.4 0.0467 74.7 26.7 0.5
Sc, ppm 0.0521 71.0 2?7.1 1.9 0.0801 66.1 3.7 0.2
Sr, ppm 0.0128 73.7 13.7 12.7 0.0290 m.5 21.3 0.2
™, ppm 0.0153 8.4 9.2 6.4 0.05%4 82,7 13.3 4,0
vV, pom 0.0643 85.7 14.3 0.1 0.107 84.4 15.4 0.2
Y, ppm 0.0645 80.4 18.1 1.5 0.0978 8s.7 3.6 7.7
Yb, ppm 0.0119 82.2 9.6 8.2 0.0237 71.9 27.3 0.8
Zn, ppm 0.0159 47.0 53.0 0.0 0.0160 60.% 36.5 4.7
AR, ppm 0.0617 71.8 27.% 0.6 0.0887 71.? 28.4 0.5
Se, ppm 0.0387 6h.8 7.8 27.6 0.107 90.7 2.1 7.3
Hg, ppm 0.0808 43.3 37.5 19.2 0.025%9 12.4 6.0 847.6
Ash, % 0.0128 87.9 4.5 7.7 0.0237 7.9 27.3 0.8
Total §, % 0.0084 &7.5 12,4 20.1 0.0037 29.5 56.6 13.9

AN



Table 24.--Distence, plot, and procedural vsriance for element concentrations ond ash yield for Hytogomium splendens,
Control

Traverse and Stampede Trail Vroverse, Denali Mational Park and Preserve, Alaska (logio dry-weight basis).

3T = am=s nE=2=

Control Traverse Stampede Trail Traverse

Veriable, Total Percentage of Variance Total Percentage of Variance
Unit of Log10  me--mmeceniiecsciiiiennaa ol Logld ~a--m---s MR AR LR LR
Measure Variance Distance Plat Proceduratl varfance bDistance Plot Procedural
AL, X 0.154 92.7 741 0.2 0.205 91.5 8.3 0.2
ca, 2 0.005% 64.3 33.4 2.3 0.0273 89.6 8.8 1.5
Fe, % 0.17M 94.5 5.4 0.1 0.204 93.8 6.) 0.1
X, % 0.0%34 69.0 29.9 1.2 0.0366 B4.8 14.4 6.8
Mg, % 0.0066 64.7 3.0 y.3 0.302 84,7 14.1 1.1
Na, % 0.0483 94.4 5.5 0.1 0.100 87.2 12.4 0.5
P, X 0.0049 0.0 99.9 0.1 0.0060 0.0 9.6 5.4
T, X 0.235 93.0 7.0 0.0 0.301 93.6 6.2 0.2
Nn, ppm 0.0101 34.5 59.2 2.4 0.045 2.7 6.7 0.5
8a, ppm 0.211 94.5 3.4 2.1 0.318 92.9 3.9 3.2
cd, ppm 0.0513 75.5 26.3 0.2 0.883 86.9 11.6 1.5
Ce, ppm 0.174 94.4 3.9 1.7 0.246 92.6 6.9 0.5
Co, ppm 0.140 84.4 15.5 0.9 0.150 8s.¢0 13.7 0.3
Cr, ppm 0.175 B4.7 0.2 15.1¢ 0.203 g2.3 1.6 6.0
Cu, ppm 0.0073 47.9 50.¢9 1.1 0.0263 56.4 42.7 0.9
Ga, ppm 0.118 2.4 17.5 0.1 0.152 a3.6 9.4 7.0
La, ppm 0.198 96.7 3.9 1.4 0.227 93.9 2.6 0.5
L{, ppm 0.197 85.9 14.0 0.0 0.227 %0.8 9.0 0.2
Mo, pem 6.0318 79.3 20.7 0.0 0.0311 51.6 32.4 15.9
Nd, ppm 0.140 88.1 1.7 0.3 0.208 93.2 2.4 4.5
N{, ppm 0.0924 8%.9 8.5 1.5 0.139 91.6 8.1 0.3
Pb, ppm 0.0850 84.2 13.4 2.4 0.136 92.9 6.1 1.0
S¢, ppm 0.15¢% 68.?7 11.3 6.1 0.288 92.8 7.1 0.t
Sr, ppm 0.0081 56.9 42.1 1.0 0.0589 93.8 5.8 0.4
Th, ppm 0.0917 77.3 22.6 0.1 0.376 78.2 15.2 6.6
vV, ppm 0.1814 93.9 6.0 0.1 0.268 94.0 5.8 0.2
Y, ppm 0.13% 85.0 13.9 0.1 0.277 94.7 5.2 0.1
in, ppm 0.0288 83.2 16.5 0.3 0.0223 68.7 50.¢9 2.4
As, ppm 0.202 4.7 54.4 0.8 0.262 82.4 2%.5 8.0
Se, ppm 0.0899 28.3 n.7 0.0 0.158 82.9 35.0 2.1
Hg, ppm 0.0091 0.0 75.5 24.5 0.0136 24.9 36.7 18.4
Ash, % 0.0621 93.4 6.5 0.1 0.109 91.9 7.8 0.2
Jotat §, % 0.00469 38.9 61.1 0.0 0.0148 63.0 28.8 8.2

>




Table 25.--Distence, plot, snd procedursl variance for element concentrations and ash yield for Hylocomium spendens, Nenana
River Traverse and the Dry Creek Traverse, Denali National Park and Preserve, Ataska (logyg dry-weight basis).

= Ex® 2w =x

Menana River Traverse Ory Creek Traverse
Variable, Total Percentage of Variance Yotal Percentage of Varisnce
Unit of Logl0 = ---memeccmrrocesaeaaiaei i Log10 R e bt T L L]
Measure Varience dDistance Plot Procedural Variance Distance Plot
AL, X 0.0757 92.0 7.1 0,9 0.117 73.46 26.4
Ca, % 0.0030 45.8 48.8 5.4 0.0258 87.3 12.7
fe, X 0.0788 92.4 6.7 0.9 0.133 3.0 27.0
K, % 0.0194 80.7 18.0 1.3 0.0184 70.6 29.4
Mg, % 0.0073 7.7 8.8 2.5 0.0341% 83.8§ 16.2
N8, % 0.0256 78.7 18.2 3.9 0.116 88.1 . 1.9
P, X 0.0134 68.4 30.0 1.6 0.0068 0.0 100.0
11, % 0.0706 85.1 12.8 1.4 0.250 85.6 14.4
Mn, ppm 0.060% 29.9 69.9 0.2 0.0732 73.2 26.8
8a, ppm 0.0857 87.3 10.6 2.1 0.148 86.2 13.8
€¢d, ppm 0.0243 84.6 13.5 1.9
Ce, ppm 0.165 86.4 0.0 13.4 6.134 70.2 29.8
Co, ppm 0,099 89.8 9.8 0.4 g.121 82.6 17.4
Cr, ppm 0.0973 95.1 3.1 1.9 0.134 8t 18.5
Cu, ppm 0.0211 58.4 40.9 1.1 0.01&9 10.2 8%.8
Ga, ppm 0.0830 86.4 13.2 0.4 0,0855 47.6 52.4
La, ppm 0.158 88.7 10.9 0.4 0.132 70.t 29.9
LY, ppm G.0975 92.6 7.1 0.4 0.125 83.0 27.0
Mo, ppm 0,0295 50.9 0.0 49,1 0,0313 61.9 38.1
Nd, ppm 0.109 87.0 0.0 13.0 0.122 70.1 29.6
Ni, ppm 0.0891 93.4 4.5 2.2 6.402 82.2 17.8
Pb, ppm 0.0534 76.8 19.9 3.3 0.0400 B0.5 19.5
Sc, ppm 0.0613 91.9 7.5 0.6 0.172 72.5 27.5
St, ppm 0.0101 7.1 18.5 2.4 0.0462 93.2 6.8
Th, ppm 6.0841 88.8 10.8 0.4 0.131% 32.4 87.6
vV, ppm 0.0753 93.3 5.3 1.4 0.190 BS.4 15.6
Y, poa 0,0945 85.6 0.0 14.2 0.224 90.1 9.9
2n, pem 0.0203 47.7 49.5 2.h 0.0177 68.5 31.3
As, pem 0.0894 88.8 16,0 1.2 0.210 0.0 100.0
Se, ppm 0.0398 58.5 39.6 1.9 0.137 17.4 82.6
Hg, ppm 0.177 4.9 51.4 1.7 0.0085 0.0 100.0
Ash, X 0.0310 91.8 7.0 3.1 0.0871 81.6 18.4
Total s, % 0.0075 63.8 28.8 7.4 0.0130 751 24.9

100



Table 26.,—-Distance, plot, and procedural variance for element
concantrations and ash yield for Pfcea glayca (white
spruce) twigs and needles, Nenana River Traverse,
Denal{ National Park and Preserve, Rlaska (logjq
dry-weight basis).

F 13 ¢ 1 ¥ 3 1 i 2 1 4 3 23 ¢4 8 3 &+ 7 1 2 30 3 =3+ + 2 11 722 &3 3 2 53 2 - 3 F 1 ¢+ ¢33 & 1§ 1 2

Nenana River Traverse

—— — L B et e e i ey e e . . e G e e S L L D R R M Gt e e B B W T g B

Variable, Total Percentage of Variance

Unit of Logld =  semm———eem st s ——
Measure Variance Distance Plot Procedural
Al, & 0.0781 36.7 31.0 32.3

Ca, % 0.0132 53.9 43.2 2.9

Fe, % 0.0173 25.2 72.6 2.2

K, % 0.0089 0.0 75.0 25.0

Mg, % 0.0045 0.0 98.5 1.5

Na, % 0.0345 93.2 €.5 0.3

P, % 0.0055 40.4 57.6 2.0

TL, % 0.0057 37.9 60.8 1.7

Mn, ppm 0,0633 0.0 98.9 .1

Ba, ppm 0.0462 27.0 59.0 14.0

Co, ppm 0.0176 24.4 75.1 0.5

Cr, ppm 0.0120 35.7 358.0 29.4

Cu, ppm 0.0232 41.6 §6.2 2.2

Ga, ppm 0.0202 0.0 84.0 16.0

Li, ppm 0.0242 26.7 66.5 6.8

Nd, ppm 0.0215 4.1 95.5 0.4

Ni, ppm 0.0929 70.7 28.1 0.2

Sr, ppm ©.0258 19.6 BD.3 6.2

vV, ppm 0.0138 85.1 14.2 0.7

Zn, ppm 0.0190 5.3 93.9 0.8

Hg, ppm 0.0208 25.6 ¢.0 74.4
Ash, % 0.0057 37.9 60.58 1.7
Total S, % 0.0040 50.3 28.4 21.3
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Table 27. Regression equations, for those relations with coefficients of

determination > 0.50, for ash yield and selected element concentrations in plants
and soils versus distance from the Golden Valley Efectric Association power

plant .
Sample Regression
Variable Traverse Medium Equation ! N2 cD3
Ash, % Control Moss Ash= 10.2 - 56 Logﬂ (18 10.67
Lichen Ash= 32 - 88loal | 18 10.82
Soil i 7 014
Stamoecge Moss Ash=22 - 14 LogD 129 10.60
Cichen Ash= 50 - 20 logD I 29 10.54
Soil Ash= 82 - 33 Logl T11 | 0.56
| Nenana 058 | Ash= 8.9 3.8 Log D 26 | 0.60
Lichen Ash= 40 - 12 LegD 26 ]0.50
Sail_ Asn=60 - 24 LogD 11 ) 0.52
Aluminum, % Control Moss Al = 08 - 043Logl 18 | 0.64
Lichen Al = 01 - 0.06LogD 18 10.7%
Sof 7 10.18
Stampede Moss Al = 15 - 1.0 tLogD 29 ) 0.61
Lichen Al = 027 - 0.17 LogV 29 10,59
oil i ' 111 [ 0.45
Nenana Mass Al = 0.63 - 0.32 LogD i 26 | 0.80
] | Lichen 26 | 0.40
l [ Soi Al = 42 - 1.5 LogD 11 [ 0.57
Arsenic, ppm | Control Moss 18 | 0.49
Uchen 18 ] 0.01
Soil 7 0.42
Stampede Moss 28 | 0.32
Lichen 29 [0.46
ofl As = B./ - 4.3 LogD 11 1 0.65
Nenana Moss As = 0.82 - 0.4 logD 26 1 0.59
Lichen As = 0.26 - 0.14 Log D 26 10.50
Soil 11 10.22
Calcium, % Control | Moss 118 10.20
Lichen Ca = 025 - 0.04 LogD 18 [0.55
Soil 7 0.43
Stampede Moss Ca = 1.4 - 0359 Log |29 10.66
Lichen 29 10.48
Soil Ca = 7.4 - 0.76 LogD i1 | 0.58
Nenana | Moss 26 | 0.44.
Lichen 26 [ 0.26
ofl 11 ] 0.07
Chromtum, pom [ Controt Moss Cr = 82 -59 logD 18 ] 0.62
Lichen Cr = 14 - 0./7 Logh 18 | 0.61
“Soil 7 0.34
Stampede Moss Cr =21 -14 LoaD 129 054
Lichen Cr_ = 42 - 2.7 ToghD 29 10.53
~Soil Cr =70 -29 LogD 11 ] 0.62
Nenana Moss Cr = 84 -45 [ogD 26 | 0.64
Lichen Cr = 23 - 13 Logh 26 ]0.56
Solil 11 0.23

()
L2




Coooer. bom Contral Moss 18 1 0.1/
Lichen Cu =993 - 3.1 LogD 18 .80
Soil | 7 0.22
Stampede Moss {20 10.33
Lichen v =14 - 43 LogD 129 [0.54
Soil Cu =30 - 9.3 LogD 11 0.63
Nenana Moss 28 .32
Lichen {26 10.23
Soil [11 J0.03
Iron, % Control Moss Fe =034 - 0.25Loq D 18 | 0.85
Lichen Fe =006 - 0.03Logl 18 10.72
| Sail ) 7 0.41
{ Stampeae Moss Fe =087 - 0.60LoqD 29 [ 0.61
Lichen Fe =017 - 0.11LogD 29 10.58
Soil 11 0.42
Nenana Moss Fe =0.38 - 0.20Log D 26 [ 0.62
Lichen 26 45
Soi} | 11 0.28
Lanthanum, pom | Control [ Moss la = 30 -22 LogD 18 10.72 ]
Lichen La = 063 -04 LogD 18 [0.79 )
Soil I 7 10.03 )
Stampede Moss La =83 -586 LogD 29 | 0.62
Lichen la =16 -10 LogD 29 [0.63
Soil 11 0.26
Nenana Maoss La =37 =-24 LogD ] 26 | 0.70
Lichen ta =11 - 0.7 LlogD 126 1064
Soil La =24 - 98 LlogD [ 11 T0.50
Lead. pom Control | Moss Pp =29 - 18 togD | 318 | 0.55
Lichen Pb =0.97 - 042 LogD 18 [0.79
Soit { 0.42
Stampede Moss Po =68 -38 LogD (29 ]0.64
Lichen Pb =20 - 10 LogD 289 | 0./76
Soil Po =17 - 1.6 _Loq D 11 (0.7
Nenana Mosgs 26 | 0.43
Lichen 26 [0.27
Soil Po =18 -85 LogD 11 10.89
Manganese, ppm | Control | Moss 1 18 ]0.03
Lichen 18 Q.01
Soit 7 0.01
Stampeae Mass 29 ] 0.01
Lichen 29 0.08
Soll 11 | 0.08
Nenana Moss 26 [ 0.01
Lichen 26 10.01
| Soil 11| 0.01
Nickel, ppm | Controt Moss Ni = 50 - 3.1 LtogD 18 [0.39
Lichen Ni = 15 - 0.61LegD 18 | 0.63
Sail / 0.28
Stampede Moss Ni =13 - 8.7 LogD 29 10.60
Lichen 29 [0.49
Soit Ni =32 -11 LogD 11 .69
Nenana Moss Ni = 53 - 28 LogD 26 | 0.64
Lichen Ni = 21 - 10 LogD 26 [ 0.64
Soll [11 0.7
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Setenium, opm | Control Moss 18 [ 0.14
] Lichen 18 .38

] ] Soil 7 0.24

“Stampede | Moss 29 ] 0.41

] Lichen Se = 0.19 - 0.13 LogD 25 10.53

Soil 11 | 0.37

Nenana Moss 26 0.37

Lichen | 26 | 0.26

! Soil | 11 1 0.08

Sulfur, % Total Control Moss t 18 1 0.18
Lichan S =013 - 003 togD ] 18 1068

Soill {7 0.02

Stampede Maoss S =091 - 0603 LogD [ 29 10.51

| Lichen | [20 T0.4%

I Soll 11 10.38

Nenana Moss 20 0.4

Lichen | 26 [0.29

Soll ) 713 10.3%

Vanadium, ppm | Control Maoss V =10 - 75 CogD 18 82
Lichen V = 18- 1.1 LogU 18 10735

Soll | 7 18

Stampede Moss [V =32 -23 togD 29 10.61

Lichen V = 6.0- 42LogD 20 10.59

Soil V =03 -35 LogD (K 0.54

Nenana Moss V =94 -48 LogD 26 [ 0.65

Lichen 26 | 0.45

Soll 11 0.41

[ Yitrium, pom ontrol Moss Y = 095 - 0.63Log D 18 10.73
Lichen Y =032 -02 LogD 18 [ 0.55

Sotl 7 0.29

Stampede [ Moss Y =12 -53 LogD 28 10.63

Lichen Y =11 -074LogD 29 1055

Sodl Y =12 - 5.3 LogD 11 10.62

Nenana Moss Y =315 . 089LogD 26 T10.55

[ Lichen 26 10.43
| Soil 11 1036

[ Zinc, pom Control Moss 18 1 0.02
Lichen 1§ T 0.01

Sofl 7 0.04

Stampede Moss 28 [.045
Lichan 29 [0.01°

il 11 10.49

Nenana Moss 20 1Q0.17

Lichen 26 0,04

Soil 11 0.10

! Log D is distance in kilometers.
2 Number of samples,
3 Coefficient of determination.



Table 28.--Chemical Anslyses for the feedstock coal (both dry-weight and ash-weight basis) aend fly esh from the Golden
valley Electric Association power plant,

Feed k Dry-weight is
Sampte 10 Al, % Ca, % Fe, % K, % Mg, % Na, % P, % T, % MR, ppm
c-9/91 1.3 1.61 0.66 0,16 0.20 0.01 <0.01 0.05 o1
c-10/9% 2.30 1.50 0.64 0.37 0.25 0.05 0.01 0.07 101
c-12/91 1.37 1.50 0.54 0.17 0.21 0.03 <0.0% 0.05 210
C-1/92 1.17 1.61 0.56 0.18 0.20 0.03 <0.01 0.04 121

Sample 1D Ba, ppm Be, ppm Ce, ppm Co, ppm Cr, ppm Cu, ppm Ga, ppom Le, ppm L, ppm Mo, ppm

c-9/91 394 0.4 8 4 22 38 3 5 5 1
¢-10/91 414 0.7 A7 5 A 48 6 9 10 2
c-12/91 165 0.5 9 4 27 23 4 5 S 2
C-1/92 214 0.3 ) 3 25 16 3 3 4 1

Sample 1D Nb, ppm Nd, ppm Ri, ppm Pb, ppm Sc, ppm se

c-9/91 1 5 57 10 3 189 4 k]| 3 0.4
c-10/91 2 9 39 17 é 186 2 S3 9 c.%
c-12/91 1 5 12 [ 3 195 1 30 4 0.5
c-1/92 1 4 10 4 3 214 <4 24 3 <0.3
Sample iD n, ppm As, pom Se, ppm Hg, pem Ash, % Total S, %

c-9/91 &7 K | 0.7 0.06 14.6 0.23

¢-10/91 &4 4.5 1.2 0.1 23,9 0.42

c-12/91 13 2.8 0.7 0.08 15.0 0.26

c-1/92 17 3.3 0.4 0.05 13.4 0,18



Table 28.-~Chemical Analyses for the feedstock coal (both dry-weight and ssh-weight basis) and fly ash from the Gotden
valley Electric Association power plant (contirwed).

£ togk Coal, Ash-weight i
Sampte 1D AL, X Ce, % fe, X K, % Mg, % Na, % P, X i, % Mn, pepm As, ppm
C-9/91 9.0 1 4.5 1A 1.4 0.1 0.03 0.36 620 30
c-10/9% 10 6.5 2.8 1.6 1.1 0.2 0.03 0.30 440 30
c-12/91 9.1 10 3.4 1.1 t.4 0.2 0.02 0.33 1400 20
€-1/92 8.7 12 4.2 1.2 1.5 0.2 0.03 0.32 900 30

C-9/91 2700 3 58 26 150 260 21 34 35 9
€-10/91 1800 3 74 20 190 210 2% 40 43 10
c-12/9 1106 3 59 28 180 150 26 32 3 10
€-1/92 1600 2 48 26 190 120 22 25 30 10

Sample 10 Nb, ppm Nd, . ppm Ni, ppm Pb, ppm Sc, ppm S, ppm Yh, ppm vV, ppm Y, pem Yo, ppm

C-9/91 10 15 390 70 21 1300 10 210 30 3
c-10/91 10 40 170 74 24 810 10 230 37 4
C-12/91% 5 35 78 43 24 1300 10 200 30 3
c-1/92 9 28 77 29 20 1600 <8 160 20 <<

c-9/91 460
C-10/91 280
€-12/91 8
€-1/92 130
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Table 28.--Chemical Analyses for the feedstock coal (both dry-weight and agh-weight basis) and fly ash from the Golden
Valley Electric Association power plant (continued).

Fly ash, Ory-weight basis
Susaple 10 AL, X Ca, % fe, X K, % Mg, X Ma, X P, % i, % Mn, ppm As, ppm
A-9/91 9.7 19 5.3 0.9¢ 2.3 0.2 0.05 0.5% 1000 IAA
A-10/91 1" 12 3.9 1.4 1.6 0.2 0.04 0.53 710 30
A-12/91 9.4 18 5.6 0.91 2.2 0.2 0.02 0.52 2500 20
A-1/92 8.4 22 6.0 0.90 2.4 0.2 0.02 0,642 1400 30

Serple 1D Ba, ppm Be, ppm Ce, ppm Co, ppom Cr, ppm Cu, ppm Ga, ppm Ls, ppn LS, pem Mo, ppm

A-9/91 5500 4 9 38 160 190 30 92 36 10
A-10/91 3600 ‘ 110 28 170 180 25 40 b4 10
A-12/91 5000 A 86 43 150 150 20 SO 29 10
A-1/92 6500 3 62 36 140 120 21 38 25 10
Sample 1D Nb, ppm Nd, ppm Ni, ppm Pb, ppm S¢, ppm Sr, ppm Th, ppm Y, ppm Y, ppm Yb, ppm
A-9/9M <8 49 89 39 29 2300 20 290 S1 )
A-10/91 10 56 3 26 32 1400 21 310 &0 6
A-12/91 8 46 88 20 29 2300 20 280 51 5
A-1/92 <8 35 94 20 22 2900 10 210 3% 4

A-9/91 &6 0.79 0.40
A-10/91 73 0.68 0.34
A-12/91 32 0.43 0.26
A-1/92 38 0.53 0.34



EXPLANATION OF APPENDIXES
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These five tables give the sample identification, location, and chemical
composition as it as determined for the plants and soil samples collected in 1991

for the Denali National Park and Preserve study. The Sample ID’s are keyed as
follows:

Firet position: Sample medium: M - feather Moss; L - lichen; S - Oa soil
horizon; P - white spruce; € - cladina lichen; or, U - usnea lichan.

Second position: Sampling gite group: A - radial arc sites; C = control
Traverse gites; M - meteorologlc sites; N - Nenana River Traverse sites; or, $ -
Stampede Trall Traverse sites.

Third, fourth, and fifth position: Pre-planned distance in km from the GVEA for
all sample sites, except for the radial arc sites. The radial arc sites 000 thru
007 were numbered sequentially as they were collected. Radial sites 032 and 040
do represent distance from the GVER in km.

Sixth position: Composite sample from the Beparate plots at each sampling site
(A, B, C}.

Seventh position: Analytical splits made in the laboratory (1, 2).
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Table Al1.-Chemicat snalyses foc Hylocomiup gplendens (feather moss) samples, Denat! National Park and Preserve, Alasks
(ash-weight basig unless noted with an ¥),

Sample ID Latitude Longitude AL, X Ca, % Fe, X K, % Mg, X Ra, X P, X T, X

Ragigl Arc Sites

MAQD1AY 634945 1490138 6.9 11 3.5 5.8 2.4 6.87 1.6 0.20
MAOQO1B1 634945 1490138 &.6 13 3.2 6.5 2.9 1.0 2.0 0.20
MAOOZAT 635023 1490346 4.9 15 2.5 5.3 31 0.9 2.3 0.20
MAOO2B 1 635023 1490346 4.8 17 2.6 4.9 3.8 1 2.3 0.20
MADO3A 4350046 1490727 6.5 10 3.7 5.5 2.6 1.2 1.8 0.20
Ma00381 635004 1490727 5.9 13 3.0 S.4 2.9 0.99 2.0 0.%0
- MAQDSA1 634854 1491006 7.1 7.0 4.8 6.2 2.3 0.95 1.7 g.10
MAO04B1 434854 1491006 6.3 6.5 4.4 4.8 2.0 0.91 1.2 0.10
MAQDSA1 434802 1491202 5.5 1 3.2 6.7 2.9 0.97 2.3 0.10
MADOSH1 634802 1491202 7.1 9.8 3.7 7.4 R.6 1.9 1.4 0.20
MAOOGA1T 634706 1491851 6.1 7.4 2.1 4.0 1.6 0.51 0.93 0.10
HMA0048 1 634706 1491851 3.9 16 1.9 8.0 3.5 0.72 3.3 0.10
MAOQ7A1 635158 1490438 5.9 9.1 3.2 4.b 2.3 1.2 1.4 0.29
MADO781 635158 1490438 8.5 9.5 3.6 5.6 2.2 1.4 1.3 0.27
MAO32A1 634256 1492900 5.2 7.9 3.6 2.9 2.3 1.2 0.88 0.24
MAD3281 634256 1452900 6,2 8.4 4.2 2.9 2.2 1.1 0.77 0.28
MAO4OA1 433840 1493514 5. 13 3.5 3.8 3.0 1.2 1.5 0.3%
MAO40B$ 833640 1493514 4.8 14 3.3 5.1 3.5 1.3 2.0 0.32

Congrol_Traverse Sites

®CO.5A1 635935 1490701 5.7 9.5 3.2 2.8 2.4 1.2 1.4 0.27
WCco.sB1 635935 1490701 5.8 8.2 3.2 3.2 2.0 1.2 1.0 0.27
MCO.5c1 635935 1490701 6.1 7.2 1S 3.0 2.0 1.3 0.83 0.32
MCT.0A1 635936 1490735 5.7 7.8 3.4 3.2 2.2 1.3 0.97 0.30
ncy . 081 635936 1450735 8.2 6.2 4.5 3.4 2.0 0.98 0.86 0.37
Me£I.oct 635936 1490735 5.5 B.5 3.4 33 2.3 1.2 0.83 0.30
MC1 544 635935 1490836 5.9 71 3.4 3.3 1.7 1.2 0.88 0.33
MCY.581 435935 1490834 5.7 6.4 3.3 2.6 1.7 1.2 0.58 0.33
MC1,5C) 435935 1490836 5.5 7.3 3.3 3.3 2.1 1.2 1.2 0.3%
NC3_0A1 435950 1491135 4.2 16 2.3 §.§5 3.9 11 2.7 0.20
MC3.082 435950 1491135 4.3 15 2.3 5.6 3.9 141 2.6 0.20
MC3,081 635950 1491135 3.4 16 1.9 8.4 3.9 0.97 2.8 0.10
NC3,0CH 635950 1491135 4.0 16 2. 5.9 3.0 1.2 2.2 0.20
HC7.5A1 435950 1491753 3.1 19 1.6 5.8 4.8 0.98 3.3 0.10
MC7.581 435950 1491753 3.0 18 1.5 6.1 A4 1-1 3.5 0.30
KCO0BA 1 840111 1492414 3.2 17 1.8 5.8 4.8 1.4 3.2 0.10
MCo0B81 40111 1492418 2.8 18 1.6 5.8 5.0 1.3 3.2 0.10
MCO16AY 635934 1492905 3.3 20 1.5 3.5 4.0 1.2 2.3 0.10
KCO1681 435934 1492905 2.6 2t 1.4 4.9 3.7 1.9 2.9 0.10
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Table A1.-Chemical asnalyses tor Hylocomium splengens (feather mess) zamples, Denali Nstional Park and Preserve, Alaska
(ash-weight basis unless noted with an *) (continued).

Sample 10 Latitude Longitude Al, X Ca, X fe, X X, X Mg, X dHa, %X P, X Yi, X

Meteorgplogical Sites

MMOOOA 434326 1485804 3.6 15 2.0 6.8 3.3 1.2 2.7 0.10
MMO008 1 634326 1485804 3.2 16 1.9 6.9 3.4 1A 2.8 0.10
HM001AY 635117 1485808 5.4 13 3.2 4.5 2.5 0.95 2.0 6.3
BM00181 635117 1485808 5.5 11 3.0 4.4 2.8 1.1 1.8 0.26
MMOGCAA | 434808 14685454 3.2 18 2.0 6.6 3.3 0.92 2.6 ¢.16
MH0068 1 634B08 14B5654 4.4 17 2,6 4.8 3.6 1.2 2.7 0.20

Henana River Traverge Sitgg

MHOODA Y 635120 14BS638 7.2 5.7 4.3 3.1 1.6 1.0 0.78 0.31
MNOOOAZ 635120 1485638 7.3 6.2 4% 3.4 1.7 0.97 0.87 0.3%
MNDDDB £35120 1485638 6.7 6.8 4.0 3.2 1.7 0.93 1.0 0.28
MRO,5A1 635109 1485729 5.4 1 1.0 4.3 2.5 1.1 2.0 0.24
MNO_SB1 435109 1485729 6.9 10 3.5 3.5 2.2 1.1 1.4 0.27
M§0.5C1 635109 1485729 6.4 9.1 3.6 4.5 2.3 1.2 1,5 0.28
NNOG1AY 635047 1485652 6.3 11 3.8 3.7 2.3 1.0 1.2 0.31
MKDO1B1 435047 1485652 8.4 12 4.2 5.4 2.6 1.0 1.4 0.30
MROO1CY 635047 1485652 7.1 9.2 4.9 41 2.3 1.0 1.3 0.46
MROO2A1 835028 1485804 5.8 1 3.3 4.5 3.1 1.1 1.6 0.23
MNOD2B1 635028 1485804 6.7 8.5 3.8 3.6 2.5 1.2 1.2 0.23
WNOg2C1 435028 1485804 6.7 11 3.8 3.5 3.0 1.0 1.1 0.22
MNOD2C2 635028 1485804 6.9 1 3.9 3.6 3.0 1.1 1.1 0.2%
MHOOLA L 634942 1490013 6.0 10 3.1 4.8 2.6 1.4 1.7 0.22
KNOO4B1 634942 1490013 5.2 14 2.9 4.8 3.1 1.1 1.8 0.20
MRODLLY 834962 1490013 5.1 % 2.8 5.0 3.2 1.t 1.9 0.20
MNOOBA1 634619 1485407 4.8 15 2.8 4.2 2.9 1.4 1.3 0.20
HNOOBB1 634619 1485407 5.3 13 3.3 4.3 3.3 1.3 1.4 0,22
MNDOBCY 634619 1485407 5.2 1% 3.1 3.8 3.2 1.2 1.3 0.22
MHO16A1 $34258 1485335 3.3 18 2.1 4.5 4.2 1.3 1.9 0.20
MNO168 634258 1485335 3.8 16 2.1 4.9 3.4 1.4 2.2 0.20
KRO16C1 &34258 1485335 3.6 17 2.2 3.7 315 1.3 1.5 0.20
MNO25A1 633741 1484720 3.9 17 2.0 5.0 3. 1.5 1.8 0.20
HNO25A2 633741 1484720 41 16 2.1 4.8 3.3 1.5 1.7 0.20
MNO25B1 633741 1484720 . 4.0 15 2.3 4.7 2.8 1.4 1.7 0.20
MNOLOA 1 633030 1484901 6.3 1" 3.1 1.5 2.6 2.0 1.4 0.28
HNO4DA2 5T3030 1484501 4.4 1 3.2 3.5 2.6 2.0 1.4 0.29
MR0408 1 433030 1484901 5.4 12 2.8 4.8 2.9 1.8 1.8 0.26
MNOBOA Y 431839 1493323 6.5 9.4 3.0 5.0 2.5 2.2 1.5 0.24
MROB0R1 831839 1493323 5.4 12 2.5 8.1 2.9 1.8 2.4 0.20




Table Al._-Chemical anslyses for Hylocomium gplendens (foather moss) samples, Denatl National Park snd Preserve, Alaska

(ash-weight basis unless noted with an *) (continued).

Sampie ID Latitude

MS0.541
Ms0.581
MS0.5ct
nsy.0A1
M$1.081
Mst.0C1
KS9.5A1
NS1.581
M§1.582
HS1.5CH
Ms1.5C2
MS2.0A1
MS2.081
NS2.0C1
MS0D4A T
M5004B1
Ms004Ct
MSO06A1
MS004A2
NS00481
MSO0&C1
MSO08A Y
Ms00881
Ms008c1
MS008C2
N5014A1
MSO14B14
MSOt4A1
MSO16B1
MS025A1
MS025A2
Hs02581
MS032A1
M303281

STD

635123
635123
635123
635138
635138
635138
635156
635156
635156
435156
635156
635230
435230
635230
635239
635239
435239
635328
635328
635328
635328
635328
635328
635328
635328
635244
635244
635225
635225
635411
635411
435411
660614
6460414

1485739
16485739
1485739
1485757
1485757
1485757
1485816
1485816
1485816
1485816
1485816
1485818
1485818
1485818
1490122
1490122
1490122
1490242
1490242
1490242
1490242
1450720
1490720
1490720
1490720
1491158
1491458
1491513
1491513
1492415
1492415
1492415
1494727
1494727

6.6
8.7
6.2
6.9
7.3
7.3
6.7
7.2
71
7.5
7.6
7.3
7.5
7.4
5.8
5.7
5.5
6.0
4.1
5.8
8.0
5.5
4.9
5.6
5.7
4.8
5.0
4.3
3.0
3.5
3.5
3.6
4.2
1.6

Stal e Trail Traverge Sit

7.8

In-house Standard Moss Sample

7.4
7.8
7.8
7.5
7.9
T.6

3.9
3.9
3.5
3.9
4.1
4.1
4.0
3.9
3.9
4,2
4.2
6.2
4.3
4.3
3.5
3.7
3.5
3.7
3.8
3.6
3.9
3.1
2.8
3.2
3.2
2.8
2.8
2.2
1.9
t.8
1.9
1.8
2.2
1.2

[
3.9
4,1
3.9

1.9
2.0
2.9
2.9
2.7
2.2
4.5
2.6
2.6
2.3
2.3
2.2
2.0
2.1
2.9
3.2
3.1
3.0
3.0
3.0
3.3
¢.0
5.6
3.4
3.4
6.6
5.9
4.8
6.9
5.3
5.0
5.6
6.6
5.9

2.3
2.4
2.4
2.3
2.4
2.4

2.1

2.0
2.0
2.2
2.3
2.9
3.6
3.0
3.0
3.7
3.7
3.8
5.0
4.2
3.9
4.5
3.7
4.8
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P, % T, X
0.27 0.44
0.43 0.43
0.66 0.37
1.1 0.37
0.66 0.38
0.62 0.39
1.4 0.33
D.66 0.40
0.67 © 0,38
0.70 0.40
0.72 0.40
0.39 0.43
0.33 0.40
0.48 0.42
0.83 0.26
1.2 0.27
1.3 0.3
1.1 6.22
1.1 0.22
1.2 0.21
1.2 0.2%
1.7 0,22
2.9 0.20
1.4 0.3
1.6 0.2¢
2.6 0.20
2.9 0.20
2.7 0.10
2.3 0.09
2.8 0.t0
2.6 0.10
3.2 0.10
2.9 0.20
3.2 0.07
0.56 0.47
0.58 0.46
0.58 0,48
0.54 0.46
0.60 0.48
0.61 0.45



Table A1.-Chemice! mnalyses for Rylocomiyn splendens (feather mog3) sanples; Denal{ Netional Park and Preserve, Alasks
(ash-wefght basis unless noted with en *) (continued).

= =sann SRS EESEARSOMYRESS T ]

Seaple ID Mn, pmm Ba, ppm Be, ppm Cd, pom Ce, ppm Co, ppm Cr, ppm  Cu, ppm Ga, ppm La, ppm

MAQD1AY 8900 1000 <2 <4 78 24 150 200 24 45
siAc0181 13000 810 <2 <4 72 20 84 210 20 &4
MAOD2A1 18000 1500 <2 <4 48 20 7 210 21 29
MADO281 13000 1400 <2 <4 ] 20 43 380 20 26
MADD3AY 4000 1000 <@ <4 100 2t 56 200 20 59
HAO03B1 5300 930 <2 <% 69 20 60 370 10 39
MAQQOLA1 1800 280 <« <4 110 27 8% 200 20 63
MACO481 1800 870 <2 <4 180 25 62 130 20 %9
MADOSA1 4600 910 <2 <4 65 21 66 L31d 20 36
MA0O581 1700 960 <« <4 100 26 58 200 20 57
MAODAA T 5000 970 <2 <4 92 10 42 120 20 134
MADOS81 14000 1000 <« <4 56 10 55 490 20 N
MAOO7A1 15000 1500 <2 <% 37 20 79 15¢ 20 22
WAQOT78B1 4600 1400 <@ <4 45 20 82 180 20 24
MAD32A1 2500 1300 <2 <4 31 20 100 130 10 20
MAD3281 3900 1800 < <4 35 20 130 140 10 20
MAOLOA1 1600 1100 <2 <4 «8 20 48 270 10 25
MADS081 2000 1100 <2 <4 38 10 69 250 10 21

Control Traverge Sites

MCO.5A1 4500 1300 <2 <4 49 20 8o 230 20 28
MC0.581 4800 1400 <2 <b S5 20 & 150 20 36
MCco,5¢ 4500 1300 < <4 54 21 B4 150 20 31
MCY,0A1 4200 1300 <2 <6 60 20 82 140 20 32
MC1.081% 3000 1500 2 <6 57 26 110 130 20 32
MC1.0C1 2600 1200 <« <4 50 20 58 140 10 29
MCt.5A1 4100 1300 <2 <6 & 20 91 130 20 35
MC1.5819 4500 1300 <2 <4 51 20 90 150 20 28
MC1,5¢C1 6400 1300 <@ <4 50 20 67 150 20 27
MC3.CA1 13000 910 <2 4 38 21 60 310 20 20
MC3.0A2 12000 710 <« <4 44 20 99 310 20 3
MCc3.081 13000 910 <« 5 30 10 &3 310 20 20
MC3.0C1 12000 430 <2 <4 37 10 37 350 10 21
MC7.SAY 13000 950 <2 <4 26 10 45 370 20 10
MC7.5B1 - 21000 580 <« 4 26 10 39 350 20 10
MCOOBAt 15000 150 <2 20 29 22 25 310 10 20
mMCo0881 15000 490 <2 7 23 20 38 370 10 10
MCO16At 10000 344 <2 [ 20 10 44 410 0 10
HC01681 2100 370 <« 5 20 10 41 420 10 10

.............................................................
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Table Al.-Chemical enalyses for Hyloromium splendensg (festher mosg) samples, Derali Katfonal Park and Preserve, Alasks
(ash-weight basis unless noted with an ¥) (continued).

Sanmple 10 H4n, ppm Ba, ppm Be, ppm Cd, ppm Ce, ppm Co, ppm Cr, ppm  Cu, ppm Ga, ppm La, pem

Metoprologicgl Siteg

MMODDAT 12000 430 <2 20 26 10 51 250 10 10
M®000B1 11000 680 <« 10 20 10 &9 290 10 10
MMOO1AY 4100 1100 <« 7 44 25 "N 230 10 25
MM00181 6500 1100 < 5 44 21 75 310 10 26
MUO06A1 6300 810 <2 <4 28 10 34 410 10 10
MH00681 11000 500 ¥ 4 43 20 44 440 20 r{3
Henana River Traverse Sites
MHNOOOA1 2500 1800 <2 <4 49 22 93 140 20 &0
MNDQOA2 2600 1500 <@ <4 66 3 100 140 20 37 .
MNOOOB1 2200 1800 <@ <4 76 22 96 350 20 41
MNO.SA1 6200 1600 <2 4 4“7 20 77 260 20 29
MNO.5B1 3500 1500 <2 <4 40 21 58 210 20 13
MHO.5C1 1500 1500 <2 <4 61 20 45 180 10 36
MNOOYAY 2500 1200 <« <% 65 21 100 220 20 is
MNOOYBY 4200 1200 <2 <b 41 20 100 210 20 3%
RNOO1C1 3000 1700 <« <4 110 22 98 170 20 59
MR002AT 17000 1200 <« <% 43 27 90 240 21 37
KN00281 8300 1400 <« <4 T2 36 84 200 24 40
MNOO2C1 4400 1300 <2 5 75 26 87 230 20 43
MN002C2 4300 1400 <« 5 77 27 92 220 20 73
MNOD4AT 3400 1100 Q <4 57 24 4B 190 20 34
MNOO4B1 8000 970 <2 <4 45 20 & 230 20 26
MR004CT 10000 1200 <2 <4 &7 21 66 280 20 25
MNOO&A1 2200 810 <@ <% 35 20 45 210 10 21
MN0O0B3 1 4600 870 < 27 43 20 n 290 20 22
MNODBCT1 10000 1000 <« <% &2 20 67 270 20 23
MNO16A1T 3800 1000 <@ 7 20 10 56 280 10 10
HMNO16B1 4000 490 <2 é 20 10 44 200 10 10
MRO16CH 24600 1000 <2 S 23 10 47 250 9 10
MNO25A1 7200 1100 «@ 6 10 10 39 330 10 10
MNO25A2 6700 1100 <2 5 24 10 28 360 10 10
MR02581 7700 1400 R <4 22 10 45 220 10 10
MNO4OA1T 7900 1100 <« <4 28 10 48 220 20 20
MKO40A2 7800 1100 <2 <4 29 10 48 190 20 20
Mi04081 10000 1200 <@ 4 24 - 20 53 250 20 10
MNOBOAT 6500 BS0 v <4 24 10 43 200 20 10
MH0808 1 6300 780 <« <4 21 10 37 150 10 10



Table A1.-Chemical snalyses for Mylgcomium gplendens (feather moss) samples, Denali National Park and Preserve, Alaska
(ash-weight basis unless noted with ar *) (continoed).

Somple ID Mn, ppm Ba, pom Be, ppm €d, ppm Ce, ppm Co, ppm Cr, pom Cu, ppm Gs, ppm La, pom

St e Trail Trgver ires

M$0.5A1 1100 1700 <2 kA 70 23 76 73 20 39
Ms0,561 1600 2000 <2 <4 87 24 110 96 10 39
Ms0.5c1 1700 1500 < <% 67 20 65 97 10

H51.0A} 2300 2200 <2 <% 57 23 99 140 10 32
MS1.081 2700 2400 2 <% 63 23 100 150 20

MS3.0CHY 3500 2400 2 <4 &9 26 110 140 20 39
MS1.5A1 2400 1500 2 <% 62 27 110 230 20 35
Ms1.581 2200 2500 2 <4 77 27 s 260 20 3
MS1,582 2400 2600 2 <% 70 25 110 270 10 40
MS1,5¢1 2300 2800 2 @ 70 28 120 170 20 {4
nSt.5¢2 2300 1500 2 <% 79 28 87 180 20 63
K52.0a8 1300 2100 2 <4 73 24 110 o9 20 29
MS2.081 1300 2000 2 <4 49 26 120 110 20 38
Ms2.oct 1600 2400 2 <4 &7 29 120 140 20 37
NSO04A1 5100 1300 <2 <% 57 20 90 140 20 3
ns00481 7700 1400 <2 <4 53 21 76 190 20 28
M$004C 64600 1300 <2 <4 50 20 .74 170 20 27
MS004a1 5000 1300 <« <@ 84 20 51 140 20 49
MS004A2 5100 1300 <2 <4 79 21 77 1460 20 &1
MS0068 5300 1300 <2 <4 76 22 55 160 20 43
MS004C1 8300 1000 <2 27 81 20 59 250 20 45
MSODBAT 14000 1200 <2 <4 49 20 75 289 20 27
Ms00881 13000 1300 <« 7 18 20 &2 38a 20 &2
MSC08C1 9200 1300 < S SO 20 ™ 280 20 28
MS008C2 8400 1300 <2 4 49 20 120 270 20 27
BSO14A1 12000 1000 <2 s 40 3 70 330 20 24
Ms01481 12000 30 2 & Y4 39 52 470 20 31
KSG1éA1 17000 X0 <2 5 37 30 53 320 21 22
MS01481 1500 740 3 4 37 10 4S 480 9 23
NSO025a1 11000 470 <« 5 24 20 50 390 10 20
MS0Z25A2 10000 330 < 4 28 20 S0 340 10 20
MS02381 13000 510 <@ 4 29 20 58 370 10 20
HSO3241 6600 810 <2 7 24 10 4é 330 10 10
MS032814 4800 460 <2 5 10 20 36 520 4 7

In-house St rd Mogs Sample

sSTD 2600 90 < <4 32 21 8% 67 20 20
STD 2600 490 <« 27 28 21 a3 69 20 20
STD 2800 700 <2 <4 30 21 &4 74 20 20
STD 2600 640 <2 <b 28 21 79 84 20 10
STD 2900 700 <2 <% 28 20 a9 74 20 20
sTo 2800 690 <« < 29 20 82 n 20 20

....................................................................................................



Table AY,-Chemical analyses for Mylocomiym gplendens (feather moss) semples, Denall Mational Park and Preserve, Almska
(ash-matght basis unless noted with an *) (continued).

Radial Acc Sites
MADO1AY 22 10 <8 42 &2 25 10 650 20 ”
MAOO181 21 20 <8 13 40 27 10 720 20 74
MAQO2A 20 22 <8 26 55 3 9 880 20 63
MAQ02B 1 20 42 <8 26 St 41 8 1100 10 43
MAOO3A1 23 26 <8 54 4l 37 10 690 20 74
RA00381 20 30 %) 37 41 38 ? 860 10 S8
MADO4AY 26 8 < SS 72 54 10 490 25 2
NAQOLB1 21 10 <8 81 L) LY4 10 40 28 63
MAGO5A1T 20 12 <8 3s 53 38 9 750 10 61
MAQOSE1 26 29 <8 48 S 29 10 640 20 82
MAOQSA1 20 10 <8 42 43 27 10 490 20 45
MAQ0SBY 20 25 <8 29 47 37 7 1000 10 51
MAQOTAL 2 10 < 22 [¥A 22 10 570 20 98
NAOO7B1 23 21 <8 23 51 21 10 730 <8 100
MAD3241 32 10 <8 24 62 20 10 500 <8 130
MAD32B) 40 7 < 22 rn 30 10 500 <8 160
MAOLOA1 20 20 <8 30 30 20 10 1000 <4 7
MAQL081Y 20 33 <8 23 32 20 10 1300 <8 ie4
Congcrol Troverse Siteg
MCO.5A1 233 20 <§ 27 46 30 10 640 10 93
MCC.581 22 10 <3 29 44 24 10 530 10 97
MC0.5C1 23 10 8 13 46 a7 10 510 10 100
MCt.0A\ 22 10 <4 26 49 45 10 560 9 99
MC1.0B1 41 5 <8 33 48 38 20 570 20 140
MC1.0CY 2t 8 24 55 42 10 640 ) o7
MC1.5A1 3 8 <B 3 44 20 10 500 10 100
NC1.581 23 9 <8 27 42 20 10 500 10 100
MC1,5C1 22 10 3 28 53 10 10 530 10 58
MC3.0A1 20 28 <8 23 42 24 3 1100 10 &
MC3.0A2 20 27 <8 21 “6 27 8 1100 10 &5
MC3.0B1 10 27 <8 20 38 2% [ 1100 <3 52
MC3,0C1 10 39 < 24 38 29 7 1100 10 S8
MC7.5A9 10 76 <8 20 42 28 é 1200 <8 66
MC7.581 10 - A < 10 32 23 5 1100 10 41
MCOOBA 1 10 57 <8 20 42 22 ) 1200 10 48
Mc00881 10 <B 20 48 27 6 1300 <8 45
MCO1641 10 59 <8 20 43 31 S 1200 8 48
MCO1641 10 43 <8 10 33 20 5 1300 <8 41

........................................................................................................................



Table Al.-Chemical analyses for Hylocomium splendens (feather moss) samples, Denall Kational Purk and Preserve, Alaska
(ash-weight basis unless noted with an ¥) (continued).

Sample 1D Li, pom Mo, ppm Nb, ppm Nd, pom N, pom Pb, ppm $c, pom  Sr, ppm Th, pem vV, pom

MemmeReumAN L ChMaABRAGNATVerEN == Anevemmmhaman—v D N L L I L T LR N U D e Pr-sanma reewnumaar

Meraorological Sites

MMDO0A 20 34 <8 10 52 32 6 920 <8 59
MHM000B 1 10 29 <8 10 48 32 ) 990 <8 &1
NROD1A1Y 20 8 <8 27 63 31 10 900 10 04
1131 :3) 20 10 <B 20 b14 33 10 900 8 93
RMDOSA o 22 < 20 I3 29 6 1100 <8 48
MH0068 1 20 32 <8 22 42 o4 8 jso0 10 &3
Nenang River Traverse Sites
MNOOOAt 26 4 <8 34 64 35 10 530 20 116
MROO0AZ 27 <8 3% 54 35 10 560 20 110
MNOODB1 25 5 <8 31 54 36 10 400 10 100
MNO.5A1 21 10 << 27 51 48 10 860 10 a7
mi0.581 22 10 <2 30 49 57 10 780 10 95
MNO.5CY 23 10 <8 34 50 59 10 710 10 100
NNDO1AY 23 20 <A 30 49 12 18 980 ® 110
MNGO1B1 21 23 24} 3s 49 &7 10 950 10 100
MROO1C1 22 20 10 (4.3 49 100 10 ™ 10 110
Mu0a2A1 20 5 <8 35 56 28 10 20 20 89
M¥00281 22 20 < 37 71 26 10 630 10 92
MNOO2C1 25 20 <@ 39 n 38 10 760 20 96
MH002C2 26 20 3 19 n 48 10 760 20 98
MNDO4AY 21 10 <B 28 47 s1 10 730 9 76
HN004B1 20 26 <8 26 52 71 9 910 10 74
BNOOAC 20 28 <8 28 41 55 9 850 10 &9
MROQBAY 20 23 <8 20 13 56 1 970 &8
MNOO8B1 20 30 <8 22 36 57 10 870 8 73
MRO08C1 20 26 <8 21 33 57 10 870 <8 T
MNO16A1 10 47 <8 20 32 52 [ 1200 <8 57
MNO1681 10 34 24 20 28 33 é 1000 <8 59
MNOVSCT 10 43 32} 10 29 82 7 11600 <8 59
NNO25A1 10 38 <8 10 24 34 -] 1100 <8 55
MNO25A2 10 3 <} 20 24 27 é 1100 LY 60
NNO2581 10 27 <8 16 28 42 7 960 <8 65
MNO4LOAY 20 10 <8 20 44 42 10 770 <8 85
MR04L0AZ 20 20 <B 20 37 41 10 760 <8 a8
MND4081 20 20 <8 20 43 51 9 750 <8 9
MNOBOA1 20 20 <A 10 20 10 ) 780 < 78
MHGBOR1 10 20 %) 20 34 20 7 930 <8 62

..............................................................................................
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Table At.-Chemical analyses for Hylocomium splendens (feather moss) samples, Denali National Park and Preserve, Alaska
{ash-weipht basis unless noted with bn *) (continued).

Sample ID L{, ppm Mo, pPpm Nb, ppm Hd, ppm Ni, pom Pb, ppm Sc, ppm S, ppm Th, pom Y, ppm

Stanpede Yroil Traverse Sites

MS0.5A1 30 < <8 34 56 10 20 410 20 150
¥s0.581 30 4 8 36 59 24 20 540 10 150
MSO.5¢C1 26 <4 <8 32 So 32 10 580 8 120
NS1.0A9 28 7 8 30 60 44 20 960 10 140
MS1.0B1 29 [ <8 17 %] 43 20 890 10 150
MS1.0C1 29 5 9 i &4 39 20 81D 20 150
HS1.541 25 4 <8 33 b4 3 20 1100 10 140
MS1.581 29 5 <B 38 81 38 20 800 20 150
MS1.582 28 4 <8 37 82 13 20 810 10 150
HS1.5¢C1 30 9 12 36 76 b4 20 890 10 160
MS1.5C2 30 6 <8 37 1e4 49 20 920 10 168
MS2.0A1 32 4 <8 34 43 27 20 §70 20 156
MS2.0BY 32 -] <8 34 62 22 20 530 20 150
H82.0C8 31 5 8 34 & (¥4 20 490 10 169
MS004A 22 10 <8 30 43 68 10 550 10 91
MSO04B 1 22 10 <8 27 &7 62 10 600 10 99
MS004C1 20 20 <8 26 42 67 10 620 9 8%
MSO06AL 21 20 <8 34 [ Y3 10 560 10 Bt
MSO006A2 23 20 < 35 48 46 10 560 10 a3
M500681 20 20 <8 34 52 40 10 570 10 75
MS004C 1 21 10 <8 40 45 10 620 20 81
MS00841 21 27 <8 29 51 40 10 900 10 85
MS00881 20 10 <8 23 57 40 9 1000 \{Y 7h
MS008C1 21 3] <8 28 (VA 35 10 830 10 B4
MS008c2 21 40 <B 26 4é 32 10 810 10 89
MSO14A1 20 56 <8 23 70 I8 8 980 10 68
MS01481 20 41 <8 29 95 54 9 1100 10 &8
HSO16A1 20 42 <8 24 47 26 7 990 10 60
HS01681 10 59 <8 31 69 20 5 1500 <8 49
MS025A1 10 2 <8 20 57 24 -3 1400 10 53
MS025A2 10 86 <8 10 56 28 6 1300 <« 50
us02581 10 5& <8 20 53 22 5 1300 9 52
MSO32A1 20 42 <8 10 32 20 7 1100 <8 59
M503281 8 55 < 10 3 20 <4 1500 <8 28
In-house Standgrd Moss Sample
STD 10 <% <8 20 59 25 20 650 <8 130
sTD 10 <% <8 20 Sy 10 20 850 <8 130
57D 10 < <3 20 64 22 20 670 .} 130
STD 10 <4 .} 20 49 10 20 640 10 130
sTD 10 <4 <8 20 51 22 20 640 <5 130
STD 10 <% <8 20 59 24 20 650 <B 130

........................................................................................................................



Table A1.-Chemicel analyses for Hylocomjum splendens (feather moss) samples, Densli National Park snd Preserve, Alaska
(ash-weight basis unless noted with an ®) (continued).

TERT AR amzm SIVEERRE =uma

Sarple 1D Y, ppm Yb, ppm  In, ppm As, popm* Se, ppw"  Hg, ppm*  Ash, X* Total §, %

.........................................................................................................................

RACOIAY 10 <« 980 0.40 0.04 0.09 B.35 o
MA00181 10 <2 1100 0.48 0,07 0.10 6.37 0.10
MAOQ2A1 9 <« 1100 0.26 0.04 0.07 5.87 0.08
MAOOZB1 8 <2 1200 0.25 0.04 0.07 L. 76 0.06
KAOO3A 10 <2 480 0.47 0.05 0.06 6.94 0.06
MA00381 8 <2 50 0.40 0.04 0.08 5.65 6.08
MAQO4AT 10 <2 590 1.2 <0.03 0.07 8.70 0.08
#ACD4B1 10 < 460 1.1 0.03 0.09 10.1 0.10
NAOOSAY & <« 650 0.35 <0.03 0.08 3.93 0.0%
MADOSB1 10 < 450 0.67 0.05 0.06 6.48 0.08
HMAOOGA 1 6 <2 0 0.46 D.0é 0.08 11.2 0.09
MA0DG8 1 é < 1400 0.18 0.03 0.08 5.19 0.08
MAOO7A1 10 < 710 0.44 D.05 0.09 8.50 0.07
MADO7BY 20 <2 3%0 0.52 0.04 0.06 7.39 0.07
RAGI2A1 10 <2 470 0.5¢9 0.09 0.07 $.59 0.07
MAQ32B1 20 <2 370 0.95 0.4 0.13 12.6 0.07
KAGGOA T 21 3 570 6.43 0.03 0.07 7.14 0.09
MAGLOR1 20 <2 520 0.34 0.04 0.07 6.32 0.08
Cont raverse Sit
#C0,5A1 10 <@ 560 0.64 0.08 0.07 9.27 0.08
MC0.587 10 <@ 580 0.84 6.09 0,08 111 0.09
MCo.S5CY 10 < 550 0.90 0.10 0,08 12.1 0.10
MC1.0A1 10 <2 610 0.75 o.1N 0.06 10.4 0.1
MC1,081 23 2 540 2.0 g.11 0.08 14.8 0.09
Mg, 0CH 10 <2 540 0.72 0.1 6.06 10.5 0.09
MC1.5A1 10 <2 310 0.90 0.09 0.08 12.5 0.07
MC1.581 10 <2 230 1.0 0.08 0.1 14.3 0.07
MC1.5C1 10 <« 290 0.77 6,07 0.06 $0.3 0.08
MC3.0A1 ] < 520 0.22 0.05 0.06 5.33 0.08
MC3.0A2 9 <2 520 0.25 0.0s 0.07 5.49 0.08
MC3. 081 8 <2 610 0.20 0.04 0.04 4,14 0.06
MC3.0C1 8 <2 760 6.18 0.04 0.07 4,17 0.05
MC7.5A1 é <2 1500 0.18 0.04 0.07 3. 0.07
MC7.5B1 6 <2 1300 5.6 0.62 0.06 3.3 0.08
MCO08A1 7 <@ 2200 0.14 0.0% 0.07 3.55 0.10
MCO08B1 é <2 1600 0.14 0.04 0.08 3.59 0.08
HCO16A) 7 <2 970 0.28 0.03 0.06 6.3 0.07
MCO168) 6 <2 1300 0.19 0.04 0.09 $.79 0.0?7
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Table At_~Chemical analyses for Hylocomium spiendens (feather moss) samples, Denali Mational Park and Presarva, Alaske
{esh-weight basis uniess noted with an ™) {continued).

sample ID Y, pom Yb, ppm  Zn, ppm As, ppm* Se, ppm* Hg, pom*  Ash, X* Totak §, X

Heteorotogical Sites

MMO00A1 10 <2 820 0.1¢9 0.07 0.05 4,80 0,08
HH00081 8 <« 780 0.19 0.05 0.05 4,464 6.08
MMOD 1A 10 <2 770 0.45 0,09 0.13 B.18 0.10
MMOO1B1 10 <« 690 0.41 0.08 8.07 7.50 0.10
MMO06A 1 [ <2 1300 0.29 0.05 0.1t 4.93 0.09
#0060 1 9 <2 1100 0.30 0.06 0.13 5.54 0.10

Nenanp River Traverse Sites

MWOOGAY 20 <2 320 1.7 0.16 <0,03 i8.6 0.1
MNOOOA2 10 2 290 2.0 0.14 <0.03 V7.6 0.11
MNO00B1 20 <2 430 1.4 a.15 0.08 17.4 0.12
MHO.5A1 10 <2 840 0.72 6.08 c.08 9.60 0.1
MNO.5B1 20 <2 590 0.67 0.08 0.08 8.40 0.09
MNO.5C1 10 <2 550 0.67 0,06 0.09 9.33 0.08
MNOO1A1 20 < 640 0.56 0.21 0.06 8.70 0.09
HNOC1BY 20 <2 500 0.47 0,08 0.06 7.8% 0.08
MR001C1 21 <2 400 0.75 0.10 0.06 10.2 0.09
MKOO2A 1 10 <« 920 0.3 0.05 0.09 7.7 0.10
MNOO2ZB 1 10 <@ 520 0.84 0.06 0,09 9.09 6. 11
Mx002C1 10 <2 800 1.0 0.09 0.10 8.53 0.09
MN002G2 10 < 790 0.96 0.08 0.09 8.76 0.09
MNOG4LAT 10 <2 1100 6.6 0.08 0.06 9.20 0.09
MNOO48 Y 9 <2 1000 0.43 0.06 0.10 6.64 6.10
NNOO4CY 9 <2 390 0.36 <0.03 0.06 5.96 0.08
MNOOSAt 9 <2 790 0.34 0.06 0.07 6.48 0.10
#HO08B 10 <2 660 6.32 0.04 0.04 5.57 0.08
MMNOO0BCY 10 <2 810 D.39 0.06 0.07 5.77 0.07
MNO16AY 4 <2 830 0.20 0.04 0,06 4,72 0.06
MNO14B1 B <2 500 0.45 0.05 0.05 4.48 0.06
MNOY6C 8 <2 660 0.20 0.06 0.04 4.57 0.08
MNO25AY 9 <2 740 0.15 0.04 6.0S 4.4 0.06
NNO25A2 8 <2 650 0.17 0.04 6.07 &.77 0.07
WH02581 9 <2 §20 0.21 0.05 0.08 5.6% 0,06
MNOL0A Y 10 <2 590 0,35 0.06 <0,03 7.42 0.08
MN0O4L0A2 10 2 540 0.37 0.06 <0.03 7.97 0.08
MNOLOB Y 10 <2 780 0.44 0.04 0.09 6.48 0.08
MNOBOAt 10 <@ 460 0.24 0.05 0.06 7.55 0.09
MN08081Y 10 <2 580 0.13 0.04 0.06 5.47 0.07

................................................................................................................
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Table Al.-Chemical analyses for Hylocomium splendeng (feather moss) samples, Densli Nat{onal Park and Preserve, Alaska
(ash-weight basfs unless noted with an *) (continued).

Sample 1D Y. ppm Yb, ppm  Zn, ppm As, ppm® Se, prm* Hg, ppm*  Ash, X*¢ Yotat S, X*

........................................................................................................................

Stampede Yreil Traverse Sites

HS0.5A1 21 <2 160 6.2 0.50 0.08 62.0 0.14
MSD._581 25 2 190 0.12 0.03 0.08 31.0 0.14
MsS0.5cC1 21 2 220 2.0 0.28 0.06 19.0 0.12
NS1.0A1 22 3 490 1.5 0.21 0.10 17.0 0.12
Ks1.081 24 3 440 1.4 0.16 0.08 15.8 0.09
MS1.0C1 25 3 320 2.0 0.22 0.08 18.5 0.10
MS1,5A1 25 2 490 .73 0.13 0.06 8.39 0.08
Ms1,581 26 3 630 0.66 0.25 0.08 18.8 0.10
M§1.582 25 3 420 1.8 0.20 0.08 17.9 0.10
Hs4.5¢C1 3 2 350 1.7 0.30 0.09 16.2 0.09
W51.5C2 30 2 350 1.7 0.28 0.09 16.0 0.11
MS2.0A% 24 2 220 3.6 0.42 0.09 30.5 0.15
Ms2.081 22 2 190 4.2 0.39 0.09 32.7 0.1
M52 .0CH 25 2 290 2.8 0.15 0.08 21,3 0.10
MS004A1 10 <2 430 08.66 6.08 0.06 9.74 0.07
Ks00481 10 <2 430 0.7 0.06 0.10 10.3 0.09
M8004C1 10 <@ 700 0.59 0.06 0.08 8.76 0.09
MS006A1 10 <2 340 0.71 0.06 0.07 9.53 0.09
MSO06A2 10 <2 370 0.67 0.07 0.05 9.44 0.09
MS006B1 10 <2 340 0.69 0.07 0.05 9.81 0.08
KS006C1 10 <2 &70 0.45 0.06 0.0% 8.73 0.07
MSDO8A1 10 <2 a20 0.38 0.04 0.07 5.58 0.06
M500881 14 <2 920 6.3 0.04 0.0%9 5.00 0.07
MS008C1 10 <2 480 6.35 0.05 0.07 5.40 0.06
KSO0BL2Z 10 < 500 0.32 0.04 0.05 5.95 0.06
MS014A1 10 <2 940 0.27 0.04 0.07 3.98 0.07
®$014B1 20 <2 890 0.23 0.03 0.07 6.12 0.06
KSO16A1 9 <2 970 0.25 0.04 0.10 4.87 0.10
H§01681 20 2 620 0.14 <0,03 0.04 3.2 0.05
MS025A9 7 < 800 0.18 0.04 0.05 3.86 0.06
H302542 7 <« 760 0.20 0.05 0.04 3.8 0.07
MS025B1 7 <2 1200 0.17 0.04 0.07 4.28 0.08
MS032A9 9 <@ 800 0.20 0.09 0.05 4,40 0.08
NS03281 6 <@ 900 0.10 0.03 0.05 3.98 0.07

[n-hoyse Standard Moss Sample

8TD 10 <2 250 0.28 0.85 0.07 14.8 0.07
STD 10 <2 260 0.32 0.83 0.08 13.8 0.06
STD 10 L7 300 0.29 1.6 0.o08 13.6 0.06
STD 10 <2 260 0.31 0.69 0.08 14.5 0.06
§TD 10 <2 250 0.34 1.0 0.08 13.3 0.06
STD 10 <2 260 0.29 0.94 0.07 139 0.07

.................................................................................
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Table A2.--Chemical wnalyses for Peltigers gphthoge samples, Denali Nstional Perk snd Preserve, Ataska (ash-weight basis,
unless noted with an ).

Sampte (D Latitude Longitude Al, ¥ Cs, X Fe, % K, X Mg, X Ra, X P, % Ti, %

Redial Arg Sites

LACD1AY 634945 1490138 2.5 12 1.5 17 3.2 0.74 5.1 0.07
LAOO1B? 634945 1490138 2.7 9.3 1.3 19 2.9 0.82 5.4 0.07
LAOO2AY 635023 14903466 1.9 9.8 0.97 16 2.7 0.64 7.3 0.05
LAGQZ2B1 635023 1490346 2.7 8.9 1.6 13 3.0 Q.75 6.9 0.08
LACO3AY 635006 1490727 2.7 8.8 1.6 12 2.5 6.61 5.0 0.07
LACO38B1 635004 1490727 3.3 3.8 2.1 17 2.7 0.72 3.7 0.10
LAQO4AL 634854 1491006 4.9 7.0 3.5 8.9 2.2 0.67 2.2 0.09
LAOO4B1 634854 1491006 3.2 9.0 2.6 13 2.8 0.61 3.3 0.08
LAQD5At 634802 1491202 3.9 7.6 2.1 13 2.7 0.75 3.9 0.10
LA00SB1 634802 1491202 30 9.2 1.7 18 3.1 0.71 4.8 0.07
LAOOSAY 434706 1491859 3.8 8.4 1.6 16 3.0 0.56 6.7 0.09
LADOSB 634706 1691851 2.5 9.8 1.3 13 3.2 0.63 7.4 0.04
LACO6B2 634706 1491851 2.4 9.6 1.2 15 31 0.58 6.7 0.05
LAGO7A1Y 635158 1490538 3.8 9.2 2.0 14 1.0 0.91 “.7 0.10
LAOO78B1 635158 1490638 3.9 8.0 2.1 14 2.7 0.9 4.8 0.20
LAQ32AY 634256 1492900 3.8 6.5 2.6 12 2.6 0.94 2.8 ¢.20
LAG3281 634256 1492900 3.6 6.6 2.4 15 2.6 c.89 3.3 0.20
LAOLOA1 633640 1493514 3.3 9.4 2.2 16 2.7 0.87 3.9 0.23
LAO4OB1 633640 1493514 2.1 2.9 1.6 1% 3.4 0.74 5.2 0.10

Controt Traverse S{tes

LCO0.5A1 635935 1490701 3.0 8.3 1.9 18 2.6 0.a3 4.1 6.20
LCO.581 435935 14907014 3.4 7. 2.0 13 2.4 0.79 4.4 0.20
LCa.5 635935 1450701 3.4 8.0 2.1 14 2.7 0.85 3.5 0.20
LCT.0A1 635936 1490735 2.8 8.2 1.8 13 2.8 0.90 4.t 0.10
LCY.081 635936 1490735 3.0 7.5 1.9 12 2.8 ¢.79 5.1 0.10
Lc1.0c1 635936 1490735 2.8 8.0 1.8 12 2.7 1.0 4.0 0.10
LC1.5A1 635935 1490836 4.1 7.3 2.5 15 2.3 0.94 4 0.22
Lci.581 635935 14908364 3.1 6.4 1.9 13 2.4 0.76 3.8 0.20
Lci.5¢ 635935 1490836 3.7 6.1 2.3 13 2.4 0.8 4.5 0.20
LC3.0A1 635950 1491135 2.6 9.5 1.5 13 3.1 0.78 6.8 0.08
LC3.08B1 635950 1491135 1.5 9.8 0.88 14 3.4 0.64 a.2 0.03
LC3.0C1 635950 1491135 1.5 8.6 0.8 15 3.2 0.6 8.1% 0.0
LC7.5A1 635950 1491753 2.2 7.1 1.2 15 2.9 0.84 10 0.02
LC7.5A2 635950 1491753 2.2 7.0 1.2 15 2.9 0.83 8.7 6.0z
LC7.581 635950 1491753 2.0 9.0 1.2 10 3.0 0.78 8.0 0.06
LCOOBAT 640113 1492416 1.0 10 0.66 8.4 3.9 0.54 9.5 ¢.03
Lcoogsn 6403111 1492416 1.3 8.6 0.85 22 3.9 0.76 11 0.03
Lcooas2 660111 1492616 1.3 7.8 0.88 2% 3.6 6.74 10 0.04
LCO16A 635934 1492905 1.5 10 0.8 17 13 0.59 7.7 0.04
LCO1681 635934 1492905 1.2 8.3 0.48 19 2.8 0.55 8.4 0.03

------------------------------------------------------------------------------------------------------------------------



Table A2.--Chemical analyses for Peltigera aphthosa samples, Denali National Park and Preserve, Alasks (gsh-uweight basis,
unless noted with an *) (continued).

e o 33

Sample D Latitude Longitude AL, X Ca, % Fe, X K, % Mg, % Na, X P, % vi, %

Meteorological Sites

LMOC00AY 634326 1485804 2.1 7.1 1.2 23 2.5 1.1 7.1 0.05
LMO0O0B 634326 1485804 2.0 6.8 1.1 19 2.4 0.82 8.0 0.06
LHO01AN 635117 1485808 4.2 7.3 2.4 15 2.2 0.84 6.0 0.20
LMOD1A2 635117 1485808 4.2 7.3 2.5 14 2.3 0.86 6.0 0.20
LKGO1B1 635117 1485808 2.¢ 8.7 1.7 16 3.0 0.75 5.2 0.10
LROO6A T 634808 1485654 2.7 10 1.7 13 2.7 0.77 4.5 6.10
LM0048B 1 634808 1485654 3.3 9.2 1.9 13 2.8 .71 5.3 0.10

Nenana River Traverse Sites

LROOCA1 635120 1485438 5.7 6.9 3.5 10 2.2 0.71 3.0 0.23
LNO0DOB1 635120 1485638 6.5 5.8 4.0 9.7 2.0 0.768 2.5 0.26
LNC.5A1 635109 1485729 2.7 8.7 1.7 13 2.7 0.61 8.6 0.04
LNO.581 635109 1485729 3.6 7.7 2.1 15 2.5 0.83 6.0 0.20
LNO.5C1 635109 1485729 5.4 6.8 34 10 2.4 0.95 2.8 0.23
LNOO1AY 635047 1485652 2.8 9.0 1.9 13 2.8 6.77 4.2 6.10
LROO1B 835047 1485652 3.1 8.8 2.1 15 2.3 _ 6.70 ‘.7 0.10
LNOO1B2 635047 1485652 3.2 8.9 2.2 13 2.4 0.7 5.1 0.10
LNOO2CT 635047 1485652 4.0 7.9 3.1 17 2.5 0.75 4.1 0.21
LROO2AT 635028 1485804 3.5 6.6 2.1 17 2.7 0.93 U 0.10
LNCO281 635028 1485804 2.4 7.4 1.5 18 3.1 0.69 5.2 0.08
LNOO2€1 435028 1485804 2.7 9.2 1.7 17 3.0 0,70 5.2 0.08
CNOBAAT 634942 1490013 3.2 10 1.9 13 34 0,85 5.6 0.10
LNGO4B1 634942 1490013 3.2 8.5 1.9 14 2.6 0.69 4.3 0.10
LNOO4C1 634942 1490013 2.9 8.4 1.5 12 2.8 0.65 5.8 0.07
LNOOBA1 634619 1485407 3.0 1 1.7 1 3.0 0.73 4.1 0.10
LNO08B1 434619 1485407 3.6 8.4 2.0 15 3. 0.82 3.1 0.10
LNODBC1 634619 1485407 3.8 7.4 2.0 14 2.7 ¢.90 3.2 0,20
L¥016A1 634258 1485335 2.0 9.5 1.2 18 3.3 0.90 5.6 0.05
LNO16B1 634258 1485335 2.1 9.8 1.2 20 3.2 1.0 6.2 0.07
LRD16CH 634258 1485335 2.0 12 1.2 14 3.3 0.93 4.8 0.07
LN025A9 633741 1484720 2.2 " 1.2 13 I 0.99 4.9 0.08
LN02581 633741 1484720 1.9 9.7 1.0 14 2.9 0.83 5.9 0.05
LRO4LOAY 633030 1484901 4.0 8.1 1.9 12 2.7 1.5 §.2 0.20
LN040BA 633030 1484901 3.3 7.9 1.6 17 2.9 1.3 6.0 6.10
LNOB0AY . 631839 1493323 4.0 7.7 1.7 14 2.5 1.5 4.1 6.10
LNO80BA 631839 1493323 3.4 8.9 1.5 17 2.4 1.3 4.5 6.10
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Table AZ.--Chemical analyses for Peltigera sphthosa samples, Denafi Nstional Park and Preserve, Ataska (ash-welght basis,
unless notad with an *) (continued).

= L i = e LSS SSIIXESIRE wxx EmEB=s 2=

Sample 10 Latltude (Longitude AL, X Ca, % fe, X X, % Mg, X% Na, % P, % T, X

Stampede Trafl Traverse Sites

LS0.5A1 635123 1485739 5.6 8.4 3.4 7.2 2.1 0.96 1.8 0.30
L$S0.581 635123 1485739 5.1 8.2 39 10 2.3 0.86 2.5 0.21
L$0.5¢ 435123 1485739 5.5 7.8 3.3 8.8 2.1 0.90 2.5 0.23
LS1.04) 833138 1485757 4.4 9.8 2.7 12 2.5 0.69 4.t 0.20
Ls1.042 635138 1485757 4.4 9.3 2,8 12 2.5 0.68 1.9 0.21
Ls1.081 635138 1485757 4.3 9.8 2,7 " 2.6 0.72 3.2 0.20
Lst1.0ct 635138 1485757 4.8 8.5 2.9 12 2.5 6.76 4.0 0.2%
Lsi.5M 635156 1485816 5.4 8.9 3.3 9.3 2.4 .73 3.0 0.22
Ls1.581 435156 1485816 4.9 8.7 3.0 13 2.5 6.73 3.9 0.22
L81.5¢c1 635156 1485816 5.8 8.7 1.5 8.8 2.4 0.79 3.2 0.20
L52.0A1 635230 1485818 5.8 8.1 3.7 8.6 2.3 0.76 1.8 0.28
Ls2,081 635230 1485818 7.0 7.4 4.6 8.5 2.3 0.480 1.8 0.32
Ls2.0c1 635230 1485818 5.9 9.0 3.6 7 2.2 0.75 1.7 0.27
LSO04AY 435239 1490122 3.2 6.9 2.1 17 2.5 0.80 3.4 0.20
LS00481 435239 1490122 3.4 6.5 2.2 14 2.4 0.77 3.9 6.20
Lsco4ct 435239 1490122 3.2 6.0 24 1" 2.2 .73 4.0 0.10
L8004C2 635239 1490122 1.2 6.1 2.2 16 2.2 0.75 4.2 0.10
LS006A1 435328 14902462 2.5 ?.7 1.7 16 2.9 6.69 6.9 0.07
LS006A2 635328 1490242 2.5 7.8 1,7 16 2.9 0.7¢ 7.5 0.05
L500481 435328 1490242 3.4 7.1 2.3 13 2.7 0.36 5.5 0.0
LSC046¢ 635328 1490242 34 8.1 2.0 15 3.1 6.96 4.8 ¢.10
Lscoaa 635328 1490720 2.y 7.8 1.6 12 2.7 6.79 S.8 0.09
LS00881 435328 1490720 2.6 7.3 1.5 13 2.5 0.82 6.4 0.10
L500882 635328 1490720 2.8 7.8 1.6 16 2.7 0.89 7.3 0.07
Ls008ch 435328 1490720 2.9 7.9 1.7 16 2.7 1.0 6.5 0.10
Ls008C2 635328 1490720 2.8 7.9 1.6 13 2.7 0.98 5.9 0,09
LSO14AY 635244 1491158 2.7 9.2 1.5 13 2.9 0.96 5.9 0.10
Lsot4ad 635244 1491158 2.1 9.2 1.4 17 3.0 0.78 8.6 0.04
LS014A1 635225 1491513 1.8 8.9 0.82 15 3.3 0.73 7.5 0.03
LS014B1 635225 1499513 1.3 9.2 1.0 17 1.4 0.57 7.5 0.03
LS025A14 635411 1492415 1.5 8.9 0.82 19 2.9 0.68 8.6 0.03
1502581 63541% 1492415 1.1 9.1 0.43 18 3.5 0.53 14 6.0%
Ls03241 660414 1494727 1.9 10 1.0 14 3.0 0.70 6.4 0.07
103281 8LD4 14 1494727 1.3 1" 1.0 15 3.0 0,55 4.0 0.06

1n-house §randard Lichen-Sample

STD 5.5 5.9 3. 9.3 2.4 1.8 1.9 0.10
§TD 5.4 6.0 3.0 9.9 2.5 1.7 2.4 0.20
STD 6.1 6.0 3.3 9.6 2.4 2.0 1.9 8.26
STD 6.1 6.0 3.3 9.2 2.4 1.9 2.1 0.30
STD 5.9 6.0 3.2 B.8 2.5 1.9 2.0 0.21
STD 5.9 6.1 3.3 10 2.5 1.9 2.20 0.24
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Tobte A2.--Chemical analyses for Pgltigers aphthosa samples, Oenali Natfonal Park and Preserve, Alaska (agh-Weight basis,
unless noted with an *) (continued).

Sample 10 Mpn, ppm Ba, ppm Cd, ppm Ce, ppm Co, ppm Cr, ppm  Cu, ppm G, ppm La, pom Li, pem

Rodisgl Arc Sites

LAOO1AT 6000 600 7 31 10 39 340 10 20 8
LAOOIBT 11000 610 6 42 10 29 340 20 24 10
(AOQ2A1 9300 520 5 24 10 U 340 20 10 8
LACG28Y 12000 770 ) 27 20 33 290 20 20 10
LAOO3AY 5200 4%0 <4 34 10 40 360 <8 25 9
LAO03B1 10000 580 <4 67 20 3 250 10 37 10
LAGOZAY 2600 700 6 99 27 59 230 10 52 20
LADO4BY 3400 &70 4 100 27 50 250 10 56 10
LADO5A1 7800 710 7 60 2 47 300 20 33 10
LADOSBY 6100 890 s IS 20 29 290 20 27 20
LADOGA 8400 520 4 48 20 3¢ 350 20 25 20
LACOSBY 17000 330 7 20 10 33 320 10 21 9
LAOCS82 16000 580 7 31 10 27 330 20 24 10
LAGO7AY 9300 620 6 46 20 52 310 10 10 20
LACO7B1 8400 920 ) 38 10 38 320 20 21 20
LA03241 3800 970 10 30 20 57 220 10 20 26
LA032B1 3500 1100 b 13 20 73 280 20 20 a2
LAOLO0A1 1800 640 7 42 1t 50 200 10 ral 10
LAO40B1 2400 540 é 30 10 35 230 9 20 10
Control Traverse Sites
£C0.5A1 6500 530 9 36 20 47 300 10 20 10
LCO.581 5200 590 5 33 10 51 220 9 20 10
LC0.5¢1 4600 360 9 37 20 39 280 10 22 10
£C1.0M 6300 630 10 31 10 32 350 10 20 10
LC1.0B% 4000 680 9 28 10 5% 280 8 20 10
L¢1.0¢1 4000 680 8 30 10 33 320 10 20 10
LC1.5A1 1300 900 s 46 29 65 330 10 26 20
LC1.581 2800 770 5 42 20 56 370 10 20 10
LC1.5¢C4 2900 880 7 35 20 49 310 9 22 20
Lc3.0At 6600 760 S 29 20 31 280 10 20 10
Lc3.08t 5900 640 8 21 10 24 350 20 9 8
Le3.och 7400 640 s 20 9 2 300 9 10 7
LC7.5A1 7100 380 é 23 10 13 290 8 10 9
LC7.5A2 4900 610 5 21 10 36 280 ’ 8 10 10
LC7.5B% 8400 520 5 20 10 3 390 10 16 8
LCOOBA1 9300 460 10 10 10 2D 2460 10 7 5
LCO088 1 8400 &70 10 <0 10 20 250 <20 <8 <8
LCOOBB2 8100 630 9 20 10 27 230 16 10 7
LCO16AY 6100 530 8 20 10 21 240 10 8 8
LCO1581 4000 410 5 10 8 22 220 10 6 7

........................................................................................................................




Table A2.--Chemical analyses for Peltjperg aphthosa samples, Denali Nationsl Park and Preserve, Alaska (ash-weight basis,
unless noted with an *) (continued).

Meteorological Sives

LMOOOA1 7000 760 28 20 8 28 270 9 9 10
LMOQ0B 1 7700 840 21 20 10 33 190 20 9 10
LKOO1AY 1700 750 5 4 20 60 210 10 22 20
LMO01A2 1700 §90 5 35 20 57 210 10 22 20
LMOO01B1 5200 950 7 30 20 42 270 9 20 10
LMOOSA 6200 490 5 29 10 43 350 10 20 10
LMO0&B1 7600 290 <4 51 20 48 350 10 10 20

Nenanp River Traverse 5Sites

LNOOOA1 2200 270 4 54 25 &% 260 10 32 22
{NDDOB1 2100 380 5 85 3 70 210 24 37 27
LNO.5A1 3800 470 ? 38 20 47 240 10 21 10
LND.5B1 3100 610 8 564 20 40 280 j0 7 10
LNG.5cH 1800 530 10 62 22 76 160 10 35 20
LNOO1A1 2100 270 8 38 10 43 S50 10 20 10
LNQOYB1 3700 340 3 39 20 33 250 10 22 10
LNOD1B2 4000 480 6 36 20 54 240 9 22 10
Lx001cH 2600 510 6 s 22 3 230 10 42 10
LKOO2AT 7900 470 4 44 20 44 290 10 25 10
LNOO28B1 8400 590 5 22 10 27 350 10 20 8
LROD2C 5400 380 8 34 20 38 370 10 21 10
CNGO4AT 3600 650 8 33 21 48 310 10 20 10
LNOO4B1 5500 540 <4 33 20 48 310 10 20 10
LNOD4C 9600 580 5 20 20 42 390 10 20 10
LNOOBAT 2100 470 5 30 20 38 350 10 20 9
LNO08B1 5500 720 <% 31 20 32 270 10 20 10
LNOO8CY 4700 610 <4 35 20 48 210 20 20 10
LNO16A9 3700 430 10 10 8 27 270 <8 7 8
LNG16B1 3200 980 10 20 10 30 310 10 9 9
LNO16LC 3200 500 10 10 10 28 320 8 7 3
LNO25AY 7100 450 10 10 10 22 380 10 7 8
LNOZ2SB1 4700 690 5 20 9 26 330 10 é 8
LN040AY 4800 710 6 20 10 21 290 10 10 10
LNOAOB Y 5600 450 5 20 10 23 320 10 10 10
LNOBOA)Y 4800 380 6 10 9 22 350 10 10 10
LNG8081 4000 1100 5 20 10 20 220 10 9 10

...................................................................




Table AZ.--Chemical analyses for Peltigera aphthosa samples, Denali Nstional Park and Preserve, Alasks (ash-weight basis,
untess noted mith an ") (continued).

TEBEXX

Semple D Mn, pem Ba, ppm Cd, pom Ce, ppm Co, ppm Cr, pem  Cu, ppm Gs, ppm Ls, pom L, ppm

Stampede River Traverse Sites
Ls0.5A4 1600 780 10 &6 29 &5 240 20 37 24
LS0,589 2200 430 8 61 26 89 250 20 32 21
Lso.5ct 2100 710 8 55 26 &9 250 20 32 23
Ls1.0A1 1700 280 8 50 25 &2 260 20 24 20
£81.042 1600 270 7 49 24 &7 270 10 28 20
L51.0B1 2800 360 8 7 21 55 350 10 25 20
Ls1.0c1 2700 330 ] 49 24 81 2590 20 24 20
LS1.5A1 2700 580 7 S0 30 8 260 20 30 21
Ls1.58% 2400 500 8 53 3 62 290 10 30 20
Ls1.5c1 2600 530 7 59 L4 100 270 20 3 23
LS2.0AY 1900 690 10 &2 n 100 250 20 L2 26
L52.081 2500 690 9 69 42 120 270 25 36 32
Ls2.0C1 2700 660 8 59 33 8BS 240 21 33 25
Ls004A1 6400 840 8 35 20 58 320 10 21 10
LS004B1 5600 530 <4 42 10 48 270 10 24 10
Lso04c 4900 600 8 36 20 56 350 10 20 10
Ls004c€2 5100 680 8 40 20 42 340 10 22 10
LS006A1 6500 680 7 44 20 32 280 ¢ 25 10
LS006A2 6400 580 ? 39 20 3 260 9 26 9
LS00481 3900 7o 4 59 5 37 240 10 a8 10
Ls006C 7400 730 3 50 22 40 280 10 28 10
LSOOB8A1 3900 650 10 26 20 &7 320 10 20 10
LS00831 8700 660 g 21 10 59 290 10 10 10
L$00882 9700 770 a 26 20 41 280 10 20 10
(5008C1 7200 590 9 32 10 33 320 10 20 10
LS008C2 7000 430 8 22 10 46 340 g 20 10
LSOT4A1 8600 410 8 25 10 37 370 8 20 9
LSO14B1 11000 900 10 42 52 26 380 20 23 8
LS016A1 8700 430 10 20 22 20 320 10 a8 7
Ls01481 1300 380 7 28 10 21 450 <8 10 6
LSO25A1 4300 640 8 20 10 20 k¥ (1] 8 9 7
Ls0258¢ 8400 320 5 10 10 21 290 8 8 5
£S032A1 7000 670 8 9 10 22 250 10 9 7
ts03281 2200 500 ? 10 10 20 300 <8 8 7
In-house Standard Lichen Sample
STO 2300 570 <6 25 20 53 120 10 10 10
STD 2300 sao <4 27 20 &4 130 10 10 10
ST0 2300 410 <4 32 20 69 120 20 20 10
ste 2300 390 <4 26 20 56 120 10 20 10
$TO 2400 s80 <b 37 20 6% 139 20 10 10
sTD 2300 600 <4 29 20 48 129 10 20 10




Teble A2.--Chemicel analyses for Peltigera aphthosg samples, Denali Natfonsl Park and Preserve, Alssks (ash-weight basis,
uniess noted with sn ™) (continued).

Sample 1D Mo, ppm Nd, ppm N, ppm Pb, ppm Sc, ppm  Sr, pom Yh, ppm v, ppm Y, pem b, pom
i r ftes
LAOO1A" 10 24 58 28 <5 710 9 33 & <
LAGD1BY 10 22 4“8 25 5 560 9 34 9 @
LAOQ2AN 10 20 &4 3" <4 810 9 29 13 <2
LADD2B1 9 21 b4 38 5 530 8 40 7 <
LADO3A1 10 24 48 . 30 <4 590 10 38 8 <2
LAOO3BY 8 31 39 36 [ 540 10 41 8 <2
LAGOLAY <4 L 68 s.) 9 440 2% 52 10 <2
LACO4B1 ) 4B 81 45 [ 520 20 38 10 <2
LACOSA1 6 21 65 39 7 470 <8 44 10 <2
LA00581 9 27 92 26 S 520 10 37 14 <2
LAOOGA 1 ? 24 &z 27 8 560 10 48 <2
LAOOSB Y 10 20 43 24 < 649 10. 33 5 <2
LA0068B2 10 20 43 26 <% 620 10 13 7 <2
LACO7AN 8 22 47 23 9 600 10 &7 10 <2
LA0O7B1 22 22 42 27 9 560 <8 66 10 <2
LA032a1 9 20 59 20 9 410 <8 100 20 <2
LAQ32BY 9 21 55 20 8 430 <8 92 20 <2
LAD4OA1 10 25 3 20 8 730 <8 ss 21 )
LAD4DBY 10 20 i 20 5 820 <8 38 10 <2

gontrgl Traverse Sites

LCO.5A1 10 20 41 36 7 540 .\ 55 10 <2
L£0.581 8 20 45 31 7 450 8 59 10 <2
LC0.5C1 9 27 49 27 7 530 9 62 10 <2
LE1.0AS 10 20 46 37 6 540 <8 52 10 <2
LC1.08B1 9 10 53 27 7 550 8 S5 10 <2
Le1.0c1 10 20 48 35 3 580 10 52 10 <2
LC1.5A% 10 28 58 35 9 530 10 78 20 2
Le1.581 7 30 48 2 7 470 10 59 10 <
L€1.5¢1 8 i 57 24 8 470 10 67 10 <@
LE3.0A1 10 10 36 28 5 700 <8 42 9 <2
L€3.081 10 20 313 30 < 700 <8 27 ) <
£€3.0C1 10 9 13 20 <% 590 <8 27 5 <
LC7.5A1 10 10 55 27 < 450 ) 35 6 <@
LCT.5A2 10 10 53 29 4 450 <8 36 3 )
Lc7.581 20 10 32 25 <% 570 <8 3% 3 <2
LCOOBA1 10 10 38 20 A 710 <8 20 <4 <2
LCOD8B 10 <20 & 20 ) 570 <20 20 <8 <6
LCOOBB2 10 10 & 2 <5 530 <10 24 <5 @
LEO16AY 10 20 35 20 <% 590 8 25 I3 <2
LCO14B1 9 10 2% 20 < 540 <8 21 4 <

.........................................................................................................
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Table AZ.--Chemical analyses for Peltigera aphthoss samples, Denall Natfonmal Park and Preserve, Alaska (ash-weight basis,
unless noted with an *) (continued).

Sample 1D Mo, ppm Nd, ppm Ni, ppm Pb, ppm Sc, pom  Sr, ppm  Th, ppm Y, ppm Y, pom Yo, pom
Meteorglonical $ites
LMOOOAY 10 <9 43 27 <4 430 <9 38 7 <«
LWMOOOB 1 8 10 &b 25 <4 400 <8 40 [ <2
LHMO01A1 9 25 48 29 9 510 8 s 10 <
LROO1A2 8 27 49 28 1% 510 10 76 10 <2
LH001B1 10 10 42 27 6 650 <8 53 ? <2
LMOO6A 7 20 35 34 5 590 <8 41 7 <2
LMOO6B 1 <4 32 4ds 30 8 620 10 53 10 <2

Wengnp River Troverse Sites

LHOCOA1 10 30 57 32 10 600 10 100 20 <2
LNOOOB Y <4 20 62 50 10 $30 <8 110 20 <2
LNO_5A1 9 3 52 35 5 670 10 48 10 <2
LNO.581 9 20 S2 b4 8 610 <8 62 10 <«
LND.5¢C1 9 29 Sé 52 10 540 8 90 20 <2
LNOOYA1 20 35 46 27 7 720 10 53 10 <«
LNoD18Y 10 20 43 32 7 680 <8 &5 10 <«
LROD182 10 10 &3 35 7 700 <8 60 10 <2
LNDO1CY 20 35 51 75 9 660 8 &9 20 <2
LNOO2A % 9 23 54 20 3 460 4 54 10 <«
LNOG2BY 10 10 61 10 5 500 <8 36 8 <2
LNOO2C 10 3 53 23 5 640 9 3% 9 <2
LROO&A1 ® 22 61 53 8 670 10 45 10 v
LNO0481 7 20 St 50 6 650 <8 48 9 <2
LNOD4C1 10 21 o4 38 4 530 10 49 3 <2
LNOOBA1 9 rJ)] 34 42 S 710 <8 42 8 <«
LXDOBAR 1 10 20 33 28 7 510 <8 50 9 <2
LNOOBC 9 21 k7 37 7 490 8 S3 9 <2
LND16A1 9 9 25 41 <¢ 610 <8 32 & «?@
LNO1681 20 20 3 41 <6 660 <10 35 7 3
LNOY4CY 10 10 23 39 <% 730 <8 33 é <2
{NO25AY 10 10 26 40 <4 730 <8 34 7 <@
LHO23B1 10 20 28 kt.) <4 660 8 32 7 <2
LNO4LOAY 9 10 34 37 é 570 <8 52 10 <«
LNO4081 7 10 k14 36 5 540 <8 45 9 <2
LNOBOAY 10 20 34 22 4 590 <8 46 10 <«
LN0B0B 1 10 20 20 20 ) 730 <8 42 10 <

------------------------------------------------------------------------------------------------------------------------
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Tabie A2.--Chemical analyses for Peltigera aphthosa semples, Denali National Pack and Preserve, Alaska (ash-weight bagis,
unless noted with an *) (continsed),

Sample D Mo, ppm NG, ppm N, ppm Pb, ppm Sc, pom  Sr, ppm  Th, ppm V, ppm Y, ppm Yb, ppm
S e Yeail Tr se Site
LSO.5A1 9 36 7 2 10 690 10 130 22 2
Ls0.581 9 30 T 13 10 720 <8 120 22 <2
Ls0.5¢1 8 30 72 43 10 650 10 120 22 <
L51.0A1 10 25 63 40 10 910 <8 97 20 2
L51.0A2 10 27 63 33 10 870 9 98 20 <2
L51.081 10 26 65 43 10 940 9 99 20 2
Lst.0ct 10 27 67 34 10 840 9 1a0 20 2
LS1.5A14 1o 27 3 &2 30 810 9 120 23 2
181,584 10 26 68 38 10 790 <8 110 20 2
Ls1,5¢C1 10 27 84 50 20 790 2.} 130 25 2
L82.0A14 8 32 &8 28 20 730 10 130 26 3
L52,08B1 10 35 99 37 20 710 10 160 29 3
£s2.0c 10 37 B3 33 20 B20 10 130 27 3
L S004A 10 21 40 52 7 440 10 57 10 <2
LSO004B) 10 20 39 50 8 450 < 61 10 <«
L5004C1 10 10 38 57 7 410 <8 57 10 <
L5004C2 10 20 &0 62 7 430 <8 56 10 <2
LSO06AY 9 22 42 31 ) 520 <8 38 9 <2
LS006A2 22 41 37 S 530 9 38 9 <2
L500681 5 34 51 k3] 8 500 20 50 10 <2
LS006C1 10 31 48 38 6 560 10 46 16 <2
LS008A1 10 20 a7 29 5 550 <@ 51 9 <2
LSC0aBY 10 10 33 25 5 480 <.} bé 7 L¢3
Ls00B82 10 10 42 32 5 510 <8 46 8 <2
L8008C 10 26 44 3 6 520 20 50 10 <?
Ls0oac2 20 30 46 24 5 500 20 49 9 <
LSO14AY 64 10 40 41 5 570 <8 39 7 <2
LS014B1 20 23 8 29 5 650 <8 31 20 <2
LS096A1 10 10 35 27 <4 810 <8 23 4 <2
LsoiéBt 23 20 54 10 <4 660 <8 23 10 <«
LS025A1 4 10 40 28 <4 610 <8 ) ) <2
Ls02se1 10 <8 42 20 <b 430 <8 =3 b <
LSO32A1 10 10 3 21 <4 700 <& 31 é <2
L503281 20 <8 46 10 <4 780 <8 25 8 <2
In- e Standard { fchen Sampt
ST0 <b 10 43 20 10 480 <8 100 10 <@
STD <4 10 43 10 10 480 <8 100 10 <2
STD <4 23 46 20 10 520 < 110 20 <«
STD 4 20 4 20 10 510 <8 110 10 <
STD <4 20 ub <8 10 500 <8 10 10 A7
STD < 20 47 t0 10 510 <A 110 10 2

........................................................................................................................
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Table A2.--Chemical analyses for Peltigers pphthosa seaples, Denali Mational Park and Preserve, Alaska (ash-weipht basis,
unless noted with an *) (continued).

EeRN N wEN REESREERE NaEMEERRRES

Sampte ID Zn, ppm As, ppm* Se, pom® Rg, pom* Agh, X TYotal §, X*

f e e m--ee@RARSRRMAs—mm e m NS N TTEENSEEmm M A mmAAmAme e vYevASEAmmmmmmANSSm-mwwwermmmmmmemaERAAMsAANWFMe--m--BAFPAAEANaR~A=ewn vayme

Regisl Arc Sites

LAQQAL 1500 6.09 <0.03 0.04 3.19 0.13
LAOD184 1700 6.12 0.04 0.06 2.80 0.1
LAQO2AY 1700 0.11 6,05 0.06 3.01 .12
LAGO281 1800 0,11} 0.04 0.05 3.09 .1
LAGO3A1 1500 0.13 0.03 0.08 2.53 c.13
LAGO3B1 1200 D.16 0.03 0.04 3.15 6.10
LAOD4AL 1100 0,38 0.04 6.07 4.70 0.13
LAOD48 1 1300 0.24 0.03 ¢.09 7.29 0.1
LAOD5A4 1500 0.21 0.03 6.05 3.30 0.12
LADDSBY 1800 0.16 <0.03 0.05 2.9% 0.13
LAOBGA1 1800 0.15 0.06 0.08 2.97 0.14
LAOOGB1 1600 0.10 0.04 0.10 2,90 0.13
LACOAR2 1700 0.1 0.04 0.05 3.09 G.14
LAOO7A1 1500 0.19 0.05 0.1a 2.47 0.09
LA0DO7B1 1300 0.1 6.06 0.06 2.93 0.10
LAO32A1 1100 D.18 0.06 0.05 .86 0.10
LAO328B1 860 0.26 0.07 0.03 3.63 0.1
LAQS0AY 1100 0.15 0.04 0.06 2.94 6.12
LAGLOB1 940 0.14 <0.03 0.10 2.91 6.10

Control Trgverse Sites

LCO.5AT 1200 0.15 0.05 0.08 1.29 0.13
(CO.5B1 1000 0.22 D.05 0.06 3,65 0.14
LCO.5¢1 1100 0.22 0.06 0.06 3.8 6.16
LE1.0A1 1400 0.15 0.04 0.05 3.09 0.4
LC1.081 1500 0.18 0.05 0.05 3.62 0.15
Lc1.0c1 1800 0.18 0.07 0.05 1.37 0.13
LCY.5A1 80D 0.23 0.06 0.07 3.41 0.10
1e1.581 730 0.9 0.06 0.04 3.4 0.12
Lc1.5c1 670 0.21 0.08 0.04 3.19 0.41
LC3,0A1 1000 0.09 0.07 0.04 2.39 0,09
LCS.081 1200 0.08 0.04 0.05 2.41 0.09
LC3.0ct 1500 0.14 0.03 0.06 2.39 0.10
LCT.5A1 1400 0.08 <0.03 N.D. 2.48 0.09
LC7.5A2 1400 0.09 0.05 N.D. 2.40 0.08
LC7.581 1400 0.07 0.04 0.11 2.15 0.12
LCOOBAS 2400 0.05 <«0.03 0.08 2.15 0.10
LCODSBT 2600 0.08 <0.03 0.10 2.40 0.09
LCOOBRZ 2400 0.06 <«0.03 0.05 2.40 0.1
LCOT6AT 1300 0.08 0.04 0.03 2.38 0.09
LcOTéR1 1400 0.08 <003 0.05 2.27 0.08

N.D., Not determined due to insufficient sample.

........................................................................................................................
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Tebie AZ.--Chemical enalyses for Peitigers gphthosa samples, Denali National Park and Presarve, Alaska (ash-weight basis,
unless noted with an *) (continuad). -

TeREsE -3 4 RERXXRERRIEX ERDEEEREN == R R

Sample (D 20, ppm As, ppm® Se, pom® Mg, ppm¥ Ash, X Totel §, X*

......................................................................................................... NacmmmsrAr s Y-

Meteorological Sites

LMOO0AY 1100 0.10 0.05 6.06 3.04 0.08
LMO008 1 1300 0.08 0.08 0.07 3.26 0.10
LMO03AY 840 0.27 0.04 0.06 4.3 0.13
(MD01A2 830 0.27 0.06 0.06 4.28 0.1
L400181 1000 0.10 <0.03 0.09 2.38 0.10
LMOCAA 1700 0,13 0.04 ¢.10 3.05 0.14
tM00681 1800 0.20 0.09 0.17 3.54 0.17

Nenana River Traverse Sites

LNOOOAY 660 D.54 0.13 0.13 6.22 0,16
LNOOOB1 710 0.62 0.18 N.D. 7.47 D.16
LNO.5A1 1200 0.17 0.06 0.10 3.65 0.12
LNO. 581 1200 0.16 <«0.03 0.12 3.5 0.12
LNO.5C1 1000 0.38 <0.03 0.14 6,02 0.10
LNDO1A1 1300 0.1% 0.05 0.08 3.18 0.12
LNOD1BY 1100 0.16 0.07 0.08 3.45 0.16
LNOD182 1000 0.1% 0.05 0.12 3.82° 0.14
LNOD1C 780 0.23 6.a7 0.04 3.21 0.13
LRD02A1Y 1400 0.2% 0.05 0.08 3.44 0.16
LNDO2BY 1700 0.14 0.04 0.06 3.02 0.15
LK002CY 2100 0.20 0.05 0.06 3.19 0.15
LNOO4AY 2400 0.15 0.05 0.10 2.80 0.12
LNOO4B1 2000 0.15 0.06 0,08 3.4k 0.18
LNOD4CH 1700 0.15 0.04 0.06 2.66 0.12
LNOD8AY 1400 0.08 0.04 0.12 2.80 0.13
LNDOBRB? 1200 0.%4 0.03 0.04 3.18 0.14
LNO0SCH 1100 0.16 0.04 0.0S 3.18 0.12
LND16AY 1700 <0.05 0.03 0.07 2.63 0.10
LNO16B 860 0.09 0,08 0.04 2.36 0.08
LRD16CY 1400 0.09 0.03 0.05 2.64 0.12
LNO25A1 1800 ¢.09 0.04 0.05 2.53 0.10
LND2581 1700 0.08 0.05 0.06 2.54 0.11
LNO4OA1 1100 0.14 0.04 0.05 2.85 0.09
LNO4OR1 1000 0.13 0.03 0.08 3.01 0.0%
LNOBOAT = 1000 0.13 0.03 0.04 3.57 0.14
LNOBOB1 1100 0.13 0.06 6.06 3N 0.11

b oamd
s
Y



Table AZ.--Chemical analyses for Peltigeras aphthosa saupl;'s, Denali Matiomal Perk and Preserve, Alasks (ash-waight basis,
unless poted with an *) (continued).

Sarple IO 2n, ppm As, ppm* Se, ppe*® KRy, ppo“ Agh, Z* Yotal §, %*

................................................................................ O N I S N

Stampede Treil Jraverse

LS0.5A1 550 0.91 0.32 0.0 7.50 0.18
L50.581 580 0.57 0.24 0.07 5.70 0.46
L50.5¢C1 590 0.48 0.23 0.08 6.04 0.15
Ls1.041 920 0.34 0.12 0,08 4,39 0.16
LS1.0A2 910 0,33 0.12 N.D. 432 0.17
Ls1.081 1100 0.27 0.12 0.08 3,81 0.13
L51.0CY 670 0.28 0.4 0,10 4.42 0.4
LS1.5A1 970 0.36 0.18 0.09 .47 0.14
Ls1.581 880 0,30 0,13 0.09 4.05 0.12
LS1.5CY 1000 0.51 0.1 0.07 4.7 0.13
Ls2.0A1 640 0,76 6.28 0.09 6.51 0.16
152,081 650 1.10 0.34 0.08 6.77 0.16
1L$2.0C1 750 0.69 0.26 0.09 5.76 0.16
£ SO04AT 990 0.13 0.04 0.05 2.93 0.12
1500481 870 .16 D.04 D.08 3.68 0.11
LS004CY 1300 0.12 0.03 0.06 2.01 0.10
LSOOLC2 1400 0.13 0.04 0.03 2.18 0.09
LS00GAT 1000 0.11 0.03 0.08 2.57  0.10
LSO06A2 990 06.08 <0.03 0.12 2.76 0.09
LS0068 1 760 0.17 0.04 0.04 3.21 0.09
LSO06CT 1400 0.21 0.04 0.05 3.38 0.12
LSO0BAT 1200 0.12 0.03 0.06 2.43 0.11
Ls00881 1200 0.14 0.04 0.08 2.30 0.0%
LS008B2 1200 0.10 <0.03 0.08 2.66 0.09
LS008C1 1300 0.09 0.04 0.08 2.54 0.08
LS008C2 1300 0.13 0.05 0.03 2.28 0.10
LSO14A1 1800 0.10 0.04 0.08 2.42 0,09
LSO14B1 1600 0.07 <0.03 0.07 2.37 0.11
LSO16RY 1600 0.07 <0.03 0.05 2.02 0,08
LSO16B1 1600 <0.05 <0.03 0,04 2.47 0.1
LSG25At 1200 0.08 0.04 0.03 2.5) 0.09
Ls02581 1900 0.06 0.0§ 0.07 2.63 0.08
LSO32A1 1800 6.09 <0.03 0,05 2.45 0.10
LS03281 1300 0.14 0.03 D.04 3,30 D.13

in-house Stondard Lichen Sampie

$TD 460 0.21 D.47 0.08 5.53 0.09
s 500 6.19 G.51 0.09 5.70 0.09
STD 450 0.22 1.30 0.07 6.63 0.09
ST 440 0.19 0.50 0.10 6.35 0.08
STD 480 0.17 0.74 0.07 5.52 0.08
STD 460 0.25 0.48 0.12 4.23 0.08

........................................................................................................................



Yable A3.--Chemical snalyses for Oa-horizon soil samples, Denali National Park amnd Presarve, Alaske (ash-welght basis
unless noted with an ).

sample 10 Latitude Longftude AL, % Ce, % Fe, % X, X Ng, X Na, X K, X Ti, X
Radial Arc Sites
SA001A1 634945 1490138 9.7 2.0 5.8 3.4 0.86 0.81 0.24 0.26
SA002A1 635023 1490346 9.1 0.83 6.2 3.1 0.67 0.89 0.29 0.3%
SADQ2A2 435023 1490346 $.3 0.84 4.4 3.0 0.49 0.88 0.30 0.33
SAQO3AY 635004 1490727 7.3 1.0 4.4 2.5 0.43 0.8% 0.14 0.17
SAGO4AT 634854 1491006 7.0 0.38 4.7 2.6 0.65 0.67 0.08 0.15
SA005A1 434802 1491202 7.9 0.42 S.0 2.8 0.43 0,6% 0.4 0.16
SAO06A1 634706 1491651 6.4 0.44 2.3 2.2 0.36 0.32 0.08 0.14
SAQO7A 435158 1450638 7.9 0.93 4.0 2.0 0.49 1.1 6,16 0.42
SAD32A1 634256 1492900 7.8 1.7 4.2 1.6 1.0 1.2 0.16 8.50
SAQL0A1 633440 1493514 7.5 7.2 5.1 1.9 1.5 1.2 0.35 0.69
Control Yraverse $ites
$C0.5A1 435935 4490701 71 2.0 3.7 2.0 {.0 1.3 0.13 0,35
SC1.0A1 860111 14924164 7.2 2.2 3.6 2.1 0.99 1.3 0.14 0.33
SC1.5A1 635934 1492965 7.5 1.6 3.8 1.9 0.94 1.2 0.18 0.3
SC3.0A1 435935 14908364 8.0 Y.2 3.5 2.0 0.81 1.2 0.20 0.37
SC7.5a1 435950 1491753 8.1 1.5 3.4 2.1 0.81 1.1 0.24 0.39
$C7.5A2 635950 1491753 8.2 1.5 3.5 2.1 0.82 1.2 0.25 0.39
SCO0BA1 635936 1490735 6.7 1.6 3.7 1.5 0.98 1.2 0.17 0.37
$C016A1 435950 1491135 6.7 1.5 3.4 2.0 0.83 1.1 0.23 0.33
M rotogicsl i it
SMOQ0A1 834326 1485804 8.2 1.9 5.3 1.5 0.99 1.1 0.39 0.39
SMOO1AY 635117 1485808 6.6 1.7 3.7 1.7 0,89 1.4 0.15 0.36
SHOO6A1 634808 1485654 9.0 3.5 4.5 2.7 0.5 1.1 0.17 0.34

Nengna River Trgverse Sftes

SNOOGOA1 635120 1485438 6.9 1.2 3.7 2.1 0.84 1.0 0.2 0.30

SNO.5A1 635109 1485729 6.5 1.7 3.5 1.7 1.0 1.3 0.15 0,33
SNODTAT 635047 1485452 7.1 6.4 4.1 2.1 1.6 1.1 0.33 0.38
SNGO2A1 635028 1485804 7.3 1.3 3.9 2.2 1.0 1.2 0.18 0.35
SNOD4AT 634942 3490013 7.2 1.3 5.0 1.9 1.0 1.0 0.09 0.37
SNOO4A2 634942 1490013 7.3 13 5.1 2.0 1.0 1.0 0.10 0.38
SNOD4B 1 634842 1490013 7.4 8.6 7.3 2.5 1.4 0.73 0.43 0.19
SNGDAA1 634419 1485407 7.0 9.3 5.5 1.8 1.4 1.2 0.32 6.30
SNOAGA1 634258 1485335 6.9 8.3 4.2 1.7 2.0 1.3 0.6% 0.3
SNO2Z5A1 633741 1484720 4.1 1 3.5 1.3 1.1 1.3 0.57 0.30
SNOLOAY 433030 1484901 7.3 2.9 4.4 1.7 1.3 1.3 0.40 0,45
SHOBOA 631839 1493323 7.2 1.0 3.0 1.6 0.77 1.4 0.28 0.49
SNOBOA2 631839 1493323 7.3 1.1 3.0 1.7 0.78 1.4 0.20 0.47



Table AJ.--Chemical enalyses for Qa-horizon soil samples, Denali Kational Park end Preseérve, Atagka (ash-weight basis
unless noted with an *) (continued),

Sarple 1D Latitude Longitude A, % Ca, % Fe, % K, X Mg, X Ma, X K, X Ti, X
Stempede Trail Traverge Sites
550.5A¢ 635123 1485739 4.8 1.9 3.7 1.9 1.1 1.3 g.10 0.38
$81.0A1 635138 1485757 7.3 2.7 3.7 1.8 1.1 1.2 0.17 0.36
§51.5A1 435156 1485816 6.6 1.5 1.7 1.7 1.0 1.3 0.11 0.42
$§2.0A% 435230 1485818 6.7 1.9 3.7 1.8 1.1 1.4 0,09 0.36
SSO04A1 435239 1490122 6.7 0.79 4.1 2.0 0.61 0.91 0.41 0.23
$S00641 435328 1490242 T4 0.7 4.1 2.0 0.468 1.0 0.14 0.27
SSO0BA1 435328 1490720 8.8 0.74 4.0 2.2 0.7 1.1 0.15 0.13
§8034A1 635244 1491158 r.7 1.5 14 2.0 0.78 0,89 0.70 0.26
$$01442 635244 1491158 7.6 1.5 14 1.9 0.77 0.89 0.69 6.25
350164 635225 1491513 8.2 2.9 5.6 2.7 1.2 0.94 0.98 0.24
$S02541 635611 1492415 7.3 0.97 3.4 2.1 0.84 G.9% 0.50 0.23

$5032a1 640414 1494727 7.7 3.3 4.6 1.9 1.2 B 0.49 0.47



Toble A3.--Chemical analyses for Da-horizon soil saaples, Denali Mational Park and Preserve, Alaska (ash-weight besis
unless noted with an *) (continued).

Sampte 1D Wn, ppm Ag, ppm As, ppm Ba, ppm Be, prm Cd, ppm Ce, ppm Co, ppm Cr, pom Cu, pem

........................................................................................................................

Radiel Arc Sites

SA001A1 3300 <2 10 640 2 <2 170 38 1 98
SADG2A1 1500 <@ 10 1100 2 <2 110 21 89 45
SADORA2 1500 «@ 10 1100 2 <2 120 21 87 45
SAQO3A1 1000 <« 20 780 2 <@ o8 19 7 43
SAQO4AY 760 <@ 10 680 2 L% 100 21 63 49
SADOSA1 890 < 10 820 2 < 110 27 67 43
SADDAA)Y 580 <2 <10 850 2 <2 94 19 54 24
SACO7A1 460 <2 10 1200 2 < 78 18 81 49
SAO32A1 550 <2 10 1300 1 < 58 19 130 54
SAQLOA1 2000 <2 20 1000 2 <2 T4 22 s 45
Control Traverse Sites
$C0.5A1 590 <2 10 1200 2 <2 &8 16 -41] 41
$C1.0M1 740 <2 20 1000 2 <2 67 17 a7 48
SC1.5A1 430 <2 10 1200 2 <2 74 22 80 37
5C3.04t 480 <2 10 1200 2 <2 82 14 89 33
§C7.5A1% 419 <2 10 1300 2 <2 85 15 95 51
SC7.5A2 4190 <2 10 1300 2 < 95 15 90 53
SCO08At 950 <@ 10 1109 1 <2 50 18 81 37
SCO6A1 740 <2 <10 2500 | <« 65 19 72 33
Meteorological Sampling Sites
SMO00A1 1600 2 10 1500 2 7 80 3% 99 140
SNOOD1A1 1000 <2 10 1100 1 <2 60 17 74 33
SMOD6A1 680 <« 10 920 2 <2 a8 23 88 51
Nenena River Traverse Sites
SNOOGA S 700 <2 10 980 1 <« 26 16 59 3
SNO.S5A1 1200 <2 10 1200 1 <2 52 18 78 36
SNCOIAY 2100 <2 10 570 2 3 » 21 75 75
SNOO2AY 2900 <« 20 1100 F3 <2 94 64 88 37
SNOO4A 1200 <2 21 870 1 <2 66 26 100 &0
SHOO4A2 1300 <2 20 8%0 2 < 60 24 110 61
SNOD4B1 13000 <2 10 500 2 <2 a5 90 89 120
SNOOBA1 7000 <@ 10 350 1 <2 (73 30 65 88
SNO16A1 2800 <2 20 630 1 49 26 95 120
SNO25A1 3700 <@ 10 420 1 5 42 27 83 70
SNO4LOA1 1000 <2 2 690 1 5 48 24 97 76
SNOBOA1 640 <2 25 910 <1 <« 41 10 B4 27
SNOBOA2 650 <2 24 930 1 <2 46 10 84 28

------------------------------------------------------------------------------------------------------------------------
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Table A3.--Chemical anslyses for Oa-horizon soi{ samptes, Deneli Natfonal Park snd Preserve, Alaska (ash-weight basis

unless noted with an *) (conrinued),

550.5A%
ss1.0A1
$st.5M1
$52.0A1
$5004A1
SSO04AT
$500841%
$SO14A1
$S014A2
$§014a1
$5025A1
550321

] PN‘ Ag i
77 <@
1000 <2
a70 <
690 <
470 <«
450 <«
310 <2
360 <2
360 <2
2000 «@
400 3
3100 <2

Ba, ppm Be, ppm cd, ppm
Stampede Trajl Travgrse Sites
1200 1 <2
1400 1 2
1100 1 <2
1000 1 <2

730 \ <2
820 2 <2
1100 2 <@

550 2 <2

240 2 2

150 2 7
1300 j 3
1200 2 3

190

110



Table A3.--Chemical snalyses far Oa-horizon soil samples, Denali Nstional Park and Preserve, Alaska (ash-weight basis

unlezs noted with an *) (continued).

Sampte (0 Ga

SADD1A1
SADOZAY
SA002A2
$AQ03A1
SAO04A1
SAQQSAY
SADDGAY
SAD07A1
SAQ32A%
SAD40AS

SCO.5A%
SC1.0A1%
SC1.5A1
§C3.0A1
$C7.5A1
SC7.5A2
$coo8al
S$CO16A1

SMOTOA1
SMO0TAT
SMO06A1

SKOOOA Y
SNO.5AT
SNOO1AY
SNOD2A1
SNOO4A1
SNOO4A2Z
SH00481
SNOOAA 1
SNO16A1
SNO25A1
SNO4OAT
SNOBOA3
SNO80A2

26
24
26
18
17
20
16
19
18

17

18
22
20
21
16
17

21
15
24

110
61
67
54
55
61
53
43
32

37
36
42
46
52
56
27
36

E8R

24
27
28
25
24

CRRE

30

I I+ ]

26

27

35

29

33

We, ppm Nb, ppm Nd, ppm
Ra Ar¢ Sites

<2 8 90
<« 8 46
<? 6 52
<« <% 41
<2 <% 43
<2 ) 48
<2 <4 63
10 . 32

4 N 30
12 [VA

rol Trpverge Sites

<2 8 32
<2 7 33
<2 8 35
<2 8 36
2 10 63
<« 8 49
<« 7 23
<2 8 30

[ r fcal ling Sites

3 8 VA
<2 8 29
<2 6 37

Nenanas River Traverse Sftes

<2 7 36
v 8 24
3 10 43
<2 8 41
<2 7 33
<2 7 32
3 < (9
2 é 40
A 7 35
9 & 29
<2 7 26
4 10 20

9 22

10-

93
39

37
43

22
36
39
32

4
47
39
30
3
32
39
37

37
39

38
53
42
&7
49
150

25
24

24
31
16
16
20
18

17
17
20
16
19
14
15
17

3%
18

20
17
17
12
12
14
1

17
19

15
14
15
15
17
17
14
13

22
14
17

170
140
140
110
&5
82

170
170
590

210
230
210
210
200
200
190
170

210
170
230

170
200
410

140
140
310
400



Table A3.-~Chemical enalyses for Oa-horizon soil samples, Denali Nationsl Perk and Preserve, Alaska (ash-weight basis

unlese noted with an *) (continued).

Semple 1D

$50,541
ss1.0a1
§51.5A1%
§52.0A1
SS004A1
SSO06AY
SSO08A1
§5014A1
S8014A2
SS014A1
§8025A1
SS032A14

Ga, ppm

Stappede Trail Traverse Siteg

<2
<«
<2
<
<
<2
22
21

)

9
B

N gy

34
32
35
32
34
L6
41
49
42
58
24

210
340
200
180
110
120
150
200
190
350



foble AS.--Chemical analyses for Oa-horizon soil semples, Denali National Park and Preserve, Alssks (ash-sejght basis

unless noted with an *) (continued).

Tean

Semple 1D Th

SACO1AY
SAD02AY
SA0D2A2
SAQ03A1
SACG4AN
SAGOSA1
SADOAAY
SAQO7A1
SAO032A1
SAGLOA1

SCO.5A1
SC1,0A%
SC1.5A1
§C3.0A1
SC7.5A1
SC7.5A2
SCO08AY
SCO16A1

SMOOOA 1
SMOGtAL
SMA06A1T

SNOOOA Y
SKO.5A1
SNOD1A1
SNOO2AY
SNOO4A1
SNDO4A2
SHD0LB 1
SNOOBA1
SNO16A1
SNO25A1
SNO4OAY
SNOBODA
SNOBJA2

26
18
19
15
19
22
18
12

11
12
11
11
11
14

10
10
12

110
130
130

gl = I

130
180
110

110
110
120
130
140
140
130
120

150
120
120

35
12
14

<1
<1
<1
<1

“wN =

200
180
196
180
160
170
120
110
100
230

‘.6
3.8
3.7
4.1
8.3
6.0
33
3.8
S.7
2.6

verse Sites

1 130 5.1

2 100 6.2

1 110 3.9

1 79 1.9

2 110 31

2 110 3.4

1 110 5.0

1 200 3.0

Het L Li Sites

3 150 3.8

1 110 6.9

1 140 3.7
Renanp River Traverse Sites

1 110 6.7

1 120 7.5

2 290 3.2

2 110 9.6

2 150 14

2 160 14

2 370 3.1

2 240 2.1

2 470 1.9

1 120 1.5

1 300 3.7

1 82 7.6

1 84 9.0

0.18
0.17
6.15
0.11
0.12
0.12
0.32
0.12
0.49
0.18

0.20
0.34
6.31
.23
C.28
0.24
0.17
0.15

0.48
0.34
0.47

6.12
0.13
0.12
0.14
0.12
0.1
0.09
0,10
0,13
0.11

0.09
0.07
0.09
9.10
0.13
0.12
0.12
0.09

0.12
0.08
0.13

Ash, X*

45.0
&4 .1
44.2
46.3
85.2
56.5
67.3
57.0
65.0
32.2

57.9
66.3
51.6
56.2
48.8
8.7
56.4
58.3

47.6
71.46
47.8

Total §, X*

0.16
0.10
0.10
0.11
0.11
0.1}
0.08
0.07
0.12
0.19

0.10
0.11
0.08
c.08
a.1m
0.12
0.10
0.09

¢.t0
0.07
0.14



Table A3.--Chemicat analyses for Ce-horizon soil samples, Denali National Park and Preserve, Alasks {ash-weight basis
unless noted with an *) (continued),

Sample ID Th, ppm vV, ppm Y, Ppm Yo, ppm 2n, ppm As, ppm* Se, ppm®™ Hg, pom*  Ash, X* Total §, X*

e Tr sverse Site
$$0.5A1 12 119 16 ] 100 9.8 0.47 0.07 a7.8 c.68
§§1.0A1 1" 139 17 2 250 4.4 0.33 0.o8 63.1% 0.1t
§81,5A1 13 120 17 2 130 8.1 0.34 0.08 a3.0 0.05
§52.0A1 13 110 16 2 110 1" 0.51 0.08 83.6 0.04
S5004A1 16 89 ] <1 110 6.1 0.13 0.14 67.0 0.08
$S00641 13 94 11 <) 87 5.3 0.14 D.10 75.4 0.05
$5008A1 15 140 11 1 98 S.5 .19 0.08 68,6 0.07
$5014A1 17 150 26 3 170 1.9 .30 6.09 19.2 0.19
$8014A2 14 140 25 2 170 3.7 0.32 0.0% 19.2 0.19
$8016A1 13 130 41 k) 410 1.1 0.18 0.13 14.3 0.20
§802541 9 130 9 1 210 1.4 0.13 0.13 24,4 0.14
§503241 12 130 23 2 200 2.4 0.34 0.10 36.8 0,19



Table A4.--Chemical snalyses for Piceg glpucs (white spruce) tuigs and needles, Denali National Park and Preserva,
Alasks (agh-weight basis unlesg noted with an *).

Sample ID Latitude Lonpftude Al, X Ca, % Fe, X K, % Mg, X Na, X P, % T, %

Radial Arc Sites

PA0D28Y 635023 1490346 0.10 16 0.10 1" 13 0.04 4,5 <0.01
PAOO3A1 435004 1490727 0.40 21 0.30 14 2.5 0.08 2.4 0.01
PADO3A2 435004 1490727 0.54 21 0.42 13 2.5 c.09 2.4 0.02
PACO3B¢ 635004 1490727 D.66 18 0.46 14 2.3 0.10 3.0 0.02
PADDLAY 634854 1491006 0.60 a3 0.46 9.9 1.8 0.09 1.6 0.02
PAO0L81 634854 1491006 0.41 19 0.36 16 2.3 0.06 3.0 0.01
PAOOSA1 434802 1491202 0.36 19 0.35 17 2.8 0.06 3.6 <0.01
PA0O5B1 634802 1491202 0.33 22 0.26 15 2.6 0.06 2.6 0.01
PADDGAY 634706 1491851 0.21 20 0.20 11 2.2 0.04 2.6 <0.01
PAOO6AZ 634706 1494851 0.22 21 0.20 13 2.3 0.05 2.7 <0.01
PADO&BT 634706 1491851 0.D8 17 0.10 17 2.8 0.04 4.4 <0.01

Control Trgverse Sfites

PC3.0A1 435950 1491135 0.09 14 0.10 12 2.9 0.03 5.2 <D.01
PC7.5A1 635950 1491753 0.10 19 D.0P 12 2.6 0.02 5.1 <0.01
PC7.581% 435950 1491753 0.20 21 0.20 15 3.3 0.03 5.2 <0.01
PCO0BA1T 640111 1492416 0.01 20 0.10 15 3.0 0.03 4.9 <0.01
£G008B1 64011Y 1492416 0.05 21 0.09 13 2.4 0.04 4.7 <0.01
PCO1681 635934 1492905 0.03 19 0.07 17 2.0 0.02 6.7 <0.01

Meteorological Sites

PMODOAS 634326 1485804 0.20 23 0.20 10 1.9 0.06 2.2 g.01
PMDOCB 634324 14RSB04 0.3t 27 0.21 7.6 1.2 0.07 1.5 0.01

Nenany River Vraverse Sites

PNO_5A1 635109 1485729 0.20 20 0.20 12 2.4 0.04 3.0 <0.01
PNO_5CY 635109 1485729 0.20 18 0.27 13 3.6 0.06 4.9 0.01
PNOOIAY 635047 1485652 0.10 19 0,20 14 2.2 0.04 33 <0.01
PNOO18) 635047 1485652 0.10 20 0.20 9.3 2.2 0.04 2.9 <0.01
PNDO1B2 635047 1485652 c.20 21 0.21% 1 2.2 Q.04 2.9 <0.01
PNOO1CY 635047 14B5652 0.10 19 0.24 1 2.3 0.04 3.8 <0.01
PNOO2A1T 635028 1485804 0.10 15 0.20 16 2.4 0.04 3.0 <0.01
PR002B1 635028 1485804 0.20 16 0.20 18 1.8 0.04 3.1 <¢.01
PNQO2C1 635028 1485804 0.03 16 0.10 14 3.0 0.04 3.3 <0.01
PNOO4A T 634942 1450013 0.10 19 0.20 14 2.2 0.04 3.6 <0.01
PHOO4BA 634042 1490013 0,20 21 0.23 15 2.5 0.06 3.0 0.01
PNO04CA 634942 1490013 0.20 20 0.20 1 2.8 6.05 3.8 <0.01
PNOOLC2 636942 1490013 0.20 20 0.20 10 2.7 0.05 3.6 <0.0
PNO16B1 434258 1485335 0.21 17 0.20 18 2.4 0.06 5.3 <0.01
PNO16CY 634258 1485335 0.20 22 0.21 9.6 2.6 0.06 3.9 <0,01
PNO25AY 633741 1484720 0.24 23 0.22 1 2.0 0.09 1.9 0.01
PR02581 633741 1484720 0.20 21 0.%0 9.5 1.6 0.07 2.2 <g.0t
PHO4OAT 633030 1484901 0.39 24 0.27 9.3 1.6 0.10 2.2 .01
PNO40B 1 633030 1484501 0.30 21 0.24 10 2,7 Q.10 2.7 ¢.0\
PNOBOAY 631839 1493323 0.25 24 0.20 14 2.0 0.1%0 3.6 <0.01
PNO8OB 1 631839 1493323 0.33 7 0.24 12 2.8 0.10 4.2 0.01

....................................................................................




Table A4.--Chemical analyses for Plcea glauca (white spruce) twigs and nesdles, Denali Rational Park and Preserve,

Alaska (ash-weight basis unless noted with an *) (continued).

Sarple 10 Latitude Longitude AL, X Ca, % Fe, % K, % Mg, % Na, X P, X T, %
Stampede Trail Yraverse
PS03241 8404146 1494727 0.01 19 0.10 1 2.5 0.03 4.7 <0.019
ps03281 640414 1494727 0.01 17 0.20 13 3.2 0.04 4.2 <0.01
In-hoyse White Spruce $tandard
$TD 0.85 18 0.41 1 2.5 6.88 3.4 0.04
(3¢} 1.0 18 0.68 13 2.5 0.87 3.2 0.04
STD 0.95 17 0.645 14 2.4 0.87 3.0 0.04
sTD 0,96 18 0.70 14 2.6 0.92 3.3 0.06

eud

!



Table A4.--Chemical analyses for Picea glayca (white Spruce) twigs and needles, Denali National Park and Preserve,
Alaska (ash-weight basis unless noted with an ¥) (continued),

Samp(e 10 Kn, pem Ba, ppm Cd, ppm Ce, ppm Co, ppm €r, pom Cu, pom Ga, ppm ta, ppm Li, ppm
Radisl Arc Sites
PAGO281 11000 1100 <4 <8 7 8 e 20 < <4
PACO3AY 8800 1300 <4 9 5 10 59 10 4 10
PADO3A2 8800 1400 <4 8 6 20 58 10 5 10
PADO3BY 9400 1900 < 20 é 22 2 10 9 5
PAOOSGA 3400 2200 <4 9 8 7 52 <8 10 <4
PACOSBY 4500 1000 < 10 é 10 76 <8 é 4
PAOOSA1 7300 880 <4 <8 ) 20 90 <8 5 4
PAGOSB1 11000 1200 <4 <8 7 10 a3 10 <4 9
PAOOSAT 10000 1200 < <8 8 10 76 10 <4 9
PAOOSA2 9300 1400 <4 <8 S 10 79 10 [73 9
PAO0SBY 18000 670 <& <8 & 8 %0 20 <4 4
Conteol Traverse Sites
PC3.0AY 8304 850 <4 <A S 9 a 10 A <
PC7.5A1 9100 1700 <% <8 S I4 90 9 <4 <%
PC7.5B1 10000 1300 <4 <8 S 10 &9 <3 <% <4
PCOOBA1 10009 1500 <4 <8 6 8 130 10 <4 <4
PCO0BE1T 13000 800 <4 <8 3 8 78 20 <4 <
PCO1681 11000 2400 <4 <8 9 7 Sé 10 <4 [3
Mereorglogical Sites
PMDOOA1 11000 3100 <% <8 5 10 34 10 <4 <%
PK00081 7500 3200 <4 << 8 26 8 <4 <%
Renana River Traverse Sites
PRO,SAY 4300 1900 <4 <8 [ 7 46 <8 <4 5
PNO,5CH 10000 1700 < <8 5 10 92 9 <4 4
PNOO A 3600 1400 <4 <8 S 10 93 <8 < 8
PNOO181 8600 2800 <4 <8 8 8 69 8 <% 5
PNOO182 8700 1900 <4 3.} 8 10 73 10 <4 <%
PNOO1CT 4300 1700 <4 <8 7 20 80 <8 <4 <4
PNOO2A1 9100 800 <4 <4 4 10 70 10 < 4
PNOO28B1 19000 840 <% 3.} 4 10 94 22 < <%
pNOO2C1T 5400 1300 <% <8 5 8 8 9 <% 5
PNOO4GAY 3100 1400 <4 <8 H 7 78 < <4 <4
PROOLBY 13000 520 <% <8 4 9 89 10 <4 6
PNOOLC 1 11000 1100 <4 < 6 10 93 10 <% L7A
PRNOO4C2 9600 950 273 <8 [ 9 87 10 <4 <4
PNCO14R1 4000 2200 <<% ] 5 10 250 <4 <4 <4
PNO14CT 14000 1400 273 <8 5 10 ay 20 <4 <4
PNO25A 4 5100 1900 % 7.} 5 10 53 <4 ) 4
PN02581 7200 2200 <4 <8 5 10 31 8 <4 9
PNOLOA 1 4300 1000 277 <8 5 10 53 <8 <% 7
PNO4LOB1T 8700 2500 <4 <8 [ 10 48 10 <% 5
PNOSOA1 9600 2300 <% <8 -} 16 82 10 <4 4
PNOBDS 1 25000 1200 <4 3.} 5 10 110 26 <4 <%



Table AL4.--Chemical snalyses for Plcea glauca (white spruce) twigs and needles, Denal{ National Park and Preserve,
Alagka (ash-weight basis unless noted with an ®) (continued).

........................................................................................................................

Stampede Trail Traverse

£S03241 4000 1800 <4 <8 5 10 48 <8 <4 <4

PS032B1 4300 1400 <4 <A 4 10 78 <8 <4 <4
[n-hoyse Standard White Spruce

STD 14000 850 9 <8 6 &7 a3 20 <k é

$TD 15000 940 8 9 5 76 80 10 4 8

STO 14000 840 ) <8 é 87 79 20 C <4 [

STD 15000 940 7 9 7 63 83 10 <4 7



Table Ab.--Chemical analyses for Picea glaycg (whitve spruce) twigs and needles, Danali National Park and Preserve,
Alagka (Bsh-welight bagis unless poted with an *) (continued).

Radial Arg Sit

PAOO2#1 8 Ie4 <8 670 <8 <4 1300 <0.05 <0.03 <0.02
PADO3AT 20 26 <8 780 <8 5 1700 «0.05 <0.03 0.03
PAOO3A2 10 27 ) 780 <8 7 1700 <0.05 «<0.03 0.03
PAOO381 10 20 <8 10 <8 7 2400 <0.05 <0.03 0.02
PADO4AY 27 18 <4 1200 8 8 1900 <0.05 <0,03 0.03
PACOLB 20 52 <8 1100 3. ) 1800 <0.05 <0.03 0.04
PAOOSA1 <8 o9 <8 500 <8 5 2000 <0.05 <0.03 0.03
PADDSB1 10 34 <B 940 <8 4- 1900 <0.05 <0.03 0.02
PAOOSAL 10 42 < 950 <8 < 1706 <0,05 <0.03 <(,02
PADOGA2 9 43 <8 1000 <8 <4 1800 <0.05 <0.03 0.03
PACCS81 <@ 53 <8 590 <8 < 1700 <0.08 <0.03 0.02

Controt Truversp Sites
PC3.0A < N <8 680 <8 <4 1100 <0.905 <0.03 0.03
PC7.5A1 10 34 <8 790 <8 <4 1300 0.33 <0.03 0.05
pC7.581 <3 33 <3 S60 <8 <4 1600 <0.05 <0.03 0.04
PCO0BA1T <8 15 <8 360 <A <4 1800 <0.05 <0.03 0.03
PCOO8B1 10 10 < 550 7.} <% 1400 <0.05 <0.03 0.02
PCO14BY 9 47 <8 800 <B <4 1400 «0._05 «0.03 0.03

Meteor Sites
PMODOAT 20 : 10 <8 1100 9 5 1400 <0.05 <0.03 0.05
PHMO0D81 10 20 -] 1000 <8 é 970 <0.05 <0.03 0.03

Nenana River Traverse
PNO.5A1 10 a3 <8 1200 <8 <4 970 <0.05 <0.03 0.04
PND.5CY 10 67 %) 1100 <8 5 3400 <0.05 <0,03 08.03
PNDOTAY 10 3 <B 1500 <8 <4 2000 0.10 <0.03 0.02
PNCO1B1Y 10 20 <g 1000 <3 <4 B10 c.45 <0.03 0.03
PNO01B2 10 20 <8 1000 <8 <4 820 0,05 <0,03 <0.02
PHOOICY 10 32 <8 1000 8 <% 1000 <0,038 <0.03 0.03
PNOO2A1 10 20 <8 460 <8 <4 1200 «0.05 <0.03 0.03
PNGO28 <8 k1] <8 540 <8 <4 1400 <0.05 <0.03 0.02
PHOO2CT 10 53 <8 770 <8 <4 2300 <0.05 <0.03 0.02
PROOSLAT 10 58 <8 1100 <8 <4 1800 «).05 <0.03 0.03
PROO4E1T 20 51 <8 1600 <8 4 1700 <0.05 <0,03 0.0
PNDOACT 10 41 <8 480 <A <4 1900 <0.05 <0.03 <0.02
PNO0O4C2 10 38 <8 470 <8 <4 1900 <0.05 <0.03 0.03
PND16B1T <8 20 <8 740 <8 <4 1400 <0,05 <0.03 0.02
PRO14CH 20 8 8 980 10 4 2600 <0.05 <0.03 0.03
PNO25A1 10 7 <8 1500 <8 4 1300 <0.05 <0,03 0.04
PNO2581 10 7 <8 940 <8 <4 1800 <0,05 <G.03 0.05
PNO4CAY 20 20 10 830 <8 é 1400 «0.0% <0.03 0.03
PNO4OR 10 42 <3 1100 <8 7 1500 <0,05 <0.03 0.02
PNOBOAN 10 20 <8 2200 <8 <4 24600 <0.05 <0.03 0.03
PNOBOB1 10 42 <8 8%0 <B <4 2100 <0.03 <0.03 0.03

..........................................................................



Tebte A4.--Chemical anslyses for Pices glauca (white gpruce) twigs and needies, Denal{ Nat{onal Park and Preserve,
Atlaska (ash-weight basis unless noted with an *) (continued).

Sample 10 Nd, ppm Ni, ppm Pb, pem S¢, ppm Th, ppm Vv, ppm Zn, ppm

St e Tra{l Jraverse Sites
PS032A1 10 20 <8 940 <8 <% 2000 <0,05 <0.03
Ps03281 10 22 <4 1100 <8 <4 2300 <0.05 <0.03
tn-hoyge $tendard white Spruce
STD 10 20 200 860 <8 20 1400 <0.05 4.0
STD <€ 2t 180 860 <8 20 1500 <0.05 1.8
STD 10 20 220 840 <8 20 1400 <0,05 3.5
STD 10 23 200 8890 <8 20 1500 <0.05 3.1



Table AL.--Chemical mnatyses for Picea gleucs (white spruce) twigs and needles, Denali National Park and Preserve,
Alasks (ash-weight basis unless noted with an *) (contirued),

Sample 1D Ash, X* Totat §, X%¥

........................................................................................................................

Radial Arc Sites

PAOOZB1 3.15 0.08
PACO3AY 4.05 0.05
PAOO3A2 3.88 0,07
PAGO3B1 3.14 6.07
PAGO4AT b4k 0.06
PAQDSB1 3.90 0.0%
PAOOSA1 3.02 0.07
PAOOSB1 3.88 0.0%
PAGOAA 1.38 0.08
PAOO&A2 J.63 0.08
PAOOGB1 3.17 0.09
Copntroi Yraverse Sites
PC3.0a1 2.8% 6.08
PC7.5A1 3.co 0,08
PC7.581 3.44 0.08
PCOOBAY 2.89 0.08
pC0O08B 1 3.02 0.07
PCO1681 3.65 0.07
Meteorologicat Sites
PHO00A 1 4.64 0.08
M0008 1 5.91 0.08
Nenana River Traverse Siteg
PNO.5A1 3.92 0.07
PNO,5CH 2.40 0.08
PNOO 1A 3.15 0.06
PNCC181 4.15 0.08
PNDO182 4.3 0,07
PNOQ1C1 3.66 0.08
PNOO2AY 3.43 0.09
PNOO2B 3.63 0.09
PNOO2CT 3.62 0.08
PNOO4A1 4.18 0.08
PNOQ4B1 3.65 0.08
PHO0LCE 3.67 0.09
PNO04C2 3,726 0.09
PNO16B1 2.58 0.08
PNO16CT 2.%90 0,09
PNOZSAT 4.12 0.07
PNO2SB1 4N 0.04
PNO4OA1 4,79 0.06
PRO40B1 4,36 0.07
PNOSOA 1 3.88 0.08
PNOSOB1 3.17 0.09

........................................................................................................................



Yable AL, --Chemical snalyses for Piceay glauca (white spruce) twigs and needles, Oenal{ National Park and Proserve,
Alasks (agh-weight basis uniess noted with an *) (continued).

Sample 1D Ash, X* Total §, X*¢
Stemoede Trail Yraverse Sites
PS032A1 3.53 0.08
503281 2.38 0.08
In-house Standar te § e
£31) 3.15 0.07
5™ 3.82 0.08
STD 3.52 ¢.07
STD 3.5 0.07



Teble AS,--Chemical analyzes for miscel{laneous lLichen semples, Denal{ Nationalt Perk and Preserve, Alsska (agh-welght
basis untess noted with sn ®).

ENXwEwEwR ZORE EuFEanonn

Sample ID Latitude Longitude AL, X Ca, X Fe, X | S 4 Mg, X Na, X P, X Ti, %

............ T T oy g g

Cladina rangiferina

CA00381 635004 1490727 2.8 6.5 1.6 3.9 1.8 0.77 1.4 0.08

cA00681 §34706 1491851 4.2 15 1.8 8.3 4.3 1.40 4.3 0.0

£S025A1 635411 1492615 w.D. .0, N.O. R.D. N.D. N.O. N.D. N.D.
Usnea Spp.

UNOOOA Y 435120 1485638 N.D. N.D. N.D. N.D. N.D. N.D, N.D. N.D.

clading rangiferina
CA00381 1200 380 <4 57 9 22 80 <8 36 10
CADD681 4900 230 8 46 10 30 240 10 30 20
CSO25A1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. .0, R.D. N.D.
Usnea Spp.
UNCOOA1 N.D. N.D. H.D. N.D. N.D. N.D. .0, N.D., K.D. N.D.

Sample 1D Nd, ppm Ni, pom Pb, ppm Sc, ppm Sr, ppm vV, ppm Y, ppr Zn, ppm As, pom*® Se, pom*

Cleding rangiferi
CA00381 28 2 21 5 420 31 6 400 N.D. N.D.
CaGo6a1 30 18 10 8 1100 45 8 1200 0.0% <0.03
CS025A1 N.D. R.D. N.D. N.D. R.0. N.D. N.D. N.D. 0.09 <0,03
\soee Spp. )
UNOOGA1 N.D. N.D. N.D. N.O. R.D. N.D. K.O. N.D. 0.51% 0.21

clad{na rangifering
£A00381 0.06 2,20 <0.05
CA00681 0.03 1.39 <0.95
€5025A1 0.04 1,59 <0.05
Mgnes Spp.
UNOCOOAY 0.35 N.O- 0.16
H.D., Not determined due to fnsufficient sample,



