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ABSTRACT

A geochemical baseline survey was conducted on a four 
by nine mile area surrounding the Paraho Oil Shale Demonstra­

tion plant at Anvil Points, Garfield County, Colorado. This 
study determined the baseline concentrations and variability 
for selected trace elements that are of primary environmental 
concern during the proposed development of oil shale resour­
ces. The elements studied were Hg, Mo, B, and F. The pH 
and organic carbon of soils and sediments were also measured. 
The sample media consisted of surface soils, stream sediments, 
and the plant species: Big sage (Artemisia tridentata),
Indian ricegrass (Oryzopsis hymenoides), and Western wheat- 
grass (Agropyron smithii).

Soil and plant samples were collected using a hierar- 
chial first stage design and a systematic grid second stage 
design. Stream sediment samples were collected from all 
clearly defined stream channels within and surrounding the 
study area on an interval of 1/2 mile.

The elemental concentrations in soils, plant, and sed­
iment samples were shown to vary significantly, reflecting the 
underlying geologic unit. Stream sediment concentrations 
also varied significantly between individual streams and 
gullies. Baseline values were determined for media derived 
from each geologic unit as well as the study area as a whole.

Ill
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Monitoring of operations and potential contamination 

should consider the geologic unit being sampled. If stream 

sediments are to be used, individual baselines must be 
developed for each stream as well as the geologic unit 
underlying each stream channel.

IV
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INTRODUCTION

The oil shales of the Green River Formation in Colo­
rado, Wyoming, and Utah, contain approximately 1,7 81 bil­
lion barrels of oil (National Petroleum Council, 1974).

This oil is held as an insoluble organic material called 

kerogen in a matrix of fine grained dolomitic marlstones.
Oil shale is a term applied to any shale or marlstone from 
which more than 10 gallons of oil can be extracted from a 
short ton of rock by destructive distillation (U.S.G.S. 
1965). The term oil shale is determined by the economic 
feasibility of extracting the oil, and not by the mode of 
origin or specific composition.

Several processes have been developed to extract shale 
oil, but all the presently commercially feasible processes 
involve heating the oil shale to 900°F or higher. This 
causes the kerogen to pyrolyze into oil vapors which can be 
condensed into shale oil (Prien, 1974).

At the Paraho Demonstration Plant, Anvil Points, Colo­
rado, the oil shale is removed by conventional mining meth­
ods and retorted in a surface kiln. Other areas currently 
under development in the Piceance Basin will use modified 
in situ retorting. This involves creating underground cham­
bers filled with rubblized oil shale and retorting the shale 
underground.
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Any attempt to develop this oil resource will require
'

the processing of large quantities of raw material and dis­

posal of the residues. This presents the possibility of 
significant environmental impacts. In order to predict 
the magnitude of these effects and monitor these changes, 
it is necessary to gather information concerning the nat­
ural environmental baseline levels for this region. Studies 

are currently being conducted by a number of organizations 
and institutions. This data collection is being done prior 
to large scale industrial development and has been funded 
by the Department of Energy to obtain geochemical baseline 

data on surficial materials.
A geochemical baseline study is an attempt to determine 

the distribution of elements in biological and geologic 
materials. The sample media includes plants, as well as 
soils, sediments, and rocks. A geochemical baseline attempts 
to estimate the concentration of an element from various 
populations, and it must also estimate the degree of varia­
bility associated with the element within each population. 
Depending on the concentration and variability, a geochem­
ical baseline can describe the spatial distribution, such 

as anomalies or trends, for elements within a particular 
population.
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Objective and Scope

The objective of this study is to obtain baseline data 
for trace elements that are toxic to plants or animals, and 
are likely to be mobilized during the mining or processing
of oil shale. The elements Mo, B, F, and Hg were chosen

for this study because of their environmental importance 
and because of their volatility during retorting or their 
mobility in the alkaline surface conditions of the region.

The objectives of this study are:
1) To estimate the concentrations of these elements

in surface soil, stream sediment, and selected
plant materials

2) To estimate the variability of these elements 
within the sample populations

3) To determine if local anomalies or regional 
trends exist within the study area

The plant species selected for sampling are:
1) Big Sage (Artemisia tridentata)
2) Indian Ricegrass (Oryzopsis hymenoides)
3) Western Wheatgrass (Agropyron smithii)

These species were selected because of their availability 
within the study area, their value as forage, and their 
possible use for revegetation of the spent oil shale.
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Description of the Study Area

General Geography
The oil shale region of the western United States is 

located in the three corners region of Colorado, Utah, and 
Wyoming (Figure 1). The region contains seven basins cov­
ering 25,000 square miles. At the present time, economic 
deposits of oil shale underlie 17,000 square miles.

This study was conducted on a portion of the Piceance 
Creek Basin. This basin covers about 1600 square miles in 
northwestern Colorado and contains the largest deposits of 
economic oil shale in the region.

The Piceance Creek Basin is an asymmetrical structural 
and sedimentary basin with a northwest trending axis. The 
basin is bounded to the north by the White River uplift, to 
the south by the West Elk Mountains and the Uncompahgre 

Plateau, to the east by the Grand Hogback, and to the west 
by the Douglas Creek Arch. The northern portion of the 
basin is drained by tributaries of the White River, while 
the southern portion drains into the Colorado River.

The study area is a four by nine mile rectangular area 
surrounding the Paraho Demonstration Oil Shale Processing 
Plant and extending downwind from the plant. The plant is 
located near the southeastern border of the Piceance Basin.

The plant is approximately seven miles west of Rifle, Colo­

rado, and is accessible from highways 1-70 and U.S. 6 (Figure 2)
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Topography
The Piceance Creek Basin is a dissected plateau which 

rises 1000 to 4000 ft above the surrounding valleys. Ero­
sion has produced a ridge-valley network with a general 
north-northeast trend and local relief of 200 to 600 feet. 

To the south and northwest, the basin is rimmed by promin­
ent cliffs formed by the resistant oil shale.

Being located on the southeastern edge of the basin, 

the study area contains the complete range of topography 
found within the basin. Elevations within the study area 
range from 5200 feet above sea level in the Colorado River 
Valley to 9000 feet on the rim of the Roan Cliffs.

The landforms within the study area consist of:
1) The broad alluvial valley floor of the Colorado 

River
2) Small tabular mesas south of the Colorado River

which are part of the Battlement Mesa system
3) Numerous alluvial fans formed by streams drain­

ing south from the Roan Cliffs
4) Large steep talus slopes and ridges at the base 

of the Roan Cliffs
5) The Roan Cliffs
6) Rolling terrain formed on top of the intricately

dissected plateau area
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Climate

The Piceance Basin is semi-arid with 12 to 2 4 inches 

of precipitation yearly. About half of this precipitation is 
received as snow during the winter. The southwestern por­

tion receives the most precipitation while the northwestern 

portion receives the least (Department of the Interior,
1973 ) .

Temperatures can vary from 100°F in the summer to -40°F 

in the winter. The daily mean temperature for the coldest 
month (January) is 7.7°F, while the daily mean temperature 
for the warmest month (July) is 89.4°F (EPA 1977).

Rainfall and temperature vary with topography. Condi­

tions are relatively drier and warmer at lower altitudes.
The lower elevations have approximately 124 frost free days 
while upper elevations have about 50. Winds are generally 
from the west with local variations due to topography 
(DOI 1973).

Soils
Soils in the Piceance Basin vary from thin or absent 

on the steep talus slopes to thick alluvial soils formed on 

the valley floors. Rock outcrops, rough gullies, and shale 
badlands are common.

Within the study area no soils have been able to develop 
more than an A-C profile. In the Colorado River Valley, the
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soils are generally deep silty clay loams. On the alluvial 

fans, the soils are variable in texture and depth. Most 
have been in place long enough to develop plant cover but 

exhibit little profile development other than a darkened 
Ai layer. The talus slopes are barren or near barren with 

soils being highly lithic. These soils are composed of a 
mixture of shale, sandstone, and marlstone. The alluvial 
soils at the base of the talus slopes are moderately deep 
and loamy with up to 60% small shale fragments. Soils on 
top of the plateau are darker and loamy in texture. The 
depth and texture will depend on the slope, exposure, and 
vegetation cover. Soils on the ridge tops are shallow and 

loamy with abundant shale fragments. Soils on north facing 
slopes are clay loams which are deep and dark colored.
These slopes are well vegetated. Soils on south facing 
slopes are thin, fine, sandy loams with shale fragments. 
Soils on the narrow valley floors are deep, dark colored, 
and loamy in texture.

Vegetation
The factors controlling the type of plant communities 

within the study area are primarily slope, elevation, and 
topographic aspect. The characteristic.plants in the plant 
communities found within the study area are shown in Table I
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Table I: Selected Characteristic Species of Main Commun­
ities, Rifle Scenario (EPA 1977)

Community Type
Characteristic

Plants

Riparian
(bottomlands)

Crops
Cottonwood 
Box elder 
Willow species 
Green ash

Salt desert shrub Cropland
(some irrigated) 

Shadscale 
Greasewood 
Fourwing saltbush 
Nuttall saltbush

Sagebrush Big sage 
Silver sage 
Rabbitbrush 
Bitterbrush

Pinyon-juniper Pinyon pine 
Utah juniper 
Bitterbrush 
Mountain mahogany 
Rabbitbrush

Mountain brush' Serviceberry 
Mountain mahogany 
Chokecherry 
Snowberry 
Gambel oak

Mid-elevation Ponderosa pine 
Douglas fir 
Snowberry 
Mountain maple 
Serviceberry

Sub-alpine forest Engelmann spruce 
Lodgepole pine 
Aspen
Fescut species 
Needle grass
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In the Colorado River Valley, the main community types 

are riparian and.agricultural, with desert salt shrubs oc­
curring where farming has not taken place. The alluvial 
fans are predominately open sage community. The vegetated 

portions of the talus slopes are generally Mountain Brush 
Community, while the ridge tops are covered by the Pinyon- 

Juniper Community. The vegetation on the Roan Plateau cor­

responds directly to the exposure. Southern exposures are 
covered by sage and grass species while northern exposures 
are covered with dense aspen forests.

Population and Industry
The study area is sparsely populated. Land ownership 

is predominately Federal with private ownership only in the 
Colorado River Valley bottom. The population density for 
Rio Blanco and Garfield Counties is 4.1 per square mile.
(DOE 1973) Within the study area, the population is limited 
to individual farms situated in the Colorado River Valley 
and the small mesas to the south, and a small housing area 
associated with the Paraho Demonstration Plant. The town 

of Rifle with a population of about 2500, is located two 
miles east of the study area.

Besides the Paraho Plant, the only other major industry 
in the study area is a Union Carbide uranium mill on the 
eastern edge of the area. Grazing occurs on the useable
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land north of the Colorado River, with sheep herding predom­
inately on the lower elevations, and cattle on the plateau.

Geology
For the purpose of this study, the surface geology 

within the study area has been divided into five units.
These units consist of the Wasatch Formation, the Anvil 
Points Member of the Green River Formation, the Parachute 
Creek Member of the Green River Formation, the Uinta Forma­
tion, and the unconsolidated alluvium in the Colorado River
Valley (Figure 3). The stratigraphie units in the study are

' >
unfaulted with a northerly dip of 1 to 2 degrees.

The Wasatch Formation is the oldest exposed rock unit 
in the study area, outcropping below 6400 feet. This form­
ation is present throughout the basin with a thickness that 
varies from 200 to 6000 feet. This is a late Paleocene- 
early Eocene deposit, representing a mixed fluvial, and 
piedmont environment. The formation is composed of sequences 

of brightly colored sandstones, claystones, and siltstones.
The formation has been divided into three members (Donnell 
1969), (the Atwell Gulch Member, the Molina Member, and the 
Shire Member) but no attempt has been made to separate these 
members in this study.

Overlying the Wasatch Formation is the Green River Form­
ation which has been described as an Eocene lacustrine deposit
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This formation has been divided into four members, two of 
which are present within the study area. The lower three 
units are not continuous throughout the Piceance Basin. In 

the western portion of the basin,' the lowest member of the 
Green River Formation is the Douglas Creek Member. This 
member is composed of fine grained, cross-bedded and ripple 
marked sandstone. Overlying this member is the Garden Gulch 
Member which is composed of gray fissile shale interfingered 
with marlstone. The lateral extension of these two members 
in the eastern portion of the basin is the Anvil Points Mem­
ber. This member is a shoreline facies representing a lac­
ustrine and fluvial environment. It is composed of dull 
gray siltstones, sandstones, and marlstone. This member is 
found in the northeastern, eastern, and southeastern por­
tion of the basin, and within the study area outcrops be­
tween 6640 and 8000 feet elevation. There are no economic 
oil shale deposits within this unit.

The uppermost member of the Green River Formation is 
the Parachute Creek Member. This is a deep water, low energy 
lacustrine deposit and contains rich deposits of oil shale. 
This member is present throughout the basin and is composed 
of massive to platy dolomitic marlstones. Within the study 
area, this unit outcrops between 8000 and 8400 feet elevation

Above the Green River Formation is the Uinta Formation. 
This represents the waning of the ancient lakes and a return
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to a fluvial type environment. In the Piceance Basin this 

unit was formerly called the Evacuation Creek Member of the 
Green River Formation (Cashion and Donnell 1974). Within 
the study area this formation outcrops above 8400 feet ele­
vation and is composed of gray to orange sandstones with 

layers of siltstones and marlstones.
The surface geology of the study area is shown in Fig­

ure 4.

Geologic History
The geologic history of the Piceance Creek Basin begins 

in the Late Cretaceous with the Laramide Orogeny. This moun­
tain building episode also resulted in large inter-mountain 
basins. The uplifted mountains disrupted the normal drain­
age to the east and provided a source of sediments from the 
south and east. The Ohio Creek Conglomerate rests uncon- 
formably on the Late Cretaceous Mesaverde Formation and 
thickens toward the center of the basin indicating that the 
basin was already in existence at this time. The streams 
probably flowed north into the Sand Wash Basin of Wyoming. 
During the Paleocene and early Eocene, the Wasatch Formation 
was laid down by low energy streams carrying sediments from 
the south and east. The Douglas Creek Arch was probably 

already in existence at this time. During Eocene time sub­
sidence within the basin and uplift of the Uinta Arch to
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the north closed off the basin leading to the formation of 
large lakes (McDonald 1972).

During the 6 million years of existence of Lake Uinta 

over 2000 feet of Green River Formation were deposited.
Two models have been proposed for the depositional environ­
ment of these Eocene Lakes. A model supported by Bradley 
and Eugster (1969), Smith (1974), and Desborough (1978) 
call for a chemically stratified meromitic lake. Evidence 

for a broad shallow playa-lake environment for the Piceance 
Creek Basin has been presented by Lundell and Surdam (197 5) 

It is unimportant for this study which model is correct.

Geochemical Setting
To predict the possible impacts of oil shale retorting 

on the Anvil Points area, it is useful to examine the geô- 
chemical nature of the oil shale of the Parachute Creek 
member.

Study of the mineralogy of the Green River formation 
indicates that these deposits were formed under conditions 
of high salinity and pH. A generalized mineralogy for oil 
shale from the Mahogany Zone of the Parachute Creek member 
is shown on the following page: (U.S. Bureau of Mines,

1960 )
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Weight Percent

Mineral Constituents 86.2
Dolomite 3 5
Calcite 15
Feldspar 25
Quartz 15
Clay 5
Pyrite 1
Analcite S others 4

Kerogen 13.8

Over 50 authigenic minerals have been identified in the
Green River oil shale and several of the saline minerals 
are also of economic importance. In the Piceance Basin 
the saline minerals of interest consist of nahcolite and 
dawsonite which are concentrated in saline facies toward 
the center of the basin.

Of interest to this study are the concentrations of the 
elements Mo, B, F, and Hg in oil shale. Because of the
high pH during deposition, elements that form anions and 
are mobile at high pH would be expected to be concentrated 
in the oil shale. The following table compares the con­
centration of these elements with crustal average and stan­
dard shales.

Element Crustal Ave! Ave. Shale^ Green River Oil Shale^ 
Mo 1.5 ppm 2 ppm 10 ppm
B 10 100 75
F 625 500 1000
Hg .08 .4 .5

1) Krauskopf (1967) 2) Dean (1976)
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Geochemical data on either the Wasatch formation or 

the Uinta formation within the Piceance Creek Basin are 
very limited. It is believed that these formations are 
lower in concentration for the elements of interest than 

the Green River formation. The only supporting evidence 
for this indicates that the Uinta is lower in Mo than the 
Green River (Ringrose 1976) while the Wasatch is lower in 
boron than the Green River (Vine 1973).
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PREVIOUS WORK IN THE AREA

The first record of the geology of the Green River Form­
ation was by Peale (1876). The economic importance of this 
formation was noted later on by Eldridge (1901). Since that 
time numerous studies and surveys have been done on this 
formation. A bibliography of the geology of the Green River 

Formation has been prepared and published by the U.S. Geolog­
ical Survey (1977). The geology of the Piceance Creek Basin 
is summarized by Donnell (1961) and later revised by Cashion 

and Donnell (1974).
Within the Piceance Creek Basin, trace element baseline 

studies began in 1975 under the direction of R.W. Klusman. 
Ringrose, et al. (1976) studied the regional variation of 
37 elements in soils over the entire basin (Figure 5).

This study employed a five level analysis of variance de­
sign; analytical, sample (O-lOOm), section (.l-3km), town­
ship (3-19km), and supertownship (> 19 km). Information 
from this study was used to plan future smaller baseline 
studies of individual areas to be developed within the basin. 
Candito (1977) conducted a baseline study around oil shale 
lease Tract C-a, and Zuccaro (1978) conducted a baseline 
study around Tract C-b. (These areas along with the present 
study are shown in Figure 6.)
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McNeal, et al (197 6) studied trace element variation 
in stream sediment samples. Their data showed that sampling 

should be conducted on 1 km interval with a sample consisting 
of a composite of 10 m of stream bed.
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SAMPLE DESIGN

Three sample designs were used for this study. A hier- 
archial analysis of variance design was used as a first 
stage design to assess the geochemical variability within 

the study area. This design has been previously used and 
described by Miesch (1976b). The purpose of this sample 
design is to determine the effect of sample spacing on geo­
chemical variability and determine the sample density neces­
sary to produce a reproducible map.

The second stage design consisted of collecting soil 
and plant samples on a grid system and collecting stream 
sediment samples on 1/2 mile intervals along stream channels. 
The purpose of the second stage sample design is to collect 
samples to calculate baseline levels and if possible outline 
areas of anomalous concentrations. The design of the second 
stage sampling system is usually determined after analysis 
of the results of the first stage sampling program, but for 
this study the second stage design was determined using data 
from Ringrose, et al (1976). This design was also used by 
Candito (1977) and Zuccaro (1978). The first stage sampling 

design completed as part of this study will be used to verify 
previous results and determine map stabilities.for this study.

The selection of sample sites for soils and plant samples 

involved gridding the study on 1/2 mile intervals and locating
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the sample site at the grid line intersections. Figure 7 
shows the resulting sample pattern and sample location num­
bers. This sampling system would have resulted in 171 sam­
ple sites, but one site was omitted because it would have 
fallen in the Union Carbide uranium mill area.

This type of sample design was used since an objective 

of the study is to obtain baseline data for the area as a 
whole. This type of design results in the number of samples 
per geologic unit being proportional to the amount of surface 

area exposed. This is illustrated by Table II which lists 
the number of samples broken down by geologic unit. This is 
in effect an automatic weighting factor applied to each geo­
logic unit as a result of exposure.

TABLE II

Geologic Unit Number of Samples
Alluvium 10
Wasatch 103
Anvil Points 2 5

Parachute Creek 4

Uinta 28

Plant samples were collected when the species of inter­
est was present at the sample site. Big sage was fairly 
evenly distributed over the study area with 125 out of the 
17 0 possible sample sites having sage present. The main
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gaps for sage occurred on the steeper parts of the ridges 

and talus slopes and in the Colorado River Valley. The 

distribution of Indian ricegrass and Western wheatgrass was 
more dependent on local slope, exposure, and climate. Indian 

ricegrass was common on the ridges and slopes of the Wasatch 

and Anvil Points units but was not able to compete with other 
grass that grew on the less severe environment of the plateau 
area. Most of the gaps in the Indian ricegrass distribution 
occurred on the Uinta formation and in the valley of the 

Colorado River. Western wheatgrass grew well on the plateau 
area but was not well distributed on the drier slopes of the 
Anvil Points and Wasatch units. Gaps also occurred in the 
Alluvium unit. Table III shows the breakdown of samples by 

geologic unit and Figures 8, 9, and 10 illustrate these 

spatial relationships.

TABLE III

Geologic Unit Big sage Indian ricegrass Western wheatgrass 

Alluvium 3 2 0
Wasatch 93 75 2U
Anvil Points 8 14 1

Parachute Creek 3 3 3
Uinta 18 8 19

Total 125 102 47
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A sample site consists of an area 10 to 20 meters in 
diameter. Soil and plant samples are composites from about 

four to six locations within the sample site.

Soils were taken from the surface horizon using a chrome 
plated trowel and sieved in a stainless steel sieve. One 
sample of 200 to 400 grams was sieved to -1/4 inch and kept 
in a paper soil envelope. A -80 mesh sample was also sieved 

on site and stored in a vial to prevent loss of Hg.
Plant samples were kept in stapled paper bags to pre­

vent dust contamination. Where possible, the plant sample 
consisted of first year growth.

Stream sediment samples were collected on 1/2 mile 
intervals on all clearly defined stream channels within and 
immediately adjacent to the study area (Figure 11). This 
included both flowing and dry channels. A sample site con­

sisted of a 10 meter stretch of stream bed near the center 
of the channel and free of bank slumping. A minus 4 mesh 
and a minus 80 mesh sample were taken at each site as de­
scribed for soil samples. There were a total of 161 sample 
sites broken down by geologic units in Table IV.

TABLE IV

Geologic Unit Sample Sites

Alluvium 3
Wasatch 111
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Table IV cont.
Geologic Unit Sample Sites
Anvil Points 13
Parachute Creek 2 3

Uinta 11

The first stage sample design is based on a five level 
hierarchial analysis of variance model. This was accomplished 
by randomly selecting four sections out of the 36 possible 
sections in the study area (Figure 12). Each section was 
quartered with two quarters being randomly selected. These 
quarter sections were again quartered with two of these 

quarters being randomly selected. Within each of these 1/16 
of a section two sample sites were located 50 meters apart.
This system is illustrated in Figure 13. This design results
in 3 2 samples evenly divided over four sections. The random 
selection process resulted in three of the sections being 
chosen over the Wasatch Formation and one section on the 

Uinta Formation. In one of the sections chosen from the 
Wasatch, Western wheatgrass could not be found. This resulted 
in only 24 sites in three sections for the analysis of var­
iance for Western wheatgrass.
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Figure 13 : Analysis of Variance Sample Design
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ANALYTICAL

Sample Preparation
Sample preparation was performed at the Colorado School 

of Mines. Preparation of soil and sediment samples was per­
formed as follows :

1) Split the bulk sample'down to a 15 to 20 gram sample 
using a Jones type splitter

2) Grind for 7 to 10 minutes in a Spex Mixer/Mill using 
tungsten carbide balls and mill

3) Store and label ground sample in two plastic vials
4) Return unground sample to original sample envelope 

The procedure for grass sample preparation was:
1) Wash the grass in distilled water for 5 minutes

using an ultrasonic cleaner
2) Rinse with distilled water
3) Dry thoroughly on paper towels
4) Grind the sample using a blender
5) Fill a 4 ounce sample jar and return excess to the 

original sample bag
6) Dry sample and jar at 60° to 70°C for 24 hours
7) Ash a three gram portion of dried sample

a) Weigh out as accurately as possible 3.000 gms 
of plant sample into a porcelain crucible

b) Ash the 3 gram portion at 2 5 0°C for one hour, 
then 350°C for two hours, and finally at 45Q°C 
for 21 hours

c) Quantitatively transfer the ashed sample into 
a plastic vial and label
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Sample preparation for sage samples was similar to that 
just described for grass samples except that the sage samples 

were not washed. Sage tended to fall apart easily when dry 
and would be difficult to wash. It was not considered nec­
essary to wash the sage samples since they were collected 
near the plant tops and thus not easily contaminated by rain 

splashed dirt.
A random number program was used to generate random 

sequences for analysis for all samples.
Analyses for Mo, B, and F were performed at Project Cen­

tral Laboratory in Boulder, Colorado. Analysis for Hg, or­
ganic carbon, and pH in soils and sediments were performed 
at the Colorado School of Mines.

At Project Central Laboratory the ashed plant samples 
were transferred to plastic vials and dissolved in 20 ml of
1.0 molar HCl. From this solution, 5 mis were taken for F 
analysis, 5 mis were used in the B analysis, and the remain­
ing 10 mis used for Mo analysis. The data reported by the 
Project Central Laboratory were as ppm dry plant weight.

The following fusion method was used to prepare soil 
and sediment samples for fluoride and boron analysis (Meglen 
1978) .

A 0.1 g sample and 1.0 g NagCOgiKzCOs flux (1:1 by 
weight) are mixed and fused in a 2 5 ml platinum cruci­
ble at 1000°C for 0.5 hours. After cooling the cruci­
bles, 10 ml of 1.0 M HCl is added to the fusion mixture 
to initiate dissolution of the fusion mixture. The
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contents are then transferred to a 100 ml plastic spec­
imen cup. A second 10 ml portion of 1.0 M HCl is added 
to the crucible, stirred, and transferred to the plastic 
cup. The third rinse consists of 1.0 ml concentrated 
HCl and 4.5 ml deionized water. The sides of the cruci­
ble are scraped with a rubber spatula and the contents 
transferred to the specimen cup. The final rinse is 
carried out with 4.5 ml of deionized water. (If fused 
material remains in the crucible an additional rinse of 
10 ml 1.0 M HCl may be necessary.) The final volume of
50.0 ml is obtained by addition of 1.0 M HCl.
For Mo determinations on soils and sediments, the fol­

lowing acid digestion was used (Meglen 1978):

Geological samples submitted to this laboratory which 
are suspected to have less than 2 ppm sample of Mo 
are prepared for analysis by acid digestion. This pro­
cess allows for a greater amount of the sample to be 
used and is rigorous enough to break up the. silicate 
matrix of the samples.
One gram of the sample is weighed into a 100 ml Teflon 
beaker. This is followed by the addition of 2.5 ml 
HNO3 , 2.5 ml H 2SO4 and 5.0 ml HF. The beakers are 
placed on a hot plate at 240°C and the acids are allowed 
to evaporate to dryness. This acid treatment is gener­
ally carried out three times on the sample but the num­
ber of times may vary with the grain size of the sample. 
The sample is considered "digested" when the dry resi­
due consists of a while or yellow crust.
After allowing the sample to cool, 1.0 ml of concentra­
ted HCl and 4.0 ml of deionized water are added. The 
beakers are covered with a watch glass and placed on 
low heat for five minutes to help dissolve the sample. 
The sample is then filtered and washed with deionized 
water. The volume is brought up to 15.0 ml in a test 
tube..

Analysis for Mo (Meglen 1978)

To analyze a digested sample for Mo, 10 ml aliquots are 
withdrawn and pipetted into test tubes. The following 
steps are modified for Mo-thiocyanate colorimetric anal­
ysis scheme:
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1) Add 0.5 g sodium tartrate and stir.
2) Add 0.1 ml 1% ferrous ammonium sulfate solution.
3) Add 0.5 ml 10% potassium thiocyanate solution; 

stir; wait 15 minutes.
U) Add 2.0 ml 10% stannous chloride solution; stir; 

wait 15 minutes.
5) Add 2.0 ml of i-amyl alcohol to the samples and

4.0 ml to the standards; shake; allow 15 minutes 
for layers to separate; centrifuge for about 5 
minutes.

6) Analyze the organic extract for Mo using flame 
atomic absorption.

AA parameters - Perkin-Elmer Model 5000
Lamp wavelength - 313.3 nm
Lamp current - 25 ma
Flame N2O Acetylene - fuel rich
Burner height - 2 cm below the light beam
Aspiration rate - the nebulizer system is slightly

adjusted for the alcohol to aspir­
ate moderately slowly

The standards are 100, 200, 300, and 500 ug/ml. An 
isoamyl alcohol blank is used. The common practice in 
this lab is to include two or three of each standard, 
depending on the size of the run, to insure that there 
is surplus to monitor the calibration of the instrument.
The samples are analyzed using 5-second intergration 
times. After analysis the peak heights are measured 
and the concentrations are calculated.
NOTE: Atomic Absorption is used to detect the Mo in­
stead of colorimetry. Soil samples after digestion 
leave a yellow coloration (as yet of unknown origin) 
which interferes with the amber 460 nm complex band 
used in the colorimetric method.

Analysis for Boron (Meglen 1978)
One ml of sample or standard is pipetted into a plastic 
test tube followed by 2.0 ml of buffer. The contents 
are stirred on a Vari-Whirl. Two ml azomethine-H solu­
tion are then added and stirred. The tubes are allowed 
to sit for 0.5 hours before reading the absorbance val­
ues at 420 nm. The range of standards used is from 0-5 
ppm B although the standard curve is linear up to 10 ppm B 
Often the samples are too concentrated, as is the case 
with plants where 0.5 ml of sample is pipetted into the
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test tube and then brought up to 1.0 ml with 0.5 ml 
deionized H 2O.
In some cases the samples may exhibit color before or 
after the addition of buffer. This is a potential in­
terference in the absorbance measurements and therefore 
sample blanks are also prepared. The preparation invol­
ves the addition of 2.0 ml of a 1.0% ascorbic acid solu­
tion instead of the 2.0 ml of the azomethine-H solution. 
The absorbances are read at 420 nm and subtracted from 
the absorbances of samples with the azomethine-H solution
When a yellow coloration is present in the samples (in 
the absence of the azomethine reagent) it is possible 
to prepare a "correction” calibration curve. This cor­
rection curve may be obtained by randomly selecting a 
number of samples to be analyzed as sample blanks; i.e., 
without the addition of azomethine reagent. The absorb­
ance values of all azomethine-containing samples are 
read. The concentrations are calculated from the Beer’s 
law plot. These are designated as uncorrected since 
they include absorbance of the interfering species. The 
absorbance values of the selected sample blanks are' 
then read and subtracted from the corresponding absorb­
ance values of the azomethine-containing samples. These 
corrected absorbance values are then used to calculate 
"corrected" concentrations from the Beer’s law plot. A 
plot of uncorrected values (y-axis) against "corrected" 
(x-axis) may then be used to correct samples which have 
a similar matrix but for which no blanks have been pre­
pared. This procedure has been used with excellent re­
producibility for a given sample type. Occasional blank 
checks have shown that this procedure is accurate to 
within 3%.
Reagents :

Buffer :
50 0 gm ammonium acetate 
3 0 gm disodium EDTA 

800 ml deionized H 2O 
250 ml glacial acetic acid

The ammonium acetate does not dissolve completely, 
however, this does not seem to affect the analysis.
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Azomethine-H solution:
1.0 gm ascorbic acid is dissolved in 100 ml deion­
ized HgO. 0.45 azomethine-H (available from Pierce 
Chemical Co.) is added to the solution. The azo­
methine-H should dissolve completely. Due to the 
to the instability of the azomethine-H, the solu­
tion must not be allowed to sit at room temperature 
overnight. It can be stored in the refrigerator 
for one week or in the freezer for approximately 
one month. Upon thawing the solution for reuse, 
make certain that the azomethine has completely dis­
solved since it can precipitate out while freezing. 
NOTE: Prepare and store all reagents in plastic
containers '.

Analysis for Fluoride (Meglen 1978)
When this study began, a solvent extraction was used. 
This was later changed to a gas diffusion method with 
a different but equivalent method of analysis. Both 
methods will be described.

Extraction of F into the organic phase (Solvent Extraction):
Five ml of sample or standard is pipetted into a 2 0 ml 
plastic vial. Generally the range of standards used 
is from 0 to 3.0 ppm F . The samples and standards are 
acidified with 0.5 ml concentrated HCl followed by the 
addition of 5.0 ml diphenylsilanediol (DPSD) solution. 
The vials are capped tightly and then shaken for 1 hour 
on a wrist action shaker. The extracts may be stored 
for at most a week in the refrigerator. The efficiency 
of the extraction is 90-100%.
Reagents :

1) 5 M diphenylsilanediol in xylene
2) Aluminum reactant 

0.01 M A1(N03)3 
0.005 M Ni(NÛ3)2 
0.005 M Sr(NÛ3)2

Diffusion Separation
Ten ml of standard or acidified sample are pipetted 
into a plastic specimen cup. A plastic microbeaker 
containing 1.0 ml of 0.1 M Na2C03 is floated on the
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sample solution. A 0.5 ml of 6 M HCl saturated with 
hexamethyldisiloxane is carefully added to the sample 
avoiding contact with the carbonate solution in the 
microbeaker. The specimen cup is immediately capped 
tightly and the diffusion process is allowed to pro­
ceed for approximately 20 hours. After that period of 
time the microbeaker, into which the F has diffused, 
is removed and the contents are diluted to 10 ml.
The initial volume of sample and the final volume ob­
tained do not necessarily have to be 10 ml. One must 
make certain that the final NagCOg solution is 0.005 - 
0.01 M. Concentrations greater than 0.01 M result in 
a depressed absorption signal. The initial Na CO con­
centration is adjusted accordingly.
Reagents :

1) Diffusion Reactant: 6 M HCl saturated with
hexamethyl disiloxane

The detection of fluoride differed depending on which 
extraction was used. For the solvent extractions, the 
following method was used.
Combine equal volumes of sample and A1 reactant solu­
tion for introduction into the graphite furnace. (It 
may be necessary to acidify the mixture to prevent 
precipitation of hydrous aluminum.) Twenty ml of the 
sample-reactant mixture is injected into a heated 
graphite furnace. The sample is dried at 100°C for 
40 sec. Atomization occurs at 2250°C for 7 seconds. 
The absorbances are read at 227.5 nm using a hydrogen 
continuum lamp as the light source. A slit width of 
0.2 nm is used for all measurements. A continuous 
purge with argon gas is used.
Standardization
The range of standards used is from 0-3 ppm F . The 
standard curve is not linear and therefore, samples 
greater than 3 ppm F are subject to greater error.

ANALYZER CONDITIONS
Dry Char Atomize 

Temp (°C) 100 500 2250
Time (sec) 50 30 7
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A.A.' Conditions
Hydrogen or Deuterium continuum lamp 
Slit : 0.2 nm
Wavelength: 227.5 nm
Scale X 1.0

Reagents :

Aluminum Reactant: 0.01 M A1 (N03)2
0.005 M Ni(N03)2 
0.005 M Sr(NÛ3)2

When gas diffusion separation was used, the detection of 
fluoride was accomplished using Alizarin-complexone.
Two mis of the diffused sample were mixed with 1 ml of 
H2 0 and 1 ml of Alizarin-complexone. The mixture was 
stirred and allowed to sit for 30 minutes. The sample 
was then run at 62 2 nm.

Reagents: Alizarin-complexone
Alizarin 
Sodium Acetate 
Acetic acid 
Acetone 
HCl
Lanthanum oxide

Analysis for Mercury (Jerome Instrument Corporation 197 8)
Mercury concentrations in soil and sediment samples were 
determined using an Instrument Model 301-Jerome Gold 
Film Detector. The method is based on the resistivity 
change in a thin gold film upon the adsorption of ele­
mental mercury.
When a sample is heated in the combustion assembly, gas­
eous combustion products, including mercury from the 
sample, enter the air stream and pass over a gold-plated 
collector coil contained within the plug-in module on the 
panel face. The mercury is adsorbed on the gold collector 
and the remaining combustion products pass into the at­
mosphere. A timed cycle is then activated during which 
the gold collector coil is heated for 9-10 seconds to 
volatilize the mercury back into the air stream. The 
sample mercury and any Hg S that may be present pass into 
mallcosorb where H2S is selectively adsorbed. The air ■
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stream is then split and mercury is removed from the re­
ference stream by palladium black on pyrex wool before 
passing over the reference gold film. The other stream 
passes over an equal quantity of clean pyrex wool and 
over the sensor gold film; the mercury in the air stream 
causes the resistance of the sensor film to increase.
The reference and sensor films are two legs of a wheat- 
stone bridge. The resistance bias between them is mea­
sured and displayed on a digital galvanometer. Any mer­
cury not adsorbed by the,film or mercury released by the 
films when they are heated and cleaned is exhausted through 
a filter which contains activated charcoal to adsorb the 
mercury and prevent contamination of the work area.
An auto-zero circuit continually compensates for any drift 
in the resistance of the films. When mercury adsorbs on. 
the sensor film the rate of change in resistance of the 
sensor film overrides the auto-zero and a readout is ob­
tained on the digital meter. The peak reading will be 
displayed for a few seconds, then the auto-zero circuit 
will begin automatically re-zeroing the bridge.

Measurement of Soil pH (Black 1965)
Pour enough soil in a small beaker to allow sufficient 
immersion of electrodes for satisfactory reading. Add 
water in small increments, stirring with glass rod be­
tween additions. Water should be added until it forms 
a "saturation paste". A "saturation paste" is obtained 
when a smoothed soil surface just begins to glisten or 
when a groove created when the stirring rod is dragged 
through the paste just barely closes behind the rod.
Use a conventional pH meter with a rugged electrode pair 
that can be easily wiped clean with wet kimwipes. Do 
not use electrodes that will be difficult to wipe clean. 
Check the meter using standard buffer solutions differing 
by 2-3 pH units and preferably bracketing most of the 
soils being measured. Measure the pH after the electrodes 
have been "immersed" in the saturation paste. Check meter 
with buffer after about every 10th sample.
The following points should be considered while perform­
ing the pH measurements

1) If paste is not wet enough errors may result because 
poor soil-electrode contact and high electrical re­
sistance of the soil.
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2) If excess water is added pH reading will normally 
be too high.

3) Increasing concentration of neutral salts decreases 
pH reading.

4) Soils should be equilibrated with atmospheric CO2 •
5) If soils are calcareous, a thin CaCO^ film may 

form on the electrode after several measurements.
This can be removed with dilute HCl.

Measurement of Organic Carbon - Walkley-Black Method (Black 1965)
Weigh 0.4 - 0.5 g (four digits) of air dry soil sieved 
or ground to desired fraction into a 500 ml wide mouth 
Erlenmeyer flask. Use 0.9 - 1.0 g if the soil is obviously 
low in organic matter (light or red in color).
Add 10 ml of 1.000 N E^CrgO? and swirl the flask gently 
to disperse the soil in suspension. Then rapidly add 20 
ml of concentrated H2 S0 î, directing the stream into the 
suspension. Swirl the flask for one minute and allow to 
stand on a sheet of asbestos for about 3 0 minutes. Add 
200 ml of water to the flask. Add 3 to 4 drops of o- 
phenanthroline indicator and titrate the solution with 
0.500 N FeSO^. As the end point is approached, the solu­
tion takes on a greenish cast and then turns dark green.
At this point add the FeSO^ drop by drop until the color 
changes sharply from blue to red (maroon). The endpoint 
may be difficult to discern in a soil suspension. A 
small Buchner funnel and a fast filtering paper may be 
used to remove the suspended material prior to back titra­
tion with FeSOî  .
Make a blank determination in the same manner, but with­
out soil. Repeat the determination with less soil if more 
than 7 5% of the dichromate is reduced.
Calculation

Organic C% = (Meq K2Cr207 - Meg FeSO\) x 0.003 x 100 ,
Grams of air dry soil ^

The 1.33 factor is a correction for efficiency of oxida­
tion by the method. This factor may vary slightly and 
for highly accurate work the combustion method is better 
or can be used to determine the correction factor.
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Reagents
1) Potassium dichromate - 1.000 N, Dissolve 49.04 g 

of reagent grade K2Cr20? (dried at 105°C) in water 
and dilute to 1000 ml.

2) Sulfuric acid - concentrated
3) o-phenanthroline-ferrous complex - 0.025 M . Dis­

solve 1.48 5 g of o-phenanthroline monohydrate and 
0.695 g of FeSOi+ • 7H 2O in water and dilute to 100 ml

4) Ferrous sulfate - 0.500 N. Dissolve 140.0 g of 
reagent grade FeSO^ • 7H 2O in water, add 15 ml of 
concentrated H SO , cool and dilute to 1000 ml. 
Standardize daily by titrating against 10 ml of 
1.000 N KgCrgOy. If stored under hydrogen the 
titer is stable.

Detection Limits
The detection limits for the analysis performed at Pro­

ject Central Laboratory were reported as:
Mo determinations - .05 ppm
B determinations - 10 ppm
F determinations - 2 ppm

The detection limits for work done at the Colorado School of 

Mines were:
Organic Carbon determinations - .05%
Hg determinations - .1 ppb

The only censored data sets were organic carbon and B in 
stream sediments. There were 10 samples out of 161 that were

below the detection limit for B and 7 out of 161 that were

below the limit for organic carbon. These values were recorded 

as .7 times the detection limit for the purposes of calculating
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means and deviations. Because of the limited amount of cen­
sored data, more rigorous methods of treating censored data 
were not considered necessary (Miesch 1976a).

Analytical Precision
It is appropriate at this point to examine analytical 

error associated with the chemical analyses involved in this 
study. A general definition of analytical error is a depart­
ure from the true or expected value caused by the chemical 

tests. Errors caused by sampling will be examined later in 
the section on analysis of variance.

Analytical error is usually of two types. One type 
deals with the accuracy of the analytical method and the 
other type deals with the precision of a method. Errors in 

accuracy are difficult to deal with in geochemical studies 
since the true concentrations of samples are not known. This 
type of error is usually detected by analysis of standards 
and must be carefully considered when an analytical method 
is developed. A discussion of the accuracy of the methods 
used for this study is beyond the scope of this survey.

The problem of precision is always present in chemical 
analysis, and is of great importance to this study since 

variability induced by the analysis must be considered with 
the overall sampling variability in understanding geochemical 

variability within the study area.
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In order to deal with error statistically, it is neces­

sary to make several assumptions. These assumptions are:
1) The errors are independent of each other

2) The errors have a common variance

3) The errors are normally distributed
Table V shows the analytical deviations and percent de­

viations for each chemical test and each sample media. A 
comparison of the analytical precision with sampling variabil­

ity will be discussed later.
These calculations were done using the computer program 

PRECIS.FOR (Klusman, 1977) which is listed in the appendix.
The formula for deviations used in this program is:

n n *
l/(n-l)(E - (I xi^)/n

i=l i=l

The percent deviation was calculated by the following equation

xi - XI I . 100
i — 1 ^% Deviation = ---------

n

xi = individual sample 
n = number of sample 
X = average of all samples
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Table V

Media Test

Soil
pH
OC
Hg
Mo
B
F

Arithmetic
Standard

Deviation

.033 

. 016 
4.43 
. 160 

25.7 
23.0

Percent
Deviation

.306

.959
7.45
4.97

11.4
3.41

Geometric
Deviation

1.004
1.014
1.21
1.075
1.179
1.051

Number of 
Replicates

22
4

39
19
23
14

Big
sage

Mo
B
F

.071
1.16
2.65

4.54
3.67

11.2
1.071
1.054
1.184

5
7

21
Indian
ricegrass

Mo
B

.071

.438
5.78
7.54

1.086
1.257

6
20

Western
wheatgrass

Mo
B

. 124 

. 427
25
63

1.062
1.068

4
21

Sediments
pH
OC
Hg
Mo
B
F

.153 

.120 
3 5.5 

.249 
19.7 
47.3

1
16
21
4

14
6

49
6
9
56
9
19

1.023
1.413
1.599
1.070
1.286
1.101

12
7

17
10
27
16
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Soil

.e VI: Results* of the Kolmogorov-Smirnov Goodness of Fit
Test (Normal and Lognormal)

Total Geologic Units
Study Parachute Anvil
Area Uinta Creek Points Wasatch Alluvi

pH L(N) N(L) N(L) L(N)
OC L L(N) N(L) L(N) L L(N)
Hg L L(N) L,N L(N) L L(N)
Mo L L N(L) L(N) L L(N)
F L L(N) L(N) L(N) N(L) N(L)
B N N(L) N(L) L(N) L(N) L(N)

Sage
Mo L N(L) L,N L(N) L N(L)
B N(L) L(N) L,N L(N) N(L) L(N)
F L L(N) L(N) L,N L L(N)

Ricegrass 
: Mo 
B

Wheatgrass
Mo
B

Sediments

N(L)
L

L(N)
L(N)

L(N)
N(L)

N(L)
L,N

N(L)
N(L)

L(N)
L(N)

L(N)
L

no sample L(N) 
no sample L

no sample 
no sample

no sample 
no sample

pH L,N L(N) L(N) L L(N)
OC L L(N) N(L) N(L) L,N
Hg N(L) L L(N) L L(N)
Mo N(L) L N(L) L(N) L,N
F L N(L) N(L) N(L) L(N) N,L
B L N(L) N(L) N,L N N(L)

'‘Distributions that cannot be rejected at .05
significance 

L = Lognormal 
N = Normal
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transformed function.
The results of these tests indicate that the lognormal 

distribution is more uniformly acceptable. Because of these 
results future analysis of variance calculations, hypothesis 

testing, and correlation determinations will use the log 

transformed data. This may also be desirable since it has 
been reported that calculations with small sample numbers 
show a relation between variance and mean (Krumbein and 
Miller, 1954). The log transformation has been shown to 
eliminate the dependence of standard deviation on means 

when groups of means and standard deviations are propor­
tional (Snedecor 1946).

Analysis of Variance
A nested or hierarchial model for analysis of variance 

(ANOVA) has been used to estimate the nature of the geochem­
ical variability within the study area. This model can be 

expressed mathematically as:

^ijklm 4 + + B^j + ^ijklm
The terms i, j, k, 1, and m correspond to the five levels

in the analysis design. The X term represents a particular
sample site and y is the mean of all sites. The terms A,
B, C, and D are differences for the sample at a particular
site from the grand mean that are introduced as a result of

different sample spacings. The five levels of this design
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are illustrated by Figure 14. The differences introduced 

by the A term would appear at level one while differences 
due to the E term are seen at level five or the analytical 

level.
This type of statistical model has been widely used in 

geochemical studies and discussions of its applications 
(Miesch 1976a) as well as examples (Miesch 1976b) are readily 
available.

The theory behind this model is based on the additive 

property of variance. This allows the variability of a 
particular population to be divided up into the portions 
that are added at separate levels within the study. The 
variance for the five level design used in this study can 
be expressed as:

S: = + s' + S: + S: + S|

The model used is unbalanced at the analytical level since 

every sample was not replicated an equal number of times.
This adds considerably to the number of computations required. 
These calculations are straight forward but quite tedious. 
Examples of these calculations are contained in most statis­

tical texts and in particular, Snedecor and Cochran (1976).
A computer program, ANOVA.FOR, was used for these calculations 

and is listed in the appendix.
The F statistic is used to determine the significance
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of variance at any given level. This test is dependent on 
the number of degrees of freedom at each level. The sensi­
tivity of this test is therefore tied to the size of the 
experiment and should be carefully considered when looking 
at the results shown in the accompanying tables. The esti­
mated variances for each level can also be used when com­
paring variances at different levels.

A useful calculation when considering map stabilities 
is the variance ratio (V^). This ratio is a measure of the 

variance at a level compared to the variance components 
within that level. For this study it is desirable to know 
whether a distribution can be reproducably mapped using the 
sample density obtained from the grid sample design. The 
variance ratio was calculated by:

V = S= /(S^ + S= + 8 % + s=)r a b c - d e

This ratio has an F distribution and can be used to calculate 
the number of random samples (N^) needed per square mile in 
order to map differences with a desired stability. A graph 
has been prepared by Miesch (1976b) for this purpose and is 
shown in Figure 15. The grid sample design used involved 
collection of four samples per square mile. If is less 

than four, then that element should be mappable at the section 

level with 80% stability.
Table VII lists the ANOVA results for the first stage
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sample design used in this study, as well as the variance 

ratio and the number of random samples necessary to produce 

a map with 80% stability.
Another approach to determining the most efficient second 

stage design can be taken using the first stage design just 
completed. The maximum acceptable error (Er) that can be 
tolerated within a map unit can be calculated by:

Ey = S§ + (Miesch 1976b)
The error within a map unit for a particular sample design 
can be calculated by:

+ (ft • S:/n^ n j  +

+ /^e/nb"nc.nd*ng

where N^, , and Ng are the number of samples taken or
analyses done at each level within the next larger unit.' As 
long as Eg is smaller then Ep then a map of the desired sta­
bility can be produced. The terms and f^ are correction 
terms needed because there are a finite number of units within 
each of these levels which can be sampled. If all the units 
within a level are sampled, then all the variance at that 
level is accounted for and will not contribute to the total 
error of the map unit. The correction factor is calculated 
by :

f = (1 - Ng/N^)
where is the number of units within the level, and Ng is
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the number of units actually sampled.
An example will help explain these calculations. The 

estimated components of variance at the five levels for Mo 
in soil are shown below:

Level 1 Si = .00339
Level 2 sê = .0000

Level 3 sê = .2945
Level 4 ■sâ = .01373
Level 5 s| = . 0 0 2 1 1

If we wish to produce a map at level 1 with 80% stability, 
the variance ratio would be:

= .00339 / (0.000 + .02945 + .01373 + .00211)
= .0748

From Figure 15 the can be determined as 11 samples for 
each square mile area. The maximum acceptable variance within 
a square mile unit is:

Ep =(.0000 + .02945 + .01373 + .00211) / 11 = .00412 
The error for the sample design can now be manipulated by 
selecting the number of samples in level 2 thru 5. The cor­
rection factor for level 2 is (1 - N^/4) since there are four 
possible units at level 2 within each square mile. The cor­
rection factor for level 3 is (1 -(N^/4)'(N^/4)) since there 
are four units at level 3 for each unit at level 2, or a total 
of 16 level 3 units in each square mile. There are a very 
large number of possible sample locations at level 4 and an
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infinite number of possible analytical replications that could 

be chosen so there is no need for a finite correction term for 

these levels. The end result is:

Er lEs = ((fb'SA)/Nb)+((fb.c'SA.c)/%b.c)+(S:.c.d/Nb.c.d)+(S§.c.d.e/
^b•c•d•e ̂

(1-N /4)(.0000)  ̂ (1-N N /16) (.02945)^ .01373  ̂ .00211
' - Nb NB'Nc Nb'Nc'Nd Ns'Nc'Nd'Ne

Since practically no component of variance is added at level 
2 , it would not help to have more than one sample at this level.
It would be easiest, as far as collection is concerned, to 
reduce the analytical component as low as possible. In this 
case, the analytical component is already lower than Ep so 
increasing the number of analyses will not solve the problem.
It will be necessary to increase the number of samples at level 
3 and 4 in order to reduce the Eg below .00412. The advantage 

of this type of design analysis is that since it is easiest to 
collect many samples at one location and to keep the travel 
between locations to a minimum, the designer can plan accord­
ingly. One possible solution to the example problem is to 
randomly select 6 units at level 3 and to collect three sam­
ples at least 50 meters apart from within each unit. Another 
possible solution would be to select 7 units at level 3 with 
2 samples taken in each unit.

Another aspect of geochemical variability that should be 

considered for this study is the variation caused by the dif-
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ferent geologic units. The analysis of variance study just 
completed only looks at variations caused by sample spacing. 
This can be very misleading in the Anvil Points region since 
it is possible to encounter up to three different geologic 

units in the distance of 1/2 mile. If the rock unit varies 
significantly, then the results of the first stage sampling 
could be invalidated.

The model for examining the variance between underlying 
geologic units is:

^ijk = V +
where y is the grand mean for the study area, A is the dif­
ference caused by differences between geologic units, B is 
the difference within a geologic unit, and C is the analyti­

cal variation. The calculations for this model are similar 
to the model just described, except'that there are only three 
levels. The complete set of gridded and first stage samples 
were used. The results are listed in Table VIII.

It can be seen from these results that the underlying geo­
logic unit has a significant effect on the variability of 
every population except Western wheatgrass. This casts doubt 
on the results of the first stage design. The results of the 
original ANOVA design indicate that the grid sampling system 
would produce stable maps for pH, organic carbon, and boron 

in soils; Mo, B, and F in Sage; and Mo in ricegrass and wheat­
grass. To check on these results, the analysis of variance
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was calculated using only the three sections that lie on the 
Wasatch unit. The model is the same as for the first analysis 
except that the degrees of freedom are reduced by the loss of 

one section.
The results of this statistical analysis are shown in 

Table IX. These results show that none of the soil parameters 
should be mapped within the Wasatch unit, but that the plant 

populations could still be mapped. With such a limited sample 
design, the F test is weak and the Vr and Nr are of more value 
when interpreting the results.

Analysis of variance was also calculated for stream sed­
iment data. The first stage sampling design had been per­

formed previously for another study (McNeal et al, 1976).
This study demonstrated that there were significant differ­
ences between sediments from different streams, as well as 
within streams. Within each stream the variability was largely 
at the 0 to 10 meter scale. This information was used to 

formulate the second stage design for the present study.
The analysis of variance for this study was performed 

using the data from the second stage sample design (Figure

11). These calculations support the conclusions of the study 
by McNeal et al (1976). Table X shows the results of just 
considering between stream variability. Of the six parameters 

considered, all six show significant variation at the between 
stream level.
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Table X : Stream Sediments
Analysis of Variance by Stream

Sum of Degrees of Mean F
Source Squares Freedom Square Value Probability

pH Between 4 .6361 12 . 3861 6.16 0 . 0000
Within 9.2825 148 .06212
Total 13.9186 160

OC Between 230.8355 12 19 .24 23.07 0 .0000
Within 123.4243 148 . 8339
Total 354.2598 160

Hg Between 18.8763 12 7.573 7.683 0 .0000
Within 30.3005 148 . 2047
Total 49.1768 160

Mo Between 5.5516 12 .4626 4.468 0 . 0 0 0 0
Within. 15.3240 148 .1035
Total 20.8756 160

F Between 12.9586 12 1.080 14.38 0 .0000
Within 1 1 . 1 1 2 2 148 .07508
Total 24.0709 160

B Between 82.9916 12 6.916 17.40 0 . 0 0 0 0
Within 58.8283 148 . 3975
Total 141.8198 160
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Also of interest for the present study is the effect 

of the underlying geology on stream sediment geochemistry. 
Table XI shows the results of considering just the varia­
bility between geologic units. In every case the parameters 

show significant variations between geologic units.
Because of the sample distribution for this study 

it is possible that the variability between stream and the 

between geologic unit variability is confounded. Most of 
the drainages were completely within the Wasatch Formation. 
Two drainages were sampled only within the Parachute Creek 
Member and Uinta Formation. Only one drainage was sampled 
across the entire range of geologic units. To separate these 
two possible effects, a two way analysis of variance was per­
formed using STATPAC. The results are shown in Table XII. 
This approach shows that except for Hg, both between stream 
variance and between geologic unit variance are significant. 
Hg was significant between streams but not between geologic 
units.

Mean and Deviations

The other part of a geochemical baseline study is the 
calculation of average concentrations for the elements of 

interest and the expected ranges that could be encountered 
in a sampling program. Once data have been generated, use­
ful statistics such as mean, standard deviation, and expected
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Table xi Stream Sediments
Analysis of Variance by Geologic Unit

Sum of Degrees of Mean F
Source Squares Freedom Square Value Probability

pH Between 3.9042 4 .9760 15 .21 0 . 0 0 0 0
Within 10.0137 156 .06419
Total 13 . 9179 160

OC Between 181.037 4 45 . 26 40 .76 0 . 0 0 0 0
Within 173.223 156 1 .11 0
Total 345.260 160

Hg Between 18.8409 4 4.710 24.22 0 . 0 0 0 0
Within 30.3360 156 .1945
Total 49.1769 160

Mo Between 2.6238 4 . 6560 5.607 0 . 0 0 0 0
Within 18.2518 156 .1170
Total 20.8756 160

F Between 9.5173 4 2.379 25.50 0 . 0000
Within 14.5534 156 .09329
Total 24.0707 160

B Between 59.4179 4 14.85 28.12 0 . 0 0 0 0
Within 82.4020 156 . 5282
Total 141.8199 160
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Table XII: Stream Sediments 

Two-way Analysis of Variance - Geologic Unit and Stream

Sum of Degrees of Mean F
Source Squares Freedom Square Value Probabili'

pH G.U. elim. St. 1.04 4 . 26 4.31 . 0026
St. elim. G.U. 1.77 12 .15 2.45 . 0063
Interactions .14 9 .02 .27 . 9822
Within Cells 8.10 135 .06

OC G.U. elim. St. 11.73 4 2.93 3.66 . 0073
St. elim. G.U. 61.53 12 5.13 6.39 0 . 0 0 0 0
Interactions 3.40 9 .38 .47 . 8921
Within Cells 108.29 135 .40

Hg G.U. elim. St. 3.39 4 .85 4.67 .0015
St. elim. G.U. 3.43 12 . 29 1.56 .1068
Interactions 2.38 9 . 26 1.45 .1721
Within Cells 24.53 135 .18

Mo G.U. elim. St. .96 4 . 24 2.68 . 0392
St. elim. G.U. 3.89 12 .32 3.62 .0001
Interactions 2.30 9 .26 2.85 .0041
Within Cells 12.07 135 .09

F G.U. elim. St. .75 4 .19 2.79 .0287
St. elim. G.U. 4.19 12 .35 5.20 . 00 00
Interactions 1.29 9 .14 2.13 . 0307
Within Cells 9.07 135 .07

B G.U. elim. St. 8 . 01 4 2.00 5.52 . 0004
St. elim. G.U. 31.59 12 2.63 7.25 . 0000
Interactions 1.81 9 .20 .55 . 8322
Within Cells 49.00 135 .36

St. = Between Stream effects
G.U. = Between Geologic Unit effects
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ranges can be estimated. Other statistics such as median 

and range can be determined directly from the experimental 

data without calculation. The method of calculation for 
some of these statistics will differ depending on the distri­

bution that is assumed for the target population. The most 
commonly encountered distributions for geochemical data are 

the normal and lognormal distributions, and these will be 
the only distributions considered for this study.

The average or mean value is an estimate of geochemical 
abundance, and is sometimes referred to as the expected value. 
This can differ from the median value which is the value that 
divides the observations of a variable into two equal halves. 
The mean is an estimate of the average for a population while 
the median can be considered as a typical value within that 
population. For normally distributed variables the median, 
mean, and mode are the same and can be calculated by:

_ n
X = Z Xi/n

i = 1
where Xq -are the individual measurements and n is the number 
of measurements.

A lognormal distribution is one that fits a normal dis­
tribution when the observations are log transformed. This 
distribution is asymmetrical so the median, mean, and mode 
are not equal. The antilog of the mean of the log transformed 
data is called the geometric mean and is the median of the
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lognormal distribution. The mean of the lognormal distri­

bution is calculated by:

X = exp(GM - GDZ/2) 
where GM is the geometric mean and GD is the geometric devi­
ation. The geometric deviation is obtained by determining 

the standard deviation of the log transformed data.
The standard deviation of a distribution is a measure 

of the degree of variability among the individual observa­
tions of a parameter. For a normal distribution, it is cal­
culated by:

\/iS =\/Z (Xi - x)2/N
i = l

For a lognormal distribution the standard deviation is:
X^ • ( exp ( GD^ )-1 ) 

where X is the mean of the lognormal distribution. The 
range of observed values is also a measure of variability 
for the distribution but this is of limited usefulness since 
it can differ for each sampling. The standard deviation or 
its square, the variance, is a more accepted measure of a dis­
tribution .

Once the mean and deviation for a population are known, 
the expected range of observations can be calculated. This 
is important for baseline studies since the expected range 

describes the expected limits within which a certain percen­

tage of observations should fall. Values occurring above this
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range are usually considered anomalous. The expected range 
for this study was calculated to contain 95% of the popula­
tion. For a normal distribution this range is from (X - 1.96'S) 

to (X + 1.96*S). For a lognormal distribution this range is 

from (GM/GDi'9*)to(GM'GD''9*).
Tables XIII -XVIII show the statistics just described, 

calculated for both a normal and lognormal distribution.

Table 12 is for the study area as a whole and Table 13 through 
17 are for each geologic unit individually.

Hypothesis Testing
The hypothesis to be tested in this section are hypoth­

eses of equality among means for each geologic unit contained 
within the populations sampled for the baseline survey. The 
analysis of variance already completed indicates that plants, 
soils, and sediments collected from different geologic units 
have statistically significant differences. It would be val­
uable to determine which geologic units are different for 
each population considered.

The means for two groups can be tested for equality 
using the standard student’s t-test. A significance level 

is selected for rejecting the hypothesis of equality. A 
problem arises when the t-test is used for comparing more than 
two means, as in the case of this study. The significance 
level that is selected fixes the probability for incorrectly
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Table XIX: Student’s T-Test and Associated Probabilities 
for Pairs of Means for Geologic Units.

Anvil Parachute
Alluvium Wasatch Points Creek

pH of Soils
Wasatch -1.884 

. 062?

Anvil Points -2.698
. OllP

-.4287
.669?

Parachute Creek -2.017 
.067?

-.5752 
. 566?

-.5844 
. 564?

Uinta -6.105 
. OOOP

-12.84 
. 0 0 0?

-7 .657 
.0 0 0?

-2.934 
. 006?

Organic Carbon in Soils
Wasatch .8256

. 410?
Anvil Points 3.430

.0 0 2?
5.707
.0 0 0?

Parachute Creek 3.036
. 0 1 0?

3.743
. 0 0 0?

.9908
.331?

Uinta 7.343
. 0 0 0?

12 . 2 2
.0 0 0?

3.677
.0 0 1?

.7809
. 440?

Hg in Soils
Wasatch -2.470 

. 015?

Anvil Points -.5868
.561?

2.708
. 008?

Parachute Creek -.8600
.407?

. 3876 
. 699?

-.7843 
. 440?

Uinta -2.560 
. 014?

-.4743E- 
. 962?

01-2.719
.009?

-.5432 
. 590?
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Table XIX; Continued

Anvil
Alluvium Wasatch Points

Mo in Soils
Wasatch -2.143

.034?
Anvil Points -1.684

.1 0 2 ?
-.6055 

. 546?

Parachute Creek . 7359 
.476

2.309 
. 023?

1.653
.1 1 0?

Uinta -1.699 
. 096?

-.6680 
. 505?

. 6842E 
. 955?

B in Soils
Wasatch 1.071 

. 286?
Anvil Points 1.832

.076?
1.199 
. 233?

Parachute Creek 2.633
.0 2 2?

1.564
.1 2 0?

1.137 
. 265?

Uinta 4.862
.0 0 0 ?

4.414 
. 0 0 0?

2.683
. 009?

F in Soils
Wasatch 1.570

.119?
Anvil Points 2.561

. 015?
2 .944 
.004?

Parachute Creek 5.791 
. 0 0 0?

4.644 
. 0 0 0?

2.396
. 024?

Uinta 1.545
.130?

1.329
.186?

-1.038
.304?

Parachute
Creek

.100?

.4433E-01 
. 965?

2.598
.013?
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Table XIX; Continued

Alluvium Wasatch
Anvil
Points

Parachute
Creek

Mo in Sage

Wasatch -.9711 
. 333?

Anvil Points -3.434 
.007?

-3.232
. 0 0 2?

Parachute Creek -2.972
. 041?

-1.484
.141?

.6954
.504?

Uinta -3.079
.005?

-7.822
.0 0 0?

-1.263
.215?

B in Sage

Wasatch -1.958
.053?

Anvil Points -2.889
. 018?

-1.456
.148?

Parachute Creek -.6544 
. 549?

1.396
.165?

2.601 
. 029?

Uinta -.9103
.370?

3.976
. 0 0 0?

4.974
.0 0 0?

F in Sage
Wasatch 3.259

.0 0 1?

Anvil Points 4.275 
. 0 0 2?

. 7331 
.465?

Parachute Creek .4690
.664?

-3.080 
. 003?

-4.163
.0 0 2?

Uinta -.3609
.721?

-10.06 
. 0 0 0?

-8.337
.0 0 0?

- 1.211 
. 236P

3261E-01
.974?

5446 
. 524?
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Table XIX: Continued

Mo in Ricegrass 
Anvil Points

Parachute Creek

Uinta

Alluvium Wasatch

.8749 
. 384P

1.418 
. 159P

-2.455
.015?

Anvil
Points

1.141 
. 272?

-2.419
.0 2 2?

Parachute
Creek

-2.140 
. 047?

B in Ricegrass 
Anvil Points

Parachute Creek

Uinta

.3674
. 714?

. 5375 
. 592?

1.178 
. 241?

. 7475 
. 466?

1.497
.146?

-.3132E-01
.975?

Mo in Wheatgrass 
Parachute Creek

Uinta

1.220
.229?

2.814
. 006?

2.522
. 018?

B in Wheatgrass 
Parachute Creek

Uinta

3134E-01 
. 975?
4904 - 
. 625?

. 3145 
. 756?
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Table XIX: Continued

Alluvium Wasatch Points

pH of Sediments
Wasatch -.5949 

. 553?

Anvil Points -4.114 
. 0 0 1?

-2.649 
. 009?

Parachute Creek -5.069 
. 0 0 0 ?

-5.364
. 0 0 0?

-2.835
.008?

Uinta -5.579 
. 0 0 0?

-4.959 
. 0 0 0?

-4.849
.0 0 0?

Organic Carbon in Sediments
Wasatch - -.2110E+38 

. 0 0 0?
Anvil Points 4.477 

.0 01?
. 2166E+38 
. 0 0 0?

Parachute Creek 1 1 . 1 0  
. 0 0 0?

.4743E+38 
. 0 0 0?

3.357
.0 0 2?

Uinta 6.483
.0 0 0?

. 2734E+38 
.0 0 0?

2.014 
. 056?

Hg in Sediments

Wasatch -.5277 
. 599?

Anvil Points -.1215
.905?

. 7799 
.437?

Parachute Creek 2.105 
. 046?

8.673
. 0 0 0?

4.156
.0 0 0?

Uinta 2.594
.023?

5.809
. 0 0 0?

3.939
.0 0 1?

Anvil Parachute
Creek

-2.251
.031?

-.2623
. 795?

-.7267
.473?
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Table XIX; Continued

Alluvium Wasatch Points
Mo in Sediments

Wasatch -1.244
.216?

Anvil Points -1.217
.244?

-.4861
.628?

Parachute Creek .4996
.622?

4.647 
. 0 0 0?

2.171 
. 037?

Uinta -.5743 
. 576?

.1850
.854?

. 3284 
. 746?

B in Sediments
Wasatch .4251

.672?
Anvil Points 5.828

.0 0 0?
4.518
.0 0 0?

Parachute Creek 3.893
.0 0 1?

7.059
.0 0 0?

1.319
.196?

Uinta 6.845
.0 0 0?

5.446 
. 0 0 0?

3.131
. 005?

F in Sediments
Wasatch 1.797 

. 075?

Anvil Points 4.092
.0 0 1?

5.339
. 0 0 0?

Parachute Creek 5.111
.0 0 0?

7.264 
. 0 0 0?

.1804 
. 858?

Uinta 6.233 5.488 . 3432

Anvil Parachute
Creek

-1.630
.113?

3939
.696P

. 2234
.000? .000? .735? .825?
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The second method to be used is the Duncan’s Multiple 
Range Test (Duncan, 1955). This method will break the means 
down into groups of means that can be considered equal. This 
may result in more than one combination of means with over­

lapping members.
Both these methods require the calculation of the var­

iance between means. This could not be done exactly since 
the groups were of unequal sample sizes. The variance that 
was calculated is the largest possible variance, which was 
obtained using the group with the fewest number of observa­

tions to determine the mean. This makes these tests more 
conservative. The results of these tests are shown in Table XX.

Correlation Matrix
The correlation coefficient is a measure of the mutual 

relationship between two variables. It is calculated by:

ZXi ' Xz ̂- TËxfmxîT"
The correlation coefficient (r) is a measure of the degree of 
closeness to a linear relationship.

Tables XXI and XXII show the correlation coefficients for 
the soil and plant populations, and the sediment populations. 

All values except pH have been log transformed. The popula­
tion being correlated must be common to the same site in order 

to calculate a correlation. This results in the number of
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Table XX: Continued
B in Soils (log transformed) 

LSD/SR = .204
Parachute

Creek

2.26

Uinta

2.25

Anvil
Points

2 . 2 0

Wasatch

2.16

Alluvium

2.13

Mo in Soils (log transformed) 
LSD/SR = .404

AlluviumParachute
Creek

.532 .443

Wasatch

.319

Uinta

.294

Anvil
Points

.293

F in Soils (log transformed) 
LSD/SR ='.242
Parachute

Creek
2.92

Anvil
Points
2.74

Uinta

2.70

Wasatch

2 . 6 6

Alluvium

2.62

Mo in Sage (log transformed) 

LSD/SR = .436

Alluvium Wasatch Parachute
Creek

Anvil
Points

Uinta

.074 -.035 - . 2 0 0 -.258 -.372
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Table XX: Continued
B in Sage (log transformed) 

LSD/SR = .212

Alluvium

1.48

Parachute
Creek

1.45

Uinta

1.45

Wasatch

T.3 7

Anvil
Points

1.32

F in Sage (log transformed) 
LSD/SR = .651
Anvil
Points
1.18

Wasatch

1.11

Parachute
Creek

. 590

Alluvium

.559

Uinta

. 519

Mo in Ricegrass (log transformed) 
LSD/SR = .577

WasatchParachute
Creek

.461

Anvil
Points
.342 .291

Parachute
Creek

.737 .735 .690

Uinta

.151

B in Ricegrass (log transformed) 
LSD/SR = .304

Uinta Wasatch Anvil
Points
.675

Mo in Wheatgrass (log transformed) 
LSD/SR = .459

Parachute Wasatch Uinta
Creek

.384 .218 .0595
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Table XX: Continued

B in Wheatgrass (log transformed) 

LSD/SR = .361
Wasatch Parachute Uinta

.805

Parachute
Creek

.800 17 80

pH of Sediments
LSD/SR = .565
Alluvium Wasatch Anvil

Points
Parachute

Creek
Uinta

8.40 8.30 8.08 7.96 7.86

Organic Carbon :in Sediments (log transformed)

LSD/SR = 1.428
Parachute

Creek
Uinta Anvil

Points
Wasatch Alluvium

.493 .475 .218 -.580 -.823

Hg in Sediments (log transformed)
LSD/SR - 0.983

Parachute
Creek

Uinta Alluvium Anvil
Points

Wasatch

1.93 1 .88 1.60 1.59 1.55

Mo in Sediments (log transformed)
LSD/SR - 0.762

Parachute
Creek

Alluvium Uinta Wasatch Anvil
Point:

. 641 .562 .492 .485 .469
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Table XX: Continued
B in Sediments (log transformed) 

LSD/SR = 1.62
Parachute

Creek
Uinta Anvil

Points
Wasatch Alluvium

2.30 2.29 2.15 1/6 8 1.59

F in Sediments (log transformed)
LSD/SR = .681
Uinta Parachute

Creek
Anvil
Points

Wasatch Alluvium

2.84 2.83 2.82 2 . 61 2.46
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samples used in each correlation being different.
The number of samples used in determining the correla­

tion will also determine the critical value for testing the 

null hypothesis that r = 0. A rejection of the null hypoth­
esis indicates that there is some sort of relationship be­
tween the populations being correlated, although this rela­
tionship may not be linear. The critical r value was calcu­
lated by:

't-'.05,v - r/n-2 //l-r^ v = n-2
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Discussion

The purpose of a baseline study is primarily to deter­
mine natural background levels and variability, not to deter­

mine geochemical principles or to test hypotheses. The de­
tailed results of this baseline study have been set out in 
the preceeding section; however, there are several points 
that are worth emphasizing.

The results of the Kolmogorov-Smirnov test listed in 
Table VI, generally support the hypothesis that trace ele­
ment distributions in the regions under study are best de­
scribed as a lognormal function. Assuming the lognormal 
distribution to be true for the elements of interest for 

this study, subsequent statistical calculations were per­
formed using logarithmically transformed data.

Analysis of variance has revealed several significant 
points. The original hierarchial analysis of variance sam­
ple design only attempted to determine the variance caused 
by sample spacing and ignored any variations caused by geo­
logic units. The results of this analysis, listed in Table 
VII can not distinguish between variance caused by sample 
spacings and that caused by changing geologic units. A 

second analysis of variance was performed to determine if 
there was significant variation between geologic units. The 

results of these calculations, listed in Table VIII, demon­
strate that all populations studied did demonstrate signi-
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fleant variation between rock units. Because of the differ­
ences between rock units, the original hierarchial sample 
design should only have been attempted within a geologic unit.

The original hierarchial analysis of variance was altered 
so as to include only those samples that were taken within 

the Wasatch Unit. The results of this approach are listed 
in Table IX. The Wasatch Unit is the only unit with suffi­
cient exposure within the study area to consider mapping for 
trace elements. The majority of any potential contamination 

could be expected to occur in the surficial materials of this 
unit. The results shown in Table IX indicate that Mo, B, and 
F in Big Sage, and Mo in Indian ricegrass and Western wheat­
grass could be mapped within the Wasatch Unit using the sam­
ple density obtained from the grid sampling design. All the 
soil parameters measured had too much local variation to be 
mapped with the desired 80% reproducibility. The results of 
the F-tests in Table IX should be used with reservation. The 
sample design was very limited and a larger study might have 
been able to detect significant variations.

Because of the importance of geologic unit on trace ele­

ment concentrations, background levels and expected ranges 
should also be calculated for each geologic unit. These 
calculations are listed in Tables XIV through XVIII. The 

baseline levels for the study area as a whole (Table XIII) 
are of limited usefulness. Caution should be exercised when
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using these tables since several populations consisted of 
only 3 or 4 samples.

The analysis of variance conducted on stream sediment 

samples clearly show that both between-stream and between- 

geologic unit variations are significant. This is an impor­
tant limitation if sediments are to be used to monitor pos­

sible contamination. Individual baseline levels would have 

to be developed for each stream and each geologic unit within 

that stream. The hypothesis testing that was attempted in 
Table XX was weak due to the uneven sample distribution.
The tests were conducted using the fewest number of samples 
for any geologic unit. This will give conservative results.

In spite of the lack of statistical proof, several geo­
chemical trends can be suggested within the study area. Both 

soil and sediment samples show decreasing pH with increasing 
elevation. Organic carbon shows the inverse relationship. 
Mercury concentrations do not appear to have any definite 

trends, but Mo, B, and F appear to be higher in concentrations 
in samples taken from the Parachute Creek Member. In order 
to statistically prove or disprove these hypothetical trends 

it would be necessary to sample the study area in such a manner 

as to ensure a minimum number of samples from each of the geo­

logic units.
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The concentrations of Mo, B, and F in plant samples do 
not show the same trends as soils from the same sites. The 
weak correlations shown in Table XXI suggest that other fac­

tors affecting the uptake of trace elements by plants are 

having important effects.
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Appendix I 
PRECIS. FOR

DIMENSION OATA(IO)
C COMPUTES MEANS, DEVIATIONS FOR ANALYTICAL REPLICATES OF AN 
C INDIVIDUAL SAMPLE AND AVERAGE DEVIATIONS FOR A SET OF SAMPLES.
C R W k l u s m a n  1977 
C READ IN ELEMENT BEING PROCESSED

6 WRITE(4,109)
109 F0RMATC48H ELEMENT BEING PROCESSED? IF DONE, TYPE IN 9999)

READ (4,100) LABEL
100 F0RMAT(A4)

IF(LABEL.E0.4H9999) GO TO 1
C SET SUMS TO ZERO 

GSUM1=0.
GSUM2=0.
GSUM3=0.
K=0

C PRINT HEADINGS
WRITE(6,101) LABEL

101 FORMATCIHI,30X ,A4)
WRITE(6,102)

102 F0RMAT(1H0,4HDATA/53H ARITHMETIC STANDARD PERCENT GEOMETRIC G 
1E0METRIC/54H MEAN DEVIATION DEVIATION MEAN DEVIATION
2 )
WRI T EC 4 ,110)

110 F0RMAT(66H e n t e r  REPLICATE DATA IN F FORMAT, UP TO 10 REPLICATES P 
1ER s a m p l e ,/36H SEPEPATEO BY COMMAS, ENDING WITH 0.)
WRITEC4 ,111)

111 F0RMATC64H IF END OF DATA SET OR END OF ELEMENT FOR ALL SAMPLES, E 
INTER 99.)

7 REAOC4,103)(DATA(I),I=1,10)
103 FORMAT(IOF)

C SET SUMS TO ZERO
N = 1
SUM = 0 .
SUM2=0.
SUML=0.
SUML2=0.

C CHECK f o r  END OF REPLICATIONS ON ONE SAMPLE 
4 IF(DATA(N).EO.O. ) GO TO 2 

C CHECK FOR END OF DATA SET
IF(DATA(N).E0.99. ) GO TO 3 

C SUM DATA
SUM=SUM+DATA(N)
SUML=SUML*ALOG10(DATA(N))
SUM2=SUM2+(DATA(N))$$2
SUML2=SUML2+(ALOGlO(DATA(N))**2)
N = N + 1 
GO TO 4

C d e t e r m i n e  NUMBER OF REPLICATIONS 
2 N=N-1 

C WRITE INDIVIDUAL DATA
HRITE(6,104)(DATA(I),I=1,N)

104 FORMATCIH ,10F8.2)
XN=FL0AT(N)

C CALCULATE MEAN AND DEVIATIONS 
XMEAN=SUM/XN
XDEV=SQRT((1./((XN$*2)-XN))*(((XN*SUM2)-(SUM**2))))
GMEAN=EXP(2.30 3*(SUML/XN))
GDEV=EXP(2.303*(SORT(( l./((XN$$2)-XN))$(((XN$SUML2)-(SUML**2)))))) 
SPERO=0.

C d e t e r m i n e  p e r c e n t  d e v i a t i o n  o n EACH REPLICATE
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DO 5 1=1,N
5 SPERD=SPERD*A8S(((OATA(I)-XMEAN)/XMEAN)*100.)

P E R D = S P E R D / X N
WRITE(6,105) XMEAN,XDEV,PER0 ,GMEAN,G0EV

105 FORMATCIH ,5F10.3)
ADD TO g r a n d  SUMS

GSUM1=GSUM1+X0EV 
GSUM2=GSUM2*PERD 
GSUM3=GSUM3+GDEV K = K + 1

RETURN TO NEW SAMPLE INPUT 
GO TO 7 

3 XK=FLOAT(K)
COMPUTE a n d  WRITE GRAND MEANS AND DEVIATIONS 

AVDEV=GSUM1/XK 
WRITE(6,106) l a b e l ,AVDEV

106 FORMATC 1H0,31HAVERAGE STANDARD DEVIATION FOR ,A4,3H = ,F10.3) 
AVPER=GSUM2/XK
WRITE(6,107) LABEL,AVPER

107 FORMATCIH ,30HAVERAGE PERCENT DEVIATION FOR ,A4,3H = ,F10.3) 
AGDEV=GSUM3/XK
WRITEC6,108) LABEL,AGOEV

108 FORMATCIH ,32HAVERAGE GEOMETRIC DEVIATION FOR ,A4,3H = ,F10.3) 
GO TO 6

1 ENO
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ANOVA. FOR
c P r o g r a m  t o  p e r f o r m  a n a l y s i s  o f v a r i a n c e  o n n e s t e d  s a m p l i n g  m o d e l s
c TO EXECUTE PROGRAM TYPE IN : " e x e  a n o ¥ a . f o r ,LBY : IMSL/SEARCH ■ AFTER
C f i l e  HAS BEEN OBTAINED IN YOUR AREA.-

DIMENSION NLC999) ,Y(999 ),S(999) , NOF(999),EMSC999) , IWK(9
1 99)

DIMENSION NS(9 99),YYC999),YS(99 9)
DIMENSION AREA(99 9),SIG(999),PCSIG(9 99)
DIMENSION WMSQ(999),FVALC999)
DOUBLE PRECISION A,B,C

4 WRITE(4,5)
5 FORMATClX,'ENTER INPUT FILE NAME FOR NLS: _.DAT')

READ (4,6) A
6 FOR"AT(1A10)

WRITE(4,7)
7 FORMATCIX,'ENTER INPUT FILE NAME FOR DATA VALUES:______ .DAT')

READ(4,6) B
WRITEC4,8)

8 FORMATCIX,'ENTER OUTPUT FILE NAME :  .DAT')
READ(4,6) C
0PEN(UNIT=8,FILE=C)
0 P E N ( U M T  = 10,FILE =A)
0PEN(UNIT=12,FILE=B)
i c h e c k = o
i f l a g = o
NCT = 1 

NYCT=0 
IF C I F L A G . E Q . O G O  t o 50 

10 IFCIFLAG.EO.O) GO TO 4
NCT = 1
READ IN INPUT VECTOR C N D C  ONT Al NING THE NUMBER OF LEVELS OF 
EACH f a c t o r  at a l l  THE NESTED LEVELS OF EACH FACTOR SEE DOC­
UMENTATION FOR EXAMPLE, USE A FLAG OF 99 AT THE END OF EACH
NL SET, A FLAG OF 93 AT THE END OF THE LAST NL SET. IF NO
MERGING OF THE NL SUBSETS IS DESIRED A FLAG OF 90 IS SUFFICIENT.
NL'S ARE ENTERED 20 PER LINE SEPARATED BY " , " BEGIN A NEW
LINE a f t e r  a 90 OR 99 FLAG HAS BEEN ENTERED.

20 REAOC10,30)(NL(I),I=1,20)
30 F0RMATC20I)

DO 40 1=1,20
IF C N LC D . E Q . 9 0 )  GO TO 460 
NSCNCT)=NLCI)
NCT=NCT+1 

40 CONTINUE
GO TO 20

C TYPE IN THE VALUE OF NFJ NUMBER OF FACTORS IN THE MODEL
50 WRITEC4,60)
60 - FORMATCIHO,'ENTER THE VALUE FOR NF'/)

READ(4,70) NF 
70 FORMATCIl)

NF1=NF+1 
NF2=NF*CNF+l)/2 
NCT = 1

C READ IN THE FIRST SET OF NL'S
80 REAO(10,90)CNLCI),I = 1 ,20)
90 FGRMATC20I)

DO 120 1=1,20 
IFCNLCI ).NE.90) GO TO 100 
IFLAG=1 
GO TO 125 

100 IFCNLCI).NE.99) GO TO 110
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GO TO 125 
110 NS(NCT)= NL(I)

NCT=NCT*1 
120 CONTINUE

GO TO 80
C REAO IN THE  DATA(Y), (ONE PIECE PER LINE)
C USE A FLAG OF 99 AT THE END OF THE SET
C CONVERSION OF DATA TO LOGCIO) VALUES IF DESIRED

125 WRITE(4,126)
126 FORMATCIX,'IF l o g  CONVERSION OF DATA IS DESIRED TYPE 2, IF NOT, 

1 TYPE 1'/)
REAO(4,70) ILOG 

130 J=1
140 READ(12,150) YYCj )

IF(YY(J).EQ.99.) GO TO 180 
IF(ILOG.EO.I) GO TO 145 
Y(J) = ALOGIO (YYCJ))
GO TO 160 

145 Y(J)=(YY(J))
150 FORMATCF10.3)
160 NYCT=NYCT+1

YSCNYCT )= YCJ)
J = J + 1 
GO TO 140

C WRITE OUT DATA VALUES TO TTY AND FILE
180 WRITE (8,185)
185 FORMAT(lX,//,lOX,'OATA AND NL VALUES',//)

WRITE(8,480)CY(J),J=1,NYCT)
WRITEC8 ,20G)(NS(I),I = 1,NCT)
WRITEC4 ,190)(NS(I),I=1,NCT)

190 FORMATC/20I2/)
200 FORMATC/40I2/)

c CALL a n e s t u  Su b r o u t i n e  to a n a l y s e  n e s t e d  d a t a
CALL ANESTU ( NF , N S , Y , GM , S , NDF , EM. S , I WK , I E R )

C CALCULATE MEAN SQUARE VALUES
D0210 1 = 1 , NF
WMSO(I)= SCI) / FLOATCNOFCI))

210 CONTINUE 
C CALCULATE F STAT. VALUES

DO 220 1 = 1 ,NF-1 
FVALCI) = WMSOCI) / WMSOCI+l)

220 CONTINUE
WRITEC4 ,230 )
WRITE(8,230)

230 FORMATCIX ,//'EXPECTED MEAN SQUARE COEF IC I ENTS'//)
240 FORMATCFIO.5,110)

IS = 1 
IF = NF

C WRITE OUT EXPECTED MEAN SQUARE COEFFICIENTS
DO 250 N=1,NF
WRITEC4,2 60)CEMSCI),I=IS,IF)
WRITEC8,260)CEMSCI),I=IS,IF)

. IS=IF+1
IF=IS*CNF-N)-1 

250 CONTINUE 
260 FORMATC12F10.4)

WRITEC4 ,270)
C CONFIRM VALIDITY OF DATA, IF BAD PRGM. STARTS OVER.

270 FORMATCIX,'IF DATA IS G00D,ENTER1, IF BAD,ENTER O')
READ (4,280) IPRINT
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280 FORMATCII)
IFCIPRINT.EQ.I) GO TO 290 
GO TO 10 

290 WRITEC4,300)
C TYPE IN AND WRITE OUT AREA TITLE

300 FORMATCIX,'ENTER AREA TITLE,UP TO 24 SPACES'/)
READ(4,310)(AREACL),L=1,4)

310 F0RMATC4A5)
WRITE C8,320)CAREA(L),L=1,4)

320 FORMATCIHO,C4A5)/)
330 FORMATCIX,//,3X,'TOTAL SUM OF SOUARES',5X , 'DEG. OF FREEDOM'/)

C CALCULATE ESTIMATED COMPONENTS OF VARIANCE
340 SIGCNF)=SCNF)/NDFCNF)

SIGCNF-1) = (SCNF-1)/NOFCNF-l) - SIGCNF) )/EMSCNF2-1 )
IF CCNF-2 ).EQ.O) GO TO 360
SlGCNF-2)=CSCNF-2)/NDFCNF-2)-SIG CNF)-EMSCNF2-4)*SIGCNF-1 

1 ))/EMSCNF2-3)
IFCCNF-3).EQ.0)G0 TO 360
SIGCNF-3)=CSCNF-3)/ NOFCNF-3)-SIGCNF)-EMSCNF2-8)♦ SIGCNF 

1 -l)-EMS(NF2-7)*SIGCNF-2))/ EMSCNF2-6)
IFCCNF-4).EQ.O) GO TO 360
SlGCNF-4)=CSCNF-4)/NDFCNF-4)-SIGCNF)-EMSCNF2-13)♦SIGCNF- 

l l)-EMSCNF2-12)*SIGCNF-2)-£MSCNF2-ll)*SIGCNF-3))/EMSCNF2- 
l 10)

IFCCNF-5 ).EQ.O) GO TO 360
SIGCNF-5 ) = CSCNF-5)/^DFCNF-5)-SI&(NF)-EMSCNF2-19)♦SI&(NF- 

l -1)-FMSCNF2-18)*SIGCNF-2)-EMSC n F2-17)*SIGCNF-3 
1 )-EMSCNF2-16)*SIGCNF-4))/ EMSCNF2-15)

350 FORMATC 1X,F15.6,2X,I10,F10.6 ,5X,Fl0.6 //)
C WRITE OUT COLUMN HEADINGS FOR ANOVA TABLE

360 WRITEC8,370)
WRITEC4,370)

370 FORMATC IX,'LEVEL',10X, 'SUM OF SQUARES',10X,'DEC. OF F R . ',
17X,'MEAN SQUARE',10X,'F VALUE ' ,8X , 'EST. COMP. OF VAR.',
1 6X,'PCT.0F TOT.VAR.'///)

C CALCULATE TOTAL ESTIMATED COMP. OF VARI ANC EC TOT SI G ) OMMITING
C VALUES LESS THAN OR EQUAL TO ZERO

IF CICHECK .EQ. 1) GO TO 375 
TOTSIG=0 

375 D0380 1=1,NF
IFCCSIGCI)).LE. 0.) GO TO 380 
TOTSIG= TOTSIG+SIGCI)

380 CONTINUE
C CALCULATE PERCENT OF TOTAL VARIANCE CPCSIG)

00390 1=1,NF
PCSIGCI): CSIGCI) / TOTSIG ) $C100)
IF(CSIGCI)) .LE. 0.) PCSIGCI)=0.

390 CONTINUE
400 FORMATCFIO .5)

C WRITE OUT ANOVA TABLE
D0420 1=1,NF
WRITEC8,4 10)I,SCI),NDFCI),WMSQCI),FVALC I),SIGCI),PCSIG

I C I )
WRITEC4,410)I,SCI),NOFCI),WMSQCI),FVALCI),SIGCI),PCSIG

I C I )
410 FORMATCIX,3X,13,11X,1E10.4,13X,I3,13X,1E10.4,8X,E10.4,12X

1 ,1E10.4,10X,1F8.4 ,///)
420 CONTINUE

WRITEC4 ,330 )
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WRITEC8 .330 )
«R ITE(4 ,4 40 )S(NF1) ,NDFCNF1) 

c WRITE t o t a l  Sum OF SQUARES AND DEGREES OF FREEDOM
WRITECB ,44 0 )S(NFl),N0F(NF1)

C WRITE g r a n d  m e a n  AND ERROR PARAMETER
WRITE(4,4 30)
WRITEC8 ,430)

430 FORMATCIX,//,2X,'GRAND MEAN',10X ,'ERROR PARAMETER'/)
WRITEC8,440) GM.IER 
WRITEC4 ,440)GM,IER 

440 FORMATC1G,13X,lie)
C ENTER 0 IF MORE DATA, 1 TO MERGE DATA SETS, 2 TO STOP

WRITEC4,450)
450 FORMATCIX,'IF MORE DATA,ENTER 0,IF MERGE ENTER 1, IF STO

IP , ENTER 2')
REAOC4,280) IFLAG 
IFCIFLAG.EQ.2) CALL EXIT 
GO TO 10

C ANALYSE MERGED DATA SETS
C NOTE A NEW SET OF NL'S MUST BE ENTERED CONSTRUCTED FROM
C THE NEWLY c o m b i n e d  OR MERGED VALUES

460 WRITEC4,60)
REAO(4,70) NF 

470 FORMATC(101))
WRITEC8 ,4 70 ) CNSCI),I = 1 ,NCT)
WRITEC8 ,4 30 ) CYSCI),1 = 1 ,NYCT)

480 FORMATC8F10.4)
NF1=NF+1 
NF2=NF$(NF+l)/2 

CALL ANESTUCNF,NS,YS,GM,S,NDF,EMS,IWK,1ER)
C ENTER ELEMENT NAME

WRITEC4 ,490)
490 FORMATCIX,'ENTER ELEMENT'/)

READC4,500) ELEM 
500 FORMATCA6)

WRITEC8 ,510)ELEM 
510 FORMATCIX, A6)

WRITEC4,240)CSCI),NDFCI),I=1,NF1)
WRITEC4 ,260)CEMSCI),I = 1,NF2)
WRITEC8 ,2 40)CSCI),NDFCI ),I = 1,NF1)
WRITEC8,2 60)CEMSCI),I=1,NF2)
WRITEC8,44 û ) GM.IER
IFLAG=2
ICHECK=1
GO TO 340
STOP
END
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Lognormal Mean and Deviations

C THIS PROGRAM WILL CALCULATE THE MEAN AND STANDARD DEVIATION
C FOR A l o g n o r m a l  DISTRIBUTION. TO USE THIS PROGRAM, EDIT THE
C PROGRAM AND REPLACE THE VARIABLE NAME IN THE READ STATEMENT
C w i t h  'VAR(I)'.

DIMENSION LOC(20 2),IRU(202),ELEV(2 02),PHC2 02),OC(202),H&(2D2), 
£ARMO(202),ARF(202),AR8(20 2),ABMO(2 02),ABB(202),ABF(202),AOMOC202) 
&,AOB(202),AAMO(202),AAB(2D2),YAR(202)
WRITE(4,5)

5 f o r m a t  (' n u m b e r  o f OBSERVATIONS =')
READ(4,10) M 

1C FO RMATC13)
READC15,3C)(L0CC I), I RJCD.ELEVC I ) , PHC I ) , OC C I ) , HOC I ) , AR MO C I ) , 

tARF(I),ARBCI),A3MOCI),ABBCI),ABFCI),AOMO(I),AOBCI),AAMOCI),AABCI) 
t»I=l»M)

30 FORMATC 14,23X, II ,2X, 14 ,2X,F4.2,2X,F4.2,2X,F5.1,2X,F4.1,2X,F5.0 
C,2X,F4.0,2X,F4.1,2X,F4.1,2X,F4.1,2X,F4.1,2X,F4.1,2X,F4.1,2X,F4.1) 
SVAR=0.
SSVAR=0.
00 40 1=1,M
SVAR=SVAR+ALOGCVARCI))
SSVAR=SSVAR+(ALOGCVAR(I) )#*2.0)

40 CONTINUE
D=FLOATCM)
VVAR=(SSVAP-CSVAR$*2./D))/C0-1.)
EV AR= SVAR/D
GMVAR=EXPCEVAR)*EXPCVVAR/2.)
GDVAR=SQRTCCG«VAR**2.)*(tXPCVVAR)-l.))
WRITEC4,50) GMVAR,GO v AR 

50 FORMATC' M£AN =',1G,' STANDARD DEVIATION =', I G )
STOP
END
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S E D I M E N T  D A T A

LOG
LATITUDE 
D M S

LONGITUDE 
0 M S

ROCK
UNIT ELEV PH DC HG MO F B

AOl 39 29 47 X07 56 41 X 5180 8.54 .04 192.0 4.3 420 . 95

A02 39 29 47 X07 57 2 1 5240 8.5X .07 42.0 4.4 530. X30

A03 39 29 55 X07 57 X6 1 5320 8.40 .06 41.0 3.4 500. X20

A04 39 29 5X X07 57 27 1 5340 8. XX .49 42.0 4.4 570 . xxo
A05 39 30 X X07 57 45 1 5500 8. 16 .85 1X2.0 4.2 760. X60

A06 39 30 X3 X07 57 59 X 5600 8.10 .62 26.0 3.2 66 0. 130

A07 39 30 26 X07 57 48 X 5720 7.87 .99 47.0 3.7 730. X60

A08 39 30 50 X07 58 2 2 6680 8.08 1.95 27.0 3.4 860 . 140
A09 39 29 40 X07 57 X3 X 5240 8.23 .57 43.0 3.4 530. XOO

AlO 39 29 22 107 57 23 X 5X40 8.27 .44 29.0 3.7 440. 50

BOX 39 30 5 X07 56 3X 1 5260 8.30 .21 27.0 3.2 420. 80

B02 39 30 27 X07 56 37 X 5350 7.86 .23 38.0 3.4 550 . 70

B03 39 30 47 X07 56 36 X 5720 7.93 .51 39.0 3.x 580. 80

804 39 3X 6 X07 56 40 X 5920 8.15 .65 24.0 2.8 580. 80

305 39 3X 32 X07 56 42 1 6400 8.04 .71 32.0 2.7 520. 40

B06 39 29 49 X07 56 X3 X 5X50 8.28 .12 40.0 2.6 360. 40

COX 39 29 48 X07 55 X2 X 5X60 8.18 .36 24.0 3. X 330. 50

C02 39 29 59 X07 55 7 X 5220 8.59 .13 26.0 3.2 420. 70

C03 39 30 X5 X07 55 32 X 5400 8.05 .80 20.0 3.4 720. 70

C04 39 30 X8 X07 55 28 X 5400 8.61 .13 25.0 3.8 430. 80

C05 39 30 3 X07 55 4 X 5240 8.25 .90 45.0 3.8 460. 40

C06 39 30 X8 X07 55 4 X 5300 8.63 .10 30.0 2.8 400. 50

COT 39 30 34 X07 55 20 X 5480 8.17 .09 36.0 2.6 320. 40

COB 39 30 24 X07 54 49 X 5360 8. 35 .70 28.0 2.6 460 . 60

C09 39 30 4X 107 55 4 1 5500 8.12 1.07 48.0 4.0 560. 75

CXO 39 31 2 X07 55 32 X 5700 7.98 1.38 51.0 4.2 580. 50

cxx 39 3X 3X X07 55 50 1 5880 8.18 1.56 38.0 3.8 360. 70
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S E D I M E N T  D A T A

LATITUDE LONGITUDE ROCK
LOC 0 M S 0 M S UNIT ELEV PH DC HG MO F B

C12 39 31 52 107 56 4 1 6220 8.30 .87 46.0 2.5 480. 50

001 39 30 6 107 54 2 1 5200 8.15 .09 25.0 2.0 320. 30

002 39 30 18 107 54 2 1 5260 8.00 .34 29.0 1.9 32 0. 40

00 3 39 30 34 107 54 3 1 5320 8.01 .58 38.0 3.4 390 . 120

004 39 30 58 107 54 8 1 5420 8.01 .44 52.0 2.9 260. 60

005 39 31 23 107 54 0 1 5560 8.05 .65 39.0 2.5 380. 5 0

006 39 31 44 107 53 48 1 5680 8.00 .49 35.0 2.9 380. 60

007 39 32 0 107 53 52 1 5780 8.00 .16 30.0 2.3 230. 10

008 39 32 10 107 54 13 1 5880 8.05 .36 24.0 2.7 390. 20

009 39 32 17 107 54 40 1 6100 8.52 .12 30.0 3. 3 400. 70

010 39 32 33 107 55 2 2 6800 7.9 3 1.16 20.0 2.2 570. 160

Oil 39 32 20 107 54 10 1 5920 7.87 .67 48.0 2.9 64 0. 70

012 39 32 40 107 54 16 1 6100 8.10 .45 42.0 3.2 320. 80

013 39 32 56 107 54 29 1 6280 8.04 1.27 54.0 2.3 680. 120

014 39 32 57 107 54 17 1 6320 8.23 .55 64.0 2.8 420. 40

015 39 31 20 107 53 27 1 5480 8.43 .13 36.0 3.5 440. 60

016 39 31 0 107 53 18 1 5420 8.79 .09 23.0 2.7 310. 35

017 39 30 26 107 53 28 1 5300 8.57 .23 23.0 2.8 340. 30

018 39 30 50 107 52 12 1 5300 8.23 .12 24.0 4.3 460. 170

019 39 31 7 107 51 47 1 5340 8.42 .49 16.0 4.9 640. 90

020 39 31 13 107 51 37 1 5320 8.03 .24 29.0 2.7 420. 140

EOl 39 30 39 107 54 17 1 5360 8.01 .45 46.0 3.0 310. 80

E02 39 31 0 107 54 41 1 5520 7.93 .40 54.0 2.9 280. 60

E03 39 31 16 107 55 4 1 5680 8.62 .82 56.0 4.1 900. 100

E04 39 31 37 107 55 18 1 5880 8.38 .55 28.0 3.2 460. 70

E05 39 32 1 107 55 20 1 6080 8.13 .66 38.0 3.2 460. 90

£06 39 32 22 107 55 29 1 6480 8.07 .63 32.0 2.5 500. 120
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S E D I M E N T  D A T A

LOC
LATITUDE 
D M S

LONGITUDE 
D M S

ROCK
UNIT ELEV PH DC HG MO F B

FOl 39 30 55 107 51 2 0 5240 8.32 .08 38.0 3.2 300. 60

F02 39 31 9 107 51 9 0 5270 8.64 .08 30.0 3.9 220. 50

F03 39 31 28 107 51 24 1 5340 8.57 .05 28.0 2.2 280 . 60

F04 39 31 4 5 107 51 42 1 5 380 8.50 .08 34.0 3.8 300 . 90

F05 39 31 55 107 52 6 1 5460 8.28 .06 39.0 4.1 310. 40

F06 39 32 1 107 52 25 1 5520 8.56 .01 40.0 2.6 34 0. 65

GOl 39 31 3 107 50 36 0 5260 8.23 .53 55.0 3.9 370. 20

G02 39 31 31 107 50 42 1 5350 8.15 .78 36.0 3.5 480. 70

G03 39 31 51 107 51 1 1 5420 8.13 .71 52.0 3.8 480. 40

G04 39 32 7 107 51 22 1 5500 8.53 .06 38.0 4.7 320. 70

005 39 32 15 107 51 47 1 5580 9.02 .03 30.0 4.1 270. 20

G06 39 32 17 107 52 9 1 5640 8. 38 .05 40.0 3.8 290. 50

GOT 39 32 22 107 52 28 1 5740 8.51 .04 31.0 2.7 300. 120

G08 39 32 42 107 52 45 1 6080 8.10 .07 29.0 2.9 320. 40

G09 39 32 53 107 53 20 1 6280 8.05 .10 20.0 3.4 300. 40

GIO 39 33 15 107 53 41 2 6800 8.01 .27 35.0 2.3 460. 100

HOI 39 32 8 107 51 16 1 5500 8.28 .61 47.0 2.8 390. 60

H02 39 32 33 107 51 26 1 5640 8.18 .31 51.0 2.3 380. 100

H03 39 32 57 107 51 32 1 5760 8.24 .47 35.0 3.1 400. 40

H04 39 33 8 107 51 50 1 5860 8.25 .33 54.0 2.4 480. 10

h 05 39 33 24 107 52 17 1 6070 8.22 .40 41,0 2.9 630. 190

h 06 39 33 34 107 52 48 1 6320 8.11 .53 27.0 2.6 500. 70

HOT 39 33 39 107 53 10 2 6640 8.09 2.29 35.0 4.2 980. 135

H08 39 33 50 107 53 18 2 6760 7.97 1.27 25.0 3.2 740. 150

lOl 39 31 32 107 49 42 1 5270 8.66 .08 30.0 3.7 320. 30

102 39 31 57 107 49 44 1 5320 8.93 .02 25.0 7.6 320. 50

103 39 32 15 107 50 14 1 5390 8.39 .06 25.0 3.2 370. 110
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S E D I M E N T  D A T A

LATITUDE l o n g i t u d e  ROCK
LOC 0 M S 0 M S UNIT ELEV PH DC HG MO F B

104 39 32 33 107 50 27 1 5460 8.40 .02 25.0 3.1 570 . 75

105 39 32 45 107 50 43 1 5520 8.44 .08 27.0 3.4 400. 120

JOI 39 31 50 107 48 52 1 5340 8.16 .16 28.0 3.4 400. 60

J02 39 32 6 107 49 13 1 5440 8.24 .16 31.0 3.1 470. 90

J03 39 32 23 107 49 32 1 55 80 8.25 .08 18.0 3.1 340. 20

J04 39 32 37 107 49 56 1 5700 8.18 .14 12.0 4.1 440. 110

KOI 39 32 29 107 48 26 1 5460 8.6 2 .09 113.0 4.1 300. 7

K02 39 32 28 107 48 53 1 5540 8.11 .21 22.0 3.1 360. 40

K03 39 32 37 107 49 22 1 5620 8.25 .15 18.0 2.3 280. 10

KG4 39 31 59 107 49 49 1 5760 7.98 .24 37.0 2.1 500. 60

LOI 39 33 42 107 48 58 1 5660 8.10 .94 22.0 2.7 460. 40

L02 39 33 32 107 49 27 1 5760 8.06 .60 26.0 2.2 360 . 80

L03 39 33 31 107 49 45 1 5820 8.10 .30 30.0 2.3 320. 65

L04 39 33 38 107 50 25 1 5980 8.08 .56 3 8.0 2.0 410. 50

L05 39 33 32 107 50 55 1 6140 8.35 .35 28.0 1.8 320. 40

L06 39 33 37 107 5 1 21 1 6240 8.13 .68 26.0 2.2 410. 10

LOT 39 33 50 107 51 53 1 6420 8.43 .45 39.0 2.0 400. 90

L08 39 33 59 107 52 20 1 6600 8.24 .59 36.0 2.3 520. 50

L09 39 34 18 107 52 43 2 6840 8.15 .49 25.0 1.8 480. 100

MOl 39 32 18 107 47 10 1 5340 8.48 .41 51.0 2.2 240. 7

M02 39 32 31 107 47 8 1 5 380 8.20 .64 59.0 3.1 410. 7

M03 39 32 40 107 47 34 1 5420 7.74 1.63 114.0 2.3 430. 20

M04 39 32 43 107 47 31 1 5420 8.48 .72 35.0 4.1 380. 7

M05 39 33 5 107 47 50 1 5480 8.36 .50 38.0 4.1 320. 7

M06 39 33 10 107 48 11 1 5520 8.22 .80 39.0 3.7 280. 7

MOT 39 33 24 107 48 38 1 5580 8.94 .29 25.0 4.0 280. 7

M08 39 33 45 107 48 53 1 5640 9.36 .05 27.0 2.6 200. 7
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S E D I M E N T  D A T A

LOG
LATITUDE 
D M S

LONGITUDE 
D M S

ROCK
UNIT ELEV PH DC HG MO F 8

M09 39 33 57 107 49 19 1 5680 9.01 .01 40.0 4.1 180. 7

MIO 39 34 10 107 49 36 1 5720 9.10 .08 68.0 3.1 230. 30

Mil 39 34 24 107 49 54 1 5780 9.12 .06 79.0 2.0 200. 7

M12 39 33 59 107 49 12 1 5680 8.29 .07 30.0 2.5 340. 30

M13 39 34 17 107 49 1 1 5720 8.57 .08 32.0 1.9 250. 50

M14 39 34 31 107 49 8 1 5790 8.56 .09 37.0 2.5 380. 30

NOl 39 31 38 107 59 18 2 6880 8.07 2.93 43.0 4.1 760. 110

N02 39 31 41 107 59 20 2 6880 8.25 2.87 35.0 4.0 810. 90

N03 39 3 1 29 107 59 31 1 6600 8.25 3.32 34.0 4.1 820. 160

N04 39 30 53 108 0 6 1 5980 8.47 1.51 29.0 3.5 680. 70

N05 39 30 40 108 0 18 1 5840 8.22 1.69 32.0 2.8 700. 60

N06 39 30 1 108 0 22 1 5600 8.17 1.21 26.0 2.6 540. 60

NOT 39 29 42 108 0 8 1 5180 8.37 1.24 42.0 3.3 630. 50

N08 39 28 43 107 59 13 1 5500 7.99 .49 19.0 2.6 400. 40

PCI 39 33 19 107 58 42 7920 8.22 3.55 84.0 3.8 930. 145

P02 39 33 10 107 58 13 3 8000 7.88 4.43 93.0 20.0 800. 150

P03 39 33 4 107 57 42 3 8120 7.86 4.63 102.0 3.4 770. 187

P04 39 32 52 107 57 8 3 8260 7.90 4.06 40.0 22.0 850. 190

P05 39 32 50 107 57 13 3 8280 7.99 1.60 41.0 3.2 440. 280

PÜ6 39 32 25 107 57 22 4 8620 7.62 6.18 94.0 3. 8 830. 180

POT 39 32 45 107 56 45 3 8360 8.24 3.56 91.0 5.8 720. 150

ROl 39 33 22 107 58 43 7920 8.12 3.22 4 1.0 3.2 800. 160

R02 39 33 24 107 58 42 2 7920 8.00 1.97 45.0 2.6 380. 170

R03 39 33 31 107 58 25 2 7960 8.14 1.12 61.0 1.9 430. 215

R04 39 33 34 107 58 10 3 8000 7,88 2.50 55.0 2.6 480. 140

R05 39 33 33 107 58 2 2 7980 8.02 3.66 69.0 3.1 870. 220

RC6 39 33 41 107 57 36 3 8050 7.94 3.35 145,0 3.1 780. 310
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S E D I M E N T  D A T A

LOC
LATITUDE 
D M S

LONGITUDE 
D M S

ROCK
UNIT ELEV PH DC HG MO F B

R07 39 33 57 107 57 9 3 8200 8.00 1.79 48.0 4.3 580. 260

R08 39 33 57 107 57 4 3 8160 8.04 3.86 72.0 4.2 890. 230

R09 39 34 29 107 56 29 3 8280 8.18 1.55 77.0 2.6 530. 260

RIO 39 34 29 107 56 24 3 8280 7.92 3.17 347.0 3.1 800. 25 0

Rll 39 34 43 107 55 55 3 8340 8.12 3.40 468.0 2.6 720 . 200

R12 39 34 44 107 5 5 49 3 8340 7.96 3.46 84.0 3.6 920. 240

R13 39 34 56 107 55 22 3 8380 7.96 3.71 4 8.0 2.5 680. 240

R14 39 34 59 107 55 17 4 8420 7.99 3.65 69.0 2.6 64 0. 240

R15 39 34 10 107 54 54 4 8500 8.07 2.69 25.0 3.3 740. 250

R16 39 34 32 107 54 33 4 8640 8.03 1.96 79.0 4.3 810. 110

R17 39 34 43 107 54 4 4 8840 7.79 2.15 91.0 4.8 680. 220

R18 39 34 9 107 56 50 3 8200 7.99 2.84 92.0 4.7 900. 190

SOI 39 34 4 107 56 50 3 8200 8.04 3.57 58.0 4.5 94 0. 180

502 39 33 57 107 56 21 3 8360 8.02 3.28 125.0 11.2 920. 300

503 39 33 54 107 55 50 3 8520 7.96 5.01 63.0 4.7 940. 165

504 39 33 54 107 55 24 4 8680 7.78 5.66 90.0 3.9 760. 210

505 39 33 49 107 55 4 4 8840 7.82 2.50 72.0 4.5 610. 200

TOI 39 34 50 107 54 29 4 8500 7.80 5.15 83.0 3.4 800. 170

T02 39 35 6 107 54 55 4 8640 7.88 3.48 88.0 3.9 900. 210

UOl 39 31 45 107 58 2 4 8440 7.77 3.62 93.0 1.5 470. 190

U02 39 31 36 107 58 26 3 8280 8.03 1.95 138.0 3.4 460 . 190

U03 39 31 34 107 58 25 3 8280 7.66 5.09 50.0 2.3 470. 160

U04 39 31 34 107 58 38 3 8220 8.04 3.54 74.0 2.7 4 6 0. 120

U05 39 31 58 107 58 52 3 8200 7.83 2.61 63.0 5.1 580. 240

U06 39 32 7 107 58 26 3 8360 7.73 2.59 101.0 6.0 520. 12

U07 39 32 16 107 57 58 4 8500 7.87 .72 69.0 1.1 520. 210
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pH

Sample
15 - 6 . 7 8 / 6 . 7 9
43 - 7 . 0 6 / 7 .07
44 - 6 . 2 8 / 6 . 2 4
56 - 7 . 8 0 / 7 . 8 6
60 - 7 . 7 7 / 7 . 8 6
68 - 7 . 9 3 / 7 . 9 2
75 - 8 . 0 4 / 7 . 9 2
82 - 7.96/7.90

Appendix 3

Replications - Soils

Sample # Sample
90- 7 . 9 9 / 8 . 0 1 204- 8 . 2 0 / 8 . 1 2

103- 7.80/7.81 206- 7 . 9 6 / 7 . 9 9 / 8 . 0 9
113- 7 . 8 8 / 7 . 8 0 2 09- 7 . 8 1 / 7 . 6 8
1 2 2 - 8.05/8.07 2 1 6 - 7.10/7.11
127- 7 . 8 4 / 7 . 8 2 219- 7 . 8 0 / 7 . 8 2
140- 7 . 9 0 / 7 . 9 8 227- 6 . 7 8 / 6 . 8 0
162- 7 . 9 2 / 7 . 9 2 2 30- 7.71/7.69/7.55
164- 8 . 0 1 / 8 / 0 2

Organic Carbon
Sample #

2 00-  . 7 7 / . 8 0  
206-  . 9 3 / . 9 4  
2 22-  . 6 1 / . 6 2  
227- 3.45/3.49

Hg
Sample # Sample § Sample #

1- 50.1/43.1 84- 22.0/19.9 2 0 1 -  2 8 . 6 / 2 9 . 6
8- 23.6/21.4 8 6 -  7 8 . 8 / 9 3 . 1 202- 44.6/59.6

15- 35.9/56.6 94- 15.1/15.9 203-  2 0 . 6 / 2 2 . 8
21 -  4 6 . 3 / 2 5 . 8 / 2 3 . 8 104- 15.4/17.2 2 06 -  1 9 . 8 / 2 0 . 7
24- 19.9/18.1 1 0 9 -  2 6 . 2 / 3 0 . 5 208- 25.0/21.1
29-  6 3 . 6 / 6 2 . 2 1 2 8 -  3 8 . 9 / 3 8 . 3 212- 13.1/14.6
32-  3 6 . 3 / 4 8 . 6 131- 29.9/29.3 2 1 5 -  3 9 . 2 / 3 6 . 9
29- 23.7/19.2 135- 19.1/18.2 216- 11.7/12.2
4 2 -  4 1 . 2 / 5 9 . 6 1 3 7 -  3 7 . 1 / 9 6 . 8 2 1 7 -  2 1 . 4 / 2 1 . 6
53- 2 2 . 0 / 2 0 . 7 141- 17.5/18.1 219- 44.5/43.6/45.6
59- 46.6/59.1 143- 22.1/19.7 221- 22.4/20.5
63- 41.9/41.6 144- 18.4/20.8
69- 29.7/27.9 154- 21.6/22.7
75- 51.3/69.3 165- 110.5/108.0
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Mo
Sample #

15- 1.3/1.3 
27- 4.7/5.5 
30- 1.6/1.6 
57- 2.6/2.6 
98- 1.3/1.3 

129- 1.6/1.6

Sample #
148- 1.0/1.1 
154- 1.5/1.6 
170- .4/.5 
200- 2 .0/2.0 
205- 2.1/1.8 
207- 5.9/5.1

Sample #
212- 1 .6/1.3
214- 3.1/2.9
215- 3.5/3.2 
218- 1 .6 /1 .3 
222- 1 .8/1.5 
226- 2.5/3.0

B
Sample #

2- 160/180 
6- 160/160

27- 230/170
28- 170/130 
41- 160/150 
62- 200.150 
71- 230/190

129- 220/170

Sample
141-
148-
152-
154-
156-
159-
165-
178-

#
180/110
200/150
140/100
270/300
180/130
130/100
130/100
100/80

Sample #
170- 140/200 
204- 120/160 
2 1 2 - 200/160 
215- 120/110 
220- 150/220/ 

200/160 
226- 2 0 0 /2 0 0 / 

190/170 
231- 180/210

Sample #
15- 420/440 
30- 540/610 
57- 440/480 
98- 540/620 

129- 300/380

Sample #
148- 420/420 
154- 460/520 
170- 450/440 
2 0 1- 660/660 
204- 620/600

Sample #
206- 610/620 
215- 390/360/340 
220- 670/680 
226- 960/980

Mo
Analytical Replications - Sage

Sample # 
2 0 2 -  1 
204- 1 
209- 1 
213- 1

1/.8
5/1.4
4/1.4
5/1.4

226- .4/.4
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B
Sample

1 -
#
24.8/24.1

Sample
204-

#
12.5/14.3

Sample
213- 22.4/23

5- 20.2/20.3 209- 28.3/31.2 226- 26.4/30
2 0 2 - 14.8/13.9

F

Sample
13-

#
2 .0 /2 .3

Sample
117-

#
9.7/13.

Sample
2 0 0-

#
45./40.

19- 1 0 ./II./II. 1 2 0 - 12./17. 2 0 2 - 33. 58.
43- 7.1/5.5/5.3 1 2 2 - 19./2S./22. 204- 28./39.
58- 47./50./49. 123- 40./53./44. 209- 8 .8 /6.0
83- 5.1/4.4/4.3 127- 3.3/2.4 2 1 2 - 19./20.
95- 31./30./32. 135- 3.9/3.2 213- 17./18.

106- 7.0/7.7/7.3 141- 9.1/7.6/6 .4 226- 4.7/2.2

Sample
219-

#
1 .0 /.9

2 2 1- .9/1.1
224- .7/.7
226- .9/.8
230- .6 /.7
231- .9/. 8

B
Sample

1-
#
6 . 5 / 5 . 8

Sample
13-

#
4.9/5.0

Sample
2 2 1 - 5.7/5.8

2- 4.7/4.7 18- 5.3/5.1 224- 6 .9/6.0
8- 6 .0 /6.0 19- 7.4/7.3 226- 5.7/4.8
9- 4.5/4.5 57- 16.4/16.0 227- 6 .9/6.7

1 0 - 8 .0 /8.0 206- 3.1/3.4 230- 4.5/5.1
1 1 - 5.6/5.7 2 1 2- 9.6/9.7 231- 6 .3/4.7
1 2 - 4.5/4.5 2190 2 .9/2.2
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Analytical Replications -.Wheatgrass

Mo
Sample #

202- 2.8/3.1 
204- 4.6/4.5 
206- 1.9/1.7 
212- 1 .0/.9

Sample Sample # Sample
1 - 3,8/4.6 16- 4.7/5.3 28- 3.1/3.7
5- 4.1/4.6 17- 6 .8/7.5 29- 6 . 0 / 6 . 5
6- 6.8/7.2 18- 6 .2/6.4 2 0 2 - 4.8/4.1
8- 6 .3/7.4 23- 6 .2/6.4 204- 5.0/4.5
9- 6 .3/6.8 24- 8 .2 /8.6 206- 9.1/8.6

1 0 - 5.7/5.9 26- 6 .9/6.4 2 1 2 - 3.9/3.7
14- 5.5/5.2/6.4 27- 5.6/5.9 2 2 2- 28.7/31.0

Analytical Replications - Sediments

pH
Sample # Sample Sample #
A05- 8.13/8.19 G06- 8.39/8.36 L08- 8.22/8.27
CIO- 7.98/7.99 K02- 8 .1 2 /8.10 Mll- 9.14/9.11
D05- 7.99/8.10 L03- 8.08/8.11 NOl- 8.08/8.06
E04- 8.42/8.34 L06- 8.15/8.12 N0 2- 8.29/8.22

OC
Sample #

C07- .10/.08 
D04- .43/.46 
G04- .07/.05 
M07- .28/.30

Sample #
M09- .01/.002 
R05- 4.18/3.24 
RIO- 3.25/3.10

Hg
Sample # Sample # Sample #
AOl- 190 .0/194.2 104- 24./25./396. Rll- 370.0/566.0
C09- 44. 7/51.5 KOl- 112./114. R12- 66.8/100.5
D15- 44. 0/27.0 M03- 125./104. S02- 126.8/122.4
D20- 29. 0/30.0 P03- 74.1/130.1 U02- 120.3/155.0
E0 2- 53 .2/55.3 R06- 145.3/144.6 U06- 92.5/108.8
G05- 32. 0/29.0/123. RIO- 322.2/372.6
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Mo
Sample # 
AOl- 4 
C09- 3 
G06- 4

B

2/4.5
4/4.7
0/3.7

109- 2.8/3.4/3.1

Sample #
POl- 3.8/319 
P03- 3.3/3.6 
P06- 3.5/4.1

Sample #
R15- 4.3/4.3 
S03- 4.7/4.7 
S05- 4.4/4.6

Sample # Sample # Sample #
AOl- 90/100 H07- 110/160 P06- 200/230/140/150
AlO- 40.60 H08- 160/140 ROl- 140/180
C07- 30-50 104- 100/50 R03- 200/203
009- 70/8 KOI- 7/7 R13- 230/250
D16- 7/30 L03- 70/60 R16- 90/130
D20- 140/140 L04- 60/40 S03- 170/160
F06- 70/60 N04- 70/70 S04- 210/210
G06- 70/30 POl- 180/110 S05- 280/120
GIO- 110/90 P03- 210/180/170 T02- 210/210

Sample #
AOl- 440/400 
B06- 380/340 
C09- 520/600 
D08- 360/420 
G05- 280/260 
G06- 310/270

Sample §
104- 770/370 
K04- 500/500 
LOI- 470/450 
L02- 370/340 
POl- 940/920

Sample #
P03- 740/800 
P06- 780/880 
R16- 780/840 
S03- 960/920 
S05- 640/580
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