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Abstract

This study examines the natural background concentrations of arsenic in the soils
of southwest Oregon, using new samples in addition to data collected from previous
theses (Khandoker, 1997 and Douglas, 1999). The original 213 samples were run by
ICPAES with a reporting limit of 20 ppm, and only three samples had detected values.
The original samples were tested again (2013) at a detection limit of 0.20 ppm by
ICP-MS, as were 42 new samples (2013), to better ascertain the natural levels of arsenic
in undisturbed soils. The aim is to add to the existing DEQ data set, which has been used
to establish new regulatory levels based on natural levels in the environment that are both
safer and more economically viable than the former risk-based remediation levels (DEQ,

2013).

The maximum and mean concentrations, respectively, for each province (with
high formation map unit) are 85.4 and 21.99 ppm for South Willamette Valley (Tfee),
45.4 and 5.42 ppm for the Klamath Mountains (Jub), 11.9 and 2.76 ppm for the Cascade
Range (Tbaa), 10.6 and 5.15 ppm for the Coast Range (Ty), 2.32 and 1.29 ppm for the

Basin and Range (Qba) and 1.5 and 1.20 ppm for the High Lava Plains (Tmv).

In addition, the distribution and variance of arsenic in the A and B soil horizons is
assessed in this study; one of 18 new sites sampled for this study (distinguished with the
HH prefix), site HH11, was randomly chosen for this purpose. Site HH11 is an Inceptisol
soil above volcanic rock (KJdv map unit) located at 275 meters elevation in Douglas

County within the Klamath province. Five samples were taken from the A and from the B



horizons at site HH11. The mean and standard deviation, respectively, was 3.74 + 0.44
for the A horizon and 4.53 £ 0.39 for the B horizon. The consistency and low deviation
within each horizon indicate that a single sample within a horizon is a good
representative of that horizon and supports the field methodology used in this study of
taking only one sample in the A horizon and one sample in the B horizon. The Wilcoxon
Rank-Sum test (p-value: 0.76) determined that A and B horizons for the 119 sites that had
data for both the A and B horizons were not statistically different. However, 47 sites
(39.5%) are higher in arsenic in the A horizon while 63 sites (52.9%) are higher in the B
horizon, with 9 sites (7.6%) having no value detected. This is strong support for sampling
in both the A and B horizons to ensure a sample is collected from the horizon with the
highest arsenic value, and critical for an accurate assessment of the maximum levels for

naturally occurring arsenic in soils.

Lastly, this study statistically examines six potentially important environmental
predictors of naturally occurring arsenic in southwestern Oregon: site elevation,
geomorphic province, mapped rock type and age, and sample soil order and color
(redness). A Classification and Regression Tree Model (CART) determined soil order,
elevation and rock type to be of significant importance in determining arsenic
concentrations in the natural environment. According to the regression tree, arsenic
concentrations are greater within Alfisol and Ultisol/Alfisol and Vertisol soil orders, at
lower elevations below 1,207 meters, and within soils from sedimentary, mixed

volcanic/sedimentary and unconsolidated rock types.



The relationship between environmental factors and high levels of arsenic is
complex and research is ongoing. However, soil order is likely to be a significant factor
for predicting levels of arsenic since soil order is defined by its horizon development.
Negatively charged arsenic ions adsorb to positively charged minerals, commonly iron,
aluminum and magnesium oxides and clay. Any soils with a zone of mineral
accumulation (B horizon) — such as Alfisol, Ultisol and Vertisol soils have — are likely

to attract, retain and concentrate arsenic in the soil.

The relationship between elevation and rock type to arsenic level is less clear.
Arsenic values could be higher in lower elevations because weather and gravity have
transported arsenic-bearing sediments to lower topography where it accumulates, or a
result of more chemical processes in the more temperate climates at lower elevation, or is
correlated with other factors such as depositional regime of the rock. Rock type as a
predictive factor also requires more research; the degree of arsenic enrichment in rock
and arsenic released through physical and chemical weathering are likely to have a high
degree of local variability than will ultimately not allow definitive association of high

arsenic levels by rock type.
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CHAPTER I: INTRODUCTION
Some elements that are natural to the environment can lead to significant, even

fatal health effects and so must be managed to ensure human health and safety. In Oregon
a major element of concern is arsenic (As). Exposure and poisoning from this naturally
occurring metalloid can occur from drinking water, inhaling dust, or ingesting foods
grown in high-arsenic soils or irrigated with high-arsenic waters. Anthropogenic sources
also contribute to elevated arsenic by introducing products with arsenic content, such as
some pesticides and treated lumber. The Environmental Protection Agency has classified
inorganic arsenic as a human carcinogen. Inorganic arsenic poisoning has also been
linked to various cancers, skin lesions, and decreased function in the cardiovascular,

neurological and respiratory systems (U.S. Department of Health, 2007).

Originally, the Department of Environmental Quality (DEQ) set remediation
standards to one part per million (ppm) of arsenic, but Khandoker (1997) found natural
values can be higher in Oregon. For northwest Oregon, Ricker (2013) showed many
samples from undisturbed soils were higher in arsenic than one ppm. Khandoker’s
southwest Oregon samples were originally tested for arsenic with a minimum reporting
limit of 20 ppm. In this study, his arsenic samples were re-tested at a detection limit of
<0.20 ppm to investigate the arsenic in soil to assess naturally occurring levels of arsenic
in southwest Oregon. Soil nomenclature and a background of arsenic in soils is introduced

in Chapter I11.



1.1 PURPOSE AND SCOPE

The regulatory authority for setting standards and assuring compliance for
environmental quality at the state level is the Department of Environmental Quality
(DEQ). The maximum exposure levels for metal and metalloid elements, chosen by
DEQ, have historically been established using risk-based concentrations (RBC’s) using
data not specific to Oregon, where risk from exposure is defined as the product of a
chemical’s toxicity and the degree of exposure to it (DEQ, 2003). The difference between
the scenarios for exposure is the frequency of the exposure expected in a given year

(DEQ, 2003).

Risk-based concentrations for arsenic in soils in Oregon were based on duration
of exposure and ranged from 0.4 to 1.7 ppm for residential and occupational
environments (Table 1). Studies in northwest Oregon (Ricker, 2013) have shown most
natural soil samples are above that number. To move away from RBC’s and refine clean-
up standards, an understanding of natural background levels of arsenic and other
elements in soils is needed. Regional background elemental concentrations data will aid
the design of standards that are more reasonable and therefore economically sustainable
for cleanup. To accomplish this, the DEQ has compiled data from Portland State
University, the United States Geological Survey, the National Geochemical Database, the
Umatilla Chemical Depot and samples and analysis from GeoEngineers. The DEQ has
recently completed the re-evaluation of background data for elements of concern in
Oregon, and released a report (DEQ, 2013) with the project phase information and values

based on background concentration data to replace the previous values. Concentrations



were grouped by physiographic province (Figure 1), and new standards dictate that
metals require remediation when exceeding the regional 95% upper tolerance limit of the

default background concentrations (Table 1).

The objective of this study is to determine the range of naturally occurring arsenic
in southwest Oregon soils. The data in this thesis will add to the dataset that supports the
evaluation of background levels of arsenic for Oregon. In addition, environmental factors
were assessed to see if there are more readily measurable environmental parameters. A
potential relationship may justify more research to determine if an environmental source
may be used as a “red flag” indicator of potentially high soil arsenic content. Factors
being assessed are rock type and age, soil order, soil color, elevation, and geomorphic

region.

Table 1. Historic and new maximum limits of arsenic established by DEQ (2012, 2013).

Risk-Based Concentration Method (DEQ, 2012)

Maximum
Exposure Urban Construction  Excavation
Scenario Residential ~ Residential ~ Occupational Worker Worker
soil (ppm) 0.4 1.0 1.7 13.0 370.0

Regional 95% Upper Prediction Limit (UPL) Default Background

Concentrations within Southwest Oregon (DEQ, 2013)
South
Physiographic Basin and Cascade High Lava Klamath Willamette

Province Range Range Coast Range Plains Mountains Valley
soil (ppm) 12.0 19.0 12.0 7.2 12.0 18.0



1.2STUDY AREA

The study area is from the Pacific Ocean on the west to the city of Bend on the
east, the Oregon-California border on the south up to the city of Eugene on the north. The
bounds of this study area were chosen to be consistent with a study by Khandoker (1997),
since soil samples from Khandoker’s study were retested for arsenic for use in this study.
The primary physiographic provinces in the study area (Figure 1) are the Klamath
Mountains, the Coast Range and the Cascade Range (Orr and Orr, 2012). This study also
includes the southernmost portion of Willamette Valley and a few sites within the
westernmost portions of the High Lava Plains and Basin and Range provinces. The varied
physiography within southwest Oregon is a result of tectonic accretion and deformation,
volcanism and Quaternary glaciation. Detailed unit descriptions (Walker and MacLeod,

1991) are in Appendix B.
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CHAPTER II: BACKGROUND

2.1 PHYSIOGRAPHIC PROVINCES OF OREGON

Of Oregon’s ten physiographic provinces (Orr and Orr, 2012), six lie within the
bounds of the southwest quadrant of Oregon. The Klamath Mountains dominate the study
area while parts of the Coast Range, Cascade Range, Willamette Valley, Basin and Range
and High Lava Plains stretch into it (Figure 1). Southwest Oregon was covered by ocean
until about 150 Ma (Orr and Orr, 2006). The diverse geography we see today in
southwest Oregon — with half of all Oregon geophysical provinces present in the

southwest quadrant — illustrates the dynamic earth processes that formed them.

2.2 GEOLOGIC HISTORY OF SOUTHWEST OREGON

The Klamath Mountains are formed of accreted ocean crust from the Farallon and
later Juan de Fuca plates, and volcanic island chains active in the Mesozoic era (Orr and
Orr, 2012). Collision with the North American plate folded and thrust slabs of this
material beneath each other, stacking successive terranes like shingles with the oldest
terrane (~210 Ma) inland to the east. VVarious igneous plutons intruded all belts of the
Klamath Mountains from 174-136 Ma, which bound the terranes together. Paleomagnetic
data from these plutonic intrusions indicate the clockwise rotation of terranes was active
during off-shore Jurassic deposition, prior to collision with North America and was

mostly completed by about 100 Ma in the early Cretaceous Period (Orr and Orr, 2012).

About 140 Ma, uplift of the Klamath Mountains began (Orr and Orr, 2012). Uplift

and an ocean transgressive period continued into the Cenozoic. The Willamette Valley



subsided in the late Cenozoic into a northward- dipping marine trough, collecting
Klamath debris and sand, mud and silts consistent with marine deposition. The ocean

receded, and Willamette Valley held lakes, meandering streams and swamp lands.

The Cenozoic era was dominated by volcanism and sedimentation (Orr and Orr,
2012). Eocene to Oligocene volcanism was brought on by the collision of the Farallon
and North American plates. From 35-17 Ma plate subduction and rising plumes resulted
in a volcanic arc that produced lavas and ash that created the Western Cascade Range,
which is composed of andesites, basaltic andesites and dacites. Plate collision also
created a north-south crustal fold that rotated and uplifted marine sediments and Klamath
erosional debris and Tertiary ocean-bottom basalts to become the Coast Range. East-
West crustal extension of the Basin and Range in the Miocene resulted in basaltic to
rhyolitic flow of lavas across the Basin and Range and High Lava Plains (17- 10 Ma), an
elevated desert plateau. Crustal failure also resulted in northwest-trending faults for

hundreds of miles, active until 7-8 Ma.

From the late Miocene to Holocene (10,000 BP), basaltic and basaltic-andesite
lavas from stratovolcanoes and shield volcanoes formed the High Cascade peaks. Less
than 2 Ma to 12,000 BP, glacial and interglacial periods resulted in massive geomorphic
change in all provinces. Marine terracing occurred along the Oregon coast in the Coast
Range and Klamath Mountains, and lahars flowed down High Cascade Mountain sides.
Catastrophic flooding covered older bedrock with alluvial fans and gravel terraces and

deposited thick silts in the Willamette Valley (Orr and Orr, 2012).



Klamath Mountains

The Klamath Mountains province is bordered by the Pacific Ocean on the west,
the Western Cascades to the east, and extends 402 km (250 miles) south from the Coast
Range into northwest California. Overall, the summits in this region are of uniform relief.
Mount Ashland is the highest point in the Oregon Klamath Mountains at 2,295 m (7,530
feet). From Port Orford, coastal terrain is rocky headlands south to Ophir, then 18- to 24-
m (59- to 79-feet) wide sandy beaches to Gold Beach at the mouth of the Rogue River.
Cliffs dominate the remaining coastline into California, with occasional thin strips of
coastal terraces. The Klamath, Rogue and Chetco rivers drain the province into the

Pacific Ocean.

Early Paleozoic to Mesozoic ocean crust and volcanic island arcs accreted
through collision and subduction under the North American plate. Successive slab
collisions in late Mesozoic resulted in an east-dipping imbrication of terranes, bounded
by thrust-faults, with the oldest terrane inland and progressively younger terranes
westward to the Pacific Ocean (Figure 2). These terranes were delineated and further
divided into subterranes and formations. Descriptions of the Klamath Mountain
formations are summarized from Walker and MacLeod (1991) in Appendix A and listed
in Table 2. Descriptions of the terranes in the text also list spatially concurrent formations

or map units.

The western Paleozoic and Triassic belt was accreted in the mid- to late-Jurassic

and rotated to its current position in the late Mesozoic to early Cenozoic. This 322 km



long and 80 km (200 by 50 miles) wide belt is divided into four terranes, two of which
are in Oregon. The Rattlesnake Creek Terrane (Js, Ju, Jub, Jv, Kc, KJg, mc, Qal, Qt,
TRPv, TRPzm) is described as an ophiolitic mélange overlain by ocean arc rocks (Jm, Js
and Jv). The Western Hayfork volcanic arc terrane (Jm, Ju, Kc, KJg, Qal, Qf, Qt, TRPv,
TRPzs) covered Rattlesnake Creek by the middle Jurassic and was then intruded by

plutons (Orr and Orr, 2012).

Jurassic May Creek Terrane (mc) and Condrey Mountain Terrane (cm) are
backarc basin remnants that were thrust beneath the Rattlesnake Creek and Western
Hayfork terranes. May Creek Terrane is comprised of ophiolites metamorphosed to
amphibolites. The Condrey Mountain Terrane is late-Jurassic schist that was then uplifted
in the Miocene into a dome structure; the Condrey Mountain dome is believed to be the
result of lateral pressure between the Juan de Fuca and North America plates (Orr and

Orr, 2012).

The Western Klamath Terrane is composed of ophiolites, island arc volcanic
rocks and deep ocean basin sediments (Orr and Orr, 2006) accreted in the late-Jurassic.
The Western Klamath Terrane is to the west of the Western Paleozoic and Triassic belt,
separated by the Orleans Fault. It runs 322 km (200 miles) along the western edge of the
Oregon and California Klamath Mountains. From east to west, the Western Klamath
Terrane includes the Smith River, Rogue Valley, Briggs Creek, Dry Butte and Elk

subterranes (Figure 2).



The Smith River Subterrane (Js, Jss, JTRgd, Ju, Jub, Kc, KJg, Qal, Qf, Qt)
consists of ophiolite, overlain by a thick layer of deep-water shales and turbidite
sandstone known as the Galice Formation. The Josephine Ophiolite (160 Ma) developed
in a back-arc basin between the Rogue-Chetco volcanic arc and the mainland. It is
famous for being one of the world’s largest and most complete ophiolite sequences and
for its rich economic mineral content, yielding gold, silver, copper, nickel and chromite.
Galice Formation sediment sources include both accreted terrain and volcanic arc

materials (Orr and Orr, 2012).

Northwest of the Smith River Subterrane are the Rogue Valley (Js, JTRgd, Ju,

Jub, Jv, KJg, Qal), Briggs Creek (bc, Jv) and Dry Butte (JTRgd, Ju, Jv, QIs) subterranes.

Table 2. Description of geologic units sampled within Klamath Mountain Province. Unit description
summarized from Walker and MacLeod (1991) and province boundary defined by DEQ (2013).
Detailed descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
be amphibolite, quartzite, schist, chert Amphibolite of Briggs Creek: amphibolite, micaceous quartzite, quartz
schist and recrystallized manganifererous chert
cm schist/ chert Condrey Mountain Schist: a variety of schistose rocks; rare metachert and
metagabbro
cs pelitic schist/ meta-basalt Colebrook Schist: metamorphosed sedimentary rocks; subordinate
metamorphosed submarine pillow lavas and basaltic pyroclastics
Jm melange: volcanic, metamorphic and melange: complex mix of basaltic rocks, serpentinite, chert, argillite,
sedimentary rocks conglomerate, silty sandstone and marble lenses
Jop melange: greywacke, mudstone, Otter Point Fm./Melange(?): highly sheared greywacke, mudstone,
siltstone, shale/ various metamorphic rocks [siltstone, shale; lenses of greenstone limestone, chert, blueschist and
serpentine
Js sedimentary rocks, tuff/ metamorphic mudstone, shale, siltstone, graywacke, andesitic to dacitic tuff; minor
rocks limestone, phyllite, slate
Jss shale, mudstone, sandstone/ pebble sedimentary rocks with local lenses of pebble conglomerate
conglomerate
JTrgd granite, diorite felsic to intermediate granitoids: muscovite granodiorite, hornblende
gabro, tonalite and quartz diorite
Ju harzburgite, dunite/ serpentinite, gabbro  |ultramafic and related rocks of ophiolite sequence
Jub basalt, breccia/ shale, siltstone, mudstone |basaltic volcanic and sedimentary rocks: basalt flows, breccia,
agglomerate, pillow basalt and breccia; lesser shale, chert siltstone and
mudstone of ophiolitic complexes

(table continues on next page)
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Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
Jv andesite, basalt to rhyolite flows/ tuff, wolcanic rocks: lava flows, flow breccia and agglomerate dominantly
tuffaceous sedimentary rocks andesite; flow rocks basaltic to rhyolitic; interlayered tuff and tuffaceous
sedimentary rocks
Kc sandstone, conglomerate fossiliferous clastic sedimentary rocks
KJds sandstone, conglomerate, graywacke/ sedimentary rocks related to Dothan Formation; chert lenses
chert
Kldv basalt wolcanic rocks related to Dothan Formation: basaltic pillow lavas,
volcanic breccia and silicified basalt lava flows
KJg tonalite, quartzdiorite/ other granitoid granitic rocks
rocks
KJgu gabbro/ pyroxenite, pyroxene, peridotite, [gabbro and ultramafic rocks associated with granitic plutons: hornblende
dunite, serpentinite gabbro, gabbro and olivine gabbro; includes pyroxenite, hornblende
pyroxene; minor peridotite, dunite, serpentinite
Kdm conglomerate, sandstone, siltstone, Myrtle Group; locally fossiliferous
limestone
Ks graywacke, conglomerate, shale marine graywacke and subgraywacke; conglomerate composed of
volcanic, metavolcanic, metasedimentary and plutonic rocks
mc amphibolite, schist, gneiss, quartzite May Creek Schist
Qt terrace/ alluvium terrace, pediment and lag gravels: unconsolidated gravel, cobbles and
boulders intermixed with clay, silt and sand
Tmss sandstone, siltstone, mudstone shallow marine sedimentary rocks; contains foraminifera
Tn conglomerate, sandstone, siltstone, nonmarine sedimentary rocks with abundant biotite and muscovite
mudstone
TrPv intermediate metavolcanic rock/ andesite,|meta-andesite, meta-basalt, spilite, keratophyre, volcanic breccia;
tuff, basalt andesite flows, breccia, agglomerate, tuff, basalt flows and dacitic tuffs of
Applegate Group
TrPzm  |melange: metasedimentary and Melange of Dutchmans Peak: heterogeneous mix metamorphosed to
metavolcanic rocks upper greenschist, serpentinite, gabbro and metagabbro
TrPzs shale, mudstone, sandstone, graywacke, | Applegate Group: partially metamorphosed, poorly bedded sedimentary
conglomerate, tuff, chert, marble/ rocks; impure limestone and marble
argillite, chert, phyllite, quartzite, limestone,
marble
Tsr basalt/ siltstone, sandstone, tuff, Siletz River Volcanics and related rocks: visicular pillow flows, tuff-
conglomerate breccias, massive lava flows and sills of tholeiitic and alkali basalt; upper
part of sequence contains interbeds of basaltic sedimentary rocks

The Rogue Valley Terrane was deposited at the same time as the Galice Formation; it is

eight km (5 miles) wide and composed of undersea volcanic flows and ash. The Galice

Formation has been locally altered to slate which interfingers with the Rogue Formation

volcanics. Briggs Creek Terrane is coarse-grained metamorphic rock, which includes

chert, quartzite and folded and altered garnet amphibolites; this is the basement rock for

the Rogue Valley volcanic arc. The late-Jurassic, Dry Butte Subterrane is an igneous

batholith, thrust beneath Briggs Creek. The Briggs Creek and Dry Butte subterranes are
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currently considered mid- to late-Jurassic components of the Rogue Valley Arc (Orr and

Orr, 2012).

The Elk Subterrane (cs, Js, JTRgd, Ju, Ks, Qt, Tmsc) is composed of sandy
turbidites, shales and andesitic lavas. Although this terrane is over 32 km (20 miles) north
of the main Western Klamath Terrane, it is placed in the Western Klamath belt due to the
thick sequences of Galice Formation submarine slides found within it. The Elk
Subterrane is believed to be tectonically displaced 160 km (100 miles) northward from

California by faulting (Orr and Orr, 2012).

< *
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Figure 2. The Klamath Mountain province is comprised of east-dipping terranes, imbricated by
subduction and thrust faults. The oldest terrane is to the east with progressively younger terranes to
the west (Orr and Orr, 2012).

The southwest Oregon terranes (Figure 2) are the Snow Camp (Jc, Ju, Jv, KJds,

KJg, KJm, Qal, Qls, Qt, Tfe, Tut), Pickett Peak (Ju, KJds, KIm), Yolla Bolly (cs, Jc,
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JTRgd, Ju, Jv, KJds, KJdv, Qls, Tia, Tmsc), Gold Beach (Jop, Ju, KJds, Qal, Tcs) and the
Sixes River (cs, Ju, KJds Qt, Tmsc, Tmsm, Tt) terranes and are located on the southwest
Oregon Coast and were displaced from the Western Klamath Terrane and transported
from the south by early Cretaceous thrust faulting. Formations within the Snow Camp
Terrane include the Coast Range ophiolite, late Jurassic Mule Mountain Volcanics, the

Jurassic Riddle Formation and the Cretaceous Days Creek conglomerates, silts and sands.

The Oregon section of the Pickett Peak Terrane is made of blueschist; deep sea
tuffs, cherts and pillow lavas were metamorphosed in the early Cretaceous into
Colebrooke Schist. Late Jurassic to early Cretaceous Yolla Bolly Terrane is composed of
forearc basin sands, muds and deep-water cherts. These sediments, known as the Dothan
Formation, were transported by turbidity currents from continental and volcanic arc

sources (Orr and Orr, 2012).

Gold Beach Terrane includes the late Jurassic Otter Point Formation, and late
Cretaceous Cape Sebastian and Hunters Cove formations. The deep-water Otter Point
Formation was part of an accretionary wedge at a subduction zone. Cape Sebastian
Sandstone and Hunters Cove siltstone include turbidite-deposited deeper sands and shales
as remnants from past storms. Sixes River Terrane includes Jurassic and Cretaceous
mudstones, sandstones and conglomerates with blueschist and eclogite outsized clasts, as

well as limestones, deep-water shales and pillow lavas.

The Klamath terranes were accreted, subject to faulting and clockwise rotation

and intruded by plutons. According to paleomagnetic data, rotation occurred from late-
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Triassic to early-Jurassic and continued into the early Cretaceous. The late Cretaceous

brought a transgressing seaway that inundated most of Oregon. Cretaceous to Cenozoic
uplift of the Klamath Mountains pushed the shoreline north and provided sedimentation
to the surrounding basin. Fluctuating sea levels resulted in raised marine terraces, some
of which are still intact along the southwest Oregon coast. See Appendix A, Figure A.1

for stratigraphy of this province (Orr and Orr, 2012).

Coast Range

The Coast Range extends south from the Columbia River to the Middle Fork of
the Coquille River on the northern side of the Klamath Mountains, and west from the
Willamette Valley into the Pacific Ocean (Figure 1). The heavy marine influence has
extensively eroded the west slopes of the Cascade Range, and heavy precipitation has
produced an intricate drainage system and dense forests. Coastal terrain includes abrupt
headlands, sea stacks, marine terraces, bays, estuaries, small beaches, sand dunes and
spits. Drainage within the province is provided by moderately-sized rivers (Orr and Orr,

2012).

The geologic history of the province includes submarine volcanism, subsidence,
uplift and sedimentation (Orr and Orr, 2012). Oblique plate subduction of the Juan de
Fuca plate under North America resulted in Eocene to Pleistocene clockwise rotation,
faulting and uplift of the Coast Range. However, only the southern part of this province is
included in the study area, with the north border of the study area extending from

Eugene, Oregon to approximately Florence, Oregon at the coast. Descriptions of the

14



Coast Range formations within the study area are summarized from Walker and

MacLeod (1991) in Table 3.

Table 3. Description of geologic units sampled within the Coast Range. Unit description summarized
from Walker and MacLeod (1991) and province boundary defined by DEQ (2013). Detailed
descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
Qal sand, gravel, silt/ talus, slope wash alluvial deposits; locally, thin peat beds and high in organic material
Qd sand dune sand; mostly feldspar and quartz minerals
Qls landslide: basalt, andesite, tuff/ slope landslide and debris flow deposits are unstratified mixtures of fragments
wash, colluvium of adjacent bedrock; largest slides and flow occur where thick sections of
basalt and andesite flows overlie clayey tuffaceous rocks
Qt terrace/ alluvium terrace, pediment and lag gravels: unconsolidated gravel, cobbles and
boulders intermixed with clay, silt and sand
Ti gabbro/ granitoid mafic intrusions: sheets, sills and dikes of granohpyric ferrogabbro
Tmsm  |sandstone, siltstone, mudstone/ Roseburg Formation: marine sedimentary rocks with
conglomerate minor conglomerate; contains foraminifera
Tmss sandstone, siltstone, mudstone shallow marine sedimentary rocks; contains foraminifera
Tpb basalt/ basaltic andesite, dacite lava flows and breccia of porphyritic basalt, minor basaltic andesite and
rare dacite
Tsr basalt/ siltstone, sandstone, tuff, Siletz River Volcanics and related rocks: visicular pillow flows, tuff-
conglomerate breccias, massive lava flows and sills of tholeiitic and alkali basalt; upper
part of sequence contains interbeds of basaltic sedimentary rocks
Tss mudstone, siltstone, sandstone/ tuff tuffaceous marine sedimentary rocks; contains calcareous concretions
and foraminiferal assemblage
Tt sandstone, siltstone/ dacite tuff Tyee Formation: rhythmically-bedded marine sandstone and micaceous
carbonaceous siltstone; minor interbeds of dacite tuff; foraminifera
Ty siltstone, sandstone/ basalt, lapilli tuff Yamhill Formation and related rocks: marine siltstone; thin interbeds
of arkosic, glauconitic and basaltic SS; locally interlayered basalt lava
flows and lapilli tuff; foraminiferal assemblages

The oldest Coast Range rocks in the south part of the range are Eocene pillow
basalts and breccias, named the Roseburg Volcanics. These ocean-bottom flows were
produced in the Siletzia Terrane, which was a Paleocene-Eocene coastal marine basin.
The 644-kilometer-long (400 mile) Siletzia platform subsided into a forearc basin in the
middle Eocene; deposition from deep-sea fans and deltas and subsequent uplift closed the
seaway by late Miocene. This deposition covered Roseburg Volcanics with fluvial and
marine deposits: the Lookingglass (Tmsc), Flournoy (Tmss) and Tyee (Tt) Formations.

Slope deposits during sea transgression created the Lookingglass Formation. The
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Flournoy Formation includes conglomerates, pebbly sandstones and siltstones deposited
during the seaway retreat. The Tyee Formation, overlying the Flournoy, is composed of
huge submarine fans from river-transported Klamath Mountain sediments. In the middle
to late Eocene, inland streams provided sediments to the Elkton, Bateman and Coaledo
formations (Tss). These sediments from the Western Cascade Range and northern
Klamath Mountains settled in the forearc basin at Coos Bay. The Elkton Formation is
mudstone, which coarsens up through the Bateman submarine fan to the Coaledo’s coarse
delta sandstones. Ash and pyroclastics from the early Western Cascade eruptions
provided sediment for the bathyal Bastendorff Shales (Tsd) and overlying marine

embayment Tunnel Point Sandstones (Orr and Orr, 2012).

Oligocene marine sedimentation was limited to the central and north coast. Late
Oligocene to mid-Miocene included regional uplift that shifted the shoreline near to its
present-day location. The Western Cascades eruptions continued to deposit ash into the
ocean. The Miocene Tarheel Formation is fossiliferous sandstone and is overlain by the
sandstone of both the mid-Miocene Floras Lake Formation and late Miocene Empire
Formation. The Empire Formation (Tm, not sampled) is an estuary deposit of silts and
fine sands full of mollusks and marine vertebrate fossils. The Roseburg Formation

(Tmsm) is composed of deep-sea turbidite mudstone and shales (Orr and Orr, 2012).

Erosion predominated in the Pliocene before Pleistocene glaciations widened
coastal plains and rapidly down-cut estuaries and stream valleys. About 11,000 years ago,
the climate reversed, and ocean levels rose and submerged the coastline. The Port Orford

and Elk River Formations at Cape Blanco and the Coquille Formation at Bandon, Oregon
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are shallow-water terrace deposits dominated with mollusks. See Appendix A, Figure A.2

for stratigraphy of this province.

Cascade Range

The Cascade Mountains extend north-south 966 km (600 miles) from British
Columbia, through the entirety of Oregon (Figure 1). The Oregon Cascade Range is
divided into the Western Cascades and the High Cascades. In contrast to the older, eroded
Western Cascades (518 to 1,768 m), the younger High Cascades are near double the

elevation at greater than 3,353 meters (Orr and Orr, 2012).

The major rivers in the Cascades drain west. Near the study area, the McKenzie
River drains into the Willamette River just north of Eugene. Within the study area, the
Middle Fork Willamette River also joins the Willamette River system. The Umpqua
River drains 180 km (112 miles) from the Western Cascades, through Roseburg and the
Coast Range to the Pacific Ocean at Reedsport. East-draining rivers are much smaller,

averaging 48 to 56 km (30 to 35 miles) in length.

During the Eocene, a volcanic arc formed along the Pacific Ocean from the
subduction of the Farallon Plate. From Eocene to Miocene (40 to 7.5 Ma), thick deposits
of volcanic debris, intrusives and marine sediments built the Western Cascades. VVolcanic
activity prior to 17 Ma produced andesites, basaltic andesites and dacites, after which
production lessened and transitioned to lava and ash. Tectonic tilting and folding ceased
deposition about 5 Ma, and volcanic activity moved eastward. Basaltic and basaltic
andesite lava and ash from the late-Miocene to Holocene stratovolcanoes and shield
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volcanoes of the High Cascades obscured much of the Western Cascades and were active
as recently as a few thousand years before present. Significant volcanic peaks within the
study area include the Crater Lake stratovolcano, and the Mt. Bachelor, Mt. Thielsen and

Mt. McLoughlin volcanoes (Orr and Orr, 2012).

The geology of the Cascade Range formations within the study area is
summarized from Walker and MacLeod (1991) in Table 4. The Western Cascades shared
the same depositional regimes as the Coast Range, and therefore include some of the
same significant formations (Appendix A, Figure A.3) within the study area. The
Umpgua and Lookingglass Formation (Tmsc) siltstone, sandstone and conglomerate
present in the Coast Range as siltstone, sandstone and mudstone extends into the Western
Cascades. The Roseburg Formation (Tmsm) is partly a shelf and slope facies, and Eugene
and Fisher (Tfe, Tfee) Formations are marine and nearshore sands and tuffs, all present

across provinces.

Volcanic activity produced the basaltic and andesitic rock Elk Lake and Nohorn
Creek (Tbaa). Little Butte, Mehama, Breitenbush and Molalla Formations (Tv) are
composed of flows and tuffs. The Sardine Formation (Trb) is described as having
andesitic, basaltic andesite and dacitic lavas. In the High Cascades, Mount Mazama
eruption resulted in rhyodacitic to andesitic ash-flow deposits (Qma), and more recently
the Newberry and South Sister volcanoes (Qrd) produced rhyolite and dacite flow

breccia. See Appendix A, Figure A.3 for stratigraphy of this province.
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Table 4. Description of geologic units sampled within the Cascade Range Province. Unit description
summarized from Walker and MacLeod (1991) and province boundary defined by DEQ (2013).
Detailed descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
Qa andesite, basaltic andesite/ dacite, basalt |andesite phenocrysts are principally pyroxene, olivine, plagioclase, few
hornblende
Qal sand, gravel, silt/ talus, slope wash alluvial deposits; locally, thin peat beds and high in organic material
Qba basaltic andesite, basalt flows and flow breccia; basaltic andesite of plagioclase, olivine, pyroxene
phenocrysts and olivine basalt
Qg boulder gravel, sand, rock flour glacial deposits in ground terminal and lateral moraines
Qgf boulder gravel, sand, rock flour partly sorted glaciofluvial deposits in ground terminal and lateral
moraines
Qls landslide: basalt, andesite, tuff/ slope landslide and debris flow deposits are unstratified mixtures of fragments
wash, colluvium of adjacent bedrock; largest slides and flow occur where thick sections of
basalt and andesite flows overlie clayey tuffaceous rocks
Qma rhyodacitic to andesitic ash-flow Mount Mazama ash-flow deposits
Qmp rhyodacite pumice Mount Mazama primary and reworked air-fall pumice deposits
Qrd rhyolite, dacite domes and related aphric and porphyritic flows and flow breccia on
Newberry and South Sister volcanoes
Qs clay, silt sand, gravel/ mudflow, fluvial unconsolidated to semi-consolidated lacustrine and fluvial sedimentary
deposits, peat rocks
Qta andesite, basaltic andesite flows and flow breccia; plagioclase, olivine, clinopyroxene, and lesser
hypersthene and hornblende phenocrysts
QTba basalt, basaltic andesite flows, flow breccia and pyroclastic deposits; bytownite and labradorite,
olivine, calcic augite and hypersthene phenocrysts
QTmv  [basalt, basaltic andesite, andesite/ mafic vent complexes: plugs, dikes, breccia, cinders and agglutinate
pyroclastic rocks
QTp basalt, andesite basaltic and andesitic ejecta: scoriaceous cinders, bombs and agglutinate
Thaa basalt, andesite lava flows and flow breccia of hypersthene and olivine andesite, basaltic
andesite with plagioclase and pyroxene phenocrysts, and basalt
Tfc basaltic andesite, andesite/ dacite undifferentiated flows and clastic rocks: lava flows, flow breccia,
mudflows and volcanic conglomerates
Thi diorite, quartzdiorite/ gabbro, biotite hypabyssal intrusive rocks
quartz monzonite, granodiorite
Tmsc conglomerate, sandstone, siltstone, marine sedimentary rocks; foraminifera
mudstone
Trb basaltic andesite, olivine basalt ridge-capping basalt and basaltic andesite flows and flow breccia
Tsv rhyolite, dacite silicic vent complexes
Tu complexly interstratified epiclastic and |undifferentiated tuffs, tuffaceous sedimentary rocks, and basalt:
Tub basalt, basaltic andesite basaltic lava flows and breccia
Tus sedimentary and volcanic rocks/ tuff basaltic to dacitic sedimentary and volcaniclastic rocks: lapilli tuff,
Tut ash-flow tuff welded to unwelded vitric tuff; glass locally altered to clay, zeolites and
secondary silica minerals
Qyb basalt, basaltic andesite youngest basalt and basaltic andesite: flows and associated breccia on
slopes of Newberry Volcano
Willamette Valley

The Willamette Valley province is a synclinal valley bounded by the Cascade

Mountains on the east and the Coast Range on the west, with up to 64 km (40 miles)
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between the borders. The province is tapered at both ends, with Cottage Grove, Oregon at
its southern point, and the Columbia River 130 miles to the north. The basin is a north-
dipping syncline, with 122 meters (400 feet) of elevation at Eugene decreasing to near
sea level at Portland. The Willamette River meanders north through alluvial plain from
near Eugene to the Columbia River. Topography in the southern portion of the valley is
fairly flat. This province supports 70 percent of Oregon’s population and a diverse

agriculture (Orr and Orr, 2012).

Table 5. Description of geologic units sampled within the South Willamette Valley. Unit description
summarized from Walker and MacLeod (1991) and province boundary defined by DEQ (2013).
Detailed descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units

Unit Additional Rock Types

Qs clay, silt sand, gravel/ mudflow, fluvial unconsolidated to semi-consolidated lacustrine and fluvial sedimentary
deposits, peat rocks

Qt terrace/ alluvium terrace, pediment and lag gravels: unconsolidated gravel, cobbles and

boulders intermixed with clay, silt and sand

Tfe sandstone, siltstone/ lapilli tuff, breccia, |Fisher and Eugene Formations and correlative rocks; marine arkosic
ash and micaceous sandstone and siltstone

Tfeb basalt basaltic rocks, Fisher Formation(?)

Tfee marine sandstone/ tuffaceous SS, siltstone; |[Marine Eugene Formation
pebbly conglomerate

The environments and sediments of the Willamette Valley are the result of the
same geologic influences as the Coast Range. The Siletzia Volcanic Island Terrane
collided and accreted with the North America plate, subsided into a forearc basin in the
middle Eocene and was buried by marine sediments through the Oligocene. Siletzia

volcanics are the basement rock for both the Coast Range and Willamette Valley.

The Willamette Valley subsided into a trough concurrent with the late Cenozoic

uplift and tilting of the Coast Range; uplift, tilting and increased sedimentation led to the
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northward retreat of the ocean. Pleistocene melt-waters increased sediment transport and
filled the valley with alluvial sediments. The Missoula Floods then covered the basin with

thick silts from 18,000 to about 15,000 calendar years ago (Allen et al., 2009).

Descriptions of the South Willamette Valley formations within the study area are
summarized from Walker and MacLeod (1991) in Table 5. The formations in the
Willamette Valley province within the southwest Oregon study area are the Eugene
Formation (Tfe, Tfee), Lacomb and Leffler Gravels (Qt), and the Rowland Formation
(Qs) with overlying Holocene alluvium. The Eugene Formation consists of thick, shallow
marine and non-marine sandstones and siltstones deposited during the late Eocene to
Oligocene. In the mid- to late-Pliocene, glacio-fluvial sediments from the Cascades and
Coast Range created the Lacomb and Leffler (2.5 to 0.5 Ma) gravels. The Rowland
Formation (formerly Linn Formation) is composed of thick, glacial outwash gravel fans
that invaded from the Cascades (420 ka) after further subsidence and river downcutting in
the valley (Orr and Orr, 2012). See Appendix A, Figure A.4 for stratigraphy of this

province.

Basin and Range

The Oregon Basin and Range is made of alternating north-south trending
mountains and wide valleys, and it extends from the Cascade Mountains on the west to
the Owyhee Uplands in the east. The north and south borders are the High Lava Plains
and California, respectively. Overall, the elevation average is 1,219 m (3,999 ft.), with

the highest elevations east of the study area at Steens Mountain (2,947 m; 9,669 ft.) and
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Warner Peak (2,458 m; 8,064 ft.). All drainage is small and toward the interior, except
the 31,080 km? (12,000 square miles) Klamath River watershed, which reaches the

Pacific Ocean from Klamath Lake through northern California (Orr and Orr, 2012).

Regional uplift and crustal extension with consequent faulting and volcanism has
resulted in horst and graben physiography by Miocene north-west strike-slip faults and
Quaternary north-northeast normal faults. North American plate movement over a mantle
plume produced flood basalts at Steens Mountain (17 Ma) and rhyolitic eruptions that
prograded across the Oregon Basin and Range and High Lava Plains (Orr and Orr, 2012).
Pleistocene cooling increased precipitation and introduced pluvial lakes in the valley
lowlands. Descriptions of the Basin and Range formations within the study area are
summarized from Walker and MacLeod (1991) in Table 6. The eastern border of the
southwest Oregon study area is approximately 233 km (145 miles) west of Steens

Mountain.

Significant stratigraphy in the west part of this province includes the Gearhart
Mountain Volcanics (Tvm), the Yamsay Mountain Volcanics (Tob, Trh), and the Yonna
Formation (Ts) (Appendix A, Figure A.5). Gearhart Mountain is a mid- to late-Miocene
andesitic volcano. The Yamsay Mountain shield cone produced basalt, then rhyolitic
lavas in the Pliocene (4.7 Ma), emitting a small amount of basalt at the end of its cycle.
The Yonna Formation is lacustrine-deposited Pliocene ash and debris (Orr and Orr,
2012).

Both Tertiary and Quaternary deposition were dominated by volcanics,

pyroclastics and sediments of basaltic and andesitic composition. Tertiary and Quaternary
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geologic units sampled within the Basin and Range Province descriptions are
summarized in Table 6. For the full description, see Appendix B. See Appendix A, Figure

A.5 for stratigraphy of this province.

Table 6. Description of geologic units sampled within the Basin and Range Province. Unit description
summarized from Walker and MacLeod (1991) and province boundary defined by DEQ (2013).
Detailed descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
Qba basaltic andesite, basalt flows and flow breccia; basaltic andesite of plagioclase, olivine, pyroxene

phenocrysts and olivine basalt is part of the volcanic sequence of the High
Cascade Range

Qf alluvial fan, slope wash, colluvium, talus/ |fanglomerate
silt, basalt fragments
Qma rhyodacitic to andesitic ash-flow Mount Mazama ash-flow deposits
QTb olivine basalt/ palagonite tuff, breccia basalt grades laterally through tuff and breccia into sedimentary rocks
QTs sandstone, siltstone/ ashy and palagonitic  [semiconsolidated lacustrine and fluvial sedimentary rocks, mostly

sedimentary rocks, palagonitized basaltic tuffaceous SS and siltstone
debris, pebble conglomerate

QTvm  [basalt, andesite/ pyroclastic rocks mafic vent deposits: agglomerate, breccia, scoria, cinder, ash, restricted
flows and small basaltic intrusions
Tb basalt/ andesite, tuff, tuffaceous basalt flows, flow breccia and basaltic peperite; minor andesite flows;
sedimentary rocks tuffaceous interbeds
Tob olivine basalt/ andesite basalt grades laterally through palagonite breccia and tuff into tuffaceous
sedimentary rocks (Ts)
Tp basalt, andesite basaltic and andesitic ejecta: scoriaceous cinders, bombs and agglutinate
Tps pyroclastic/ some lacustrine sedimentary  |subaqueous pyroclastic rocks of basaltic cinder cones: bombs, breccia
rock interbeds and mafic to intermediate tuff
Trh rhyolite, dacite/ andesite, andesite breccia |ash-flow tuff, lava flows, pumice-lapilli tuff, coarse pumicite, blow
breccia and rhyolitic to dacitic domal complexes
Ts various sedimentary rocks/ tuff tuffaceous sedimentary rocks and tuff: tuffaceous SS, siltstone,

mudstone, claystone, pumicite, diatomite, vitric ash, palagonitic tuff and
tuff breccia, fluvial SS and conglomerate

Tvm basalt, andesite/ pyroclastic rocks mafic and intermediate vent deposits: agglomerate, breccia, scoria,
cinder, flow and inrusive masses forming lava cones and shields
Tvs rhyolite, rhyodacite, dacite silicic vent rocks: near-vent flows, flow breccia, obsidian, perlite, pumice

High Lava Plains

The High Lava Plains province is an elevated desert plateau bordering five other
provinces (Figure 1), extending 241 km (150 miles) to the east from central Oregon, and

with about 80 km (50 miles) between the northern and southern border. Only the
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southwestern portion of the High Lava Plains is within the study area, with the Cascade

Range bordering to the west, and the Basin and Range to the south (Orr and Orr, 2012).

Topography is mostly level, with an average elevation of 1.6 km (1 mile) above
sea level. Highest elevation is 2,434 m (7,984 feet) at Paulina Peak, located only about
five km (three miles) east of the study area. Low rounded domes and steep, flat-topped
ridges provide moderate relief between Paulina Peak and the Harney Basin on the east
end of the province. Streams are seasonal, with water provided by modest precipitation

and snowmelt from nearby mountains.

Descriptions of the High Lava Plains formations within the study area are

summarized from Walker and MacLeod (1991) in

Table 7. The High Lava Plains deposition is dominated by Tertiary and
Quaternary bimodal lava flows. From the Harney Basin, eruptions progressed northwest
to the Newberry Crater (Appendix A, Figure A.6); the oldest eruptions at Duck Creek
Butte in Harney Basin are dated at over 10 million years, while the Newberry flows
(Qyb) are as recent at 1,300 years ago. Within the study area, the oldest units sampled
range from 4 to 10 Ma and include the Devine Canyon and Prater Creek (Tmv) ash-flow
tuffs, overlain by Rattlesnake Tuff (Tat). Younger stratigraphy is predominantly basalt
and basaltic andesite flows dated less than 6,800 year old (**C), found on the flanks of the
Newberry Volcano and to the northwest in the Bend, Oregon area. See Appendix A,

Figure A.6 for stratigraphy of this province (Orr and Orr, 2012).
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Table 7. Description of geologic units sampled within High Lava Plains Province. Unit description
summarized from Walker and MacLeod (1991) and province boundary defined by DEQ (2013).
Detailed descriptions are found in Appendix B.

Geologic|Primary Rock Types/ Description of Map Units
Unit Additional Rock Types
Qb basalt, andesite basalt, basaltic andesite, olivine basalt
QTps basalt, andesite subaqueous basaltic and andesitic ejecta: scoriaceous cinders, bombs,
breccia, minor agglutinate
QTst rhyolitic to andesitic tuff/ mud flows, tuffacious sedimentary rocks and tuffs
alluvium
Qyb basalt, basaltic andesite youngest basalt and basaltic andesite: flows and associated breccia on
slopes of Newberry Volcano
Tat rhyolitic to dacitic tuff/ tuffaceous silicic ash-flow tuff; minor tuffaceous sedimentary rocks
sedimentary rocks
Tmv basalt, basaltic andesite, andesite/ mafic vent complexes: plugs, dikes, breccia, cinders and agglutinate
pyroclastic rocks

2.3 CLIMATE

Oregon is divided into nine climatic zones, six of which are represented in this
southwest Oregon study area (Figure 3) (Taylor and Hannan, 1999). Zones were
established by the National Climatic Data Center using average precipitation and
temperature values from NOAA weather stations (Taylor and Hannan, 1999). The
following descriptions of the climatic zones and climate 30-year normal averages (1961-

1990) are summarized from Taylor and Hannan (1999).

The Coastal Area (zone 1) is characterized by wet winters, relatively dry summers
and mild temperatures throughout the year. Annual precipitation averages 165 to 229 cm
(65 to 90 inches) along the coast where elevations are lower, and up to 508 cm (200
inches) in the upper elevations of the west slopes in the Coast Range. Summer
temperatures increase only about 8 °C (15 °F) above January temperatures. The study

area includes the lower half of zone 1.
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Hoisyiian Eugene WSO

State Park

Figure 3. Oregon climate zones (Taylor and Hannan, 1999), with southwest Oregon study area
defined within the dashed box. Zones are defined as: Zone 1, the Coastal Area; Zone 2, the
Willamette Valley; zone 3, Southwestern Interior; Zone 4, Northern Cascades; Zone 5, the High
Plateau; Zone 6, the North Central Area; Zone 7, the South Central Area; Zone 8, the Northeast
Area; Zone 9, the Southeast Area. Stations along the study area border are included as a spatial
reference.

The Willamette Valley (zone 2) has a mild climate throughout the year with cool,
wet winters and warm, dry summers. As with the coastal area, typically half the annual
rainfall occurs in the winter months, from December to February. Annual precipitation
varies in the valley, with more precipitation at higher elevations. Precipitation in Portland
(6.4 m above sea level) averages below 102 cm (40 inches). Average precipitation in
Eugene (109 m above sea level) is 117 cm (46 inches) and is greater than 203 cm (80

inches) in the Cascade and Coast Range foothills. Sample sites lie in the southernmost
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part of this climate zone, near the city of Eugene. The stations local to Eugene are Eugene
WSO (110 m, 360 ft.), Noti (137 m, 450 ft.), Cottage Grove (198 m, 650 ft.), Leaburg
(207 m, 680 ft.) and Dorena Dam (250 m, 820 ft.). Precipitation averages for these
stations are 125-, 154-, 116-, 163-, and 118-cm, respectively (49.25, 60.65, 45.54, 64.11
and 46.65 inches). Mean temperature in zone 2 ranges from about -1 °C to 5 °C (30 °F to
40 °F) during cold months and average from the low 10 °C to low 27 °C (50 °F to 80 °F)

in the summer months (Taylor and Hannan, 1999).

All of the Southwestern Interior (zone 3) is included in the study area. The rugged
terrain of high mountain ridges and incised river valleys results in precipitation averages
from 48 cm (18.85 inches) in the Rogue Valley, to in excess of 305 cm (120 inches) in
the Klamath Mountains. Temperature fluctuations in the southwestern interior are large.
Mean temperature in zone 3 ranges from -1 ° C (30 °F) to the mid-10s °C (~50 °F) during
cold months and average from the low 10 ° C to 32 °C (50 °F to 90 °F) in the summer

months (Taylor and Hannan, 1999).

The lower quarter of the Northern Cascades (zone 4) is part of the study area. This
zone encompasses high elevations west of the Cascade crest and includes average
elevations over 2,743 m (9,000 ft.), extending from 43.5°N latitude to the Columbia
River. The northern Cascades receive from 203 cm to over 381 cm (80- to 150-inches) of
precipitation (mostly snow), where precipitation increases and temperature decreases
with increasing elevation. The Oakridge station (1280 ft.) is the only station listed within

the study area, and averages 114.8 cm (45.18 inches) of precipitation annually. The
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minimum average temperature is -1.3 ° C (29.7 °F), maximum average 28.3 °C (82. 9
°F), and an average temperature range from a few degrees Celsius to 10 °C (high 30s °F

to 50s °F) in the winter to about 18 ° C (mid-60’s °F) in July (Taylor and Hannan, 1999).

The western half of the High Plateau climatic zone (zone 5) is within the study
area. The Plateau has cool temperatures due to its largely high elevations, which average
1,676 m (5,500 ft.). The rain-shadow effect produced by the Cascades is less here than to
the north of this zone, because the Cascade crest averages a lower elevation here, and the
Plateau elevation is higher, allowing for less of a temperature difference. As a result,
there is greater precipitation in zone 5 than the surrounding zone 7, with more than 165
cm (65 inches) in the west at Crater Lake and less than 30.5 cm (12 inches) to the east.
The Crater Lake (1975 m, 6480 ft.), Odell Lake (1463 m, 4800 ft.) and Wickiup Dam
(1329m, 4360 ft.) stations are within the study area. Mean precipitation is 168-, 85- and
54-cm, respectively (66.28, 33.35 and 21.23 inches). The average temperature ranges
from -3 °C (26 °F) to about 2 °C (mid-30s °F) in the winter and about 13 ° C (mid-50s
°F) at Crater Lake and about 14 °C to 17 ° C (57 °F to 62 °F) in the summer for Odell

Lake and Wickiup Dam (Taylor and Hannan, 1999).

The South Central Area (zone 7) is only partially represented in the study area;
only Sisters (969 m, 3180 ft.), Bend (198 m, 650 ft.), Sprague River (1329 m, 4360 ft.),
Klamath Falls (1250 m, 4100 ft.) and Malin (1411 m, 4630 ft.) stations are within the
study area, which includes the westernmost part of the zone to the left of the “U” created

by zone 5. This climate zone is defined by low precipitation. Annual precipitation for the
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stations listed above is 36-, 30-, 43-, 34- and 34.5-cm, respectively (14.18, 11.70, 16.97,
13.47 and 13.59 inches). The average temperature ranges from -2.6 ° C to about 6 °C
(27.4 °F to low 40s °F) in the winter and 16.9 °C to 19.9 °C (62.5 °F to 67.9 °F) in the

summer for these stations (Taylor and Hannan, 1999).

2.4VEGETATION

To obtain the natural distribution of metals in the soil profiles, samples were
collected from vegetated locations away from anthropogenic influences. Most sites were
heavily forested with species of fir and pine prevailing. In drier climates, Pacific madrone
and scrub oak were predominant. Pictures of foliage are included in Appendix C, and

vegetation listed by sample site in Appendix E.

29



CHAPTER I11: BACKGROUND WORK ON THE CONCENTRATION OF

ARSENIC IN SOILS

3.1SOILS

3.1.1 SOIL DEFINITION

The definition of soil varies by profession. To an engineer, soil is unconsolidated
surficial material (Birkeland, 1999). As disciplines require more details about the soil to
study-- for example, its chemistry, mechanical properties or pedogenesis-- the definition
becomes more complex. For the purpose of this study, soil is defined as: “a natural body
consisting of layers (horizons) of mineral and/or organic constituents of variable
thicknesses, which differ from the parent materials in their morphological, physical,
chemical, and mineralogical properties and their biological characteristics” (Birkeland,
1999). All soil terms and concepts discussed in this chapter are summarized from

Birkeland (1999), unless cited otherwise.

3.1.2 SOIL PROFILES AND HORIZON NOMENCLATURE
The profile of a soil is a two-dimensional vertical arrangement of all the horizons
down to the parent material. As soil forms (pedogenesis) and deposition occurs above the

parent material, physical and chemical weathering result in horizons within the soil.

The major factors that influence soil formation were defined in a formula by

Jenny (1941):

Soil =f(cl, 0,1, p, t, ...).
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The abbreviations within the parentheses represent the following factors: “cl” for climate,
“o0” for biota, “r” the topography, “p” the parent material and “t” the time. The ellipsis
allows for the addition of unspecified factors that may have local or regional importance
to soil formation. All factors despite real world influences on other factors are considered

independent variables, where changing a factor will change the soil. By analyzing a

single factor and holding the others constant, soil properties may be predicted.

Climate dictates rate of weathering, transport and changes in element species.
Organisms recycle nutrients and provide pathways for water, while bacterial
decomposition is known to affect the solubility (Banning and Rude, 2010), and therefore
transportation of arsenic. Topography influences water flow, water storage and
temperature; in the Northern Hemisphere, north-facing slopes, which have thicker A and
B horizons, are generally cooler and wetter than south-facing slopes (Birkeland, 1999).
Parent material affects the soil type and rate of development. Time is required for soil
formation (Jenny, 1941) and allows the other factors to have greater influence on

development.

Anthropogenic sources also contribute to elevated arsenic by introducing products
with arsenic content, such as some pesticides (organic arsenic), mining and treated
lumber, but samples were collected away from these potential human influences. The
formation factors are relevant to this thesis only wherein topography, parent material and

time were included in the analysis as potential influences on the levels of arsenic in soils.
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Soil horizons are termed using capital letters for the master horizons, and lower-
case letters to describe characteristics of the sub-horizons. Soil horizon nomenclature and
characteristics common to profiles in southwest Oregon are listed in Table 8. The
samples for this study were taken only in the A and B master horizons. The A horizon is
found at the surface or near the surface beneath the O horizon. The A horizon is defined
as having relatively high organic matter mixed with mineral fraction, where the mineral
fraction dominates the humified organic matter (Birkeland, 1999). The B horizon is found
beneath the A or an E horizon. The B horizon will develop characteristics from the
influence of overlying horizons or its parent material; it accumulates clay translated from
above horizons and metal compounds such as iron and aluminum, and is typically brown

to red in color from iron released from the parent material.

Both horizons were sampled because Burns et al. (1991) found that sometimes the
maximum concentration of a metal is found in the A horizon and in older soils it is found
in the B horizon. The purpose of this project was to find the maximum concentration so

both horizons were sampled.

3.1.3 FIELD SOIL CHARACTERISTICS AND PROPERTIES

Color, texture, organic matter, structure and soil pH are used as aids in the field to
qualitatively determine soil materials and current or previous processes that are or have
acted on the soil. Use of a Munsell soil color book allows for consistent soil color
comparison using notation for the hue, value and chroma, where hue is the dominant
color, value ranges from one (dark) to 8 (light), and chroma is the strength of the spectral

color from one (least vivid) to 8 (most vivid). Soil with organic matter will present dark
32



brown to black in color with a low value and chroma, and value will decrease (get darker)

as organic matter increases. Leaching of oxides and hydroxides above the B horizon,

Table 8: Soil Horizon Nomenclature (Birkeland, 1999).

Master Horizons Description

O horizon

A horizon

E horizon

B horizon

C horizon

R horizon

Surface accumulations of mainly organic material; may or may not be, or has been,

saturated with water.

Accumulation of humified organic matter mixed with mineral fraction; mineral fraction

dominant. Occurs at the surface or below O horizon in forest soils.

Usually underlies O or A horizon. Characterized by less organic matter and/or fewer
sesquioxides iron and aluminum compounds) and/or less clay than underlying horizon;

light in color.

Underlies O, A, or E horizon. Shows little or no evidence of original sediment or rock

structure. Subdivided by illuvial accumulations or residual concentrations of materials.

B horizon subdivisions:

Bt horizon—Accumulation of silicate clay formed in situ or by clay translocation; greater

amount of clay than assumed parent material and/or the overlying horizon.

Bw horizon—Development of color (redder hue or higher chroma relative to C) or

structure, or both, with little or no apparent illuvial accumulation or material.

A subsurface horizon, excluding R, like or unlike material from which the soil formed, or
is presumed to have formed. Lacks properties of A and B horizons, but includes materials

in various stages of weathering.

Consolidated bedrock underlying soil.
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gibbsite within the B horizon in humid areas, and carbonate or gypsum below the B
horizon in arid areas will result in a bleaching effect on the soil. Pedogenic iron will color
the soil brown or red. Redoxymaorphic conditions will result in mottled (red and gray)

soils or gray soils if conditions are fully reduced (gleyed) in poorly drained soils.
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Figure 4: Approximate relations between texture class, grittiness, and wet consistence (Birkeland,
1999).

The texture class is based on the proportion of sand, silt and clay with a particle
size less than 2 mm in diameter in the soil. Texture can be determined in the field using
Figure 4 and techniques outlined in Appendix 1 of Birkeland (1999). The variation of
texture between horizons is a useful tool to interpret the pedogenic and geologic history

of the soil. Clay variation with depth can be used to estimate age; the greater the clay
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content, the older the soil is. Also, soils that are finer in texture will be more chemically

active and weather faster (Birkeland, 1999).

Organic matter will be concentrated at the surface. It affects soil structures and
reactions, increasing the soil’s ability to hold water and the cation-exchange capacity; the
increase in chemical reactions results in carbonic acid buildup, a decrease in pH and an

increase in weathering.

Structure is classified by the aggregated shape of soil particles. Since horizon
formation and subsequent aggregation is a result of the past and active pedogenic
processes which then create shapes favorable to the processes, the shapes can be related
with particular horizons. A granular structure is indicative of high organic matter, or an
A-horizon. B horizons have higher clay content, which is conducive to blocky, prismatic
or columnar structures. Platy structures are the result of precipitation and cementation,
and will be in an E or K horizon, or labeled as a subhorizon. Structure highly affects
water movement and erosion; granular structure has more voids between aggregates,
allowing for infiltration of surface water. As porosity decreases due to clay infilling or
more compactable structures, the soil’s storage capacity will be exceeded and surface
runoff will result in erosion. Structure was noted in the field but was not used in the total

analysis (Birkeland, 1999).

Soil acidity or alkalinity, measured as pH, influences mineral solubility;

dissolution and precipitation is reliant on the proportion of exchangeable ions present in

I3

the soil. In acidic soils (pH<7), the exchangeable ions of H*, AI°* and aluminum
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hydroxides dominate. In alkaline soils (pH>7) the base cations of K*, Ca®* Mg** and Na*
dominate. The pH varies within a soil and should only be used as an estimate of soil

weathering and mineral stability (Adriano, 2001).

The pH can also be used to help identify diagnostic soil horizons for soil
classification. Base saturation, the percentage of exchangeable base ions (hon-hydrogen)
that make up the total available cations, is defined to classify soils. However, since base
saturation and pH have a positive correlation, and pH is easier to obtain, the pH can be
used as a proxy for base saturation for classification. A regional pH-base saturation
relationship should be established, but in general 50% base saturation occurs between pH
5 and 6 (Birkeland, 1999). Neither the base saturation nor pH was collected for samples

in this study but are discussed as important properties for soil classification.

3.1.4 SOIL CLASSIFICATION

Within the United States, soil is typically classified using the scheme in Keys to
Soil Taxonomy (USDA, 2010). Using soil characteristics in the field and laboratory
settings, a soil can be grouped into one of eleven soil orders: Entisols, Inceptisols,
Aridisols, Mollisols, Alfisols, Spodosols, Andisols, Ultisols, Oxisols, Vertisols and
Histosols (USDA, 2010). The soil orders in this study region include Entisols,

Inceptisols, Mollisols, Alfisols, Spodosols and Ultisols.

The 11 orders of Soil Taxonomy (USDA, 2010) are generally grouped from least
to most developed, where a young soil may begin high in nutrients, then develop and

increase in clay, and eventually be leached of nutrients (old soil). However, not all orders
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are classified by development. The 11 soil orders can be further broken down into 47
suborders and 230 great groups based on more detailed characteristics beyond the scope
of this study (Birkeland, 1999).

For the soil orders represented in this study, we focus only on the degree of soil
and clay development (Birkeland, 1999). Entisols are young soils with a very mild degree
of weathering and slight degree of soil development. Inceptisols are recent soils with mild
weathering and a slight degree of soil development. Alfisols consist of mildly acidic clays
and have an intermediate degree of weathering and soil development. Ultisols are old,
well-developed and leached soils that consist of strongly acid clays with intermediate to
strong degree of weathering and soil development. Mollisols are soft, dark, and fertile
soils with an intermediate degree of weathering and soil development. Spodosols are
commonly found in cool, wet and sandy environments and have an intermediate to strong
degree of weathering and soil development. Parent material is bedrock in which soil
horizons form from; its physical and chemical composition plays an important role in

early soil development.

For analysis, two categories were created that are not technically soil orders. An
Alfisols/Ultisols category was assigned to samples where base saturation, the
distinguishing characteristic between those two orders, was not determined; physical
characteristics between these orders are too similar to make an accurate differentiation
without lab testing. This combined Alfisol/Ultisol category shows an intermediate to
strong degree of weathering and soil development. The Parent Material category

represents sample sites where no soil horizon has developed.
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3.2 SOURCES OF NATURALLY OCCURRING ARSENIC

Globally, arsenic concentrations in uncontaminated topsoil (5.1 to 20 cm) can
range from 1-100 ppm (McLaren et al., 2006). In the U.S., the range of arsenic in soil and
other surficial materials is <0.1-97 ppm, with a mean of 7.2 ppm (USDH, 2007). The
range of background arsenic concentrations in soils has been attributed to differences in
the soils parent material and its degree of weathering. Typical arsenic concentrations in
general rock types were compiled from various sources by Ravenscroft et al. (2009)

(Table 9).

Arsenic exists in primary arsenic-bearing minerals which are found in high
concentrations in sulfide deposits (Adriano, 2001), or adsorbed onto various mineral
phases (Ravenscroft et al., 2009). The common mineral phases — iron, manganese and
aluminum oxides — are discussed in the geochemistry section (3.3). Sedimentary rocks
have been shown to reach much higher levels of arsenic concentrations than igneous and
metamorphic rocks (Table 9). Enrichment of arsenic in rock is attributed to hydrothermal
activity in igneous and metamorphic rock; sedimentary rock enrichment is due to pyrite
accumulation in swamps for coal and iron hydroxide adsorption in oxic conditions for

ironstone (Ravenscroft et al., 2009).

While outside the scope of this study, atmospheric deposition is another source of
arsenic accumulation in soils. Despite the large influence of anthropogenic sources on
arsenic emissions and subsequent deposition, natural sources of arsenic from volcanic
activity and low-temperature volatilization still contribute from 30 to 60% of total global

arsenic emissions to the atmosphere (McLaren et al., 2006).
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Table 9: Typical arsenic concentrations in rocks and unconsolidated sediments (Ravenscroft et al.,
2009).

Arsenic (mg/kg or ppm)

Lithology (location) Mean Range
Igneous rocks:
volcanic glass 5.9 22-12
granite, aplite 13 0.2-15
andesite, trachyte 2.7 05-5.38
basalt 2.3 0.18 - 113
gabbro, dolerite 15 0.06 — 28
ultrabasic igneous rocks 15 0.03-16
Metamorphic rocks:
phyllites, slate 18 0.5-143
schist, gneiss 11 <0.1-19
amphibolite 6.3 0.4-45
Sedimentary rocks:
shale, mudstone ** 3-15
sandstone 4.1 0.6 -120
limestone, dolomite 2.6 0.1-20
ironstones ** 1-2,900
coal ol 0.3-35,000
Unconsolidated sediments:

alluvial sand (Bangladesh) 2.9 1.0-6.2
alluvial mud (Bangladesh 6.5 2.7-15
Holocene mud (West Bengal) 7.7 2.8-17
Holocene sand (West Bengal) 5.2 0.3-16
Pleistocene sand (West Bengal) 1.2 01-23
glacial till (Canada) ** 15-45
loess (Argentina) ** 54-18
peat 13 2-36

Loess is atypical because of high volcanic ash content.

** s not reported.

3.3 GEOCHEMISTRY: ARSENIC SPECIES AND TRANSPORTATION

The fate and transport of arsenic in soil can be simplified by Figure 5. In this
study, we are concerned with arsenic retained in the solid phase of uncontaminated soil.
In the near-surface environment in soils, the chemical species of arsenic primarily occurs
as As(V) or As(I11); corresponding primary arsenic compounds are arsenate (AsO,>) and

arsenite (AsOs>). Retention (adsorption) of arsenic by soils and release (desorption) from
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soils is influenced by its oxidation state, the surface charge of minerals, the pH of the soil
and redox potential. Arsenite is more soluble, mobile and toxic than arsenate, whereas
arsenate is generally more readily attracted to and retained by soils and sediments
(Adriano, 2001). The negatively charged arsenite and arsenate ions adsorb to positively
charged mineral surfaces, most commonly iron, aluminum and magnesium oxides, or to
clay due to its high surface area (Ravenscroft et al., 2009). Iron oxides dominate arsenic
adsorption, retaining arsenic on the surface of clay particles or as microaggregates
(McLaren et al., 2006). The pH affects the charge of oxides; at low pH oxides are
positively charged and allow adsorption. In general, as pH increases, adsorption of

arsenate will decrease and adsorption of arsenite will increase (Adriano, 2001).
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Figure 5: Simplified fate of arsenic in the soil environment (McLaren et al., 2006).

To predict the stability of the arsenic species in different environments, pe-pH
diagrams can be used. Redox potential, shown as pe or Ep(mV), is a measure of a species

ability to acquire electrons and be reduced. As shown in Figure 6, arsenate is more stable
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under oxidized conditions, while arsenite is more stable at moderate to low redox

potentials below the limits for arsenate (Inskeep et al., 2002).
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Figure 6: Simplified pe-pH diagram for the As-S-H20 system at 25°C (Inskeep et al., 2002).

3.4 PREVIOUS WORK: ARSENIC IN SOILS IN SOUTHWEST OREGON
Khandoker (1997) sampled 118 sites throughout southwest Oregon in the A and B
horizons and found only three samples above the reporting limit of 20 ppm; the B horizon
at site R13 had 29.4 ppm, and site KL21 had 36.4 and 46.5 ppm in the A and B horizons,
respectively. Locations of these sites are in Figure 1 and characteristics in Appendix E.
When retested with the lower detection limit of 0.20 ppm, site R13 was 13.6 ppm, and
site KL21 had 32.6 and 26.1 ppm in the A and B horizons, respectively. Both sites are in
the Klamath Mountain province. The sample from site R13 is from basaltic volcanic and
sedimentary rock unit (Jub) and an Ultisol/Alfisol soil. The samples from site KL21 are

from the Condrey Mountain Schist formation (cm) and are Alfisol soils.
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DEQ has more recently released a report of the maximum limits permissible by
physiographic province (DEQ, 2013). The DEQ analyzed default background
concentrations collected by regulatory and educational institutions and consultants;
summary statistics and background statistics were used to calculate a regional default
background concentration at the 95-percent upper limit (Table 1).

No other current studies were found specific to naturally occurring levels of
arsenic in soils in southwest Oregon outside of those related to the Oregon DEQ reports
(2013), although there is a study assessing arsenic in groundwater that attributes higher

arsenic values to aquifers within specific rock units (Hinkle and Polette, 1999).
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CHAPTER IV: METHODOLOGY

4.1 GEOGRAPHIC INFORMATION SYSTEMS

The geologic map of Oregon created by the United States Geological Survey
(Walker and MacLeod, 1991) was used as a base map for this study to ensure consistency
with arsenic studies done in Oregon previous to this study (Khandoker, 1997; Douglas,
1999). The map was obtained online, and ArcGIS software was used to isolate the
lithologic polygons in the southwest Oregon study area. Lithologic units on the map were
assumed to be correctly labeled for this analysis. The mapped units were used to ensure
good sample coverage in the soils overlying them. In drier climates, such as in eastern
Oregon, eolian processes have a much higher influence on arsenic distribution. However,
for this study area, it is assumed that soil development is influenced by the weathering of

the underlying bedrock.

ArcGIS software was then used to assess the lithologic units (Appendix E:
geologic unit) to determine where additional field sampling should be done to maximize
sample coverage within the study area. First, the sum of area for each lithologic unit in
southwest Oregon was calculated using analysis tools in ArcGIS. The largest units by
total area that were not sampled by previous studies (Khandoker, 1997; Douglas, 1999)
were selected for sampling: Qyb, Tvm, Thi, Tfeb, Tvs, KJdv, QTa, and Ti. In addition,
the previously sampled Tfee unit in Eugene, which had the largest arsenic concentration
in Khandoker’s study (1997), was selected for resampling. Ultimately, the sum of the
area of all lithologic units underlying soil sample sites within the PSU data set represent

over 99% of the mapped bedrock in the study area. GIS was also used to determine what
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formations are within terranes in much of the study area by orthorectifying and digitizing

Figure 2, then spatially joining geologic units within the terrane polygons.

4.2 FIELD METHODS

Forty-two samples from soils overlying the nine selected units were acquired July
21-23, 2013. Field sampling was done exactly the same way as was done by Douglas
(1999) and Khandoker (1997). Samples from the A and B horizons were collected from
uncontaminated, remote and undisturbed soils to avoid anthropogenic influences and
obtain the natural distribution of metals in the soil profiles. Once the location was
selected, a soil pit was dug with a shovel to reveal the A horizon, and some of the B
horizon. A horizons were sampled within the top 4 cm of soil, and B horizons sampled

from different locations around the walls of the pit where soil was the most red in color.

To both assess the variability of arsenic within each horizon and validate the
consistency of ICP-MS analysis, five samples from the A horizon and five samples from
the B horizon were collected for testing. Samples were taken from site HH 11 at different
locations around the pit wall within each horizon to test the validity of taking only one
sample from the A and B horizons. This one site was chosen randomly for this analysis;
additional samples from different pits above this unit, or from other sites, would have
added statistical robustness but were not collected because additional sample analysis

was cost prohibitive.

The location of each pit was determined by Garmin GPS, using the WGS84

datum with horizontal accuracy of + 3 meters. Soil properties were recorded using
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techniques outlined by Birkeland (1999, Appendix 1). Photographs of soil pits and local
vegetation at each site were taken (Appendix C). Samples were then placed in a labeled

zip-lock bag, and pits filled back in.

4.3 LABORATORY METHODS

In the Portland State University soil lab, the 42 new samples were air dried and
soil classifications (USDA, 2010) determined using field notes of soil texture,
consistency, and dry Munsell color. Samples were disaggregated using a mortar and
pestle, then sieved with a number 10 sieve. Approximately 300 grams were repackaged
into labeled zip-lock bags and delivered to Apex Laboratory for testing; however, Apex

Laboratories only requires a maximum of 2 grams for ICP-MS analysis.

Soil samples from former studies (Khandoker, 1997; Douglas, 1999) had also
been prepared by air drying after the original collection. They were then disaggregated,
shaken through a #10 sieve and approximately 300 grams of soil for each sample was
bagged for later machine testing. Arsenic concentrations were originally determined by
inductively coupled plasma-atomic emission spectrometry (Khandoker, 1997) at a

minimum reporting limit of 20 ppm.

For this study, Apex Labs used U.S. Environmental Protection Agency’s Method
6020A (EPA, 2007b) for analysis by inductively coupled plasma-mass spectrometry (ICP-
MS). Prior to analysis sediments were prepared using acid digestion Method 3051 A
(EPA, 2007a, which dissolves almost all elements that could become “environmentally

available.” See Appendix G for partial copies of Apex Labs reports. Samples by work
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order, quality control sample results, sample preparation information and notes and
definitions used in Apex reports are included. Results pages are omitted; these reports are
for all samples used for Oregon metals evaluation, only some of which are samples

collected by PSU. Results of arsenic for PSU-collected samples are in Appendix D.

All 118 former soil samples (Khandoker, 1997; Douglas, 1999) were re-tested in
2010 by Apex Laboratories in Tigard using ICP-MS with a detection limit of 0.20 ppm,
which allows for a more accurate exploration of the true background levels of arsenic in
soils of southwest Oregon. Arsenic concentrations of the 42 new samples from July 2013
field work were also tested by Apex Laboratories in October 2013 using the same method

and detection limit.

4.4 GROUPINGS FOR STATISTICAL ANALYSES

The statistical analysis started with an examination of the data. Statistical tests
used were the Shapiro-Wilk test for normality, Fisher’s F-ratio for variance and the
Welch t-test for comparison of means between the groups. Wilcoxon Rank-Sum was used
for comparison of medians when data was not normally distributed. Horizons were
compared to determine if the arsenic in the A horizon (Table 12) should be analyzed
separate from the B horizon (Table 13). The detection limit for arsenic is 0.20 ppm. Non-
detect samples were assigned a value of 0.001 ppm half the detection limit of the

originally reported 0.002 ppm; this method is commonly used for analysis (Helsel, 2006).

A comparison between the samples collected by Portland State University (PSU)

students for this study area and a modified DEQ data set was conducted. The samples
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collected by Douglas (1999) and Khandoker (1997) were first removed from the DEQ
data set. The maximum concentration of arsenic measured in samples from each PSU site
(136 total sites) was used to compare to the remaining 673 sites from the DEQ data for
the provinces in southwest Oregon. Summary statistics and estimates for the two data sets

were run using ProUCL Version 4.1.

The maximum arsenic concentrations at each site were then evaluated by their
relationship to the following predictors: soil color, soil order, elevation, geomorphic
province, and rock age and rock type. The highest value per sample site was used for
analysis following the industry standard for determining maximum background levels
(Burns et al., 1991). For sites where both the A horizon and B horizon were ND but soil
color or order differed, the B horizon was selected for use in analyses. This was done
because high arsenic concentrations are often associated with iron oxides and sulfide
minerals on clay surfaces (McLaren et al., 2006), which typically concentrate in the B

horizon.

To assess a potential relationship with color (or soil development), dry Munsell
data were converted to the Buntley-Westin color index (Buntley and Westin, 1965),
which indicates the redness of the soil. This color index has assigned values for each hue
in the Munsell Color Book and is calculated by multiplying the hue value with chroma.
Soil order as recorded by former studies (Khandoker, 1997; Douglas, 1999) was

combined with field observations from this study.
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Rock analyses in this study include dominant rock type and rock age. The variety
of dominant rock types (i.e., sandstone, shale) mapped by the USGS (Walker and
MacLeod, 1991) have been simplified to the process that formed them (i.e., sedimentary,
metamorphic). The categories were assigned using lithologies described by USGS
(Walker and MacLeod, 1991) and the Oregon Department of Geology and Mineral
Industries, or DOGAMI (McClaughry et al., 2010). Where mixed lithology did not
clearly indicate a primary rock type, assignment was dictated by the parameters listed in
Table 10. Descriptions for rocks that included verbiage such as “minor interbeds” and
“locally includes” were not considered a primary rock type. For category assignments
and lithologic descriptions of each unit, see Appendix B. The reclassification includes the
following categories: Metamorphic, Plutonic, VVolcanic, Sedimentary, mixed
Volcanic/Sedimentary and Unconsolidated sediments (Table 10). Elevation from USGS

metadata (Walker and MacLeod, 1991) was converted from feet to meters.

To analyze rock age, the minimum and maximum ages according to the rock unit
description (Walker and MacLeod, 1991) were averaged. This was done to provide a
single number for relative comparison while taking the duration of deposition into
account. For example, a Cretaceous rock unit (65.5 Ma to 145.5 Ma) has a value of 105.5,
and a Mesozoic and Paleozoic rock unit (65.5 Ma to 542 Ma) a value of 303.75. A
Paleozoic rock unit (251 Ma to 542 Ma) has a value of 396.5. This assigns rocks of
similar age but longer duration of deposition a higher value, while maintaining a higher

ranking for older deposition. Rock unit ages and ranking are included in Appendix F.
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Table 10. Description of rock type categories; mixed lithologies were discerned following these
descriptors within the unit descriptions by Walker and MacLeod (1991).

Metamorphic: primary rocks are metamorphic, or mixed lithologies are
described as mélange, highly sheared or altered.

Igneous Plutonic: primary rocks are granite, diorite.

V | Igneous Volcanic: primary rocks are basalt, andesite.

S | Sedimentary: primary rocks are sandstone, siltstone, mudstone, limestone.

M

Y]

Mixed Volcanic and Sedimentary: primary rocks are described as volcanic and
sedimentary, tuffaceous sedimentary, undifferentiated or undivided volcanic
and sedimentary, or as having one lithology (volcanic or sedimentary) as part
of the sequence.

VS

U | Unconsolidated sediments of any lithology not falling under “VS.”

Statistical analyses were done to test the validity of the splits in the regression tree
using the Shapiro-Wilk Test for normality, Fisher’s F- ratio for variance, and the
Wilcoxon Rank-Sum Test to compare the center of data between the two groups defined
by the split. A regression forest was then done to check the predictions of the regression
tree, since forests have been shown to produce better predictions than a single tree (Shih,

2011).
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CHAPTER V: RESULTS

5.1 ARSENIC CONCENTRATIONS IN SOUTHWEST OREGON

A total of 255 samples from 136 sites were collected by PSU and used in this
study; 123 samples are from the top of the A horizon (Table 12) and 132 samples were
taken from within the B horizon (Table 13). The highest arsenic concentrations measured
in samples from the A and B horizons, respectively, are 63.2 ppm and 85.4 ppm. These
maximum values are both from the Eugene Formation, a marine sedimentary deposit
exposed along the eastern margin of the Willamette Valley from Creswell on the south to
north of the study area in Scio, Oregon (McLaughry et al., 2010). Of the 255 samples,
arsenic was not detected (ND) in 20 (7.8%) of the samples tested at a minimum detection
limit of 0.20 ppm; of the ND samples, 11 were from the A horizon and 9 from the B

horizon.

Maximum concentrations of arsenic for the 136 PSU-collected sites were mapped
using ArcGIS and classed using Jenks natural breaks (Figure 7). The Jenks method
clusters data to minimize the average deviation from the mean within each class and
maximize the deviation from the means of other classes. The Jenks class with the lowest
arsenic concentrations (0.00 to 2.82 ppm) includes 60.3% of the maximum arsenic
concentrations, 8.1% of which have no arsenic detected. The second class includes 24.3%
of the data. The third, fourth and fifth arsenic classes constitute 13.2%, 1.5% and 0.7% of

the data, respectively.
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Figure 7. Maximum arsenic concentrations of 136 PSU-collected sites are classed using Jenks natural
breaks. Province lines are from DEQ (2013).

5.2 DISTRIBUTION OF ARSENIC IN A AND B SOIL HORIZONS
To test whether the concentration of arsenic was greater in the A or B horizon, the

two groups were compared using the results in Table 12 and Table 13. Of 136 sites, 119
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sites had samples for both the A and the B horizon; 17 sites were omitted for not having a
representative sample in the adjacent horizon. The Shapiro-Wilk normality test (Ellison
and Gotelli, 2013) concluded that arsenic levels in both A and B horizons deviated from
normality (p-values both <2.2e-16). Fisher’s F-ratio (Ellison and Gotelli, 2013) was used
to interpret variation. The F-ratio (0.5436) indicates the variance among arsenic samples
in the A and B horizon groups is small relative to the variation within the groups A and B

(Figure 8).
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Figure 8. Cube root transformed variance of arsenic within the A and the B horizons for the 119 sites
that had samples for both the A and B horizons.

Since the groups deviate from normality, the Wilcoxon rank sum test (Ellison and
Gotelli, 2013) was used to compare the median between groups. The center of data for
each horizon does not differ significantly (p-value: 0.7567) at a 95% confidence level.
The W value (W: 6915.5) is large, so results are less likely to have occurred by chance.

Although 47 sites (39.5%) are higher in arsenic in the A horizon while 63 sites (52.9%)
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are higher in the B horizon, with 9 sites (7.6%) having no value detected, the A and B

horizons are not statistically different (Table 11).

Table 11: Comparison on A and B horizon indicates center of data between horizons is not
significantly different.

Data Type: Statistical Test Test Result p-value (¢=0.05)
A vs. B horizon
Raw Arsenic Values | Shapiro -Wilk W =0.4099 <2.2e-16
(A horizon)
W =0.3696 <2.2e-16
(B horizon)
F-test F =0.5436 0.001044
Wilcoxon Rank W =6915.5 0.7567
Sum

Site HH11 was randomly chosen to compare arsenic between A and B horizons
and to assess variation within a horizon. Site HH11 is an Inceptisol soil above volcanic
rock (KJdv map unit) located at 275 meters elevation in Douglas County within the
Klamath province. Five samples were taken from the A and from the B horizons at site
HH11. The Shapiro-Wilk normality test concluded that arsenic levels in both A and B
horizons have a normal deviation with p-values 0.8981 and 0.8596 for A and B horizons,
respectively. Fisher’s F-ratio was used to interpret variation. The F-ratio (1.2997)
indicates the variance between arsenic samples in the A and B horizon groups is larger
relative to the variation within the groups A and B (Figure 9). Since the groups are
normally distributed, the Welch Two-Sample t-test was used to compare the median
between groups. The test results (Table 14) indicate that with 95% confidence there is a
significant difference between the center of data for each horizon subset (p-value:

0.01699).
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Table 12. Arsenic concentrations for samples collected in the A horizon, in order of increasing
concentration.

Arsenic in A Horizon (ppm)

Sample As Sample As Sample As Sample As
HHO01  0.001 LM11 0.957 LCO04 2.1 HH11.2  3.95
HH02  0.001 LM22 0.965 LM12 2.1 LC12 4.27
HHO03  0.001 KL02 0.995 EO27 2.15 HH17 4.28
HH04  0.001 R15 1 KL18 2.22 HH11.1  4.38
HHO07  0.001 LM21 1.03 LC17 2.28 HH18 454
HHO08  0.001 EO33 1.07 LM16 2.32 LC10A 458
HH09  0.001 EO22 1.12 KL13 2.36 HHO05 4.88
HH10  0.001 EO34 1.15 LM15 2.38 KL19 4.88
HH12  0.001 EO24 1.22 LC13 2.52 LCO8 4.96
HH15 0.001 KL24 1.22 KLO03 2.57 LC11 4.96
HH16  0.001 LC14 1.25 LM20 2.57 LMO02 5.04
KL28  0.1085 LMO5 1.26 LC20 2.58 KLO08 5.11
LC06  0.301 KL26 1.3 KL11 2.59 KL15 5.14
LM10 0.371 EO16 1.31 LC23 2.66 KLO5 5.26
KL23  0.438 EO02 1.36 KL14 2.67 LMO1 6.35
EO26  0.483 KL17 1.43 KL12 2.82 LC15 6.44
LM09  0.608 KL20 1.44 KL25 2.88 LC18 6.95
EO01  0.666 EO07 1.46 LMO7 2.99 HHO06 7.29
EO21  0.687 EO17 1.47 LC21 3.09 LC09 7.36
EO18 0.718 KLO01 1.49 LM17 3.13 KL27 7.48
EO20 0.724 EO32 15 KL10 3.19 RO1 7.94
KL30 0.761 EO08 1.57 HH11.3 3.24 KL04 7.97
EO30 0.762 EO36 1.57 LC22 3.29 LC05 8.74
KLO7  0.765 KL22 1.57 KLO06 3.43 R14 10
EO15 0.776 EO35 1.62 R02 3.47 LCO02 10.1
LC19 0.799 LM14 1.63 HH11.4  3.48 HH13 135
EO31 0.821 KL16 1.7 KL09 35 R13 13.6
EO23  0.845 RO3 1.72 LCO07 3.64 LCo01 17.2
EO14  0.869 LM13 1.81 HH11.5 3.65 KL21 32.6
EO25 0.892 LMO3A  1.92 LMO08 3.71 HH14 63.2
LMO6 0.914 LCO03 2.08 LC16 3.73

The values for site HH11 in the A horizon were 4.38, 3.95, 3.24, 3.65 and 3.48
with a mean of 3.74 and standard deviation of £0.44. Values in the B horizon were 4.99,
4.83, 4.51, 4.29 and 4.04 with a mean of 4.53 and standard deviation of £0.39. Variation
within each Site 11 horizon is low (Figure 9); variation is 0.1949 for the A horizon and

0.1499 for the B horizon. Standard deviation for Site 11 A and B horizons is 0.4414 and
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0.3872, respectively. Although this should be verified with more pits, the consistency and

low deviation within each horizon support that a single sample within a horizon is a good

representative of that horizon. This supports the field methodology used in this study of

taking only one sample in the A horizon and one sample in the B horizon.

Table 13. Arsenic concentrations for samples collected in the B horizon, in order of increasing

concentration.

Arsenic in B Horizon (ppm)
Sample As Sample As Sample As Sample As
HHO03  0.001 EO18 0.923 LMO09 1.79 HH11.2  4.83
HHO04 0.001 EO12 0.941 LM12 1.86 LC04 4.9
HHO07 0.001 EO17 0.965 KL17 1.9 LC12 4.98
HHO08 0.001 LM11 0.977 LMO3B  1.96 HH11.3 4.99
HH09  0.001 LMO06 1 LM20 2.02 KLO08 5.04
HH10  0.001 LM10 1 RO7 2.02 KL10 5.28
HH12  0.001 EO16 1.01 LM13 2.03 KL11 5.38
HH15  0.001 EO14 1.02 LMO04 2.16 LC02 5.59
HH16  0.001 EO32 1.02 KL18 2.26 KL09 5.7
LCO6  0.274 EO02 1.03 LC20 2.33 R12 5.95
KL28  0.328 EO13 1.05 KLO3 2.39 LCo8 5.97
LC19  0.347 EO10 1.08 KL12 2.54 HHO06 6.10
EO19 0.349 LMO5 1.1 LM15 2.56 KL19 6.52
EO09  0.496 EO11 1.13 KL13 2.59 LC17 6.86
R10 0.52 EO24 1.14 LMO7 2.85 R02 7.13
LM21  0.543 EO27 1.14 LC23 2.9 LC16 7.31
EO30 0.579 EOO08 1.15 LCo7 3.02 LM19 7.31
EO22  0.587 EO35 1.21 KL25 3.12 KLO5 7.38
EO31  0.633 KL24 1.29 HH17 3.13 LMoO1 7.53
KL26  0.637 RO3 1.29 HH18 3.32 KL27 7.7
EO15 0.655 EO36 1.31 LM17 3.32 LC15 7.7
EO21  0.661 KL16 1.31 LC22 3.38 LC18 7.94
EO26  0.693 EOOQ7 1.45 KL22 3.59 KL15 8.63
EO34  0.757 LM22 1.48 LCi0B  3.79 KLO4 8.71
EO23  0.783 LM14 1.52 KLO06 3.82 LCO05 10.3
EOC20  0.806 KLO02 1.56 KL14 3.84 LC09 10.6
LM16  0.809 R0O5 1.61 HH11.4 4.04 HH13 11.5
KLO7 0.814 KLO01 1.62 LC11 411 RO1 11.9
EO33 0.826 R15 1.64 HH11.5 4.29 R14 12.9
EO25 0.83 LC21 1.67 HH11.1 451 LCo1 17.5
EO01  0.846 KL20 1.73 LM08  4.74 KL21 26.1
KL30 0.884 LCO03 1.73 HHO05 4.78 R13 454
KL23  0.915 LC14 1.74 LMO02 4.8 HH14 85.4
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Figure 9. Variance of raw arsenic values within the A and the B horizons at Site 11. The boxplot
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Table 14. Comparison on Site 11 A and B horizons indicates center of data between horizons is

significantly different.

Site 11 Soil Horizons

Statistical Tests Raw Values p-value (a=0.05)
Site HH 11 Test Result

0.8981
Shapiro-Wilk W =0.9737 (A horizon)

0.8596

W =0.9676 (B horizon)

F-test F=1.2997 0.8056
Welch Two Sample
t-test t=-3.0161 0.01699

5.3 DISTRIBUTION OF ARSENIC IN SOUTHWEST OREGON BY PROVINCE

The Oregon Department of Environmental Quality (DEQ) reported new
maximum levels by province. Maximum concentration of arsenic at each PSU site (136
total sites) was compared to the modified DEQ data set (673 sites after PSU sites were
removed) for the provinces in southwest Oregon. Summary statistics and background

calculations for the two data sets are listed in Table 15 and Table 16, which mirror the
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format of the DEQ report (2013) for easy comparison. The DEQ data set used in this
study only includes data for provinces covered in this study, and does not include the
sites collected by former PSU students. As such, these DEQ results differ slightly from
the Oregon statewide report by DEQ (DEQ, 2013). It is also important to note that DEQ
averaged the concentrations of arsenic for each site to calculate statistics—PSU studies

used the maximum value for each site—to define maximum levels.

Summary statistics report detectable arsenic in 92.8% of DEQ data and 87.6% in
PSU data. Both DEQ and PSU data sets report Willamette Valley to have the highest
average concentrations. All other rankings differ. The maximum detected concentration
and also the largest standard deviation was in the Cascades for DEQ data and Willamette
Valley for PSU data. The lowest detection was in the Basin and Range for DEQ data but
is in the Klamath Mountains for PSU data. For the PSU data, the highest and average
concentrations with standard deviation for each province, respectively, are: South
Willamette Valley, 85.4 and 21.99 &+ 10.5 ppm; Klamath Mountains, 45.4 and 5.42 + 3.0
ppm; Cascade Range, 11.9 and 2.76 = 1.2 ppm; Coast Range, 10.6 and 5.15 £ 3.0 ppm;
Basin and Range, 2.32 and 1.29 £+ 0.5 ppm; High Lava Plains, 1.5 and 1.20 + 0.2 ppm.
The geological units with the maximum concentration for each province for PSU data are
Tfee for Willamette Valley, Jub for Klamath Mountains, Tbaa in the Cascade Range, Ty

in the Coast Range, Qba in the Basin and Range and Tmv in the High Lava Plains.

Nonparametric background statistics for data sets with non-detects was run using

ProUCL, v4.1.1 to compute reliable upper percentiles of background arsenic
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concentrations, upper tolerance limits (UTLs) and upper prediction limits (UPLs). See

Table 16 for background calculation results.

DEQ is currently using 95% UPLs as the new not-to-exceed values (DEQ, 2013).
Background calculation ranks the 95% Upper Prediction Limit (UPL) from highest to
lowest for the DEQ data set as Cascades (20.5), South Willamette Valley (17.9), Basin
and Range (12.8), Coast Range (12.7), Klamath Mountains (9.9) and High Lava Plains
(20.5). For PSU data, provinces are ranked South Willamette Valley (70.1), Klamath
Mountains (19.0), Coast Range (10.6), Cascades (7.0), Basin and Range (2.1) and High
Lava Plains (1.7). The 95% UPL set for the state of Oregon (DEQ, 2013) by province is
Cascades (19), South Willamette Valley (18), Basin and Range (12), Coast Range (12),
Klamath Mountains (12) and High Lava Plains (7.2). Removing the PSU data from the
DEQ data set resulted in 95% UPLs greater than the Oregon limit for Basin and Range,
Cascades Coast Range and High Lava Plains in the new DEQ data set and in higher UPLs
in the Klamath Mountains and South Willamette Valley for the PSU data set. There are
31 detected values (4.6% of data set) in the DEQ data and 4 values (3.2% of data set) in

the PSU data that are greater than the new Oregon limits.
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Table 15. Summary statistics for the DEQ and PSU data sets were run for comparison using ProUCL

v4.1.
Number | Number Detection Minimum Maximum Standard C?}g::ggm
Province of Non- Detected Detected Mean o
Frequency ) . Deviation | (Mean and
Detects | Detects Concentration | Concentration SD)
DEQ Summary Statistics: All Concentrations in ppm
Basin and Kaplan-
Range 111 80 58.12% 0.7 43 4.29 5.13 Meier
Kaplan-
Cascades 143 2 98.62% 0.288 73.4 6.17 8.64 Meier
Coast
Range 119 0 100.00% 0.9 16.4 5.72 3.44 Standard
High Lava Kaplan-
Plains 89 10 89.90% 1.28 14 3.67 2.21 Meier
Klamath Kaplan-
Mountains 59 2 96.72% 1.38 12.8 5.14 2.80 Meier
Willamette
Valley 58 0 100.00% 1.96 58.9 9.64 8.20 Standard
Number | Number . Minimum Maximum Calculation
. Detection Standard Method
Province of Non- Detected Detected Mean -
Frequency ) . Deviation | (Mean and
Detects | Detects Concentration | Concentration SD)
PSU Summary Statistics: All Concentrations in ppm
Basin and Kaplan-
Range 15 4 78.95% 0.496 2.3 1.29 0.49 Meier
Kaplan-
Cascades 37 2 94.87% 0.349 11.9 2.76 1.21 Meier
Coast
Range 19 0 100.00% 0.799 10.6 5.15 2.97 Standard
High Lava Kaplan-
Plains 6 2 75.00% 0.762 15 1.20 0.22 Meier
Klamath Kaplan-
Mountains 42 1 97.67% 0.301 45.4 5.42 2.97 Meier
Willamette Kaplan-
Valley 6 2 75.00% 2.08 85.4 22.00 10.47 Meier
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Table 16. Background calculation for the DEQ and PSU data sets were run for comparison using

ProUCL v4.1.

brovince | 90t osth | CACUaON 1 go0 | g0% Calculation | 95% | Calculation
Percentile | Percentile ) UTL UPL Method UPL Method
(Percentiles)

DEQ Background Calculations: All Concentrations in ppm
90% UTL 90%

Basin and Nonparametric Coverage; 90% 95% KM

Range 10.87 12.74 KM(z) 11.5 10.9 KM UPL(t) 12.8 | UPL(t)
90% UTL 90%

Nonparametric Coverage; 90% 95% KM

Cascades 17.24 20.37 KM(z) 18.6 17.3 KM UPL(t) 20.5 | UPL()
90% UTL 90%

Coast Coverage; 90%

Range 10.49 12.16 Nonparametric 114 10.9 UPL 12.7 | 95% UPL
90% UTL 90%

High Lava Nonparametric Coverage; 90% 95% KM

Plains 6.50 7.31 KM(z) 6.9 6.5 KM UPL(t) 7.4 UPL(t)
90% UTL 90%

Klamath Nonparametric Coverage; 90% 95% KM

Mountains 8.73 9.75 KM(z) 9.4 8.8 KM UPL(t) 9.9 UPL(t)
90% UTL 90%

Willamette Coverage; 90%

Valley 16.12 17.53 Nonparametric 175 16.9 UPL 17.9 | 95% UPL

brovince | 90t osth | CACURON 1 go0 | g0% Calculation | 95% | Calculation
Percentile | Percentile ) UTL UPL Method UPL Method
(Percentiles)

PSU Background Calculations: All Concentrations in ppm
90% UTL 90%

Basin and Nonparametric Coverage; 90% 95% KM

Range 181 2.00 KM(z) 21 1.9 KM UPL(t) 21 UPL(t)
90% UTL 90%

Nonparametric Coverage; 90% 95% KM

Cascades 5.88 6.80 KM(z) 6.7 6.0 KM UPL(t) 7.0 UPL(t)
90% UTL 90%

Coast Coverage; 90%

Range 8.41 10.33 Nonparametric 10.3 10.3 UPL 10.6 | 95% UPL
90% UTL 90%

High Lava Nonparametric Coverage; 90% 95% KM

Plains 151 1.62 KM(z) 1.8 1.6 KM UPL(t) 1.7 UPL(t)
90% UTL 90%

Klamath Nonparametric Coverage; 90% 95% KM

Mountains 15.59 18.5 KM(z) 18.0 15.9 KM UPL(t) 19.0 | UPL(Y)
90% UTL 90%

Willamette Nonparametric Coverage; 90% 95% KM

Valley 50.9 60.5 KM(z) 75.7 56.7 KM UPL(t) 70.1 | UPL(t)
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CHAPTER VI: DISCUSSION
The primary purpose of this study was to measure the range of naturally occurring
arsenic concentrations in southwestern Oregon soils. I will now discuss the distribution of
arsenic within horizons, why the DEQ and PSU data differ, as well as what natural
factors may be contributing to those levels. Regression tests were applied to assess

potential causal relationships between arsenic and environmental factors.

6.1 LEVELS OF ARSENIC IN SOUTHWEST OREGON SOILS

6.1.1 DISTRIBUTION OF ARSENIC IN A AND B HORIZONS

The box plot (Figure 8) for Site HH11 samples illustrates that the A and B
horizons are separate populations, and demonstrates the necessity of sampling separate
horizons in order to correctly determine the largest concentration of arsenic at a site. The
A and B horizon comparisons for the 119 PSU sites taken as a whole set of numbers did
not show the horizons to be statistically different. However, if only the A horizon was
sampled (Table 12), 53% of the higher concentrations found in the B horizon (Table 13)
would have been missed. Likewise, if only the B horizon was sampled, 40% of the
samples would have been incorrectly assessed. This practice would result in the
interpretation that naturally occurring arsenic concentrations are lower than is actually the
case. It is clear that sampling both horizons is important to increase the probability that

the highest value within the profile is collected.

6.1.2 COMPARISON BETWEEN DEQ AND PSU DATA SETS

Mapped arsenic concentrations (Figure 7) of the PSU samples show that arsenic
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from the Cascade Range, and eastward within the study area, only contain low levels of
arsenic (<2.82 ppm). This finding is not in agreement with the 95% limit of upper
concentrations (7.2 and 12 mg/kg, respectively) set by the Oregon DEQ for the High
Lava Plains and Basin and Range provinces. The DEQ data set includes sites that are
outside the study area. To obtain the 95% limit used as the DEQ standard (DEQ, 2013),
sites to the east of the study area must have much higher concentrations of arsenic in
soils. No other spatial relationship is evident between arsenic concentrations and
province; west of the Cascade Range, low to moderate soil arsenic concentrations (0-17.5

ppm) were measured.

The difference from the new set standard (DEQ, 2013) in the modified DEQ data
set was not large but the 95% UPL calculated for the PSU data set was significantly
different from the standard (Table 16). For the PSU data set, UPLs in the Klamath
Mountains and South Willamette Valley were higher than the new standard (DEQ, 2013)
but much lower for all other provinces. The PSU data set is small enough that it may not
be representative of the spectrum of arsenic concentrations in Oregon. Also, the sites in
the PSU data set are constrained to the study area, whereas the modified DEQ data set
includes all sites within the listed provinces; spatial data was not a part of the DEQ data
set and so sites outside the study area could not be removed. This means that sites from
formations that are not found within the study area are represented in the modified DEQ
data set. Another probable factor contributing to these differences is that DEQ used an

average of all values collected at each site to calculate maximum background levels; PSU
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used the maximum value. In any event, the relationship of arsenic in soils is much more

complex than can be defined by the province it is located in.

6.1.3 COMPARISON WITH A FORMER PSU DATA SET

In a study of arsenic concentrations in northwest Oregon, Ricker (2013) evaluated
186 samples from both the A and B horizons. The northwest Oregon study area also
included the Coast Range, Cascade Range and Willamette Valley provinces. Results for
mean and standard deviation for A and B horizons, respectively, are 6.09 + 2.65 and
10.26 + 4.65 for the Coast Range, 3.59 + 3.72 and 3.25 + 2.23 for Willamette Valley and

2.45 £4.29 and 3.12 + 4.47 for the Cascade Range.

In comparison, southwest Oregon results for mean and standard deviation for the
set of 136 maximum values are 5.15 = 2.97 for the Coast Range, 21.99 £ 10.47 for South
Willamette Valley and 2.76 + 1.21 for the Cascade Range. The difference in values
between studies can be explained by differences in geology in different parts of these
provinces. For example, mid-Miocene Columbia River Basalt volcanics occur in the
central and northern extent of the Coast Range, but do not extend into the southern part of
the range which is dominated by both fluvial and marine deposits of the Umpqua Group
— Roseburg (Tmsm), Lookingglass (Tmsc) and Flournoy (Tmss) Formations — and the
Tyee (Tt) Formation. Eugene Formation silts and sands (Tfe, marine Tfee) and Fisher
Formation tuffs and conglomerates (Tfe) are marine and nearshore deposits (Orr and Orr,
2012) from the late Eocene, when the eastern border of what became Willamette Valley
was ocean shoreline (Orr and Orr, 2012). In the late Quaternary, the Missoula Floods

brought silts from Montana into Willamette Valley to Eugene (McClaughry et al, 2010);
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samples in this study were taken south of Eugene. Samples and statistics by Ricker
(2013) for the Willamette Valley likely reflect Missoula Flood deposits. In contrast, the
Eugene and Fisher Formations exposed in South Willamette Valley have long been
known to have high arsenic (Ravenscroft et al., 2009; Hinkle and Polette, 1999). The
values for the Cascade Range are similar because the Cascades are younger soils; the
soils have not had enough time to develop a B horizon where oxides accumulate and can

adsorb and concentrate higher levels of naturally occurring arsenic.

6.2 RELATIONSHIP OF ARSENIC WITH ENVIRONMENTAL FACTORS

6.2.1 REGRESSION TREE

Regression analysis was done to assess the relationship of six environmental
factors to arsenic concentrations: rock type, rock age, soil order, soil color, elevation and
geomorphic province. Rock and soil factors were chosen because former studies have
stated correlations with rock type (Ravenscroft et al., 2009; Hinkle and Polette, 1999) or
with clays (Ravenscroft et al., 2009) to high arsenic. Elevation and province were chosen
to investigate potential spatial relationships, since new DEQ limits are delineated by

province.

Using a statistical regression tree produced the root, node 1: soil order, node 2:
elevation and node 3: rock type as the strongest influences on arsenic concentrations
(Figure 10). Each node was looked at individually and tested for normality and variance
using the Shapiro-Wilk test and the F-Test, respectively (Ellison and Gotelli, 2013). The

leaves of the tree report the number of observations and mean of arsenic concentrations.
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Soil Order

Entisol, Inceptisol, Mollisol, H=4.31 Alfisol, Ult/Alf,
Parent Material, Spodosol, Ultisol n=136 Vertisol
B=2.89 . p=11.68
n=114 ' n=22
Elevation Rock Type
21207 m <1207 m
p=1.135 W = 4.409
n=>53 n=61 Metamorphic Sedimentary
Plutonic Unconsolidated
Volcanic Volcanic/ Sed
W=5.477 = 16.853
n=10 n=12

Figure 10: Regression tree indicates soil order, elevation and rock type are key factors. The
regression splits groups with higher mean arsenic concentration to the right branches.

Node 1, soil order, splits the data at the mean of arsenic (u=4.31).This splits the
data into groups Node 1L and Node 1R. Node 1L (n=114) consists of soil order groups
Entisols, Inceptisols, Mollisols, Parent Material, Spodosols and Ultisols. Node 1R (n=22)
consists of Alfisols, Ultisols/Alfisols and Vertisols. Node 2, the left split from Node 1L,
is based on the elevation of the 114 samples that do not include Alfisol or Vertisol orders.
Node 2L consists of elevations greater than or equal to 1,207 meters (n=53). Node2R
contains elevations less than or equal to 1,207 meters (n=61). Node 3 splits Alfisols,
Ultisol/Alfisols and Vertisols by rock type into Node 3L (n=10) and Node 3R (n=12).
Node 3L includes metamorphic, plutonic and volcanic rock types, and Node 3R includes

sedimentary, unconsolidated sediments and mixed volcanic/sedimentary units.
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6.2.2 FOREST REGRESSION

The random forest was performed on the data set multiple times using the R Party
Package; a conditional permutation scheme provides unbiased variable selection and
variable importance for predictor variables of different types, as well as reduces the
appearance that correlated predictor variables are more important that uncorrelated ones
(Strobl et al., 2009). Conditional variable importance is calculated by randomly shuffling
the values of a given independent variable thereby “breaking” the variable’s bond to the
response. Then, the difference of the model accuracy before and after the random
permutations, averaged over all trees in the forest, tells us how important that predictor is

for determining the outcome (Shih, 2011; Strobl et al., 2009).

At 2,000 trees, the results were consistent between forests with different random
seeds set (Table 17). The variable importance plot ranked elevation high, followed by
soil order and rock type (Figure 11). The forest regression predicts the same three
variables as the regression tree for significant predictors of arsenic, however, the
regression tree ranked soil order as more significant than elevation. Predictors in the
forest regression are considered significant when they rank larger than the absolute

value of the largest negative value in the variable importance test.
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Predictor Variables

Variable Importance of Arsenic (2,000 trees)
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1 1

|
Elevation | P
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Soil Order | ™
|
Rock Type : ®
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Province - |
|
Soil Color | #® |
|
Age Rank |
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0.0 0.5 1.0 1.5 2.0 2.5

(predictors to right of dashed vertical line are significant)

Figure 11: Variable importance plot showing the predictive ranking of variables using a 2,000 trees
forest and random seed of 729.

Table 17. Using the Party Package in R, forest regressions were done with increasing tree numbers

until ranking for significant predictors did not vary with different seeds.

Variable Importance Results from Three 2,000-Tree Forests

Seed | Elevation | Soil Order | Rock Type | Province | Soil Color | Age Rank
729 2.6674 1.1541 0.3470 -0.0632 -0.1080 -0.1564
1052 | 2.8072 1.4535 0.3697 -0.1224 -0.1390 -0.2547
2594 | 2.6708 1.2964 0.3773 -0.1837 -0.1018 -0.1484

6.2.3 RELATIONSHIP OF ARSENIC TO SOIL ORDER

The box plot for Node 1 (Figure 12) shows the variance within each sub-group. A

comparison between the soil order sub-groups indicates that Alfisol and Vertisol soils

have a much higher variation. The Shapiro-Wilk normality test shows that neither Node

IR nor Node 1L has a normal distribution (p-values: 1.2e-06 and 5.8e-09, respectively).

Box-Cox analysis was completed to see if a normal distribution could be obtained

through transformation (A = 0.2626 at 95% confidence interval), and indicated cube root
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transformation would convert raw data to a distribution closer to normal. Cube
transformation resulted in a normal distribution for Node 1R, only (Shapiro-Wilk p-
values: 0.125 versus 1.59¢-4 for Node 1L) so node data was not transformed for
regression tests. Data were cube root transformed for variance plots for visual clarity. The
means of the two groups are widely separated compared to within each group (F-ratio:

55.8534), so variance in Node IR is unequal to the variance in Node 1L.
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Figure 12: Cube root transformed variance of Alfisols, Ultisols/Alfisols and Vertisols (Node 1R)
versus Entisols, Inceptisols, Mollisols, Parent Material, Spodosols and Ultisols.

To determine if there is a significant difference between soil order groups a
nonparametric test was used, since it does not require normal distributions or equal
variance to be valid. The Wilcoxon rank sum test (Ellison and Gotelli, 2013), which is
moderately robust for non-normal distributions and unequal variance, was used and the
results indicate that the means of arsenic concentrations in the two soil order groups are
significantly different (p-value = 0.01463). The F-ratio and Wilcoxon test support that

Node 1R and Node 1L are statistically different; the arsenic concentrations for soil orders
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that include Alfisols and Vertisols are significantly different than arsenic concentrations
for soil orders that do not include Alfisols and Vertisols. This is a reasonable division;
Alfisols, Ultisols and Vertisols are older than the other soils, and therefore have had more
time to accumulate the oxides and clays that retain and concentrate arsenic. Statistical

results are listed in Table 18.

Table 18: Summary of statistical tests run on Node 1 of the regression tree for soil order by split:
orders that include Alfisols and Vertisols versus other orders.

Data Type: Node 1 Statistical Test Test value p-value (0=0.05)

Raw Arsenic Values Shapiro -Wilk W =0.5957 1.193e-06
(Alfisols, Ult/Alfs and Vertisols)

W =0.8605 5.814e-09
(non-Alfisol and Vertisol soils)

F-test F =55.8534 <2.2e-16
Wilcoxon Rank Sum | W =1667.5 0.01463
Cube Root Arsenic Values | Shapiro -Wilk W =0.9304 0.125

(Alfisols, Ult/Alfs and Vertisols)

W =0.9456 1.59¢-4
(non-Alfisol and Vertisol soils)

F-test F =3.6943 6.837e-06

Wilcoxon Rank Sum W =1667.5 0.01463

6.2.4 RELATIONSHIP OF ARSENIC TO ELEVATION

The two subsets from Node 2 of the regression tree were split based on elevation.
Higher arsenic concentrations occur in the lower elevation subset which also has more
variability as can be seen in the box plots that were created to graphically represent these
two subsets (Figure 13). The Shapiro-Wilk normality test indicates that arsenic
concentrations in the low elevation subset (Node 2R) is not normally distributed, but data
at elevations greater than 1,207 meters are normally distributed (p-values: 2.759¢-16 and
0.0797, respectively). To see if normality could be attained by transforming the data,

Box-Cox analysis (Gotelli and Ellison, 2013) was conducted (A = 0.2626 at 95%
69




confidence interval). The lambda (1) value from the Box-Cox indicates that a cube root
transformation of arsenic data may show normal distributions for arsenic concentrated in
samples collected from low elevation. Results from the Shapiro-Wilk normality test show
that subsets defined by Node 2R and Node 2L are not normally distributed despite cube
root transformation of the data, so raw data were again used for further analysis (Shapiro-
Wilk p-values: 9.5e-06 and 6.7¢-08, respectively). The cube root transformed data were

again used for variance plots for visual clarity and for comparability.
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Figure 13: Box plots for subsets created by the regression tree at Node 2. Node 2L contains the data
set with elevations above 1,207 m. while Node 2R is the data set below 1,207 m.

The F-ratio test indicates that the two data sets do not have equal variance (F-
ratio: 238.4). Since distribution is not normal, the Wilcoxon test was again used; the
means of Node2R and Node 2L are statistically different (p-value: 4.4e-13). Higher soil
arsenic concentrations are found at elevations lower than 1,207 meters. Statistical

results are listed in Table 1.
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Table 19: Summary of statistical tests run on Node 2 of the regression tree for both elevation splits:
less than or equal to 1,207 m. and greater than or equal to 1,207 m.

Data Type Statistical Test Test value p-value (0=0.05)
Raw Arsenic Values Shapiro -Wilk W =0.4275 2.759e-16 (1,207 m)
W=0.9614 0.0797 ( 1,207 m)
F-test F =238.4135 <2.2e-16
Wilcoxon Rank Sum W =3842.5 4.4e-13
Cube Root Arsenic Values Shapiro -Wilk W =0.8997 9.483e-06 (1,167 m)
W =0.7655 6.718e-08 (1,167 m)
F-test F=2.8591 7.891e-05
Wilcoxon Rank Sum W =3842.5 4.4e-13

6.2.5 RELATIONSHIP OF ARSENIC TO ROCK TYPES

Node three of the regression tree separated subsets based on rock type. The most

variability of all the subsets analyzed occurs in the group containing sedimentary and

mixed volcanic and sedimentary rock types and unconsolidated sediments. The highest

arsenic concentrations are also in this subset (Node 3R) as can be seen by the box plots

that were created to graphically present both subsets of Node 3 (Figure 14).
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Figure 14: Box plots of arsenic values for the subsets created by the regression tree at Node 3. Node
3R contains sedimentary, mixed volcanic/ sedimentary rock types and unconsolidated sediments
while Node 3L contains metamorphic, plutonic and volcanic rock types.
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Results of the Shapiro-Wilk normality test (Table 20) indicate that arsenic
concentrations in both splits of Node 3 do not have normal distributions (p-values: 3.6e-
14 and 1.1e-14, respectively). Box-Cox analysis indicates that the two subsets may show
normal distributions after cube root transformation of the data (A = 0.2626 at a 95%
confidence interval). The Shapiro-Wilk normality test was conducted on the cube
transformed data, and the results for the rock type groups defined by Node 3R and Node
3L (p-values: 1.3e-06 and 2.8e-04, respectively) still show that the data sets are not
normally distributed. Therefore, raw data were preserved for regression analyses, and
again, cube root transformed data were used for variance plots for visual clarity and

comparability.

Table 20: Summary of statistical tests run on Node 3 subsets for both rock type origin splits:
sedimentary with mixed sedimentary/volcanic and unconsolidated sediments versus metamorphic,
plutonic and volcanic rock types.

Data Type Statistical Test Test value p-value (0=0.05)

Raw Arsenic Values Shapiro -Wilk W =0.4079 3.637e-14 (Sedimentary,
Volcanic/ Sed, Unconsolidated)

W =0.4984 | 1.087¢-14
(Metamorphic, Plutonic, Volcanic)

F-test F=2384135 | <2.2e-16
Wilcoxon Rank Sum | W =3326.5 4.527e-06
Cube Root Arsenic Values | Shapiro -Wilk W =10.8373 1.315¢-06 (Sedimentary,

Volcanic/ Sed, Unconsolidated)

W =0.9264 | 0.0002829
(Metamorphic, Plutonic, Volcanic)

F-test F=1.166 0.5267

Welch’s T-Test t=4.7053 6.751e-06

The F-ratio test was conducted and shows that there is not equal variance between
the two subsets (F-ratio: 238.4) and indicates there is a large separation in the means of
these groups compared to within each group. Since the two subsets failed to show

normal distributions the Wilcoxon rank sum test was used to see if arsenic concentrations
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are significantly different between rock type subsets. The test results (Table 20) indicate

that there is a significant difference between the two subsets (p-value: 4.5e-06).

6.2.6 SUMMARY OF TOP THREE PREDICTORS

Statistical analyses of 255 soil samples were studied to determine any
relationships that exist between six environmental predictors and arsenic concentrations
in southwestern Oregon. Initial analysis included a Classification and Regression Trees
(CART) model, which determined that three of the six environmental predictors are
influential on arsenic levels: soil order, elevation and rock type. Validation of the CART
model with random forest analysis resulted in the same three variables selected as
important predictors. Non-parametric analysis using the Wilcoxon test was used as the
raw data for three predictors did not show equal variance or normal distribution. For all
three predictors, the null hypothesis was rejected as there is a significant difference
between the median within each subgroup. This validates the logic of the splits in the

CART models.

According to Ravenscroft et al. (2009), high soil-As or inorganic arsenic is
associated with carbonaceous shales and volcanic materials and rocks, with silt and
clayey soils generally containing more arsenic than sandy soils. This study was found to
concur that soil with more clay contain higher arsenic; percent clay was not tested,
however soil orders defined as having a well-developed B-horizon, which accumulates
clay minerals, were grouped as having a higher mean of arsenic concentrated in soil.

Sedimentary rocks showed the highest arsenic levels; soils collected from sample sites
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underlain by sedimentary, mixed sedimentary and volcanic or unconsolidated rock had

the highest mean of arsenic (u=16.85).

The first important predictor of arsenic levels was soil order. The few soil orders
that do contain Alfisol, Ultisol/Alfisol and Vertisol soils (n=22), showed greater variation
and higher arsenic levels ranging from 0.001-85.4 ppm (Figure 12). Entisols, Inceptisols,
Mollisols, Spodosols, Ultisols, and Parent Material, (n=114), have less variation in
arsenic levels, 0.001-11.9 ppm. In general, Alfisols, Ultisols and Vertisols have increased
weathering, soil and clay development and support literature that arsenic levels are
greater in soil orders with increased clay development (Ravenscroft et al., 2009). Despite
Ultisol being the most well developed soil, it was grouped by the regression tree with less
developed soils. The mean for Ultisol soils was 3.52 and 3.94 for the A and B horizons,
respectively. The Ult/Alf order had a higher mean of 8.2 for the A horizon and 15.12 for
the B horizon. The pH and reclassification of the Ult/Alf samples to Ultisol or Alfisol
orders would be necessary to determine if these higher values would raise the mean
arsenic for Ultisols enough to fit with the other well developed soils in the regression

analysis.

Elevation was a second important predictor of arsenic levels (the most important
predictor by forest regression). Samples taken from lower elevation 1,207 m, (n=61),
have higher levels of arsenic between 0.001-85.4 ppm, while samples collected at
higher elevation 1,207 m, (n=53), were found to contain lower levels of arsenic,
0.001-3.12 ppm (Figure 13). The highest values were in Eugene, Oregon at only 292

meters.
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Rock weathering is a natural process leading to the release of arsenic and its
introduction to the aquatic environment (Mitsunobu et al., 2006). The mountain ranges of
this study area receive a considerable amount of rain, where arsenic is carried
downstream in water or sediments and accumulates in low-lying areas. These findings
may indicate that biota and communities at lower elevations are at a greater risk for

exposure to arsenic but to what degree is not a part of this study.

Node 3 split arsenic concentrations by rock type. Study of rock type revealed that
variation in arsenic levels with mixed volcanic and sedimentary, sedimentary and
unconsolidated rock (n=12) is greater with a range of 0.496-85.4 ppm, compared to
arsenic levels in Metamorphic, Plutonic and Volcanic origins (n=10), with a range of
0.001-32.6 ppm (Figure 14). The split by the CART model again seems logical; volcanic
activity and rock weathering release arsenic, hydrologic processes transport arsenic from
high mountain ranges to areas below where sediments accumulate, then arsenic adsorbs
to sediments. The highest arsenic concentrations in this study are within a region where
the high arsenic concentration in aquifers is associated with volcanic and sedimentary
rock (Hinkle and Polette, 1999). Lastly, the map scale of 1:500,000 (Walker and
MacLeod, 1991) only provides for the dominant rock type where the sample was taken,

so error may be introduced if it is not the parent material for that soil.

A potential issue in the study of arsenic concentration is how non-detect samples
are reported for analyses. Helsel (2006) indicates that replacing the detection limit with
an arbitrary fraction results in inaccurate analyses of regression slopes, correlation

coefficients, means and standard deviation. As further research on arsenic concentration
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is conducted, this must be factored into the analysis. R packages (NADA) are available to
help analyze non-detects (Helsel, 2006), and the ProUCL software has tests specifically

for data sets that include non-detect samples.

Caution was exercised when creating the data set for our CART model to avoid
inflating predictors; the maximum sample from each site was selected instead of
including all data and treating each sample as independent despite being taken from the
same site. Development of proximal horizons certainly share the same environmental
influences, however, the degree of influence on one horizon from another is difficult to

measure and beyond the scope of this study.

Power is a factor that must be considered when performing data analysis. As data
are reformatted and transformed away from their original format, power is lost. When
data have unequal variance and non-normal distribution, non-parametric tests like the
Wilcoxon Rank Sum test are used. This statistic ranks data, thereby lowering the power.
The lower the power of the test, the higher will be the probability of a type II error as

power is the probability of rejecting the null hypothesis when it is false (Crawley, 2007).

Further, caution is imperative when studying real world problems. Arsenic
concentrations have dire effects on the health of our ecosystem and therefore human
consumption. While this study only shows sample location and arsenic concentration, and
the investigation of potential arsenic sources does not prescribe remediation, the potential

for error was still heavily taken into account. In this analysis, we are claiming that we are
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95% confident that the hypothesis is true while we are okay with a 5% chance of

making a type I or type II error, where a test statistic of a=0.05, was used.

A type I error using the Shapiro-Wilk test as an example would occur if the null
hypothesis that arsenic concentrations are normally distributed is rejected when it is true.
The fact that arsenic concentrations are higher at lower elevations may not be addressed,
thereby undermining the importance of elevation as a predictor of arsenic. On the other
hand, a type II error would occur if the null hypothesis that ranked medians of arsenic are
not different at high and lower elevations is not rejected when the difference is
significant. Either type of error could result in wasted resources in research time and false
claims by investigating a predictor variable that does not have a true effect on the level of
arsenic, or by undermining the importance of an environmental predictor.

The findings from this study are in general agreement with literature (Ravenscroft
et al., 2009) where arsenic levels are higher in soils with increased weathering and clay
development, in this case Alfisols, Ultisol/Alfisols and Vertisols. Samples taken from
lower elevations than 1,207 m were found to contain higher levels of arsenic as natural
weather events carry arsenic downstream and is adsorbed to and concentrates within
sediments (Mitsunobu et al., 2006). Further, samples of sedimentary rock origin were

also found to have higher levels of arsenic by Hinkle and Polette (1999).
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CHAPTER VII: CONCLUSIONS
There are 255 total samples from 136 sites in this study; 123 samples are from the
A horizon (Table 12) and 132 samples were taken from the B horizon (Table 13). The
highest value in the A and B horizons, respectively, are 63.2 ppm and 85.4 ppm. These
maximum values are both from the Eugene Formation (Tfe, or Tfee where mapped

separately as marine).

Comparison of arsenic between the A and B horizons at site HH11 showed
arsenic to be centered on different means with low deviation. This supports that
collection of one sample per horizon is a reliable representation of the level of arsenic
within that horizon. This also demonstrates the necessity of sampling separate horizons in
order to correctly determine the largest concentration of arsenic at a site.

Comparison of A and B horizons for all 119 PSU sites that had arsenic in both A
and B did not show a statistical difference. In this study arsenic was not found to be
higher in the A or the B horizon; if just the A or just the B horizon were sampled, the
maximum concentration would not have been collected half the time. In this study 39.5%
of sites are higher in arsenic in the A horizon while 52.9% are higher in the B horizon,
with 7.6% of sites having no detectible arsenic (at minimum detection limit of 0.20
ppm). Collection from both horizons ensures the site is better represented and that the
sample of maximum value is used for analysis.

Regression analysis of six environmental factors was done to assess for potential
predictors for arsenic in undisturbed soils. The regression tree indicated soil order,

elevation and rock type to have the strongest relationship with arsenic. In this study area
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arsenic concentrations were found in greater levels within Alfisol and Ultisol/Alfisol and
Vertisol soil orders, at lower elevations below 1,207 meters, and within soils from
sedimentary, mixed volcanic/sedimentary and unconsolidated rock types. The regression
forest confirmed the same factors as environmental predictors with elevation the
strongest predictor, followed by soil order and rock type. Province, soil color and the
age ranking of rock deposition were not considered significant.

Marine sediments have higher arsenic values than other lithologies. Data with the
highest value and highest mean are in the South Willamette Valley. This site was mapped
as the Eugene Formation, a marine sedimentary deposit, by both Walker and MacLeod
(1991) and McClaughry et al. (2010). Marine sediments were also found to have the
highest (>7 ppm) concentrations of arsenic in the northwest Oregon study area (Ricker,
2013).

The map units associated with the maximum values for each province are all
described as either having a marine sediment composition (Jub, Tfe, Tfee, Ty), or as
basaltic (Jub, Tbaa, Qba) or mafic (Tmv) by Walker and MacLeod (1991). This is in
keeping with other research that sedimentary rocks reach much higher levels of arsenic
than igneous and metamorphic sources (Ravenscroft et al., 2009), although basalt can
also have a large range (0.18 — 113 ppm) for arsenic concentration (Ravenscroft et al.,
2009).

A summary of the three important factors for each of the high-value samples and
the mean arsenic of each province are listed in Table 21. Factor descriptions for these

representative sites are in alignment with the results of the regression analyses. Rock
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types for the highest value sites include sedimentary and mixed igneous volcanic and
sedimentary rock types, as well as igneous volcanic. The sedimentary and mixed rock
types are the highest by mean concentration (5.15 —21.99 ppm) with all igneous volcanic
sites lower by mean (1.20 — 2.76 ppm). The soil orders for the two highest value sites are
the Alfisol or Ultisol soils; these soils are older and have had time to concentrate higher
levels of arsenic. Lastly, arsenic is higher in lower elevations and less concentrated at
higher elevations. Weathering, gravity and topography result in sediment transportation
and accumulation in sinks or valleys, however, topographical influences were outside the

scope of this study.

Table 21. Summary of results for arsenic level and three important factors by province.

. Highest . . Elevation| Mean

Province Map Unit Rock Type Soil Order
Value (ppm) (meters) | (ppm)
S. Willamette Valley 85.4 Tfe, Tfee Sedimentary Alfisol 292 21.99

Mixed

Klamath Mountains 45.4 Jub Volc./ Sed.  Alf/Ult 730 5.42
Cascade Range 11.9 Thbaa Volcanic  Inceptisol 803 2.76
Coast Range 10.6 Ty Sedimentary Mollisol 134 5.15
Basin and Range 2.32 Qba Volcanic Mollisol 1289 1.29
High Lava Plains 1.5 Tmv Volcanic Entisol 1891 1.20
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CHAPTER VIII: FUTURE WORK
This study tested for arsenic in undisturbed soils, increasing the coverage of
arsenic data from different rock types found in southwest Oregon. The purpose of this
study was to provide location and arsenic concentration data to DEQ to increase the
current data set. While Oregon coverage is now fairly robust, the causes driving the

concentration of arsenic are still being explored.

In order to study environmental variables as potential causes or predictors of
arsenic, it first would be necessary to verify the accuracy each environmental variable in
the field and lab. Elevation and geomorphic region are easy to verify, but soil order and
rock type should be verified at the site and with lab testing (pH for soils and X-ray
diffraction to determine parent material) as the site could vary from the mapped soil order
and unit, which are generally mapped over a much larger area. In the lab, percent clay
content should be determined to hone its relationship as and adsorber of arsenic. Also,
enough samples should be collected per site in order to make statistical analyses valid.
Further analysis could also be done using separate CART models for the A and B

horizons for a comparison of important predictor variables between horizons.
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APPENDIX B: Description of Geologic Units (Walker and MacLeod, 1991) by

Province (DEQ, 2013) that Correlate with Sample Locations

Basin and Range

Qba

Qf

QTb

QTs

QTvm

Basaltic andesite and basalt (Holocene? and Pleistocene)—FIlows and flow
breccia dominantly of basaltic andesite containing plagioclase, olivine, and
pyroxene phenocrysts and olivine-bearing basalt representing part of the volcanic
sequence of the High Cascade Range. Unit mostly forms small shield volcanoes,

gentle-sided lava cones, and, in places, intracanyon flows.

Fanglomerate (Holocene? and Pleistocene)—Poorly sorted and poorly stratified
alluvial fan debris, slope wash, colluvium, and talus; composed mostly of silt and
fragments of basalt, basaltic andesite, and andesite. In places includes small areas

of pediment gravels and colluvium.

Mazama ash-flow deposits (Holocene)—Rhyodacitic to andesitic ash-flow
deposits related to climactic eruptions of Mount Mazama about 6,845 yr B.P.

(14C).

Basalt (Pleistocene and Pliocene)—Thin flows and minor flow breccia of open-
textured (diktytaxitic) olivine basalt in southeastern part of map area. Locally
contains thin interbeds of sedimentary rocks. Grades laterally through palagonite

tuff and breccia into sedimentary rocks (unit QTs).

Sedimentary rocks (Pleistocene and Pliocene)—Semiconsolidated lacustrine
and fluvial ashy and palagonitic sedimentary rocks, mostly tuffaceous sandstone
and siltstone; locally contains abundant palagonitized basaltic debris and some
pebble conglomerate. In places, grades laterally through palagonite tuff and
breccia into basalt flows (Qtb).

Mafic vent deposits (Pleistocene, Pliocene, and Miocene?)—Mostly in small

stratovolcanoes or shield volcanoes and lava cones of basalt and andesite.
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Tb

Tob

Tp

Tps

Trh

Ts

Includes agglomerate, breccia, scoria, cinder, ash, restricted flows, and small
basaltic intrusive bodies. Transitional into pyroclastic rocks of cinder cones

(QTp). May also include rocks of late Miocene (?) age.

Basalt (upper and middle Miocene)—Basalt flows, flow breccia, and basaltic
peperite; minor andesite flows; some interbeds of tuff and tuffaceous sedimentary
rocks. Basalt is aphyric to moderately porphyritic with phenocrysts of plagioclase

and olivine and exhibits both subophitic and diktytaxitic textures.

Olivine basalt (Pliocene and Miocene)—Thin, commonly open-textured
(diktytaxitic), subophitic to intergranular olivine basalt flows, intercalated with
and grades laterally through palagonite breccia and tuff into tuffaceous
sedimentary rocks (unit Ts). In places includes flows of platy olivine andesite or

basaltic andesite.

Basaltic and andesitic ejecta—Mostly unconsolidated, oxidized, fine to coarse,

scoriaceous cinders, bombs, and agglutinate deposited in subaerial environment.

Subaqueous pyroclastic rocks of basaltic cinder cones—Deposits of bombs,
breccia, and mafic to intermediate tuff occurs as palagonitic tuff and breccia

cones, rings, and ridges. In places interbedded with lacustrine sedimentary rocks.

Rhyolite and dacite (Pliocene? and Miocene)—Ash-flow tuff, lava flows,
pumice-lapilli tuff, coarse pumicite, blow breccia, and domal complexes of
rhyolitic, rhyodacitic, and dacitic composition; in places includes peralkaline
rhyolite and some andesite and andesite breccia. Locally porphyritic with
phenocrysts of alkali feldspar, plagioclase, and minor augite, ferro-hedenbergite,
hornblende, hypersthene, or biotite. Commonly flow banded; locally glassy.
Many of the ash-flow tuffs exhibit flow features and only obscure vitro-clastic

textures.

Tuffaceous sedimentary rocks and tuff (Pliocene and Miocene)—

Semiconsolidated to well-consolidated mostly lacustrine tuffaceous sandstone,

91



Tvm

Tvs

siltstone, mudstone, concretionary claystone, pumicite, diatomite, air-fall and
water-deposited vitric ash, palagonitic tuff and tuff breccia, and fluvial sandstone
and conglomerate. Palagonitic tuff and breccia grade laterally into altered and
unaltered basalt flows of unit Tob. In places includes layers of fluvial
conglomerate and, in parts of the Deschutes-Umatilla Plateau, extensive deposits
of fanglomerate composed mostly of Miocene basalt debris and silt. Also includes

thin, welded and nonwelded ash-flow tuffs.

Mafic and intermediate vent rocks (Pliocene? and Miocene)—Basaltic and
andesitic agglomerate, breccia, scoria, cinders, flow, and intrusive masses forming

lava cones and small shields.

Silicic vent rocks (Pliocene, Miocene, Oligocene, and Eocene?)—Plugs and
domal complexes of rhyolitic, rhyodactic, and dacitic composition; includes
related near-vent flows, flow breccia, and deposits of obsidian, perlite, and

pumice. Locally includes resurgent domes related to caldera complexes.

Cascade Range

Qa

Qal

Qba

Andesite (Holocene and Pleistocene)—Forms major stratovolcanoes dominantly
of aphyric to porphyritic basaltic andesite and andesite; phenocrysts are
principally pyroxene, olivine, plagioclase, and, rarely, hornblende. Locally

includes dacite and minor basalt.

Alluvial deposits (Holocene)—Sand, gravel, and silt forming flood plains and
filling channels of present streams. In places includes talus and slope wash.

Locally includes soils containing abundant organic material, and thin peat beds.

Basaltic andesite and basalt (Holocene? and Pleistocene)—Flows and flow
breccia dominantly of basaltic andesite containing plagioclase, olivine, and

pyroxene phenocrysts and olivine-bearing basalt representing part of the volcanic
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Qg

Qgf

Qls

Qrd

sequence of the High Cascade Range. Unit mostly forms small shield volcanoes,

gentle-sided lava cones, and, in places, intracanyon flows.

Glacial deposits (Pleistocene)—Unsorted boulder gravel, sand, and rock flour in

ground, terminal, and lateral moraines. Locally include: glaciofluvial deposits

(Qgb).

Glaciofluvial deposits—Partly sorted.

Landslide and debris-flow deposits (Holocene and Pleistocene)—Unstratified
mixtures of fragments of adjacent bedrock. Locally includes slope wash and
colluvium. Largest slides and debris flow occur where thick sections of basalt and
andesite flows overlie clayey tuffaceous rocks. May include some deposits of late

Pliocene age.

Mazama ash-flow deposits (Holocene)—Rhyodacitic to andesitic ash-flow
deposits related to climactic eruptions of Mount Mazama about 6,845 yr B.P.

(14C).

Mazama pumice deposits (Holocene)—Primary and reworked air-fall
rhyodacite pumice related to climactic eruptions of Mount Mazama about 6,845
yr B.P. (**C). Mapped only where it extensively covers older units. Thickness

shown by isopachs (in meters).

Rhyolite and dacite (Holocene and Pleistocene)—Domes and related flows and
flow breccia of aphyric and plagioclase and hornblende porphyritic rhyolite and
dacite. Includes rhyolite and dacite on Newberry volcano and at South Sister
volcano in the Cascade Range that are younger than Mazama ash deposits (Qma,

Qmp; radiometrically dated by '*C methods at approximately 6,800 yr old).

Lacustrine and fluvial sedimentary rocks (Pleistocene)—Unconsolidated to
semiconsolidated lacustrine clay, silt, sand, and gravel; in places includes

mudflow and fluvial deposits and discontinuous layers of peat.
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Qta

QTba

QTmv

QTp

Tbaa

Andesite (Pleistocene and Pliocene)—Flows and flow breccia in the High
Cascade Province composed dominantly of aphyric to porphyritic basaltic
andesite and andesite. Mostly represents remnants of moderately to deeply eroded
staratovolcanoes. Phenocrysts are mostly plagioclase, olivine, clinopyroxene, and

lesser hypersthene and hornblende.

Basalt and basaltic andesite (Pleistocene and Pliocene)—Flows, flow breccia,
and pyroclastic deposits of the High Cascades Province. Flows are aphanitic to
finely crystalline, commonly diktytaxitic, and aphyric to porphyritic. Textures are
mostly intergranular grading to intersertal; some andesite flows are finely
trachytic and a few basalt flows are subophitic. Phenocrysts, mostly unaltered,
include bytownite and labradorite, olivine, calcic augite, and hypersthene. Flows
and breccia form shields, lava cones, and valley fill; in places greatly dissected

and modified by glacial and fluvial erosion.

Mafic vent complexes (Pleistocene, Pliocene, and Miocene?)—Plugs, dikes,
and related near-vent flows, breccia, cinders, and agglutinate of basalt, basaltic
andesite, and andesite; commonly in the form of either little-modified lava cones
or partly eroded piles of reddish, iron-stained thin flows and fragmental ejecta cut

by mafic intrusions. May also include rocks of late Miocene(?) age.

Basaltic and andesitic ejecta—Mostly unconsolidated, oxidized, fine to coarse,

scoriaceous cinders, bombs, and agglutinate deposited in subaerial environment.

Basaltic and andesitic rocks (upper and middle Miocene)—Lava flows and
flow breccia of hypersthene and olivine andesite, basaltic andesite containing
plagioclase and pyroxene phenocrysts, and basalt; many flows contain
phenocrysts of both hypersthene and augite. Includes interbedded volcaniclastic
and epiclastic rocks mostly of andesitic composition, but partly of dacitic or
rhyodacitic composition. Includes areally restricted flows of silicic andesite or
dacite. Upper part of unit mostly unaltered, although olivine crystals are locally
altered to clay minerals. Lower parts commonly altered; secondary minerals
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Tfc

Thi

Tmsc

Tn

Trb

include nontronite and saponite, chalcedony, calcite, and zeolites. Older parts of
this unit locally are propylitically altered adjacent to larger intrusions. Erupted
mostly from widespread, northwest- and north-trending dikes and dike swarms

and related plugs and lava cones.

Flows and clastic rocks, undifferentiated (Miocene)—Chiefly basaltic andesite
and andesite lava flows and flow breccia containing plagioclase and pyroxene
(hypersthene and augite) phenocrysts, mudflows (lahars), and volcanic
conglomerates; locally includes some dacite flows. Includes lesser, coarse- to
fine- grained epiclastic volcanic sedimentary rocks and ash-flow and air-fall tuffs.
Partly equivalent in age to unit Tba and may be partly coeval with younger parts

of unit Tstb. Locally altered adjacent to larger intrusions.

Hypabyssal intrusive rocks (Miocene)—Hypabyssal, medium-grained,
hornblende diorite and quartz diorite in small stocks and large dikes; includes
intrusions of medium- to fine-grained gabbro and plugs and small stocks of
commonly porphyritic biotite quartz monzonite and leucocratic granodiorite.
Many of these intrusive bodies are moderately to intensely propylitized, as are

wallrocks they intrude; locally, along shears, the rocks also are sericitized.

Marine siltstone, sandstone, and conglomerate (lower Eocene)—Cobble and
pebble conglomerate, pebbly sandstone, lithic sandstone, siltstone, and mudstone;
massive to thin bedded; shelf and slope depositional setting. Contains

foraminiferal faunas referred to the Penutian Stage of early Eocene age.

Nonmarine sedimentary rocks (Eocene)—Continentally derived conglomerate,
pebble conglomerate, sandstone, siltstone, and mudstone containing abundant
biotite and muscovite, Dominantly nonvolcanic; clastic material derived from

underlying older rocks.

Ridge-capping basalt and basaltic andesite (Pliocene and upper Miocene)—

Flows and flow breccia of basaltic andesite and lesser diktytaxitic to intergranular
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Tsv

Tu

Tub

Tus

olivine basalt. Includes some dense, aphyric flows, commonly with either
cryptocrystalline of pilotaxitic to trachytic texture, and porphyritic flows with
phenocrysts and glomerocrysts of olivine, hypersthene, and labradorite, A few
flows contain both hypersthene and calcic augite phenocrysts. Olivine mostly
fresh or slightly altered to iddingsite in flows high in section; flow low in section
show some alteration to clays (nontronite and saponite), secondary silica minerals,
and calcite; pinkish-brown glass in some flows unaltered. Locally includes some

andesite and dacite.

Silicic vent complexes (Pliocene, Miocene, and upper Oligocene)—Large,
rhyolitic to dacitic vent areas in the Cascade Range that commonly include
multiple intrusions and much associated silicic eruptive breccia and erosional

debris and some flows.

Undifferentiated tuffaceous sedimentary rocks, tuffs, and basalt (Miocene
and Oligocene)—Heterogeneous assemblage of continental, largely volcanogenic
deposits of basalt and basaltic andesite, including flows and breccia, complexly
interstratified with epiclastic and volcaniclastic deposits of basaltic to rhyodacitic
composition. Includes extensive rhyodacitic to andesitic ash-flow and air-fall
tuffs, abundant lapilli tuff and tuff breccia, andesitic to dacitic mudflow (lahar)
deposits, poorly bedded to well-bedded, fine- to coarse-grained tuffaceous
sedimentary rocks, and volcanic conglomerate. In places subdivided into:
sedimentary and volcaniclastic rocks (Tus), tuff (Tut) and basaltic lava flows

(Tub).

Basaltic lava flows—Basaltic and basaltic andesite lava flows and breccia; grades

laterally into rare bedded palagonitic tuff and breccia.

Sedimentary and volcaniclastic rocks—Lapilli tuff, mudflow deposits (lahars),
flow breccia, and volcanic conglomerate, mostly of basaltic to dacitic
composition; rare iron-stained palagonitic tuff and breccia of basaltic and
andesitic composition; and ash-flow, air-fall, and water-laid tuff of dacitic to
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Tut

rhyolitic composition. The palagonite tuff and breccia grade laterally into peperite

and into lava flows of basalt and basaltic andesite.

Tuff—Welded to unwelded, mostly vitric crystal and vitric ash-flow tuff of
several ages. Glass in tuff locally altered to clay, zeolites, and secondary silica

minerals.

Coast Range

Qal

Qd

Qls

Qt

Ti

Alluvial deposits (Holocene)—Sand, gravel, and silt forming flood plains and
filling channels of present streams. In places includes talus and slope wash.

Locally includes soils containing abundant organic material, and thin peat beds.

Dune sand (Holocene)—Large areas of windblown sand composed of rock-

forming minerals, mostly feldspar and small amounts of quartz.

Landslide and debris-flow deposits (Holocene and Pleistocene)—Unstratified
mixtures of fragments of adjacent bedrock. Locally includes slope wash and
colluvium. Largest slides and debris flow occur where thick sections of basalt and
andesite flows overlie clayey tuffaceous rocks. May include some deposits of late

Pliocene age.

Terrace, pediment, and lag gravels (Holocene and Pleistocene)—
Unconsolidated deposits of gravel, cobbles, and boulders intermixed and locally
interlayered with clay, silt, and sand. Mostly on terraces and pediments above

present flood plains.

Mafic intrusions (Oligocene)—Sheets, sills and dikes of massive granophyric
ferrogabbro; some bodies strongly differentiated and include pegmatitic gabbro,

ferrogranophyre, and granophyre.

Tmsm Marine sandstone, siltstone and mudstone (lower Eocene and Paleocene?)—

Rhythmically interbedded sandstone, siltstone, and mudstone with minor
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Tmss

Tpb

Tsr

Tss

Tt

conglomerate; deposited in deep-sea fan depositional setting on submarine basalts

of the Siletz River Volcanics.

Marine sandstone and siltstone (middle Eocene)—Thin- to thick-bedded,
crossbedded, well-sorted, fine- to medium-grain sandstone, siltstone, and
mudstone; characterized by sparse fine white mica; shallow marine depositional

setting at least partly of deltaic origin.

Porphyritic basalt (upper Eocene)—Subaerial lava flows and breccia of

porphyritic basalt, minor basaltic andesite, and rare dacite.

Siletz River Volcanics and related rocks (middle and lower Eocene and
Paleocene)—Aphanitic to porphyritic, vesicular pillow flows, tuff-breccias,
massive lava flows and sills of tholeiitic and alkali basalt. Upper part of sequence
contains numerous interbeds of basaltic siltstone and sandstone, basaltic tuff, and
locally derived basalt conglomerate. Rocks of unit pervasively zeolitized and
veined with calcite. Most of these rocks are of marine origin and have been

interpreted as oceanic crust and seamounts.

Tuffaceous siltstone an sandstone (upper and middle Eocene)—Thick- to thin-
bedded marine tuffaceous mudstone, siltstone, and sandstone; fine to coarse
grained. Contains calcareous concretions and, in places, is carbonaceous and

micaceous.

Tyee Formation (middle Eocene)—Very thick sequence of rhythmically
bedded, medium- to fine-grained micaceous, feldspathic, lithic, or arkosic marine
sandstone and micaceous carbonaceous siltstone; contains minor interbeds of

dacite tuff in upper part.

Yambhill Formation and related rocks (upper and middle Eocene)—Massive
to thin-bedded concretionary marine siltstone and thin interbeds of arkosic,
glauconitic, and basaltic sandstone; locally contains interlayered basalt lava flows

and lapilli tuff.
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High Lava Plains

Qb

QTps

QTst

Qyb

Tat

Basalt and basaltic andesite (Holocene and Pleistocene)—Thin flows of
aphyric and porphyritic basalt and basaltic andesite, and open-textured
(diktytaxitic), generally nonporphyritic, subophitic olivine basalt that commonly
is highly feldspathic. Also includes some dissected intracanyon flows of
porphyritic basalt and related vent complexes. Pressure ridges and tumuli on
upper surfaces well preserved. Occurs principally along crest of Cascade Range;
also in areas near and east of Newberry volcano, along southeast margin of

Harney Basin, and in Rome Basin.

Subaqueous basaltic and andesitic ejecta of basaltic and andesitic cinder
cones (Holocene, Pleistocene, Pliocene, and Miocene?)—Partly consolidated,
palagonitized, fine to coarse, scoriaceous altered cinders, bobs, breccia, and minor
agglutinate, mostly deposited in subaqueous environment. Commonly with some
interlayers and intermixed lacustrine sedimentary rocks. Forms palagonitic tuff

and breccia cones and rings (maars) and, in places, palagonitic tuff ridges.

Tuffaceous sedimentary rocks and tuffs (lower? Pleistocene or Pliocene)—
Rhyolitic to andesitic ash-flow tuffs, pumice-fall deposits, minor mud flows, and

older alluvium on the flanks of Newberry volcano.

Youngest basalt and basaltic andesite (Holocene)—Little-modified flows and
associated breccia of basaltic andesite and some basalt on slopes of Newberry
Volcano. Relations to Mazama pumice deposits indicate most of these rocks are
less than 6,800 yr old (*C); isotopic ages on flows range from about 1,000 to
6,000 yr B.P. (**C).

Silicic ash-flow tuff (lower Pliocene and upper Miocene)—Ash-flow tuff and
associated pumiceous air-fall tuff mostly of rhyolitic and rhyodacitic composition;

includes minor tuffaceous sedimentary rocks. Grades laterally through less-
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Tmv

densely welded tuff to nonwelded ash-flow tuff and interlayered tuffaceous

sediments of unit T's.

Mafic vent complexes (Miocene)—Intrusive plugs and dike swarms and related
near-vent flows, breccias, cinders, and agglutinate of basaltic andesite, basalt, and
andesite; commonly in the form of eroded piles of red, iron-stained thin flows,

cinders, and agglutinate cut by mafic intrusions.

Klamath Mountains

bc

cm

CS

Jm

Jop

Amphibolite of Briggs Creek (Mesozoic or Paleozoic)— Consists of
amphibolite, micaceous quartzite, quartz schist, and recrystallized manganiferous
chert. Includes structurally complex amphibole schist and quartz-rich hornblende

gneiss of unknown age exposed at and near Chetco Peak west of Cave Junction.

Condrey Mountain Schist (Triassic? and Paleozoic?)—Consists of a variety of
schistose rocks characterized by different proportions of muscovite, quartz,
graphite, chlorite, actinolite, and epidote, rare thin layers of metachert, and

clinozoisite-actinolite-albite-garnet metagabbro.

Colebrooke Schist (Mesozoic or Paleozoic)—Metamorphosed politic
sedimentary rocks and subordinate metamorphosed submarine pillow lavas and
pyroclastic beds of basaltic composition. Metamorphic age is Early Cretaceous

(about 130 Ma).

Mélange (Jurassic)—Structurally complex mixture of basaltic rocks,
serpentinite, chert, argillite, conglomerate, silty sandstone, and lenses of marble

composing the mélange of the Takilma area.

Otter Point Formation of Dott (1971) and related rocks (Upper Jurassic)—
Highly sheared greywacke, mudstone, siltstone, and shale with lenses and pods of
sheared greenstone, limestone, chert, blueschist, and serpentine. Identified as

mélange by some investigators.
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Js

Jss

JTrgd

Ju

Jub

Sedimentary rocks (Jurassic)—Black and gray mudstone, shale, siltstone,
graywacke, andesitic to dacitic water-laid tuff, porcelaneous tuff, and minor
interlayers and lenses of limestone and fine-grained sediments metamorphosed to
phyllite or slate. Locally includes some felsite, andesite and basalt flows, breccia,
and agglomerate. Marine invertebrate fauna indicates age range from Early
Jurassic (Hettangian) to early Late Jurassic (Oxfordian). In Klamath Mountains of
southwest Oregon, includes Galice Formation and unnamed, hornblende- and (or)

pyroxene-bearing clastic rocks of Jurassic age.

Shale, mudstone, and sandstone (Jurassic)—Black to gray shale, mudstone,
and sandstone with local lenses of pebble conglomerate. Overlies Josephine

ophiolite (unit Ju).

Granite and diorite (Jurassic and Triassic)—Felsic to intermediate, granitoid
intrusive rocks. Includes Jurassic muscovite granodiorite, hornblende gabbro,

tonalite, and quartz diorite of southwest Oregon.

Ultramafic and related rocks of ophiolite sequences (Jurassic)—
Predominantly harzburgite and dunite with both cumulate and tectonite fabrics.
Locally altered to serpentinite. Includes gabbroic rocks and sheeted diabasic dike
complexes. Comprises Josephine ophiolite, ophiolites of Onion Mountain, Sexton
Mountain, Pearsoll Peak, Rogue River, and Riddle areas and Coast Range
ophiolite and serpentinite mélange. In southwest Oregon, locally includes small
bodies of early Mesozoic or late Paleozoic serpentinized and sheared ultramafic
rocks, mostly in shear zones. Locally, volcanic and sedimentary rocks shown

separately.

Basaltic volcanic and sedimentary rocks—Basalt flows, flow breccia,
agglomerate, pillow basalt and pillow breccia, and lesser shale, chert siltstone,

and mudstone of ophiolitic complexes.
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Jv

Kc

KlJds

Kldv

Klg

KJgu

KJm

Volcanic rocks (Jurassic)—Lava flows, flow breccia, and agglomerate
dominantly of plagioclase, pyroxene, and hornblende porphyritic and aphyric
andesite. Includes flow rocks that range in composition from basalt to rhyolite as
well as some interlayered tuff and tuffaceous sedimentary rocks. Commonly
metamorphosed to greenschist facies; locally foliated, schistose or gneissic.
Includes the Rogue Formation and volcanic rocks commonly assigned to the

Galice Formation. Considered to be accreted island-arc terrane.

Clastic sedimentary rocks (Upper and Lower Cretaceous)—Locally
fossiliferous sandstone and conglomerate; marine fossils indicate Early

Cretaceous (Albian) age.

Sedimentary rocks related to the Dothan Formation (Lower Cretaceous and
Upper Jurassic)—Sandstone, conglomerate, graywacke, rhythmically banded

chert lenses. Includes western Dothan and Otter Point Formations.

Volcanic rocks related to the Dothan Formation (Lower Cretaceous and
Upper Jurassic)—Basaltic pillow lavas, volcanic breccia, and silicified basalt

lava flows.

Granitic rocks (Cretaceous and Jurassic)—Mostly tonalite and quartz diorite
but including lesser amounts of other granitoid rocks. Potassium-argon ages

determined on hornblende indicates plutons range in age from 143 to 166 Ma.

Gabbro and ultramafic rocks associated with granitic plutons (Cretaceous
and Jurassic)—Predominantly hornblende gabbro, gabbro, and olivine gabbro,
but includes pyroxenite, hornblende pyroxene, and minor peridotite, dunite, and

serpentinite.

Myrtle Group (Lower Cretaceous and Upper Jurassic)—Conglomerate,
sandstone, siltstone, and limestone. Locally fossiliferous. As shown, includes

Riddle and Days Creek Formations.
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Ks

mc

Qt

Tmss

Tn

TrPv

Sedimentary rocks (Cretaceous)—Marine graywacke, subgraywacke,
conglomerate, and shale. Pebbles and cobbles in conglomerate are well-rounded
volcanic and metavolcanic rocks, low-grade metasedimentary rocks, quartzite,
chert, and minor silicic and intermediate plutonic rocks, Shales are gray to black
and are fissile to blocky, Sandstones commonly display graded bedding;
conglomerate beds are commonly thick and poorly bedded. Shales, near Mitchell,
have yielded latest Early Cretaceous (Albian) fossils’ some earliest Late

Cretaceous (Cenomanian) fossils occur in beds southeast of Mitchell.

May Creek Schist (Paleozoic)—Layered amphibolite, schist, gneiss, and

quartzite. Protolith considered to be of Paleozoic age.

Terrace, pediment, and lag gravels (Holocene and Pleistocene)—
Unconsolidated deposits of gravel, cobbles, and boulders intermixed and locally
interlayered with clay, silt, and sand. Mostly on terraces and pediments above
present flood plains. Includes older alluvium in the Klamath Mountains and both

high- and low-level terraces along Oregon coast.

Marine sandstone and siltstone (middle Eocene)—Thin- to thick-bedded,
crossbedded, well-sorted, fine- to medium-grain sandstone, siltstone, and
mudstone; characterized by sparse fine white mica; shallow marine depositional
setting at least partly of deltaic origin. Contains foraminiferal and molluscan

faunas of early middle Eocene age.

Nonmarine sedimentary rocks (Eocene)—Continentally derived conglomerate,
pebble conglomerate, sandstone, siltstone, and mudstone containing abundant
biotite and muscovite, dominantly nonvolcanic; clastic material derived from

underlying older rocks.

Volcanic rocks (Triassic and Permian)—Massive flows of porphyritic meta-
andesite, metabasalt, spilite, and keratophyre, volcanic breccia, and subordinate

amounts of fine-grained volcaniclastic rocks. In southwest Oregon includes
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hornblende, pyroxene, and plagioclase porphyritic andesite flows, breccia,
agglomerate, tuff, and locally, some basalt flows and dacitic tuffs of the

Applegate Group.

TrPzm Mélange of Dutchmans Peak (Triassic or Paleozoic)—Heterogeneous mixture

TrPzs

Tsr

of interlayered metasedimentary and metavolcanic rocks metamorphosed to upper
greenschist and (or) almandine-amphibolite facies, and serpentinite, gabbro, and

metagabbro.

Sedimentary rocks, partly metamorphosed (Triassic and Paleozoic)—Poorly
bedded argillite, chert, phyllite, phyllitic quartzite, calc-phyllite, impure
limestone, and marble. In places rocks are strongly foliated. In Klamath
Mountains of southwest Oregon, includes shale, mudstone, volcaniclastic
sandstone, graywacke, conglomerate, tuff, and minor radiolarian chert and marble

of the Applegate Group.

Siletz River Volcanics and related rocks (middle and lower Eocene and
Paleocene)—Aphanitic to porphyritic, vesicular pillow flows, tuff-breccias,
massive lava flows and sills of tholeiitic and alkali basalt. Upper part of sequence
contains numerous interbeds of basaltic siltstone and sandstone, basaltic tuff, and
locally derived basalt conglomerate. Rocks of unit pervasively zeolitized and
veined with calcite. Most of these rocks are of marine origin and have been

interpreted as oceanic crust and seamounts.

Willamette Valley

Qs

Qt

Lacustrine and fluvial sedimentary rocks (Pleistocene)—Unconsolidated to
semiconsolidated lacustrine clay, silt, sand, and gravel; in places includes

mudflow and fluvial deposits and discontinuous layers of peat.

Terrace, pediment, and lag gravels (Holocene and Pleistocene)—
Unconsolidated deposits of gravel, cobbles, and boulders intermixed and locally

interlayered with clay, silt, and sand. Mostly on terraces and pediments above
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present flood plains. Includes older alluvium in the Klamath Mountains and both

high- and low-level terraces along Oregon coast.

Tfe  Fisher and Eugene Formations and correlative rocks (Oligocene and upper
Eocene)—Thin to moderately thick bedded, coarse-to fine-grained arkosic and
micaceous sandstone and siltstone, locally highly pumiceous, of the marine
Eugene Formation; and coeval and older andesitic lapilli tuff, breccia, water-laid
and air-fall silicic ash of the continental Fisher and Colestin Formations; upper
parts of the Fisher Formation apparently lap onto ad interfingers with the Eugene

Formation.
Tfeb Basaltic rocks—Probably part of Fisher Formation.

Tfee Marine Eugene Formation, where mapped separately.
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APPENDIX C: Site and soil Pit Images for HH Sites. (Rock units in parentheses.)

Site HH01 and HHO02 are both from the south edge of the Newberry Lava Flow (Qyb).
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Site HH03 (QTa)
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Site HHO5 (Thi)
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Site HHO6 (Thi)
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Site HHO7 (upper left) and HHO8 had the same vegetation (Tvs)
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Site HH13 (Tfee)
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Site HH14 (Tfee)
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Site HH15 (Tfeb)
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Site HH16 (Tfeb)
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Dr. Burns points to a demarcation in the Bt (20-60+ cm) horizon at Site HH17 (T1),
where below the soil is a darker red.
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APPENDIX D: Soil Data

A Horizon
A Horizon Samples Munsell Colors (dry) Color Index
Value/
Sample | As (ppm) Hue Munsell Color B-W
Chroma
EO01 0.666 (no color data)
EO02 1.36 (no color data)
EO07 1.46 10 YR 4/3 brown 9
EO08 1.57 10 YR 4/2 dark grayish brown 6
EO14 0.869 10 YR 3/2 very dark grayish brown 6
EO15 0.776 25Y 4/3 olive brown 6
EO16 1.31 25Y 4/2 dark grayish brown 4
EO17 1.47 25Y 4/3 olive brown 6
EO18 0.718 25Y 4/3 olive brown 6
EO20 0.724 25Y 4/3 olive brown 6
EO21 0.687 25Y 4/2 dark grayish brown 4
EO22 1.12 25Y 5/3 grayish brown 6
EO23 0.845 25Y 4/2 dark grayish brown 4
EO24 1.22 25Y 4/3 olive brown 6
EO25 0.892 25Y 5/3 grayish brown 6
EO26 0.483 25Y 4/2 dark grayish brown 4
EO27 2.15 25Y 4/3 olive brown 6
EO30 0.762 25Y 7/4 pale yellow 8
EO31 0.821 25Y 4/3 olive brown 6
EO32 1.5 25Y 4/3 olive brown 6
EO33 1.07 25Y 4/3 olive brown 6
EO34 1.15 25Y 5/3 grayish brown 6
EO35 1.62 10 YR 5/4 yellowish brown 12
EO36 1.57 10 YR 3/3 dark brown 9
HHO1 <0.20 7.5 YR 3/1 very dark gray 4
HHO02 <0.20 7.5 YR 3/1 very dark gray 4
HHO03 <0.20 5YR 3/1 very dark gray 5
HHO04 <0.20 10 YR 4/2 dark grayish brown 6
HHO5 4.88 7.5 YR 4/2 brown 8
HHO06 7.29 7.5 YR 4/3 brown 12
HHO7 <0.20 10 YR 4/2 dark grayish brown 6
HHOS8 <0.20 10 YR 4/3 brown 9
HHO09 <0.20 7.5 YR 4/3 brown 12
HHI10 <0.20 10 YR 4/2 dark grayish brown 6
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APPENDIX D: Soil Data, A Horizon (cont.)

A Horizon Samples Munsell Colors (dry) Color Index
Value/
Sample | As (ppm) Hue Munsell Color B-W
Chroma

HHI11.1 4.38 10 YR 4/3 brown 9

HHI11.2 3.95 5YR 4/2 dark reddish gray 10

HH11.3 3.24 10 YR 4/3 brown 9

HH11.4 3.48 10 YR 4/3 brown 9

HHI11.5 3.65 10 YR 4/3 brown 9
HHI12 <0.20 10 YR 6/3 pale brown 9
HH13 13.5 10 YR 4/3 brown 9
HHI14 63.2 10 YR 3/2 very dark grayish brown 6
HH15 <0.20 7.5 YR 4/3 brown 12
HHI16 <0.20 10 YR 4/2 dark grayish brown 6
HH17 4.28 5YR 5/6 yellowish red 30
HH18 4.54 5 YR 4/4 reddish brown 20
KLO1 1.49 10 YR 5/6 yellowish brown 18
KLO02 0.995 25Y 4/3 olive brown 6
KLO03 2.57 10 YR 6/6 brownish yellow 18
KL04 7.97 10 YR 4/4 dark yellowish brown 12
KLO5 5.26 10 YR 4/3 brown 9
KLO06 3.43 7.5 YR 5/6 strong brown 24
KLO7 0.765 25Y 3/1 very dark gray 2
KLO8 5.11 10 YR 3/3 dark brown 9
KL09 3.5 7.5 YR 5/6 strong brown 24
KL10 3.19 10 YR 4/3 brown 9
KL11 2.59 10 YR 4/4 dark yellowish brown 12
KL12 2.82 10 YR 4/4 dark yellowish brown 12
KL13 2.36 10 YR 3/3 dark brown 9
KL14 2.67 10 YR 4/3 brown 9
KL15 5.14 10 YR 4/3 brown 9
KL16 1.7 5YR 4/6 yellowish red 30
KL17 1.43 10 YR 4/4 dark yellowish brown 12
KL18 2.22 25Y 5/3 grayish brown 6
KL19 4.88 10 YR 5/4 yellowish brown 12
KL20 1.44 10 YR 4/4 dark yellowish brown 12
KL21 32.6 10 YR 4/4 dark yellowish brown 12
K122 1.57 10 YR 4/3 brown 9
KL23 0.438 25Y 5/3 grayish brown 6
KL24 1.22 10 YR 3/2 very dark grayish brown 6
K125 2.88 10 YR 3/3 dark brown 9
K126 1.3 10 YR 4/3 brown 9
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APPENDIX D: Soil Data, A Horizon (cont.)

A Horizon Samples Munsell Colors (dry) Color Index
Value/
Sample | As (ppm) Hue Munsell Color B-W
Chroma

KL27 7.48 7.5 YR 4/4 brown 16
KL28 0.1085 25Y 4/3 olive brown 6
KL30 0.761 5 YR 3/3 dark reddish brown 15
LCO1 17.2 25Y 5/2 grayish brown 4
LCO02 10.1 7.5 YR 3/3 dark brown 12
LCO03 2.08 25Y 5/3 grayish brown 6
LC04 2.1 10 YR 5/4 yellowish brown 12
LCO05 8.74 25Y 5/4 light olive brown 8
LCO06 0.301 10 YR 4/4 dark yellowish brown 12
LCO07 3.64 10 YR 4/4 dark yellowish brown 12
LCO8 4.96 10 YR 4/2 dark grayish brown 6
LC09 7.36 15Y 5.5/4 light yellowish olive brown 10
LCI0A 4.58 10 YR 4/2 dark grayish brown 6
LCI1 4.96 10 YR 5/4 yellowish brown 12
LCI12 4.27 15Y 4/3 olive brown 7.5
LCI13 2.52 25Y 5/2 grayish brown 4
LCl14 1.25 10 YR 4/1 dark gray 3
LCI15 6.44 10 YR 3/2 very dark grayish brown 6
LCI16 3.73 (no color data)
LC17 2.28 10 YR 3/2 very dark grayish brown 6
LCI8 6.95 10 YR 3/2 very dark grayish brown 6
LCI19 0.799 10 YR 4/4 dark yellowish brown 12
LC20 2.58 10 YR 4/2 dark grayish brown 6
LC21 3.09 7.5 YR 4/4 brown 16
LC22 3.29 6.5 YR 4/4 brown 18
LC23 2.66 7.5 YR 4/4 brown 16
LMO1 6.35 10 YR 4/3 brown 9
LMO02 5.04 10 YR 4/2 dark grayish brown 6

LMO3A 1.92 10 YR 3/2 very dark grayish brown 6
LMO5 1.26 10 YR 3/2 very dark grayish brown 6
LMO06 0.914 25Y 4/3 olive brown 6
LMO07 2.99 25Y 4/3 olive brown 6
LMO08 3.71 10 YR 3/2 very dark grayish brown 6
LMO09 0.608 10 YR 3/2 very dark grayish brown 6
LM10 0.371 10 YR 4/2 dark grayish brown 6
LM11 0.957 10 YR 3/2 very dark grayish brown 6
LM12 2.1 10 YR 3/2 very dark grayish brown 6
LM13 1.81 10 YR 3/2 very dark grayish brown 6
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APPENDIX D: Soil Data, A Horizon (cont.)

A Horizon Samples Munsell Colors (dry) Color Index
Value/
Sample | As (ppm) Hue Munsell Color B-W
Chroma
LM14 1.63 7.5 YR 3/2 dark brown 8
LM15 2.38 10 YR 4/4 dark yellowish brown 12
LM16 2.32 10 YR 4/3 brown 9
LM17 3.13 10 YR 4/3 brown 9
LM20 2.57 (no color data)
LM21 1.03 10 YR 4/3 brown 9
LM22 0.965 10 YR 3/2 very dark grayish brown 6
RO1 7.94 10 YR 5/2 grayish brown 6
RO2 3.47 25Y 3/2 very dark grayish brown 4
RO3 1.72 25Y 4/3 olive brown 6
R13 13.6 10 YR 3/3 dark brown 9
R14 10 7.5 YR 6/5 reddish yellow 20
R15 1 10 YR 5/5 yellowish brown 15
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B Horizon

B Horizon Samples Munsell Colors (dry) Color Index
Sample | As (ppm) Hue Value/ Munsell Color B-W
Chroma

EO01 0.846 (no color data)

EO02 1.03 (no color data)

EO07 1.45 10 YR 4/4 dark yellowish brown 12
EO08 1.15 10 YR 4/2 dark grayish brown 6
EO09 0.496 10 YR 5/2 grayish brown 6
EO10 1.08 25Y 6/4 light yellowish brown 8
EO11 1.13 25Y 6/3 light yellowish brown 6
EO12 0.941 25Y 6/4 light yellowish brown 8
EO13 1.05 25Y 6/3 light yellowish brown 6
EO14 1.02 10 YR 6/4 light yellowish brown 12
EO15 0.655 25Y 6/4 light yellowish brown 8
EO16 1.01 25Y 6/4 light yellowish brown 8
EO17 0.965 25Y 6/4 light yellowish brown 8
EO18 0.923 25Y 6/4 light yellowish brown 8
EO19 0.349 (no color data)

EO20 0.806 25Y 6/6 olive yellow 8
EO21 0.661 25Y 6/4 light yellowish brown 8
EO22 0.587 25Y 7/3 pale yellow 6
EO23 0.783 25Y 6/4 light yellowish brown 8
EO24 1.14 10 YR 6/4 light yellowish brown 12
EO25 0.83 25Y 7/3 pale yellow 6
EO26 0.693 25Y 5/6 light olive brown 12
EOQ27 1.14 25Y 7/4 pale yellow 8
EO30 0.579 25Y 7/4 pale yellow 8
EO31 0.633 25Y 7/3 pale yellow 6
EO32 1.02 25Y 6/4 light yellowish brown 8
EO33 0.826 25Y 6/4 light yellowish brown 8
EO34 0.757 25Y 6/4 light yellowish brown 8
EO35 1.21 9 YR 5/4 yellowish brown 14
EO36 1.31 10 YR 5/4 yellowish brown 12
HHO3 <0.20 10 YR 5/4 yellowish brown 12
HHO04 <0.20 10 YR 5/4 yellowish brown 12
HHO05 4.78 7.5 YR 4/3 brown 12
HHO06 6.10 7.5 YR 4/4 brown 16
HHO7 <0.20 10 YR 5/3 brown 9
HHO8 <0.20 7.5 YR 5/4 brown 16
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APPENDIX D: Soil Data, B Horizon (cont.)

B Horizon Samples Munsell Colors (dry) Color Index
Sample | As (ppm) Hue Value/ Munsell Color B-W
Chroma
HHO09 <0.20 7.5 YR 4/3 brown 12
HHI10 <0.20 7.5 YR 4/3 brown 12
HHI11.1 4.51 7.5 YR 5/6 strong brown 24
HHI11.2 4.83 7.5 YR 5/4 brown 16
HHI11.3 4.99 7.5 YR 5/4 brown 16
HH11.4 4.04 7.5 YR 5/4 brown 16
HHI11.5 4.29 7.5 YR 4/4 brown 16
HH12 <0.20 10 YR 6/4 light yellowish brown 12
HH13 11.5 10 YR 4/3 brown 9
HH14 85.4 7.5 YR 3/3 dark brown 12
HH15 <0.20 7.5 YR 4/4 brown 16
HH16 <0.20 10 YR 3/3 dark brown 9
HH17 3.13 2.5 YR 4/6 red 36
HHI18 3.32 2.5 YR 4/6 red 36
KLO1 1.62 7.5 YR 6/6 reddish yellow 24
KL02 1.56 10 YR 5/6 yellowish brown 18
KLO03 2.39 10 YR 7/6 yellow 18
KL04 8.71 2.5 YR 5/4 reddish brown 24
KLO5 7.38 10 YR 6/5 brownish yellow 15
KL06 3.82 5YR 5/6 yellowish red 30
KLO7 0.814 25Y 5/3 light olive brown 6
KLO8 5.04 10 YR 4/4 dark yellowish brown 12
KL09 5.70 7.5 YR 5/6 strong brown 24
KL10 5.28 10 YR 5/3 brown 9
KL11 5.38 10 YR 3/4 dark yellowish brown 12
KL12 2.54 10 YR 4/4 dark yellowish brown 12
KL13 2.59 10 YR 3/3 dark brown 9
KL14 3.84 10 YR 5/6 yellowish brown 18
KL15 8.63 10 YR 3/4 dark yellowish brown 12
KL16 1.31 2.5 YR 3/8 dark red 48
KL17 1.90 7.5 YR 4/4 brown 16
KL18 2.26 10 YR 6/6 brownish yellow 18
KL19 6.52 10 YR 6/6 brownish yellow 18
KL20 1.73 7.5 YR 4/6 strong brown 24
KL21 26.1 7.5 YR 5/6 strong brown 24
KL22 3.59 10 YR 6/6 brownish yellow 18
KL23 0.915 25Y 5/4 light olive brown 8
KL24 1.29 10 YR 4/4 dark yellowish brown 12
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APPENDIX D: Soil Data, B Horizon (cont.)

B Horizon Samples Munsell Colors (dry) Color Index
Value/
Sample | As (ppm) Hue Munsell Color B-W
Chroma

KL25 3.12 10 YR 4/4 dark yellowish brown 12
KL26 0.637 10 YR 5/4 yellowish brown 12
KL27 7.70 7.5 YR 5/6 strong brown 24
KL28 0.328 25Y 5/3 light olive brown 6
KL30 0.884 5 YR 4/6 yellowish red 30
LCO1 17.5 25Y 5/2 grayish brown 4
LCO02 5.59 7.5 YR 5/8 strong brown 32
LCO03 1.73 25Y 6/4 light yellowish brown 8
LC04 4.90 10 YR 5/4 yellowish brown 12
LCO05 10.3 25Y 5/4 light olive brown 8
LC06 0.274 10 YR 4/4 dark yellowish brown 12
LCO07 3.02 10 YR 6/4 light yellowish brown 12
LCO8 5.97 10 YR 6/4 light yellowish brown 12
LCO09 10.6 1.5Y 5/6 light olive brown 15
LC10B 3.79 10 YR 4/4 dark yellowish brown 12
LC11 4.11 10 YR 4/3 brown 9
LCI12 4.98 10 YR 5/4 yellowish brown 12
LC14 1.74 10 YR 6/7 brownish yellow 21
LC15 7.70 10 YR 4/4 dark yellowish brown 12
LC16 7.31 (no color data)
LC17 6.86 10 YR 5/4 yellowish brown 12
LC18 7.94 10 YR 4/4 dark yellowish brown 12
LCI19 0.347 10 YR 4/4 dark yellowish brown 12
LC20 2.33 10 YR 4/3 brown 9
LC21 1.67 7.5 YR 5/8 strong brown 32
LC22 3.38 4 YR 4/4 reddish brown 20
LC23 2.90 6.5 YR 4/4 brown 16
LMO02 4.80 10 YR 5/3 brown 9

LMO3B 1.96 10 YR 6/4 light yellowish brown 12
LMO04 2.16 25Y 6/4 light yellowish brown 8
LMO5 1.10 10 YR 6/4 light yellowish brown 12
LMO06 1.00 25Y 7/4 pale yellow 8
LMO7 2.85 25Y 5/3 light olive brown 6
LMO08 4.74 10 YR 4/4 dark yellowish brown 12
LMO09 1.79 10 YR 6/3 pale brown 9
LM1 7.53 10 YR 5/4 yellowish brown 12
LM10 1.00 10 YR 6/4 light yellowish brown 12
LM11 0.977 10 YR 6/4 light yellowish brown 12
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APPENDIX D: Soil Data, B Horizon (cont.)

B Horizon Samples Munsell Colors (dry) Color Index
Sample | As (ppm) Hue Value/ Munsell Color B-W
Chroma
LM12 1.86 10 YR 3/3 dark brown 9
LMI13 2.03 10 YR 4/4 dark yellowish brown 12
LM14 1.52 7.5 YR 4/4 brown 16
LM15 2.56 7.5 YR 4/4 brown 16
LM16 0.809 10 YR 4/3 brown 9
LM17 3.32 10 YR 5/4 yellowish brown 12
ILM19 7.31 25Y 5/3 light olive brown 6
LM20 2.02 (no color data)

LM21 0.543 10 YR 5/4 yellowish brown 12
LM22 1.48 10 YR 6/4 light yellowish brown 12
RO1 11.9 10 YR 6/2 light brownish gray 6
RO2 7.13 25Y 7/2 light gray 4
RO3 1.29 25Y 6/4 light yellowish brown 8
ROS 1.61 9 YR 5/6 yellowish brown 21
RO7 2.02 10 YR 6/4 light yellowish brown 12
R10 0.520 25Y 5/4 light olive brown 8
R12 5.95 10 YR 6/4 light yellowish brown 12
R13 454 5YR 4/8 yellowish red 40
R14 12.9 7.5 YR 6/6 reddish yellow 24
R15 1.64 9 YR 5/6 yellowish brown 21
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APPENDIX E: SAMPLING SITE CHARACTERISTICS

COUNTY GEOLOGIC SOIL ELEV
SITE PROVINCE QUADRANGLE MRC VEGETATION | LAT | LONG
NAME UNIT ORDER (m)

EO02 | High Lava Plains | Deschutes Benham Falls 43121-H4 Qb Inceptisol p 43.91| -121.40| 1368
EOO07 | Basinand Range [ Klamath Sprague River West [ 42121-D5 Tb Mollisol p 42.39| -121.55| 1398
EO08 | Basinand Range [ Klamath Swan Lake Point 42121-D6 QTb Mollisol f,p 42.41| -121.65| 1885
EO09 | Basinand Range [ Klamath Chiloquin 42121-E7 Ts Entisol p, br, g 42.60| -121.77| 1286
EO10 | Basinand Range Klamath Calimus Butte 42121-F5 QTb Entisol p, br 42.68( -121.55( 1617
EO11 | Basin and Range Klamath Buckhorn Springs 42121-G5 Ts Entisol p 42.79| -121.52( 1447
EO12 | Basinand Range Klamath Fuego Mountain 42121-FA Tob Entisol p 42.72| -121.39| 1484
EO13 | Basinand Range Klamath Gordon Lake 42121-H4 QTs Entisol p 42.98| -121.46( 1423
EO14 | Basinand Range | Klamath Fuego 42121-G7 Qma Inceptisol p 42.87| -121.81| 1377
EO15 | Cascade Range Klamath Odell Butte 43121-D7 Qs Entisol p 43.46| -121.77| 1392
EO16 | High Lava Plains | Deschutes Finley Butte 43121-F4 QTst Entisol p 43.70| -121.38| 1435
EO17 | High Lava Plains | Deschutes Paulina Peak 43121-F3 QTst Entisol p 43.70| -121.30| 1836
EO18 | Cascade Range | Deschutes Davis Mountain 43121-F7 QTba Inceptisol p 43.69| -121.85| 1398
EO19 | Cascade Range [ Deschutes Davis Mountain 43121-F7 Qyb Parent none 43.66| -121.80| 1332
EO20 | Cascade Range [ Deschutes Davis Mountain 43121-F7 QTmv Entisol f,p 43.63| -121.77| 1824
EO21 | Cascade Range Klamath Hamner Butte 43121-E7 QTba Entisol f,p 43.61| -121.82| 1338
EO22 | Cascade Range Klamath Muttonchop Butte 43121-C7 QTp Entisol p 43.36| -121.85( 1514
EO23 | Cascade Range Klamath Burn Butte 43121-C8 Qmp Entisol p 43.37| -121.88| 1471
EO24 | Cascade Range Klamath Pothole Butte 42121-H8 Qrd Entisol f,p 42.97| -121.94| 1824
EO25 | Cascade Range Klamath Crater Lake East 42122-H1 QTba Entisol 42.92| -122.01| 1569
EO26 | Basinand Range | Klamath Sun Pass 42121-G8 Qf Entisol p 42.86| -121.90| 1386
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APPENDIX E: Sampling Sites Characteristics (cont.)

SITE PROVINCE COUNTY QUADRANGLE MRC GEOLOGIC SOIL VEGETATION [ LAT [ LONG ELEV
NAME UNIT ORDER (m)
EO27 | Basinand Range [ Klamath Sun Pass 42121-G8 Tob Entisol f,p 42.76| -121.98| 1435
EO30 | High Lava Plains Lake Big Hole 43121-D3 QTps Entisol p, g, br 43.42| -121.31| 1404
EO31 | High Lava Plains Lake Big Hole 43121-D3 Tat Entisol p, br 43.38| -121.30( 1490
EO32 | High Lava Plains Klamath Sugarpine Mountain | 43121-A5 Tmv Entisol p, g br 43.11( -121.61| 1891
EO33 | Basinand Range Klamath Gordon Lake 42121-H4 Tp Entisol p 43.00| -121.42 1526
EO34 | Basinand Range | Klamath Chiloquin 42121-E7 Tps Entisol p, br 42.62| -121.81| 1325
EO35 | Basinand Range [ Klamath S$'Ocholis Canyon 42121-E6 QTvm Inceptisol f,p 42.53| -121.66| 1544
EO36 | Basinand Range [ Klamath Sprague River East 42121-D4 Trh Mollisol f,p g 42.41| -121.46| 1569
HHO1 | High Lava Plains | Deschutes Benham Falls 43121-H4 Qyb Parent none 43.91| -121.38| 1328
HHO2 | High Lava Plains | Deschutes Lava Butte 43121-H3 Qyb Parent none 43.91| -121.36| 1379
HHO3 | Cascade Range Douglas Pumice Desert West | 43122-A2 Qta Inceptisol f 43.09| -122.21| 1672
HHO4 | Cascade Range Douglas Pumice Desert West | 43122-A2 Qta Inceptisol f,h 43.09| -122.21| 1644
HHO5 | Cascade Range Jackson MclLeod 42122-F6 Thi Alfisol md, o, p 42.70( -122.63 688
HHO6 | Cascade Range Jackson MclLeod 42122-F6 Thi Alfisol ¢,md,o,p |[42.69| -122.63 646
HHO7 | Basinand Range | Klamath Yonna 42121-C4 Tvs Inceptisol ¢, md, p 42.35| -121.40| 1551
HHO8 | Basinand Range [ Klamath Yonna 42121-C4 Tvs Inceptisol c, md, p 42.35| -121.40| 1567
HHO9 | Basinand Range [ Klamath Yainax Butte 42121-C3 Tvm Inceptisol c, md, p 42.36| -121.37| 1618
HH10 | Basinand Range [ Klamath Yainax Butte 42121-C3 Tvm Inceptisol ¢, md, p 42.36| -121.37| 1620
HH11 Klamath Douglas Dixonville 43123-B2 Kldv Inceptisol | g md,p,0 |43.17| -123.20 275
HH12 Klamath Douglas Dixonville 43123-B2 Kldv Inceptisol c,frn, p 43.16| -123.20 282
HH13 Willamette Lane Creswell 43123-H1 Tfee Alfisol f 43.97| -123.06 264
HH14 Willamette Lane Creswell 43123-H1 Alfisol frn, f, hz, md | 43.97| -123.06 292
HH15 Willamette Lane Springfield 44122-A8 Tfeb Alfisol f,g 0 44.01| -122.98 201
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APPENDIX E: Sampling Sites Characteristics (cont.)

SITE PROVINCE COUNTY QUADRANGLE MRC GEOLOGIC SOIL VEGETATION [ LAT [ LONG ELEV
NAME UNIT ORDER (m)

HH16 Willamette Lane Springfield 44122-A8 Tfeb Inceptisol f,o 44.01| -122.98 214
HH17 Coast Range Lane Noti 44123-A4 Ti Ultisol b, f 44.03( -123.43 240
HH18 Coast Range Lane Noti 44123-A4 Ti Ultisol b, f 44.03| -123.43 228
KLO1 Klamath Josephine Galice 42123-E5 Js Ultisol p, f(old) 42.57| -123.54 426
KLO2 Klamath Josephine Wilderville 42123-D4 Klg Inceptisol m, f, p 42.50( -123.43 316
KLO3 Klamath Josephine Galice 42123-E5 Jv Alfisol f 42.61| -123.60 228
KLO4 Klamath Curry Marial 42123-F8 Klds Inceptisol df(old) 42.64| -123.91| 1094
KLO5 Klamath Curry Agness 42124-E1 Tmss Alfisol f, po, g 42.58| -124.04 122
KLO6 Klamath Curry Soldier Camp Mtn. 42124-E2 cs Alfisol p, f 42.53| -124.14 195
KLO7 Klamath Curry Cape Blanco 42124-G5 Qt Inceptisol f 42.82| -124.50 52
KLO8 Klamath Curry Cape Blanco 42124-G5 Qt Inceptisol p 42.83| -124.54 61
KLO9 Klamath Curry Port Orford 42124-F4 JTrgd Ultisol f,m,a 42.71| -124.38 219
KL10 Klamath Curry Father Mountain 42124-F3 Ks Inceptisol | f(old),m |42.71| -124.28 170
KL11 Klamath Curry Father Mountain 42124-F3 Js Inceptisol f 42.72| -124.32 146
KL12 Klamath Curry Brushy Bald Mountain | 42124-E3 cs Ultisol f 42.60| -124.35 24
KL13 Klamath Curry Gold Beach 42124-D4 Jop Inceptisol f 42.49| -124.41 49
KL14 Klamath Josephine Selma 42123-C5 Jss Alfisol f 42.34| -123.58| 462
KL15 Klamath Josephine Cave Junction 42123-B6 Jss Inceptisol f 42.24| -123.64| 389
KL16 Klamath Josephine Cave Junction 42123-B6 Ju Ultisol f,p 42.24| -123.69 365
KL17 Klamath Josephine Takilma 42123-A5 Jm Alf/Ult f 42.05| -123.58 584
KL18 Klamath Josephine Oregon Caves 42123-A4 TrPzs Alfisol f(old) 42.10( -123.41| 1021
KL19 Klamath Jackson Tallowbox Mountain | 42123-B2 TrPv Alf/Ult f 42.18| -123.21 657
KL20 Klamath Josephine Grayback Mountain | 42123-A3 TrPzs Inceptisol f,p 42.04( -123.30{ 1386
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APPENDIX E: Sampling Sites Characteristics (cont.)

SITE PROVINCE COUNTY QUADRANGLE MRC GEOLOGIC SOIL VEGETATION [ LAT [ LONG ELEV
NAME UNIT ORDER (m)
KL21 Klamath Jackson Carberry Creek 42123-A2 cm Alfisol f,p 42.02| -123.13 657
KL22 Klamath Jackson Squaw Lakes 42123-A1 TrPv Inceptisol f,p 42.12| -123.05 584
KL23 Klamath Josephine Buckskin Peak 42123-A7 JTrgd Alfisol f,p 42.05| -123.84( 1143
KL24 Klamath Jackson Siskiyou Peak 42122-A7 | TrPzm Alfisol f (old) 42.05| -122.83( 2019
KL25 Klamath Jackson Dutchman Peak 42122-A8 | TrPzm Inceptisol f 42.04| -122.91| 1946
KL26 Klamath Jackson Mount Ashland 42122-A6 Kg Inceptisol f 42.08| -122.72| 2043
KL27 Klamath Jackson King Mountain 42123-F2 Kc Alf/Ult f 42.67| -123.20 778
KL28 Klamath Jackson Skeleton Mountain | 42123-F1 mc Inceptisol f,p 42.64| -123.10 754
KL30 Klamath Josephine Mount Peavine 42123-E6 bc Alfisol o,f,p 42.53| -123.66 745
LCo1 Willamette Lane Eugene West 44123-A2 Qs Mollisol g 44.05| -123.17 119
LCO2 Willamette Lane Eugene West 44123-A2 Tfee Ultisol df(young) |44.02 -123.16 249
LCO3 Willamette Lane Veneta 44123-A3 Qt Mollisol df 44.03| -123.30 106
LCO4 Coast Range Douglas Drain 43123-F3 Tt Ultisol df 43,71 -123.34 219
LCO5 Coast Range Douglas Sutherlin 43123-D3| Tmsm Inceptisol o, df 43.47| -123.32 269
LCO6 Klamath Douglas Winchester 43123-C3 Tsr Mollisol o,lp 43.26| -123.32 213
LCO7 | Cascade Range Douglas Fish Mountain 43122-A4 Tmsc Inceptisol df, Ip 43.03| -122.38 316
LCO8 Coast Range Douglas Camas Valley 43123-A6 Tmss Inceptisol df 43.01| -123.73 340
LC0O9 Coast Range Douglas Devils Graveyard 43123-F6 Ty Mollisol df, o 43.64| -123.64 134
LC10A Klamath Douglas Oak Creek Valley 43123-C2 Tsr Ultisol Ip,f, g 43.32| -123.22 182
LC10B Coast Range Douglas Scottsburg 43123-F7 Ty Ultisol h,c 43.67| -123.78 24
LC11 Coast Range Douglas Scottsburg 43123-F7 Qal Inceptisol w, m 43.67| -123.81 0
LC12 Coast Range Douglas Scottsburg 43123-F7 Tt Inceptisol m, f 43.65| -123.83 24
LC13 Coast Range Douglas Winchester Bay 43124-F2 Qd Entisol mb, sb 43.66| -124.20 0
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APPENDIX E: Sampling Sites Characteristics (cont.)

SITE PROVINCE COUNTY QUADRANGLE MRC GEOLOGIC SOIL VEGETATION [ LAT [ LONG ELEV
NAME UNIT ORDER (m)
LC14 Coast Range Douglas Winchester Bay 43124-F2 Qd Spodosol df, cs, s 43.66| -124.19 0
LC15 Coast Range Coos Lakeside 43124-E2 Tss Inceptisol f,a 43.59( -124.17 24
LC16 Coast Range Coos Lakeside 43124-E2 Qt Inceptisol f 43.59| -124.18 0
LC17 Coast Range Coos Cape Arago 43124-C4 Qt Ultisol f(old) 43.33| -124.38 0
LC18 Coast Range Coos Charleston 43124-C3 Tss Ultisol f(old) 43.32| -124.36 109
LC19 Coast Range Coos Coquille 43124-B2 Tsr Ultisol f,m,a 43.15| -124.15 27
LC20 Coast Range Douglas Bone Mountain 42123-H7 Qls Inceptisol a,f 42.97| -123.82 170
LC21 Coast Range Douglas Chipmunk Ridge 43123-H6 Tmss Alfisol f, cs 43.00| -123.72 334
LC22 Willamette Lane Fox Hollow 43123-H2 Tfe Ultisol f 43.90( -123.20| 489
LC23 Coast Range Lane Mercer Lake 44124-A1 Tpb Inceptisol f 44.08| -124.08 397
LMO01 | Cascade Range Douglas Old Fairview 43122-C8 Qls Inceptisol df, m, a 43.30| -122.91 268
LMO2 | Cascade Range Douglas Mace Mountain 43122-C7 Tus Inceptisol df 43.31| -122.84 316
LMO3A| Cascade Range Douglas Illahee Rock 43122-C5 Tus Inceptisol df 43.30| -122.62| 438
LMO3B| Cascade Range Douglas Fish Creek Desert 43122-B4 QTba Inceptisol df 43.25| -122.40 827
LMO04 | Cascade Range Douglas Diamond Lake 43122-B2 Qg Entisol p 43.19| -122.13| 1301
LMO5 | Cascade Range Douglas Pumice Desert East | 43122-Al Qma Entisol p, df 43.10| -122.10| 1860
LMO06 | Cascade Range Klamath Miller Lake 43121-B8 Qmp Entisol p, df 43.22| -121.93| 1745
LMO07 | Cascade Range Lane Westfir West 43122-G5 Qal Inceptisol | m,df,c,cw |43.82| -122.60 292
LMO08 | Cascade Range Lane Holland Point 43122-F5 Tu Ultisol df 43.73| -122.54| 778
LMO09 | Cascade Range Lane Willamette Pass 43122-E1 Qba Inceptisol df 43.61| -122.12| 1240
LM10 | Cascade Range Klamath Odell Lake 43121-E8 Qg Entisol p 43.54| -121.95| 1453
LM11 | Cascade Range Klamath Odell Butte 43121-D7| QTmv Entisol df 43.47| -121.87| 1873
LM12 | Cascade Range Jackson Hyatt Reservoir 42122-B4 Tub Mollisol gf, df(old) |42.18( -122.48 1654
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APPENDIX E: Sampling Sites Characteristics (cont.)

SITE PROVINCE COUNTY QUADRANGLE MRC GEOLOGIC SolL VEGETATION | LAT | LONG ELEV
NAME UNIT ORDER (m)
LM13 | Cascade Range Jackson Hyatt Reservoir 42122-B4 Tus Mollisol df 42.20| -122.44| 1526
LM14 | Cascade Range Klamath | Little Chinquapin Mtn. | 42122-B3 Trb Mollisol df 42.14| -122.27| 1325
LM15 | Cascade Range Klamath Mule Hill 42122-A2 QTba Mollisol df(old) 42.12| -122.16| 1350
LM16 | Basinand Range | Klamath Spencer Creek 42122-B1 Qba Mollisol p 42.13| -122.03| 1289
LM17 | Cascade Range Lane Lowell 43122-H7 Qal Mollisol df, m, p 43.93| -122.83 182
LM19 | Cascade Range Lane Westfir West 43122-G5 Tut Inceptisol df 43.86| -122.56 486
LM20 | Cascade Range Lane Saddleblanket Mtn. | 43122-H5 Tsv Inceptisol df 43.96| -122.61 292
LM21 | Cascade Range Lane Chucksney Mountain |[43122-H1 Qgf Inceptisol df(old) 43.96| -122.12 730
LM22 | Cascade Range Lane Cougar Reservoir 44122-A2 Tfc Inceptisol df, m 44.04| -122.14| 462
RO1 Cascade Range Lane Mount David Douglas | 43122-F2 Thbaa Inceptisol df(old) 43.66| -122.21 803
RO2 Cascade Range Lane Mount David Douglas | 43122-F2 Thaa Inceptisol | df(old),vm |43.64| -122.15| 1094
RO3 Cascade Range Klamath Crater Lake West 42122-H2 Qa Inceptisol | Ip, h(old) |42.96| -122.20( 1933
RO5 Cascade Range Klamath Pelican Bay 42122-D1 QTp Inceptisol | pp, df(few) |42.44| -122.11| 1277
RO7 Klamath Jackson Boswell Mountain 42122-E8 Tn Inceptisol | md, pp, po |42.55( -122.91| 456
R10 Klamath Josephine Murphy Mountain 42123-C4 Klgu Alf/Ult md, po, pp |42.36| -123.38 353
R12 Klamath Josephine Selma 42123-C5 Jub Inceptisol | df, md, pi |[42.33] -123.61 486
R13 Klamath Josephine Golden 42123-F3 Jub Alf/Ult | df, md (few) | 42.64| -123.26 730
R14 Klamath Douglas Canyonville 42123-H3 Kim Alf/Ult df, md, pp |42.92| -123.32 340
R15 Klamath Douglas Dixonville 43123-B2 Kim Alf/Ult df, pp, md | 43.15| -123.16 271
Appendix E Key

MRC = Map Reference Code

Vegetation: a alder, b blackberry, br brush, ¢ cedar, cs citrus spruce, cw cottonwood, df Douglas fir, f fir, frn fern, g grass, gf ground, h hemlock, hz hazelnut,
Ip lodgepole pine, m maple, mb myrtle bush, md madrone, mgc mossy ground cover, ml mountain laurel, o oak, p pine, pi poison ivy, po poison oak, pp
ponderosa pine, sh scotch broom, s salal, ss sitka spruce, w willow, wmb wax myrtle bush, wp wetland and prairie plants.



APPENDIX F: Analysis Categories Data

Site As BW Soil Order Province Origin Age Elev
Rank (m)
EO02 1.36 | no data Inceptisol High Lava Plains \Y 1.30 1372
EOOQ7 1.46 9 Mollisol Basin and Range \Y 10.65 1402
EO08 1.57 6 Mollisol Basin and Range \Y 2.66 1896
EO09 | 0.496 6 Entisol Basin and Range VS 12.80 1295
EO10 1.08 8 Entisol Basin and Range \Y 2.66 1634
EO11 1.13 6 Entisol Basin and Range VS 12.80 1457
EO12 | 0.941 8 Entisol Basin and Range \Y 7.60 1494
EO13 1.05 6 Entisol Basin and Range S 2.66 1433
EO14 1.02 12 Inceptisol Basin and Range \Y 0.005 1382
EO15 | 0.776 6 Entisol Cascade Range U 1.31 1398
EO16 1.31 4 Entisol High Lava Plains VS 3.55 1442
EO17 1.47 6 Entisol High Lava Plains VS 3.55 1847
EO18 | 0.923 8 Inceptisol Cascade Range \Y 2.66 1405
EO19 | 0.349 | nodata | Parent Material | Cascade Range \Y 0.005 1332
EO20 | 0.806 8 Entisol Cascade Range \Y 11.51 1829
EO21 | 0.687 4 Entisol Cascade Range \Y 2.66 1347
EO22 1.12 6 Entisol Cascade Range U 11.50 1521
EO23 | 0.845 4 Entisol Cascade Range \Y 0.005 1481
EO24 1.22 6 Entisol Cascade Range \Y 1.30 1835
EO25 | 0.892 6 Entisol Cascade Range \Y 1.30 1579
EO26 | 0.693 12 Entisol Basin and Range U 1.30 1396
EO27 2.15 6 Entisol Basin and Range \Y 7.60 1445
EO30 | 0.762 8 Entisol High Lava Plains \Y 11.50 1410
EO31 | 0.821 6 Entisol High Lava Plains \Y 7.60 1494
EO32 15 6 Entisol High Lava Plains \Y 14.15 1899
EO33 1.07 6 Entisol Basin and Range VS 13.30 1530
EO34 1.15 6 Entisol Basin and Range \Y 13.30 1335
EO35 1.62 12 Inceptisol Basin and Range \Y 11.51 1554
EO36 1.57 9 Mollisol Basin and Range \Y 12.80 1579
HHO1 | 0.001 4 Parent Material | High Lava Plains \Y 0.005 1328
HHO02 | 0.001 4 Parent Material | High Lava Plains \Y 0.005 1379
HHO3 | 0.001 12 Inceptisol Cascade Range \Y 2.66 1672
HHO04 | 0.001 12 Inceptisol Cascade Range \Y 2.66 1644
HHO5 4.88 8 Alfisol Cascade Range P 14.15 688
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APPENDIX F: Analysis Categories Data (cont.)

Site As BW Soil Order Province Origin Age Elev
Rank (m)
HHO06 7.29 12 Alfisol Cascade Range P 14.15 646
HHO7 0.001 9 Inceptisol Basin and Range \Y 29.20 1551
HHO8 0.001 16 Inceptisol Basin and Range \Y 29.20 1567
HHO09 0.001 12 Inceptisol Basin and Range \Y 12.80 1618
HH10 0.001 12 Inceptisol Basin and Range \Y 12.80 1620
HH11.1 451 24 Inceptisol Klamath Mountains \Y 130.30 275
HH11.2 4.83 16 Inceptisol Klamath Mountains \Y 130.30 275
HH11.3 4.99 16 Inceptisol Klamath Mountains \Y 130.30 275
HH11.4 4.04 16 Inceptisol Klamath Mountains \Y 130.30 275
HH11.5 4.29 16 Inceptisol Klamath Mountains \Y 130.30 275
HH12 0.001 12 Inceptisol Klamath Mountains \Y 130.30 282
HH13 135 9 Alfisol Willamette Valley S 28.45 264
HH14 85.4 12 Alfisol Willamette Valley S 28.45 292
HH15 0.001 16 Alfisol Willamette Valley \Y 31.70 201
HH16 0.001 9 Inceptisol Willamette Valley \Y 31.70 214
HH17 4.28 30 Ultisol Coast Range P 28.45 240
HH18 4.54 20 Ultisol Coast Range P 28.45 228
KLO1 1.62 24 Alfisol Klamath Mountains S 173.55 434
KLO02 1.56 18 Inceptisol Klamath Mountains P 133.55 317
KLO3 2.57 18 Alfisol Klamath Mountains \Y 173.55 236
KLO4 8.71 24 Inceptisol Klamath Mountains S 130.30 1097
KLO5 7.38 15 Alfisol Klamath Mountains S 44.50 122
KLO06 3.82 30 Alfisol Klamath Mountains M 303.75 207
KLO7 0.814 6 Inceptisol Klamath Mountains U 1.30 52
KLO8 5.11 9 Inceptisol Klamath Mountains U 1.30 62
KLO09 5.7 24 Ultisol Klamath Mountains P 198.25 232
KL10 5.28 9 Inceptisol Klamath Mountains S 105.50 183
KL11 5.38 12 Inceptisol Klamath Mountains S 173.55 158
KL12 2.82 12 Ultisol Klamath Mountains M 303.75 24
KL13 2.59 9 Inceptisol Klamath Mountains M 153.25 61
KL14 3.84 18 Alfisol Klamath Mountains S 173.55 475
KL15 8.63 12 Inceptisol Klamath Mountains S 173.55 402
KL16 1.7 30 Ultisol Klamath Mountains VS | 173,55 378
KL17 1.9 16 Ultisol Klamath Mountains M 173.55 597
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APPENDIX F: Analysis Categories Data (cont.)

Site As BW Soil Order Province Origin Age Elev
Rank (m)
KL18 2.26 18 Alfisol Klamath Mountains S 371.80 1036
KL19 6.52 18 Ultisol Klamath Mountains \% 250.30 671
KL20 1.73 24 Inceptisol Klamath Mountains S 371.80 1402
KL21 32.6 12 Alfisol Klamath Mountains M 250.30 671
KL22 3.59 18 Inceptisol Klamath Mountains \% 250.30 597
KL23 0.915 8 Alfisol Klamath Mountains P 198.25 1158
KL24 1.29 12 Alfisol Klamath Mountains M 371.80 2036
KL25 3.12 12 Inceptisol Klamath Mountains M 371.80 1963
KL26 1.3 9 Inceptisol Klamath Mountains P 133.55 2060
KL27 7.7 24 Alfisol Klamath Mountains S 105.50 792
KL28 | 0.328 6 Inceptisol Klamath Mountains M 396.50 768
KL30 | 0.884 30 Alfisol Klamath Mountains M 303.75 754
LCO1 175 4 Vertisol Willamette Valley U 1.31 119
LCO02 10.1 12 Ultisol Willamette Valley S 28.45 253
LCO3 2.08 6 Mollisol Willamette Valley U 1.30 114
LCO4 4.9 12 Ultisol Coast Range S 44.50 232
LCO5 10.3 8 Inceptisol Coast Range S 57.05 269
LCO06 0.301 12 Mollisol Klamath Mountains \% 52.95 213
LCO7 3.64 12 Inceptisol Cascade Range S 52.20 317
LCO08 5.97 12 Inceptisol Coast Range S 44.50 341
LCO09 10.6 15 Inceptisol Coast Range S 41.25 134
LC10A 4.58 6 Mollisol Klamath Mountains \% 52.95 195
LC10B 3.79 12 Mollisol Coast Range S 41.25 24
LC11 4.96 12 Inceptisol Coast Range U 0.005 12
LC12 4.98 12 Inceptisol Coast Range S 44.50 24
LC13 2.52 4 Entisol Coast Range U 0.005 12
LC14 1.74 21 Spodosol Coast Range U 0.005 12
LC15 7.7 12 Inceptisol Coast Range VS 41.25 37
LC16 7.31 | nodata Inceptisol Coast Range U 1.30 12
LC17 6.86 12 Ultisol Coast Range U 1.30 12
LC18 7.94 12 Ultisol Coast Range VS 41.25 110
LC19 0.799 12 Ultisol Coast Range \% 52.95 27
LC20 2.58 6 Inceptisol Coast Range U 1.30 171
LC21 3.09 16 Alfisol Coast Range S 44.50 343
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APPENDIX F: Analysis Categories Data (cont.)

Site As BW Soil Order Province Origin Age Elev
Rank (m)
LC22 3.38 20 Ultisol Willamette Valley VS 31.70 489
LC23 2.9 16 Inceptisol Coast Range \% 37.15 397
LMO1 7.53 12 Inceptisol Cascade Range U 1.30 280
LMO02 5.04 6 Inceptisol Cascade Range VS 19.60 329
LMO3A 1.92 6 Inceptisol Cascade Range VS 19.60 445
LMO03B 1.96 12 Inceptisol Cascade Range \% 2.66 841
LMO04 2.16 8 Inceptisol Cascade Range U 1.31 1317
LMO05 1.26 6 Inceptisol Cascade Range \% 0.005 1865
LMO06 1 8 Inceptisol Cascade Range \% 0.005 1753
LMO07 2.99 6 Inceptisol Cascade Range U 0.005 305
LMO08 4.74 12 Inceptisol Cascade Range VS 19.60 792
LMO09 1.79 9 Ultisol Cascade Range \% 1.30 1256
LM10 1 12 Inceptisol Cascade Range U 1.31 1460
LM11 | 0.977 12 Inceptisol Cascade Range \% 11.51 1881
LM12 2.1 6 Inceptisol Cascade Range \% 19.60 1664
LM13 2.03 12 Mollisol Cascade Range VS 19.60 1530
LM14 1.63 8 Mollisol Cascade Range \% 7.10 1335
LM15 2.56 16 Mollisol Cascade Range \% 2.66 1359
LM16 2.32 9 Mollisol Basin and Range \% 1.30 1298
LM17 3.32 12 Mollisol Cascade Range U 0.005 189
LM19 7.31 6 Mollisol Cascade Range \% 19.60 500
LM20 2.57 ND Inceptisol Cascade Range \% 15.50 305
LM21 1.03 9 Inceptisol Cascade Range U 1.31 744
LM22 1.48 12 Inceptisol Cascade Range \% 14.15 463
RO1 11.9 6 Inceptisol Cascade Range \% 10.65 817
R02 7.13 4 Inceptisol Cascade Range \% 10.65 1158
RO3 1.72 6 Inceptisol Cascade Range \% 1.30 1942
RO5 1.61 21 Inceptisol Cascade Range U 11.50 1280
RO7 2.02 12 Inceptisol Klamath Mountains S 44.85 465
R10 0.52 8 UIt/Alf Klamath Mountains P 133.55 354
R12 5.95 12 Inceptisol Klamath Mountains VS 173.55 488
R13 45.4 40 UIt/Alf Klamath Mountains VS 173.55 732
R14 12.9 24 UI/AIf Klamath Mountains S 130.30 354
R15 1.64 21 UIY/AIf Klamath Mountains S 130.30 271
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APPENDIX F: Analysis Categories Data (cont.)

Site As BW Soil Order Province Origin Age Elev
Rank (m)
LC22 3.38 20 Ultisol Willamette Valley VS 31.70 489
LC23 2.9 16 Inceptisol Coast Range \% 37.15 397
LMO1 7.53 12 Inceptisol Cascade Range U 1.30 280
LMO02 5.04 6 Inceptisol Cascade Range VS 19.60 329
LMO3A 1.92 6 Inceptisol Cascade Range VS 19.60 445
LMO03B 1.96 12 Inceptisol Cascade Range \% 2.66 841
LMO04 2.16 8 Inceptisol Cascade Range U 1.31 1317
LMO05 1.26 6 Inceptisol Cascade Range \% 0.005 1865
LMO06 1 8 Inceptisol Cascade Range \% 0.005 1753
LMO07 2.99 6 Inceptisol Cascade Range U 0.005 305
LMO08 4.74 12 Inceptisol Cascade Range VS 19.60 792
LMO09 1.79 9 Ultisol Cascade Range \% 1.30 1256
LM10 1 12 Inceptisol Cascade Range U 1.31 1460
LM11 | 0.977 12 Inceptisol Cascade Range \% 11.51 1881
LM12 2.1 6 Inceptisol Cascade Range \% 19.60 1664
LM13 2.03 12 Mollisol Cascade Range VS 19.60 1530
LM14 1.63 8 Mollisol Cascade Range \% 7.10 1335
LM15 2.56 16 Mollisol Cascade Range \% 2.66 1359
LM16 2.32 9 Mollisol Basin and Range \% 1.30 1298
LM17 3.32 12 Mollisol Cascade Range U 0.005 189
LM19 7.31 6 Mollisol Cascade Range \% 19.60 500
LM20 2.57 ND Inceptisol Cascade Range \% 15.50 305
LM21 1.03 9 Inceptisol Cascade Range U 1.31 744
LM22 1.48 12 Inceptisol Cascade Range \% 14.15 463
RO1 11.9 6 Inceptisol Cascade Range \% 10.65 817
R02 7.13 4 Inceptisol Cascade Range \% 10.65 1158
RO3 1.72 6 Inceptisol Cascade Range \% 1.30 1942
RO5 1.61 21 Inceptisol Cascade Range U 11.50 1280
RO7 2.02 12 Inceptisol Klamath Mountains S 44.85 465
R10 0.52 8 UIt/Alf Klamath Mountains P 133.55 354
R12 5.95 12 Inceptisol Klamath Mountains VS 173.55 488
R13 45.4 40 UIt/Alf Klamath Mountains VS 173.55 732
R14 12.9 24 UIt/Alf Klamath Mountains S 130.30 354
R15 1.64 21 UIt/Alf Klamath Mountains S 130.30 271

Appendix F Key:

Rock type defined in Table 10.

Age Rank is the average of minimum and maximum deposition age as defined by Walker and MacLeod

(1999).
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APPENDIX G: Apex Labs Sample ID and Control Data

This appendix contains sample identification, quality control results, sample preparation
information and notes and definitions used in Apex Labs reports for the following work orders:

e A10DO053
e A10DO059
e A10D066
e A10D071
e A10D077
e A10E125

These samples were tested for concentrations of various metals for Oregon, but only arsenic
results were used in this study. The pages reporting results from different metals are not
included, but results for arsenic concentrations in soils collected by PSU are in Appendix D.
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12232 5. W. Garden Place

Ap cX Labs Tizard, OR 97223

503-T18-2323 Phone
503718-0333 Fax

Thursday, May 13, 2010

Meil Maorton
GeoEngineers -Seattle
B00 Stewart St Suite 1700
Seattle, WA 93101

RE Oregon Metals Evaluation / 2787-050-000

Encloged are the results of analyses for work order A10D0S3, which was received by the labaratary on
45272010 at 335 00PM.

Thank you for using Apex Labs. Ve appreciate your business and strive to provide the highest quality
sendices to the environmental industry.

If you have any questions conceming this report or the services we offer, please feel free to contact me by
email at: pnerenberg@@apes-labs.com, or by phone at 503-7 18-2323.

Apex Lahoratories The vesuits o this veport opply o e somples onobmed in accordance with fe ¢ haix gf
custody document This auadticolreport must de nproducad in i entivety

~
A0 # i
{B&Mﬁg Flogntras ¥
' &
Philip Mererberg For Diarwin Thomas, Business Development Director Page Lof 33
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Apex Labs

12232 5.°W. Ganden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

G Engineers -Seatile

Project  OregomMetals Fraluation

GO0 5 tewart St Suite 1700 Project Mumber. Z787-050-000 Repurted:
Seattls, W4 58101 Project Manager: Meil Mozxton 0571310 22:21
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INFORMATION |

Sanple I Lahoradery I Madric Date Sampled Date Receired
POsB £100053-01 Sol 010124 00:00 0402710 15:35
PoéAla L10D053-02 Soi 0170194 0000 04102010 15:35
PO6Ela L10D053-03 Soi 01701094 0000 04102110 15:35
POTAla £100053-04 Sol 010124 00:00 0402710 15:35
POTEla &10D053-05 Soi 01/01¢94 0000 04102110 15:35
PogAla L10D053-06 Soi 0170194 0000 04102010 15:35
PO8B1a &100053-07 Sol 010124 00:00 0402710 15:35
Fi%Ala £&10D053-08 Soi 0101584 00:00 0402710 15:35
PO%Ela &10D053-09 Soi 01/01¢94 0000 04102110 15:35
Pl0ila &10D053-10 Sol 0110124 00:00 0402710 15:35
P10B1a £100053-11 Soi 0101584 00:00 0402710 15:35
Pllila £&100053-12 Soi 0101584 00:00 0402710 15:35
Fl11Cla L10D053-13 Sol 0110194 00:00 0402110 15:35
P124la &100053-14 Sol 0101594 00:00 0402710 15:35
P12Bla &10D053-15 Soi 0101584 00:00 0402710 15:35
Plidla L10D053-16 Sol 010194 00:00 0402110 15:35
P13Bla £100053-17 Sol 0101594 00:00 0402710 15:35
Pldila &100053-18 Sol 0101594 00:00 0402710 15:35
Fl4Cla L10D053-19 Sol 010194 00:00 0402110 15:35
Pl54la &100053-20 Sol 010124 00:00 0402710 15:35
P15B1a £100053-21 Sol 0101594 00:00 0402710 15:35
Plidla L10D053-22 Soi 01701094 0000 04102110 15:35
Pl6B1a &100053-23 Sol 010124 00:00 0402710 15:35
PléCla &100053-24 Sol 010124 00:00 0402710 15:35
P17Ala L10D053-25 Soi 0170194 0000 04102010 15:35
F17B1a &100053-26 Sol 010124 00:00 0402710 15:35
F17Cla &100053-27 Sol 010124 00:00 0402710 15:35
PliAla &10D053-28 Soi 01/01¢94 0000 04102110 15:35
P18B1a L10D053-29 Sol 0110124 00:00 0402710 15:35
H2ala &100053-30 Sol 010124 00:00 0402710 15:35
H12B1a £&100053-31 Soi 0101584 00:00 0402710 15:35
H3ala L10D053-32 Sol 0110194 00:00 0402110 15:35
44 &10D053-33 Sol 0110124 00:00 0402710 15:35
H54la £&100053-34 Soi 0101584 00:00 0402710 15:35
H5B1a L10D053-35 Sol 010194 00:00 0402110 15:35

AFEX Laboratories The results o this repovt appdy bo the samples anabmed in o condance with the ¢hain of

~
{}}/g u&-gﬁf? fﬂ b&xauz,-"si‘»'.f;?/-

7

custody document This majticalveport must de wproduced in it entive

Philip Merenberg For Darwin Thomas, Business Developme nt Director

Page 2 of 53
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Apex Labs

12232 5.°W. Garnden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatile

Project  Owegon Metal: Fvaluation

GO0 S tewart St Suite 1700 Project Fumber. 2787-050-000 Reported:
Seatils Wi 52101 Project Marager, Heil Morton 051510 22:21
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Sanple T Lahoratery I Tatri: Date Sampded Thate Received
Widla &10D053-36 Sol 01m154 00:00 0402010 15:35
U H EY A10D0053-37 So1l 010194 00:00 0402010 15:35
WT7Ala &100053-38 So1l 0111754 00:00 0400200 15:35
H7Bla A10D053-39 Sol 010124 00:00 0402010 15:35
EIHENL] A10D053-40 Soi 01701494 00:00 04702610 15:35
S4B A10D053-41 Sol 010124 00:00 0402010 15:35
AoAla A10D0053-42 So1l 010194 00:00 0402010 15:35
H9B1a &100053-43 So1l 0111754 00:00 0400200 15:35
Sl0Ala &10D055-44 Soi 010194 00:00 0402510 15:35
S10Bla A10D053-45 Soi 01701494 00:00 04702610 15:35
Sl1Alb A10D053-44 So1l 010194 00:00 0402010 15:35
S11EIh &10D053-47 Sol 01m154 00:00 0402010 15:35
Sl24la A10D0053-45 Sol 0111724 00:00 0402110 15:35
512Bla A10D053-49 Soi 01701494 00:00 04702010 15:35
WWildla A10D053-50 Sol 010124 00:00 0402010 15:35
Wi1B2a A100053-51 So1l 010194 00:00 0402010 15:35
WiZala &10D053-52 Sol 01m154 00:00 0402010 15:35
Wi2B2a A10D0053-53 So1l 010194 00:00 0402010 15:35
Wiidla A10D053-54 Soi 01701494 00:00 04702010 15:35
WiI3B2a A10D053-55 Sol 010124 00:00 0402010 15:35
WidAZa A10D0O53-56 Soi 01701494 00:00 04102110 15:35
Wi4B2a &10D053-57 Sol 01m154 00:00 0402010 15:35
WisA D A10D0053-58 So1l 010194 00:00 0402010 15:35
W5B2a &10D0053-59 So1l 0111754 00:00 0400200 15:35
WihGA2a A10D053-60 Sol 010124 00:00 0402010 15:35
VW6E2a A10D053-61 Soi 01701494 00:00 04702610 15:35
WiTAla A10D053-62 So1l 010194 00:00 0402010 15:35
WITE1a &10D053-83 Soi 010194 00:00 0402510 15:35
WigAla &10D053-64 Sol 0111724 00:00 0402110 15:35
WSEla A10D053-65 Soi 01701494 00:00 0402110 15:35
WW94la A10D0O53-68 Soi 01701494 00:00 04702610 15:35
WI9B1a A10D053-67 So1l 010194 00:00 0402010 15:35
Bllaa &10D053-68 Sol 01m154 00:00 0402010 15:35
E01Ba A10D053-69 Sol 0111724 00:00 0402110 15:35
R024a A10D053-70 Soi 01701494 00:00 04702010 15:35

APEX Lahoratories The vesuits d this repovt apply to the samwpies analeed in o condanee with e choin of

~
G—}/&iﬁ? ,fn i \;.‘rli;"s“x?:f%/'

7

custody docament This modticalreport must de reproduced in i entivetp

Philip Mererberz For Darwin Thonas, Business Developne nt Director

Dage 3 of 53
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Apex Labs

12232 SW. Garden Place
Tigard, OR 97223

503-T18-2323 Phone
503-T18-03373 Fax

GeoEngineers -Seattle

Project  OwegonMetals Frahuation

G000 3 tewrart 5t Suite 1700 Project Hurmber, 2787-050-000 Repoxied:
Seattls WA 8101 FProject Manager:  Meil Moxton 051510 2221
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Fanple ID Lahwratory ID Madrix Date Sampled Date Receired
R02Ba A10D0053-T1 Soil 0101594 00:00 0402510 15:35
E03ia A10D053-72 Sol 010194 00.00 0400210 15:35
E03Ba A10D053-73 Soil 0101594 00:00 0402510 15:35
R05Ba ALODO53-74 Soi 01701094 0000 0402010 15:35
EO0TBa A10D053-T5 Soil 0110194 00:00 0400210 15:35
R10Ba ALODOS3-T6 Soi 01701094 0000 0402010 15:35
R12Ba ALODOS3-77 Soi 01701094 0000 0402010 15:35
El3sAa A10D053-T8 Soil 010194 00:00 0402710 15:35
R13Ba ALODOS3-79 Soi 01701094 0000 0402010 15:35
Eldaa A10D053-20 Sol 010194 00.00 0400210 15:35
R14Ba A10D053-21 Soil 0101594 00:00 0402510 15:35
Rl54a A10D053-82 Soil 0110194 00:00 0400210 15:35
E15Ba A10D053-23 Soil 0110194 00:00 0400210 15:35
KL014l ALODO53-34 Soi 01701094 0000 0402010 15:35
KL01E1 A10D053-25 Soil 010194 00:00 0402710 15:35
ELm24al A10D053-26 Soil 010194 00:00 0402710 15:35
KL0ZE1 ALODOS3-87 Soi 01701094 0000 0402010 15:35
EL03Al A10D053-28 Soil 010194 00:00 0402710 15:35
KLIGB1 A10D053-20 Soil 0101594 00:00 0402510 15:35
ELMAl A100053-90 Sol 010194 00.00 0400210 15:35

A}?'BX Lahoratories The vesults i this repovt app Iy to the somples anolyesd in occordamce with the ¢ hain of

FAv O ;
{%ﬁ ubig Flgnirsn ¥
' 7

custody docament This molticalreport mast de reproduced in i entiretp,

Fhilip Merenberg For Darwin Thotas, Business Devvelopme nt Director

Dage 4 of 53

144



Apex Labs

12232 5.W. Garden Plce

Tigard, OR 97223
503-T18-2323 Phone
503-718-0333 Fax

GeanEngineers -Seatile

Project  OvregonMetal: Fraluation

00 StewrartS t Suite 1700 Project Huwber 2787-050-000 Reporied
Seattle, Wa 98101 Project Manager. Meil Morten 0513010 22:21
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soame WREC EFD
dmalyte Femlt  MDL Limit Tnits Dil. Awmt  Remlt %EEC  Linits RPD Limit  Hotes
Batch 1004105 - EPA 30514 Soil
Blank (1004105-BLE1) Frepared: 00100829 Analyzed: (010 1616
EFA G0N0
Aty ¥D 0100 100 mgkgwet 10 — - — - [ —
Auseric HD 0200 200 " " — - — - [ —
Beryllinm WD 0200 100 " " — - — - [ —
Cadnium WD 010 100 " " — - — - [ —
Lead WD 010 100 " " — - — - [ —
Selenimm WD 0400 200 " " — - — - [ —
Silver ¥D 0100 100 " " — - — - [ —
Thalliim ¥D 0100 100 " " — - — - [ —
LCS{104105BS1) Prepared: 04M0&1009:29 Andyred: MAR10 15:58
EFA 60N
Antimony 258 010 100 mgkgwet 10 250 - 03 80laes - -
Aserin 425 020 200 " " 500 - = " [ —
Beryllnm 247 02m 100 " " 250 - = " [ —
Cadnium 1 0100 1o " " 500 - 100 " [ —
Lead 466 0100 1o " " " - 93 " [ —
Selenizm B8 040 200 " " 250 - % " [ —
Silver M6 01m 100 " " " - = " [ —
Thallum {2 01m 100 " " " - 95 " [ —
Duplicate (1004105 DUPL} Prepared: 008100929 Andyeed: 40R10 16:54
QU §oarce Samgle: FOTBLa (AWDO53-05)
EFA G0N0
Aty 0300 0111 111 mghkedy 10 — 0352 - - 16 4T 1
Aserin 169 0222 222 " " — 281 — - 5 ams
Beryllnm 04T 0222 111 " " — 0494 — - 3 ams 1
Cadnmim 011 0111 111 " " — 0176 — - 45 A Q08,7
Lead 162 0111 111 " " — 159 — - 2 A
Seleniom MD 0444 222 " " — ND — - 4T
Silver WD 0111 111 " " — ND - - 4T
Thalliim L33 0111 111 " " — 0143 - - T A 1
Matriv Spike (1004105-FIS1) Prepared: 00100929 Analyzed: 010 1657

QC 5 ource § angle: FOTBLa (ALOD(S3-085)

Supex Laboratories

{}}—l@,&gsﬁ fﬁ b}@@xg"sﬁfa/
f 7

Tl vesults i this rep ot appdy to the somep s anolymed in occondonce with dhe cfoin of

castody dcument This madticalveport must de reprodeced in it entivety,

Philip Hererberz For Darwin Thomas, Business Developne nt Divector

Paze 34 of 53

145



Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation

00 5 terrart 5 t. Suite 1700 Project Humber  2787-050-000 Repuoried:
Seattle Wa 53101 Project Manager. Meil Moron 051310 22:21
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD
Analyte Famlt MDL Linit TTnits Dil. Ammnt  Remlt “FEC Limits FFD Linmt Hates
Batch 1004105 - EPA 30514 Soil
Mlatric Spike (1004105-M 51} Prepared: (40H10 0228 Analymd: (408710 18:57
QC Source S angle: FOVBla (Al0DOS3-05)
EFA G0N
A oy 48 0112 112 mgllz dry 10 280 0352 a4 151250 -— -—
A ysere 550 0Z2% 224 " " 560 281 1] " -— -—
Beryllnnm F»0O 02 112 " " 280 0.454 91 " -— -—
Cadnmim 532 0112 112 " " 560 0.176 25 " -— -—
Lead 631 0112 112 " " " 158 -] " -— -—
Selermam 53 0448 224 " " 280 HD 91 " -— -—
Silver H»2 0112 112 " " " HL ) " -— -—
Thallnm 254 0112 112 " " " 0.143 1] " -— -—
Matric Spile (1004105-MIST) Prepared: (ANS1009:29  Analymsd: BHT10 1734
QC Source Sample: P1241a (A1OD053-14)
EFA 600
A vy 210 010 108 mgfkz duy 10 269 0.184 n T5-125% -— -—
A rerie 523 0215 215 " " 538 295 a2 " -— -—
Beryllnom 52 0215 103 " " 269 O.ala 91 " -— -—
Cadnmim 521 010 103 " " 538 0.442 ] " -— -—
Lead 724 010 108 " " " 0 i) " -— -—
Selenmm 29 0451 215 " " 289 HD @ " -— -—
Silwer B2 0l 108 " " " HD S " -— -—
Thallnm 247 0loe 102 " " " HD a2 " -— -—
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of
custody document This muolicalveport sust Be reproduced in if et
AL j
{}—l{mﬁsﬁ fﬂ Iy 's“*'z;f&/
= J
Page 35of 53

Fhilip Neterberg For Darwin Thomas, Business Developie nt Director
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Apex Labs

12232 5.W. Garden Place
Tizard, OR 97223
503-T18-232F Phone
503-T18-0333 Fax

GenEngineers -Seatile

Project  Oregon Metal: Fraluation

B0 Stewart St Suite 1700 Project Hurber, 2787-050-000 Reporied
Seattle, Wi FE101 Project Manager. Heil Morton 0513102221
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Beporting Spike Sowre WREC EFD
Analyte Femlt  MDL Limit Units Dil. hwmnt  Remlt  %EEC  Limits RPD  Limit  Hotes
Batch 1004114 - EPA 30514 Soil
Blank {10041 14 BLK1} Prepared: (A0S0 1216 dnalymed: BH0E1017:51
EPA G0N
Antimony HD 0100 100 mgkgwet 10 — - — — [ —
Aweric HD 020 200 " " — - — — [ —
Berylliom HD 020 100 " " — - — — [ —
Cadnmim HD 0100 100 " " — - — — [ —
Lead HD 010 100 " " — - - - —- -
S eleniom HD 040 200 " " -— - - - - -
Silver HD 0100 100 " " — - — — [ —
Thallnm HD 0100 100 " " — - — — [ —
LCS{1004114BS1) Prepared: (4010 12:18  Analyzed: BHOS10 17.54
EFA G0N
Aoy 241 010 100 mgfkzwet 10 230 - 97 ERIEW - -
Aperic 476 0200 200 " " 500 - 95 " - -
Berylliom 244 0200 100 " " 250 - = " [ —
Cadnmum 422 010 100 " " 500 - 9% " - -
Lead 467 010 100 " " " - 93 " [ —
S aleninm 241 040 200 " " 250 - % " [ —
Silver H[2 010 100 " " " - 95 " [ —
Thallinm Z[E 010 100 " " " - 95 " —- -
Duplicate (1004114-DUPT) Prepared: (010 12:16  Analyzed: OH0R10 12:15
QC SowxceS anple: F16B1a (ALODIS3-23)
EFA G0N
Aoy (1 T-s VAR 111 mghksdyr 10 — 0244 - - 5 A T
hwerie 470 022 222 " " — 440 — — 2 ams
Beryllm 676 022 111 " " — 0676 - - o 4 T
Cadnmum 0310 0111 111 " " -— 0244 - - 4 40 T
Lead 643 0111 111 " " — B3 — — 3 ams
S aleninm HD 0443 222 " " — WD — — 4
Silver HD 0111 111 " " — WD — — Ll
Thallinm 015 01l 111 " " — 01535 - - o 4 T
Madric Spile (1004114-B151) Prepared: (4010 12:18  Analyzed: OH0R10 15:18

QC S ource S ample: F16Bla (ALODOS3-33)

e Laboratories

~
{}:}{gﬂ;@? fﬂ b xg.‘rn.é’;"s“f'ﬁ'.fﬁ/

g

The yesults i this report gy to the samples analyeed in o condamee with the ¢ hain of
custody document This avaticalreport mast de mproduced in it entivety,

Fhilip Merenberg For Darwin Thomas, Business Developme nt Divector
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Apex Labs

12232 5.W. Garden Place
Tigand, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatile

Project  Ovegon Metals Frahsafion

S00 S ewrart 5t Sudte 1700 Project Humber, 2787-050-000 Rep mied:
Seattls, Wi 98101 Froject Mansger. Heil Moten 051310 2221
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Total Metals by EPA 6020 (ICPMS) |
Reporting Spike Somwe YEEC EPL

Analyts Eesult  MDL Lirmit Units Dil. Arournt Remlt  “REC  Liwits EPD Limit  Hotes

Batch 1004114 - EPA 30514 Soil

Matric Spile {1004114-M51} Prepared: (4010 12:16  Analyzed: 040010 15:18

QC S ource S ample: P16Bla (ALODOS3-23)

EFA GOH0
A ntirnoy B0 0114 114 mgkgdy 10 285 0244 B PsIESw — -
Areme 5 0238 228 " " 570 430 o4 . [ —
EBetyllhm 270 0238 114 " " 285 0678 92 . [ —
Cadnmum 54 0114 114 " " 570 0.244 =2 . [ —
Lead 1 0114 114 " " . 663 %0 . [ —
Selanium 25 045% 228 " " 2835 ND s} . [ —
Silver 274 0114 114 " " . MD % . [ —
Thallum ¥4 0114 114 " " . 0155 %2 . [ —

Matric Spile (1004114-BIS2) Prepared: (A0S0 12:16  dnalyed: (4010 1923

QC S ource S ample: S06Bla (ALODOS3-37T)

EFA GOH0
A ntirnoy 187 0114 114 mgkgdy 10 286 0277 B 7RSS - - Q01
Areme S8 028 228 " " 571 19 27 . [ —
EBetyllhm 21 0238 114 " " 286 129 o4 . [ —
Cadnmm 558 0114 114 " " 571 0.450 97 . [ —
Lead 717 0114 114 " " . 28 % . [ —
Selanium 247 0457 228 " " 286 [uk: 22 % . [ —
Silver 275 0114 114 " " . MD % . [ —
Thallum 256 0114 114 " " . 0277 bl . [ —

Port Spile {1004114-PS1) Prepared: (4/1 2010 11:45  Analyzed: 0412010 12:31

QC S ource 5 anple: SO6B1a (ALODOS3-37)

EFA GOH0
A ntirnoy 129 gl 10 128 237 99 B0l —
Apex Laboratories The results i this report apply to the somples anolymed in o covdence with the ¢ hoin gf

FAv. i
{}—}{&ﬁs@ fﬂ fyndran,
i 7

custody document This adticolreport wust de veproduced in i entivety.

Fhilip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 5.W. Garden Place
Tigand, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatile
G005 tewrart St Suite 1700
Seattle W4 2101

Project  Ovegon Metals Frahsafion
Project Humber, 2787-050-000 Reperted:
Project Marager: Meil Maorton 0513102221

QUALITY CONTROL (QC) SAMPLE RESULTS

Total Metals by EPA 6020 (ICPMS)

Reporting Spike Somwe YEEC EPL
Andyte Fesalt  MDL Limit Units Dil. Awount Feult  EEC  Limit RPD  Limit  Hotes
Batch 1004123 - EPA 30514 Sail
Blank {10041 73-BLK1} Prepared: (4010 08:45  Analyzed: 04010 19.29
EFA GO0
Aoy HD 0100 100 mefkg wet 10 -— - - - — —
Apewe HD 0200 200 " " — — — — -
Beryllazm HD 0200 100 " " — — — _ — —
Cadnmm HD 0100 100 " " — _ _ _ .
Lead ND 010 100 " " — _ _ _ .
Seleninm HD 0400 200 " " — _ _ _ o
iy HD 0100 100 " " — — — — -
Thallnm HD 0100 100 " " — — — — - -
LCS{1004123 B51} Prepared: (000549 Analyed: 04010 19:32
EFA G0N
Artimony 2 010 100 mgtkgwet 10 250 - 105 80l — -
hwerie 44 020 200 " " 500 - == " — -
Beryllm 244 0200 100 " " 250 - 95 " - =
Cadnmm 47 010 100 " " 500 - 93 " — -
Lead 458 0100 100 " " " - 92 " -
S eleninm 240 0400 200 " " 250 - % " - =
Silver 26 010 100 " " . _ o4 " o
Thallum @[O0 010 100 " " . _ 92 " o
Duplicate (1004123 DUFT) Prepared: 4N0 0549 dnalymd: GHON10 19:44
QC SourceSample: S00A1a (ANINS3-4B)
EFA GOH0
Antimony 0182 010l 101 mghkedry 10 — 0226 - — oA T
Aweric 480 0203 203 " " — s0L - — 4 ams
Berylliom 0567 0203 101 " " — 0566 - — 02 4ms 1
Cadnmm 0344 0101 101 " " — 0381 - — nm 4w 1
Lead 699 010l 101 " " — 711 - - 2 am
Seleniom 046 0405 203 " " -— WD - - a4 1
Silver HD 0101 101 " " — WD - — 4
Thallum HD 010 101 " " — WD - — 4
Mairic Spike (1004123-MS51) Prepared: N0 0549 dnalymd: GHON10 19:47

QC SoarceSample: S094la (AWDNS3-42)

dupex Laboratories

~
{j}-}ﬁ%@ fﬂ Bandrdn /

o

The vesults by this vepont apply to the somples onolymed in ac covdance with the ¢ hain of
custody document This adticolreport wust de veproduced in i entivety.

Fhilip Merenberg For Darwin Thomas, Business Development Director

Dage 38 of 53
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GeoEngineers -Seatile
GO0 Stewart St Suite 1700
Seattle, W4 58101

Project  OvregonIetals Evabuation
Project Hunher 2787-050-000 Reported:
Project Manazer: Meil Moron 051310 2221

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS)

Reporhng Spike Soame %EEC EFD

Amalyte Fesmlt MDL Limit Tuits Dl dmoant  Reult “HREC  Linots EPFD  Linut Hoetes

Batch 1004123 - EPA 30514 Soil

Mlairic Spile (100412 3-MS1 ) Prepared: (4010 0242 Analyeed: 04010 19:47

O S ource Sample: S03A1a (AIDISE-42

EEA G0N
A ey 217 0105 105 mgils dry 10 285 0226 =2 T5-125% -— -—
Arweric 527 0210 210 " " 528 501 =i " -— -—
EBeryllom 250 0210 105 " " 263 0.566 =t} " -— -—
Cadmimm 438 0105 105 " " 528 0381 4 " -— -—
Lead 528 0105 105 " " " 711 =7 " -— -—
Selenmim B39 0441 210 " " 283 ND =l " -— -—
Silver 26 0105 105 " " " ND = " -— -—
Thallinm 230 0105 105 " " " ND =7 " -— -—

Mairiv Spike (100412 3- M5} Prepared: 04010 0543 Analyeed: 04012710 12:22

O § ource Sample; WO4E2a (ALUDOSE 57)

EFRA GO0
Aoy 126 0109 109 mglks duy 10 272 017 ] 5125 -— -— Q-01
Armerie 558 0218 218 " " 544 524 o2 " -— -—
Berylliom 250 0212 102 " " 72 0525 = " -— -—
Cadnmm 532 0109 102 " " 544 0375 "r " -— -—
Lead 5 0109 102 " " " 7.4 0 " -— -—
Salenmim 252 0455 218 " " 72 0.551 51 " -— -—
Silver 255 0109 102 " " " ND 4 " -— -—
Thallm 244 0109 102 " " " 0143 o= " -— -—

Post Spike (1004 173-P51) Prepared: 0412710 14:04  Analyeed: 04412710 14:07

QT S ource Sample: WO4E2a (ALUDOS3 57)

EFRA GO0
Antimony 180 ugll 10 156 157 81 anlmk -
Apex Laboratories The vesults i this veport opplvdo the sy les axalymed in arcordanse with the chaix of

o~
G—}/&,;_gg? fﬂ i}?@td;"s@:f&/

&

custody docament This modticolreport must be weproduced in it entirety.

Fhilip Hererbe rg For Darwin Thomas, Business Developmme nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers - Seadile
G005 tewrart S, Suite 1700

Project  OwegonMetale Evaluation

Project Nurmber: 2787-050-000 Repomied:
Seattle Wik FE101 Project Manager: Heil Moston 031310 22:21
QUALITY C ONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soame “REC iz
dmalyte Femalt  MDL Limit nits Dil. Awmnt Remlt  %REC  Limits RPD  Limit  Hotes
Batch 1004125 - EPA 3051A Soil
Blank (1004125 BLK1) Prepared: OHD9/10 11:01  Analyzed: 041210 1333
EFA 60N
Ltinony ND 0100 100 mgtkgwet 10 — - - - [ —
Americ 0.0 0200 200 " " — - - - —- - 1
Beryllium ND 0200 100 " " — - — - [ —
Cadninm ND 01 100 " " — - — - [ —
Lead ND 01 100 " " — - — - [ —
Selenium ND 0400 200 " " — - - - [ —
Silver ND 010 100 " " — - — - [ —
Thallinm ND 01 100 " " — - — - [ —
LCS{100-4125-B51) Prepared: 409710 11:01  Analyzed: 412010 13536
EFA G0N
Ltinony 257 0100 100 mgtkgwet 10 250 - 03 enlas - -
Luserie 424 0200 200 " " 500 - a7 " [ —
Beryllium 1 020 100 " " 250 - % " [ —
Cadninm 429 0100 100 " " s00 - = " [ —
Lead 436 0100 100 " " " - a7 " —- -
Selenium 43 0400 200 " " 250 - 97 " [ —
Silver 24 0100 100 " " " - = " [ —
Thallinm 4 010 100 " " " - o9 " [ —
Duplicate (1004125 DUPL) Prepared: 009710 11:01  Analyzed: 0412710 14:16
QU 5 ource Samgle: WIEBLa (AL0I053-65)
EFA 60N
Ltinony 0267 0118 118 mghedy 10 — 0273 - - 2 am 1
Americ 503 0232 232 " " — 438 - - 3 4w
Beryllium L7 023 118 " " — 120 — - 2 ams
Cadninm 0476 0116 118 " " — 0459 — - 4 am 1
Lead 125 0lla 118 " " — 124 — - 1 A
Selenium ND 0454 232 " " — HD - - 2
Silver ND 0lls 118 " " — HD — - A
Thallinm 029 0118 118 " " — 0284 — - 2 ams 7
Matric Spike (1004125 MS1) Prepared: 0409710 11:01  Analyzed: 04712010 14:19

QC 5 ource S anple: WOEBLa (ATODOS} 65)

byex Labhoratories

-~
{}-}/ﬁi{? fﬁ I dF 's‘f»".fD%/'

7

The results i this peport apply to the xomples anahmed in orcondonce with the ¢ hain gf
custody document This modticalreport mos de xproduced in it ativety

Philip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers - Seadile
G005 tewrart S, Suite 1700
Seattle W 92101

Project  OwegonMetale Evaluation
Project Mumber, 2737-050-000 Reported:
Froject Manager: Meil Moton 051310 22:21

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS) ||

Feporting Spike Soame “REC iz
Analyte Ferlt MDL Lirnit Units Dil. Amort  Remlt HFEEC  Linats RPD Liwt Hetes
Batch 1004125- EPA 30518 Soil
Matric Spike (1004125 MS1) Prepared: CHOS10 1101 Analymed: (4412710 14:19
QC 5 ouxce 5 anple: WOEBLa (ATOD0SE 65)
ER A 60H
Aatimory 181 0109 109 mglhg dry 10 273 0273 65 75125% -— — Q-0
Arserie 55 0219 219 " " 547 426 2 " -— —
Beryllium 256 0212 109 " " 273 120 o " -— —
Cadrmm #4010 109 " " 547 0459 ] " -— —
Lead £34 0109 109 " " " 124 ] " -— —
Selenium X8 04x 219 " " 273 HD 91 " -— —
Silver 27 0102 109 " " " HD ] " -— —
Thallnm 257 01 109 " " " 0.224 ] " -— —
Matric Spike (004125 MST) Prepared: CH0S10 11:0]  Amalyzed: 4012010 1501
QC 5 ouxce 5 anple: R10Ba (A10DO0S3-76)
ERAGON
Aatimory 187 0113 113 mglhg dry 10 282 HD ] 75125% -— — Q-0
Armerie 534 02% 226 " " 564 0.520 o4 " -— —
Berylliun 23 022 113 " " 222 HD ] " -— -—
Cadrrmm %1 0113 113 " " 564 HD 23 " -— -—
Lead M5 0113 113 " " " 0.571 % " -— —
Selenium X5 043 226 " " 282 HD ) " -— —
Silver &9 0113 113 " " " HD o " -— —
Thallnm 22 0113 113 " " " HD 5 " -— -—
Post Spile {1004125-P51) Prepared: 1210 1502 Analyeed: (412101505
QC 5 ouxce 5 angle: WOEBLa (AT0DSE 65)
ERAGON
Latimory 185 ug'L 10 1% 245 ] 20-120% —
Post Spile (1004125-P5T) Prepared: G120 15028 Analymed: 04127101538
QC 5 ouxce F angle: R10Ba (AL(DOS3-76)
ERA 60N
Latimory 124 ug'L 10 1% 0.196 B 20-120% —
byex Labhoratories The vesults i this vepert apply to the samples anabmed in occordance with fhe ¢ Jain of
custody document This modticalreport mos de xproduced in it ativety
A s ]
{}-}/@@ Pl b
' v
Philip Metenbe rg For Darwin Thomas, Business Developrae nt Director Page4lof 53

152



Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation

B0 Stewart St Suite 1700 Project Mumber, 2787-030-000 Reperted

Seattle Wi #2101 Project Manazer. Heil Martan 051310 22:21
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD

Analyte Femalt  MDL Limit hits Dil. hwmnt  Femlt  %REC  Linits RPD  Limit  Hotes

Batch 1004142 - EPA 30514 Soil

Blank (10041 42-BLK1}) Prepared; 412010 10:05  Analyzed: 04012010 16:36

EFA 60N
Aoy ND 0100 100 mekzwat 10 — — — — - =
Awerin ND 02 200 " " — _ _ _ - =
Bexyllhnn ND 0200 100 " " — - - - - -
Cadnmm ND 0100 100 " " — _ _ _ o
Lead ND 0100 100 " " — _ _ _ o
Selenmum ND 0400 200 " " — _ _ _ [,
Silver ND 0lm 100 " " — — _ — - =
Thallnm ND 0100 100 " " — _ _ _ o

LCS (1004142 BS1) Prepared: (/12710 10:05  Analyeed: (412010 1639

EPA 60N
Aytimony 257 01M 100 mgkgwet 10 250 - w3 Bllas - —
hweric 475 0200 200 " " 500 - a3 " - =
Berylliom e 0200 100 " " 250 - o4 " - -
Cadnmim 420 0100 100 " " 500 - % " - =
Lead 472 0100 100 " " " _ % " [,
S aleninm 4 040 200 " " 250 - 3 " — -
Silver 4 010 100 " " " _ o8 " [,
Thallm X 010 100 " " " - 23 " - =

LCS (1004142 BS2) Prepared: (4120101305 dimalyeed: /12710 1641

EFA 6020
Antimony 255 0100 100 mgkgwet 10 250 - w2 Bllas - —
hwerie 424 0200 200 " " 300 - 7 " — -
Berylloom X»3I 0200 100 " " 250 - a3 " - =
Cadnium 422 0100 100 " " 500 - % " - =
Lead 476 0100 100 " " " _ 95 " [,
Seleninom B4 0400 200 " " 250 - o4 " - -
Silver 251 0100 100 " " " - 101 " - =
Thallm BmE 01M 100 " " " _ 25 " [,

Druplicate (1004142-DUPL) Prepared: (412010 10:05  Analyeed: 041210 17:11

QC Source S anple: R1SAa (ALODS3-81)

EFA 60N
Aytimony 018 0117 117 mghkzdyy 10 — 0175 - - & 4l T
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of

AT !
;}l@,%; fﬂ b}u.gwg’ s"zf&/

7

custody document This muolicalveport sust Be reproduced in if et

Fhilip Neterberg For Darwin Thomas, Business Developie nt Director
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Apex Labs

12232 5. W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

GeanEngineers -Seatile

GO0 S tearart 5 ¢, Suidte 1700

Project  OregonMetale Frahuation

Project Mamber 2787030000 Reported:
Seattle, WA 55101 Project Manager: Meil Maron 051510 22:21
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Total Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soume WREC FFD
Analyts Fesult MLL Larut Units Dil. Ammrt  Remlt YREC  Linots RFD Livut Hates
Batch 1004142 - EPA 30514 Soil
Dhuphicate {1004142-DITPL} Prepared: 041210 10:05  Analywed: G010 1711
QU Source S ample: R15Aa (ALODOS3-E2)
Arerme L12 0253 233 mgkg dry " -— 1.00 - - 11 s T
Beryllnum 0315 0233 117 " " -— 0304 —- —- 4 Ak T
Cadnmim 0l 0117 117 " " -— 0.140 - - bR 7
Lead %6 0117 117 " " -— 542 - - & dlfn
Selenmm HD  Odas 233 " " -— HD - - 4004
Silver HD 0117 117 " " -— HD —- —- 4
Thallnm HD 0117 117 " " -— HD - - 405
Mairix Spike (1004142-M51) Prepared: 0412101005 Analywed: G120 17:14
QC SourceSamgle: R15SAa (ALODOS3-82)
EFA 600
A rtiynrne &9 0115 115 mgkz dry 10 287 0.175 =] 751254 -— -—
Aweme 522 02 229 " " 514 1.0 o) " -— -—
Beryllnum &5 02R 115 " " 287 0.304 a1 " -— -—
Cadrmim 5548 0115 115 " " 514 0.140 97 " -— -—
Lead 5 0115 115 " " " 542 &3 " -— -—
Selenmm F0O 045 229 " " 287 HD 91 " -— -—
Silver &0 0115 115 " " " HD ] " -— -—
Thallinm X7 0115 115 " " " HD &3 " -— -—
AFBX Lahoratories The results i this repond apply fo the sooup los onalyred in accordamce with the cloin of

{%ﬁ,@;ﬁ fﬂ ng;hg"éﬁ/a/
f 7

custody document This madtcalreport most de rprodiced in it endiraty.

Philip Nerenberg For Darwin Thoraas, Business Developmme nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers -Seattle
GO0 S tewrart 51, Suite 1700
Seattls, Wk 32101

Froject Manager. Meil Mozt 0571310 22:21

Project  Owegon Metals Evaluation
Project Munther: 2787-050-000 Reperied

QUALITY CONTROL (QC) SAMPLE RESULTS

Total Metals by EPA 6020 (ICPMS) ||

Reporting Spike Sonwe WEEC FPD
Anayte Resmult MDL Lirmit Tnits Dil, Amot Remlt YREC  Limats RPD  Limit Hotes
Batch 1004144 - EPA 3051A Soil
Blank (1004144 BLK1)} Prepared: 012710 10:52  Amalyzed: 04714010 1357
ERAGON
Ltirrory HD 0100 100 mefhgwet 10 — - _ — - -
Aseric 0310 0200 200 " " — - - - - T
Beryllnm ND 0200 100 " " — — — _ — —
Cadnmim NI 01m 100 " " — — — — — —
Lead 0180 0100 100 " " — - - _ — —
Seleniim 202 0400 200 " " — — — _ — — E
Siver NI 01m 100 " " — — — — — —
Thallnnm NI 01 100 " " — — — — — —
LC5(1004144-B51}) Prepared: 012710 10:52  Amalyzed: 04714410 14:00
ERA G0N
Artiroay %0 01m 100 megfkgwet 10 250 — 104 B0lERG - -
Asere 438 0200 200 " " 500 — =3 " -— —
Beryllinm 2[5 0200 100 " " 250 - 4 " -— -—
Cadnmim 425 0100 100 " " 500 — &7 " -— —
Lead 458 01m 100 " " " - o4 " —_ -
Seleniim 54 04m 200 " " 250 — %4 " — — E
Silver 21 0lm 100 " " " — o " — —
Thallnnm 21 0l 100 " " " - a3 " -— —
Post Spile { 104 144-P51) Prepared: 014710 16:48  Analyzed: 04014010 1548
QU 5 ouxce 5 angle: Fos Spike (ALODOS-06)
ERAGON
Loy 244 ug/L 10 244 215 o B0-120%% —
Post Spile (100414-P5T) Prepared: 014710 15:48  Analy=ed: 0414010 14:51
QU 5 ouxce 5 angle: Fos Spike (ALODOSD-14)
ER A 60H
Loy 2 ug/L 10 244 179 %4 B0-120%% —
Lipex Laboratories The results b this veport apply to the samples analyeed in accordance with the chain of
cumtody document This moldicalraport mast be weproduced in it entivety.
e e i}
{}'},‘g”»@fg jﬂ Dantrin :
' o
Philip Merenberg For Darain Thomas, Business Developie nt Director Fage 44 of 53
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers - Seadile

Project  OwegonMetale Evaluation

SO0 Stewart St Suite 1700 Project Number: 27237-050-000 Reperted
Seattle Wik FE101 Project Manager: Heil Moston 031310 22:21
QUALITY C ONTROL (QC) SAMPLE RESULTS
H Percent Diy Weight by D2216 |
Feporting Spike Soame “REC iz
dmalyte Femalt  MDL Limit nits Dil. Awmnt Remlt  %REC  Limits RPD  Limit  Hotes
Batch 1004136 - Dry Weight Soil
Duplicate (1004136-DUPZ) Prepared; Q410010 13:55  Analyzed: 04011100857
QC 5 ouxce 5 anple: FOTBla (ATODOS3-05)
hiyealil
%4 Salids 1| R— 100 by Weight 1 — 981 — - 01 ams
Batch 1004146 - Dry Weight Soil
Duplicate (1004146-DUPL) Prepared: (012710 11:10  Amalyzed: OH1F100216
QU S ouxce S anple: S05B1a (ALODOS335)
jiyeatil
4 Solids L2 S 100 %byWeight | — 28 - - ooams
Batch 1004169 - Dry Weight Soil
Duplicaie {100-169-DUPT) Prepared: 01310 14:13  dmalyzed: G110 0522
QC Souxce S angle: SILEIL (AWDIS2 4T
hiyzald
24 Solids L1 J— 100 %byWeight | — 4.9 — - 0l 2w
Duplicate (1004169-DUFZ) Prepared: 013710 1413 Analyzed: 04714010 02:22
QU Souxce § anple: WOdAR: (AWDOSI-56)
hiyzald
% Salids L1 — 100 by Weight 1 — 955 — - 01 ams
Duplicate (1004169-DUF3) Prepared: 41310 14:13  dmalyeed: 04714010 08222
QU §ouxce S anple: WOIALa (ALODOSE-66)
D6
4 Solids %3 - 100 %byWeight | — 963 - - ooams
Duplicaie {100:4169-DUPH) Prepared: 1310 14:13  Amalyeed: DH14/10 05922
QC 5 ouxce 5 angle: R13Ba (AL(DOS3-79)
iyeatil
4 Solids %3 - 100 %byWeight | — 963 - - ooams
Duplicate {100-169-DUPS) Prepared: 01310 14:13  dmalyzed: G614010 0522

OC 5 ource Sample: KLGB1 (AIODOSE-£9)

byex Labhoratories

Sun s ;
“:)/?’ ki Flrgnirsn _/-
’ %

The results i this peport apply to the xomples anahmed in orcondonce with the ¢ hain gf
custody document This modticalreport mos de xproduced in it ativety

Philip Merenberg For Darwin Thomas, Business Development Director
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12232 5.W. Garden Place
Apex Labs Tigard, OR 97223

03-T18-2323 Phone

S03-T18-0333 Fax

GenEngineers - Seatile Project  OwegonMetals Evaluation
G005 tewrart 1. Suite 1700 Project Mumwber, 2737-050-000 Reparted:
Seattle, Wa 58101 Project Manager: Heil Marton 051510 22:21
QUALITY CONTROL (QC) SAMPLE RESULTS
H Percent Diy Weight by D2216 |
Fepoting Spike Soame “wEEC EFD
Analyts Famlt MDL Limnit Thnits Dil. Ammrt  Remlt “FREC  Limits FFD Linmt Hates
Batch 1004169 - Dry Weight Soil
Duplicate (1004169 DUPS) Frepared: (13101413 Analymed: 414100222
O Source Sanple: KLEBI (A0DOS-§%
jired [
Y4 Solids i1 -— 100 ¥ by Weight 1 -— %06 — —- o AR
AFBX Lahoratories The vesults i 1his report apply to the sonples analyeed in occordance with the ¢ hain of

custody drcument This modicalreyort must be ngroduced in it entivety.

e 1
{f-}}ﬂg; Fhwaran,
' 7
Philip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR. 97223
503-718-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatile

Progject  Oregon Metals Evaluation

A00 S fewrart Bt Suite 1700 Project Humber, 2787-050-000 Reported:
Seattle Wi 58101 Project Manazer: Meal Mozon 051310 22:21
SAMPLE PREPARATION INFORMATION
|| Total Metals hy EPA 6020 (ICPMS)
Prep: EPA 30514 Sangle Definlt EL Frep
L Humber Matix Method S arpled Prepared Imtial/Final Tmtial/Final Factor
Datch 1004700
A100053-01 Soi EP& 6020 010194 0000 04/0271009:29 0.47dgi50mL 0.5g/50rL 105
A100053-02 Soi EP& 6020 010194 0000 04/08/1009:29 0.455gi50mL 0.5g/50raL 1.10
A100053-03 Soi EP& 6020 010194 0000 04/08/1009:29 0.465gi50mL 0.5g/50raL 108
A100053-04 Soi EP& 6020 01/01/94 0000 04/02r1009:29 0.4a42/50mL 0.5g/50raL 108
A10D053-05 Soi EP& 6020 01/01/94 0000 04/02r1009:29 0.4a42/50mL 0.5gi50rl 108
A10D053-06 Soi EPA 6020 01/01/94 0000 04/02r1009:29 0.45zi50mL 0.5gi50rl 1.11
A10D053-07 Soi EPA 6020 01/01/94 0000 04/02r1009:29 0.505g/50mL 0.5gi50rl 059
A10DQ55-08 Soil EPA 6020 01r01/4 0000 0408i1009:25 0.498gi50mL 0.5g/50rL 1.00
A10DQ55-09 Soil EPA 6020 01r01/4 0000 0408i1009:25 0.475gi50mL 0.5g/50rL 105
A10D0Q53-10 Soil EP& 6020 01r01/4 0000 0408i1009:25 0.491gi50mL 0.5g/50rL 1.02
A10D053-11 Soil EP& 6020 01r01/4 0000 0402100925 0.d6gi50mL 0.5g/50mL 1.09
A100053-12 Soi EP& 6020 010194 0000 04/08/1009:29 0.465gi50mL 0.5g/50raL 108
A100053-13 Soi EP& 6020 010194 0000 04/08/1009:29 0.451gi50mL 0.5g/50raL 1.11
A100053-14 Sol EP& 6020 0150124 0000 0402100929 0.452gi50mL 0.5g/50rL 1.11
A10D053-15 Soi EP& 6020 01/01/94 0000 04/02r1009:29 0.504/50mL 0.5g/50rL 059
A10D053-16 Soi EP& 6020 01/01/94 0000 04/02r1009:29 0.472g/50mL 0.5gi50rl 1.06
A100053-17 Soi EP& 6020 01/01/94 0000 04/02r1009:29 0.473g/50mL 0.5gi50rl 1.06
A10D053-18 Soi EPA 6020 01/01/94 0000 04/02r1009:29 0426/ 50mL 0.5gi50rl 103
A10D0Q53-19 Soil EPA 6020 01r01/4 0000 0408i1009:25 0.46g50mL 0.5gi50rl 1.09
Batch: 1004114
A10D053-20 Soi EP& 6020 010124 0000 04/0251012:16 0475 50mL 0.5gi50rl 105
A100053-21 Soi EP& 6020 010124 0000 04/0251012:16 0.525gf50mL 0.5gi50rl 095
A100053-22 Soi EP& 6020 010194 0000 040271012:16 0.517gf50mL 0.5gi50rmL 097
A10D053-23 Soil EP& 6020 0150154 0000 0402i1012: 18 0.463g/50mL 0.5g/50rmL 108
A10D053-24 Soil EP& 6020 0150154 0000 0402i1012: 18 0.501g/50mL 0.5g/50rmL 1.00
A10D053-25 Soil EP& 6020 0150154 0000 0402i1012: 18 0.472gi50mL 0.5g/50rmL 106
A10D053-26 Soil EP& 6020 0150154 0000 0402i1012: 18 0.486gi50mL 0.5g/50rmL 103
A1000Q53-27 Sol EP& 6020 0150124 0000 04020101216 0.529gi50mL 0.5g/50rL 0.9
A100053-28 Sol EP& 6020 0150124 0000 04020101216 0.473gi50mL 0.5g/50rL 1.08
A1000Q53-29 Soil EP& 6020 01r01/24 0000 04080101216 0.482gi50mL 0.5g/50rL 1.04
A10D053-30 Soi EP& 6020 010124 0000 04/0251012:16 0. 490 (50mL 0.5g/50rL 1.00
A100053-31 Soi EP& 6020 010124 0000 04/0251012:16 0441 gf50mL 0.5gi50rl 1.13
A100053-32 Soi EP& 6020 010194 0000 040271012:16 0.446gf50mL 0.5gi50rmL 1.12
e Laboratories The yesults i this veport apply o the souples analbed in arcondance with the ¢ hain of
custody document This modticalveport must de reproduced in it eutietn
AL j
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile

Project  OwegonMetals Evaluation

A s ]
{E—i@d‘,ﬁg fﬂ gndrdin
i 7

custody drcument This modicalreyort must be ngroduced in it entivety.

Philip Merenberg For Darwin Thomas, Business Development Director

B0 S tewart S, Suite 1700 Project Number: Z787-050-000 Reperted:
Seattle, Wia 8101 Project Mansger: Neil Morton 051310 2221
SAMPLE PREPARATION INFORMATION
( Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Definlt EL Prep
Lab Fumber Mahix Method S ampled Prepared IritialFinal IritialiFinal Factor
A10C053-33 Soil EP A 6020 01/01/94 00:00 0402/1012:16 0.472g/50mL 05gA0ml. 106
A100053-34 Soil EP A 6020 0140194 00:00 04i02/1012:16 0.456g/50mL 05g50ml. 110
A100053-35 Soil EP A 6020 0140194 00:00 04i02/1012:16 0.479g/50mL 05g50ml 104
A100053-36 Soil EPA 6020 0140194 00:00 04i02/1012:16 0. 46gi50mL 05g/50ml 109
A100053-37 Soil EP& 6020 01/01/94 00:00 04i02/1012:16 0.45gi50ml 05g50ml 111
A10C053-38 Soil EP& 6020 01401494 00:00 0408/1012:16 0.51g/50mL 05g/50ml. 098
Bigch; 1004125
A5100053-39 Soil EP& 020 01/01/94 00:00 0409/1008:49 0.503gi50mL 05g/50ml. 099
A10C053-41 Soil EP A 6020 01/01/94 00:00 0409/1008:49 0.5g/50mL 05g50ml. 100
4100053-42 Soil EP A 6020 01/01/94 00:00 0409/1008:49 0.501gi50rmL 05g50ml. 100
A100053-43 Soil EP& 6020 01/01/94 00:00 04i00/1008:49 0.42gi50ml 05g50ml. 104
A10C053-44 Soil EP& 6020 01/01/94 00:00 04i00/1008:49 0.49gi50ml 05g/50ml. 102
A100053-45 Soil EP & 6020 01/01/94 00:00 04i09/1008:49 0.497gi50mL 05g50ml 101
A100053-46 Soil EP A 6020 01/01/94 00:00 0409/1008:49 0.479gi50mL 05g50ml. 104
A100053-47 Soil EP A 6020 0140194 00:00 04i00/1008: 49 0.515g/50mL 05g/50ml 097
A10C053-48 Soil EP A 6020 0140194 00:00 04i00/1008: 49 0.51gi50mL 05g/50ml 098
A100053-49 Soil EP& 6020 01/01/94 00:00 04i00/1008:49 0.42gi50ml 05g50ml. 104
A10C053-50 Soil EP& 6020 01401494 00:00 (040010 08: 49 0.469g/50mL 05g/50ml. 107
A10C053-51 Soil EP& 6020 01401494 00:00 (040010 08: 49 0.501gi50mL 05g50ml 100
A100053-53 Soil EP A 6020 0140194 00:00 04i00/1008: 49 0.484g/50mL 05g/50ml 103
A100053-54 Soil EP& 6020 0140194 00:00 04i00/1008: 49 0.452g/50mL 05g50ml 104
A100053-55 Soil EP& 6020 0140194 00:00 04i09/1008:49 0.493gi50mL 05g50ml 101
A£100053-56 Sail EPA 6020 0140194 00:00 04i09/1008:49 0.487g{50rml 05g/50ml 103
A100053-57 Soil EP& 6020 01401494 00:00 (040010 08: 49 0.488gi50mL 05g50ml 102
Biafch: 1004125
A5100053-58 Soil EP A 6020 01/01/94 00:00 0409/1011:01 0.455g/50mL. 05g50ml. 110
A100053-39 Soil EP A 6020 0140194 00:00 04409/1011:01 0.492g/50mL 05g50ml 102
A10C033-60 Soil EP A 6020 0140194 00:00 04409/1011:01 0.4962/50mL 05g50ml 101
A10C053-61 Soil EP& 6020 0140194 00:00 04409/1011:01 0.453g/50mL 05gB0ml 110
A100053-62 Soil EP& 6020 01/01/94 00:00 04409/1011:01 0.441g/50mL 05g50ml. 113
A10C053-63 Soil EP& 6020 01401494 00:00 0400/1011:01 0.482gi50mL 05gi50ml 104
A10C053-64 Soil EP & 6020 0140194 00:00 0409/1011:01 0.434g/50mL 05g/50ml 103
A10C033-63 Soil EP& 6020 0140194 00:00 04409/1011:01 0.4772i50mL 05g/50ml 105
A100053-66 Soil EP& 6020 0140194 00:00 04i09/1011:01 0 466gi50mL 05g/50ml 107
bypeyx Labhoratories The vesuits i this vepovt ol to the somples anohimed in accordanee with the ¢ hain of
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers -Seatile

Project  OvegonMetalz Frahsation

Sa s §
!}:)-'g ki fﬂ mlﬁ‘»xﬂ'é‘.f&/
’ 07

custody decument This moddicolreport must be rproduced in i entirety.

Fhilip Metenberg For Darwin Thomas, Business Deweloprae nt Director

800 S tevrart St. Suite 1700 Project Hurber 2727-050-000 Reported:
Seattle, Wi 58101 ProjectMamzer Meil Mozon 0s131022:21
SANMPLE PREPARATION INFORMATION
|| Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sample Definlt EL Prep
L Huwber Matix Methed 5 anpled Prepared Imtial/Final Imtial/Firal Factor
A100053-67 Soil EF& 6020 0170134 00:00 04m09/1011:01 0.46 5z i50rmL 0.5gr50rL 108
A 10C053-68 Soil EP& 6020 010194 00:00 D4mos1n1i:ol 0.454g/50ml 0.5gi50rL 1.10
£ 10005369 Soil EP& 6020 01/01/94 0000 D4mos1011:01 0.479% 50zl 0.5giS0rL 104
A100053-T0 Sol EP& 6020 01/01/24 00:00 04097101101 0404z i50rmL 0.5g/50rL 1.24
A100053-T1 Soil EF& 6020 0170134 00:00 04m09:1011:01 0.493g /50l 0.5gr50rL 101
A100053-72 Soil EP& 6020 010194 00:00 D4mos1n1i:ol 0.452g/50ml 0.5gi50rL 1.11
A100053-73 Sol EP& 6020 01/01/24 00:00 04097101101 0.515g /50l 0.5g/50rL ne7
A100053-74 Sol EFL& 6020 01/01/24 00:00 04097101101 0.516g /50wl 0.5g/50rL ne7
A100053-75 Soil EF& 6020 0170134 00:00 04m09:1011:01 0460z /50rmL 0.5gr50rL 107
A 10005376 Soil EP& 6020 010194 00:00 D4mos1n1i:ol 0.506g 50l 05giS0ml 0599
Batch; 1004142
& 100053-40 Soil EF & 6020 01014 00:00 04r1201010:03 0.205g /50l 0.5gr50rmL 2.44
L&100053-77 Soil EP& 6020 01/01/94 00:00 D4 201010:03 0473/ 50ml 0 5g50ral 1.06
L 100053-78 Soil EP& 6020 01/01/94 00:00 D4 201010:03 0.443g/50ml 0 5g50ral 1.13
A100053-79 Soil EF & 6020 01014 00:00 04r1201010:03 0.456g /50mL 0.5gr50rmL 1.10
£ 10005320 Soil EF& 6020 0101494 00:00 D4 201010:03 0 46650l 0 5g 50l 107
&100053-21 Soil EP& 6020 01/01/94 00:00 D4 201010:03 052250zl 05g050ml. 096
A&100053-82 Soil EF & 6020 01014 00:00 04r1201010:03 0.4dgi50mL 0.5g50mL 1.14
A&100053-83 Soil EF & 6020 01014 00:00 04r1201010:03 0. 46gi50mL 0.5gr50rmL 108
L 100053-24 Soil EF& 6020 01/01/94 00:00 D4 201010:03 0.445g/50mml 0 5g50ral 1.12
L& 100C053-25 Soil EP& 6020 01/01/94 00:00 D4 201010:03 0 5g/50ral 0 5g50ral 1.00
A100053-86 Soil EF & 6020 01014 00:00 04r1201010:03 0.456g /50mL 0.5gi50mL 1.10
A100053-87 Soil EF & 6020 01014 00:00 04r1201010:03 0.459z /50wl 0.5gr50rmL 108
£ 100C053-28 Soil EP& 6020 01/01/94 00:00 D4 201010:03 0.478g/50ml 0 5g50ral 105
£ 100C053-29 Soil EP& 6020 01/01/94 00:00 D4 201010:03 0.516g/50ml 05g050ml. 097
& 100053-20 Soil EF & 6020 01014 00:00 04r1201010:03 0.455g /50l 0.5gr50rmL 1.10
Bigtch: 1004144
A100053-52 Sol EP& 6020 01/01/24 00:00 04r1201010:52 0.505i50rmL 0.5g/50rL 0e9
AFBX Lahoratories The vesults i this vep ot apply o e samples omalimed in o condance with fhe choin of
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12232 S.W. Garden Place
Ap cX Labs Tigard, OR 97223
503-718-2323 Phone
503 T18-0333 Fax

Thursday, May 13, 2010

Meil Maorton

GeoEngineers -Seattle
BO0 Stewart St Suite 1700
Seattle, WA DE101

RE Oregon Metals Evaluation / 2787-050-000

Enclosed are the results of analy=es for work order A10D0SY  which was received by the laboratary an
45202010 at 3:35:00PM.

Thank you for using Apex Labs. We appreciate your business and strive to provide the highest quality
services to the environmental industry.

If you have any questions concerning this report or the services we offer, please feel free to contact me by

email at: pnerenbergf@apex-labs.com, or by phone at 503-718-2323.

APEX Lahoratories The vesults i this yeport opply to the samples analvmed in or cordance with e ¢ hain of
custody document This maolticolrapor must de weproduced in it entirety.

A s i
{B{;‘mﬁfg Floantzn v
‘ o
Fhilip Hererberg For Davwin Thomas, Business Devwelopraent Director Page 1af 55
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Apex Labs

12232 5.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seattle

Project  OwegonIetals Fraluation

A00 S tewart St Suite 1700 Project Humber 2787-050-000 Reporied:
Seattls, WA 8101 Project Manager:  Heil Moxton 051510 2252
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Fanple ID Lahwratery ID Madrix Date Sampled Tate Receired
014 A100059-01 Soil 0101594 00:00 0402510 15:35
C01B3 A10D059-02 Sol 010194 00.00 040210 15:35
C024Th A10D059-03 Soil 0110194 00:00 040210 15:35
CIZEDh ALODO59-04 Soi 01701094 0000 0402010 15:35
C03A2H A10D059-05 Soil 0110194 00:00 040210 15:35
03B A10D059-06 Soil 010194 00:00 0402710 15:35
044la ALODOSR-07 Soi 01701094 0000 0402010 15:35
C04B2a A10D059-03 Soil 010194 00:00 0402710 15:35
C5ATh A10D0059-09 Soil 0101594 00:00 0402510 15:35
0SBy A10D059-10 Sol 010194 00.00 040210 15:35
C06ATh A100059-11 Soil 0101594 00:00 0402510 15:35
CO6Eh ALODO59-12 Soi 01701094 0000 0402010 15:35
C0TATh A10D059-13 Soil 0110194 00:00 040210 15:35
QTED ALODO59-14 Soi 01701094 0000 0402010 15:35
C0gala ALODOSS-15 Soi 01701094 0000 0402010 15:35
C08B2a A10D059-16 Soil 010194 00:00 0402710 15:35
094 ALODOS9-17 Soi 01701094 0000 0402010 15:35
9B A10D059-18 Sol 010194 00.00 040210 15:35
C10ATh A10D0059-19 Soil 0101594 00:00 0402510 15:35
CI0BIh A10D059-20 Sol 010194 00.00 040210 15:35
Cl142a A10D059-21 Soil 0110194 00:00 040210 15:35
Cl11E2a ALODO59-22 Soi 01701094 0000 0402010 15:35
C124Th A10D059-23 Soil 0110194 00:00 040210 15:35
C12BTh A10D059-24 Soil 010194 00:00 0402710 15:35
Clidla ALODO59-25 Soi 01701094 0000 0402010 15:35
CliBla A10D059-26 Soil 010194 00:00 0402710 15:35
Cl4ala A10D059-27 Soil 0101594 00:00 0402510 15:35
Cl14Bla A10D059-28 Sol 010194 00.00 040210 15:35
Cl54la A10D059-20 Soil 0101594 00:00 0402510 15:35
Cl5Bla AL0DO59-30 Soi 01701094 0000 0402010 15:35
C15Cla A10D059-31 Soil 0110194 00:00 040210 15:35
Clédla ALODO59-532 Soi 01701094 0000 0402010 15:35
CléBla ALODO59-33 Soi 01701094 0000 0402010 15:35
M1 2h A10D059-34 Soil 010194 00:00 0402710 15:35
MOIEZh ALODOS9-35 Soi 01701094 0000 0402010 15:35

Apex Laboratories The vesuits 3 this vepovt apply bo the sowples anabeed in o condonce with fhe ¢ hain of

-
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custody docament This molticalreport mast de reproduced in i entiretp,

Philip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 5.°W. Ganden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Geo Engineers -Seatile
A00 S tewrart 51, Suite 1700

Project  OwegonIetals Fraluation

Froject Mumber, 2787-050000 Repurted:
Seattls, Wa 23101 Project Manager, el Morton 051310 2232
AMALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |
Sample ID Laboratory I Matrix Dae Samngled Date Received
MO2A Y A10D059-36 Sei Q10194 00:00 0402010 15:35
MO2ZE2h A10D059-37 Soi 0101594 00:00 0402010 15:35
MI3ATh A10D059-38 Soi Q101594 00:00 0402010 15:35
MI3E1h A100059-39 Sei Q10194 00:00 0402010 15:35
MO4A2h A100059-40 Soi 0101594 00:00 0402010 15:35
MO4E2h A100059-41 Soi Q101594 00:00 0402010 15:35
MI5Ala A100059-42 Soi Q101594 00:00 002010 15:35
MOSEla A100059-43 Soi 0101594 00:00 0402010 15:35
MGA2a A10D059-44 Sei Q10194 00:00 0402010 15:35
MOGE2?a A100059-45 Soi Q101594 00:00 002010 15:35
MITAZh A10D059-46 Soi Q10194 00:00 0402010 15:35
MITE2h A100059-47 Sei Q10194 00:00 0402010 15:35
MOgA A100059-47 Soi Q101594 00:00 002010 15:35
MOSE2a A10D059-49 Soi Q10194 00:00 0402010 15:35
MI9A Th A100059-50 Soi Q101594 00:00 002010 15:35
MOIE1h A10D059-51 Soi 0101594 00:00 0402010 15:35
MIl0Ala A100059-53 Soil Q10194 00:00 0402010 15:35
MIOE1a A100059-53 Soi Q101594 00:00 002010 15:35
Mllila A10D059-54 Soi 0101594 00:00 0402010 15:35
MI11Ela A10D059-55 Soi 0101594 00:00 0402010 15:35
MI2A2a A100059-56 Soi Q101594 00:00 002010 15:35
MI12E2a A10D059-57 Soi 011594 00:00 0402010 15:35
Ml3Ala A10D059-58 Soi 0101594 00:00 0402010 15:35
MI13Ela A10D059-59 Soi 0101594 00:00 0402010 15:35
Mldila A10D059-60 Soi 011594 00:00 0402010 15:35
MI14E1la A100059-61 Soi 0101594 00:00 0402010 15:35
MI14B2a A10D059-62 Soi 0101594 00:00 0402010 15:35
Ml5Ala A10D059-63 Soi 0101594 00:00 0402010 15:35
MI15E1a A10D059-64 Soi 0101594 00:00 0402010 15:35
MldAla A10D059-65 Soi 011594 00:00 0402010 15:35
MI16E2a A10D059-66 Soi 0101594 00:00 0402010 15:35
MI1TAZa A10D059-67 Soi 0101594 00:00 0402010 15:35
MI1TEZ?a A10D059-68 Soi 011594 00:00 0402010 15:35
M18A2a A100059-659 Soi 0101594 00:00 0402010 15:35
MI18E2a A100059-70 Soi Q101594 00:00 0402010 15:35
Ay Laboratories The vesults i 1his repovt apply to the samples analyged in g covdance with the chain of
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cugody docament This svalificalveport must de wproduced in it entivety.

Philip Nerenberg For Darein Thomas, Business Desvelopene nt Director

Page 3 of 55

163



Apex Labs

12232 5.°W. Garnden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatile

Project  Owegon Metal: Fvaluation

GO0 S tewart St Suite 1700 Project Fumber. 2787-050-000 Reported:
Seatils Wi 52101 Project Marager, Heil Morton 051510 22:532
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Sanple T Lahoratery I Tatri: Date Sampded Thate Received
MI1942a &10D059-71 Sl 01m154 00:00 0402010 15:35
M20A2a A10D059-72 Soil 010194 00:00 0402010 15:35
M20B1a &10D059-73 Soil 0111754 00:00 0400200 15:35
M2142a A10D052-74 Sol 010124 00:00 0402010 15:35
M21BZa A10DO59-T75 Soi 01701494 00:00 04702610 15:35
M2241a A10D052-Ta Sol 010124 00:00 0402010 15:35
M22B1a A10D059-77 Soil 010194 00:00 0402010 15:35
M23dla &10D059-78 Soil 0111754 00:00 0400200 15:35
M23Bla A10D050-79 Soil 010194 00:00 0402510 15:35
h2442a A10DO59-80 Soi 01701494 00:00 04702610 15:35
M24BE2a A10D0059-21 Soil 010194 00:00 0402010 15:35
Fil4 A10D059-82 Sl 01m154 00:00 0402010 15:35
FO1B A10D059-23 Sol 0111724 00:00 0402110 15:35
POZA A10D059-34 Soi 01701494 00:00 04702010 15:35
POZB A10D052-85 Sol 010124 00:00 0402010 15:35
PO3aA A10D059-26 Soil 010194 00:00 0402010 15:35
FO3B A10D059-87 Sl 01m154 00:00 0402010 15:35
P44 A10D059-28 Soil 010194 00:00 0402010 15:35
Po4B A10DO59-39 Soi 01701494 00:00 04702010 15:35
P54 A10D052-90 Sol 010124 00:00 0402010 15:35

APEX Lahoratories The vesuits d this repovt apply to the sampies analeed in arcordanee with e choin of

~
G—}/&iﬁ? ,fn i \;.‘rli;"s“x?:f%/'

7

custody docament This modticalreport must de rgproduced in i entivetp

Philip Mererberz For Darwin Thonas, Business Developne nt Director
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Apex Labs

12232 5. W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers -Saatile Project  OregonMetals Frahuation
B0 Stewrart St Suite 1700 Project Murber, 2287-050-000 Reported
Feattle, Wi FE101 Project Manager. Neil Morton 0513010 2232
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 (ICPMS) ||
Beparting Spike Soiwce wREC FFD
Analyte Feslt  MDL Limit Units Dil. Awout Remlt  %REC  Linos RPD Limit  Hotes
Batch 1004142 - EPA 30514 Soil
Blank (1004142-ELE1} Prepared: 1210 10003 nalymed: 41210 16:36
EFA 60N
A oy NI 01oo 100 mekg wet 10 — — _- - — —
A werie ND» 020 200 " " — _ _ _ — .
Beyyllium WD 02m 100 " . — — — — - =
Cadnmum ND 010 1o " " — _ _ _ o
Lead WD 01m 100 " " — _ _ _ [,
Selanium ND  04m 200 " . — — — — - =
Silver ND 0100 100 " " — — — _ — —
Thallinm WD 01m 100 " " — _ _ _ o
LC5(1004141-B51) Prepared: 012710 10005 Analyzed: 04712710 16:39
EFA 60N
hntirery 257 01 1nn mgkzwet 10 250 - 03 8nlas - -
Ay ertic 475 020 200 " " 500 - a5 " - =
Bexyllium Z[E 020 1o " " 250 - o4 " - -
Cadniam 420 010 1o " " 500 - % " - =
Lead 478 010 1nn " . " _ % " [,
Selanium 24 0400 200 " " 250 - o4 " - =
Silver 244 010 1o " . " - o8 " - =
Thallinm H[E 010 1nn " . " _ 95 " [,
LCS(1004141-B5T) Prepared: (12710 1305  Analyzed: 04712710 16:41
EFA 60N
Auntireony 255 010 1o mgfkgwet 10 250 - 102 80l - -
erie 424 020 200 " " 500 - a7 " — =
Bexyllium 33 020 1o " " 250 - 3 " - -
Cadninim 422 010 1nn " " 500 - % " -
Lead 476 0100 100 " . " _ a5 " [,
Selenium B[4 040 200 " " 250 - o4 " — =
Silver 251 010 1o " . " - 101 " - =
Thallinm H[E 010 1nn " . " _ 95 " [,
Matric Spile (1004142 MST) Prepared: (12110 10003 dnalyzed: 0471210 17:56
QC SourceSangle: COZALL (ALODOSY-03)
EFA G0N
Auntireony BE 0105 105 mghedy 10 263 0e W 7RIEW - -
Lipex Laboratones The results b this vepovt axply bo the samples analyeed in arcordance with the ¢ kain of

~
{%—i&,&%g fn gﬂ\.ﬁ\g"&fﬁé/‘

7

Fhilip Nererberg For Diarwin Thomas, Business Developme nt Director

custody document This modicalvaport must be wproduced in in entivep.
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
S03-718-0333 Fax

GenEngineers -Seatile Froject  Owegon Metals Fraheation
A0 Stevrart 1. Suite 1700 Project Mumwher 2787-050-000 Reported:
Seattle, Wi 8101 Project Manazey Meil Morton 0513710 22:32
QUALITY CONTROL (QC) SAMPLE RESULTS
|| Total Metals by EPA 6020 (ICPMS) |
Eaporting Spike Soawe EEC EFD
Analyte Resault MDL Limit Tnits Tl Ammnt Remlt WREC  Linots RPD Linmt Hotes
Batch 1004142 - EPA 30514 Soil
Madrix Spike (1004142-MS2) Prepared: 0412010 100053 Analyeed: 41210 17:58
QC Source Sanple: CO241L (ALODSI-03)
Awenic 3300 0210 210 mgilg day " 523 326 95 " -— —
Eerpllmm 26 0210 105 " " 263 0.524 91 " -— —
Cadnmam 10 0105 105 " " 535 0.639 100 " -— —
Lead G2l 0105 105 " " " 41.6 ] " -— —
Selenium 52 0440 210 " " 263 ND 26 " -— —
Silver K3 0105 105 " " " ND 102 " -— —
Thallum 253 0105 105 " " " 0.127 S8 " -— —
PL}?BX Lahoratories The resuits ba this regoed apply o the samples analymed in or cordance with the ¢hain of

{ggz,a.ﬁs:g Fi m\s‘nﬂ'&rf’; y

o

FPhilip Nererhe rg For Darwin Thomas, Business Dewelopme nt Director

custady document This maddicalraport mus be yeproduced in it entivety.
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-232F Phone
503-718-0333 Fax

Geo Engincers -Seatile
G005 tewrart St Suite 1700

Project  Ovregon Metals Evabuation

Project Number. 2767-050-000 Repnted:
Seattle WA GR101 Project Marager. Meil Moren 051310 2252
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Total Metals by EPA 6020 (ICPMS) ||
Feparting Spike Source “eREC EFD
dnlyte Feslt  MDL  Limit Unitt  Dil  dwont  Reult %REC  Lingts EPD  Limit  etes
Batch 1004144 - EPA 3051A Soil
Blam}: (1004144-BLE1) Frepared: 04/12010 10:52  Analyzed: 04714710 1357
EFA 60N
A iy HD 0l 100 melkg wet 10 -— - - - -— -—
Ameri 031 020 200 . " — - - - - - I
Eeayllm HD 0200 100 . " — - - - - -
Cadrinm HD 0100 100 . " — - - - - -
Lead 0180 010 100 . " — - - - - - I
Seleninm 202 0400 200 " " — - - - - - E
Silver HD 0100 100 . " — - - - - -
Thallitm HD 0100 100 . " — - - - - -
LCS (1004144 B51) Frepared: (12210 10:52  Analyzed: 04514710 14:00
EFA 60N
A iy 20 010 100 melkg wet 10 250 - 104 B0-120% -— -—
Axeric 472 0200 200 " " 500 —- o8 " — -—
Beryllnam B85 0200 100 " " 250 —- o " — -—
Cadnmm 425 0100 100 " " 500 —- * " — -—
Lead 452 0100 100 " " " - o " _— —
Selenmm 24 0400 200 " " 250 - L) " -— -— E
Silver 241 010 100 " " " —- o8 " — -—
Thallnm 21 010 100 " " " —- 5} " — -—
Duplicate (1004144 DUPIL) Frepared: (/12710 10:52  Anayzed: 0414710 14:21
QC Source Sangle; COIBM (ALODUSR06)
EFA 60N
A iy 0282 0109 109 mgiks dzy 10 -— 0244 - - T 4 T
Areric 806 0219 213 " " -— 2.40 - - 4 400
Beryllpam 0802 0219 102 " " -— 0.7 — — 1 40w T
Cadnmm 08 0109 102 " " -— 0599 — — 12 4l 7
Lead 174 0109 102 " " -— 120 — — 3 40
Selenmm HD 0437 219 " " -— 0.443 - - 40
Silver ND 0109 102 " " -— HD — — 40w
Thallnm 0262 0109 102 " " -— 0266 — — 1 40 T
Blatri Spike (1004144 FIS1) Frepared: 012210 10:52  Analyzed: 04514710 14:24
QC Source Sample: COZBR (ALIDOSE06)
dyex Laboratonies The vesults i this veport apply o the suwples omalired in or condance with the ¢ bain of
custody document This aealticolreport mudt de reprodiced in it entivety,
s i
{_}%}m&g fﬁ g trda
' 7
Fhilip Neterbe rg For Darain Thomas, Business Developrment Director Puge 36 of 55
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile
G005 tewrart 1. Suite 1700
Seattle W 92101

Project  OwegonMetals Evaluation
Project Mumwber, 2737-050-000 Reperted:
Froject Manager: Neil Moton 013102252

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS) ||

Fepoting Spike Soame “wEEC EFD
Analyts Famlt MDL Limnit Thnits Dil. Ammrt  Remlt “FREC  Limits FFD Linmt Hates
Batch 1004144 - EPA 30514 Soil
Matric Spile (1004144 M5} Frepared: 12710 10:52  Analyzed: (4714710 14:24
QU S ource S anple: COIBR (ALTDOSH06)
EFA 60N
Aoy 106 0115 115 mghg dry 10 288 0.244 i ] TH125% -— -— Q-01
A werme 515 0231 251 " " 517 .40 a5 " -— -—
Beryllium &5 023 115 " " 288 .77 o " -— -—
Cadnmm 518 0lla 115 " " T 0.33% o0 " -— -—
Lead na 0115 115 " " " 120 91 " -— -—
Selenmm 2.7 D48l 251 " " 288 0.443 4 " -— -— E
Silver e 0115 115 " " " HD 9 " -— -—
Thallnm 253 0115 115 " " " 0.266 1] " -— -—
Matri Spike (1004144 MST) Frepared: G120 10:52  Analyzed: (4014710 14:57
QU Souxce Sangple: COTBIh (ALTDOS:14)
EFA 60N
Aoy 125 0120 120 mghg dry 10 300 0.208 al TH125% -— -— Q-01
A werme gl4 0240 240 " " 0.0 712 a0 " -— -—
Beryllium 254 0240 120 " " 30.0 0.547 42 " -— -—
Cadrmm 515 01: 120 " " 0.0 0.1594 95 " -— -—
Lead 634 0120 120 " " " .7 23 " -— -—
Selenmm HT 0480 240 " " 300 WD o " -— -— E
Silver &8 012 120 " " " 0.243 95 " -— -—
Thallnm 20 01z 120 " " " 0.23% o " -— -—
Post Spile { 1004144-F51) Prepared: OH14710 15:46  Analyzed: 41410 15:42
QU S ouxce S angple: COIBM (ALTDOSH0G)
EFA GO
Aoy 244 ugiL 10 244 215 o] 201205 -—
Post Spike (1004144-P52) Frepared: (14710 15:46  Amalyzed: 01410 16:51
QU Souxce Sangple: COTBIh (ALTDOS:14)
EFA G0N
Aoy 52 ugiL 10 244 L7 ) 201205 -—
AFBX Lahoratories The vesults i 1his report apply to the sonples analyeed in occordance with the ¢ hain of
custody decument This modticalreport mus de nproduced in it autivety.
e j
(Phis Fosiras,
' g
Philip Merenberg For Darwin Thomas, Business Development Director Page 37 of 35
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers -Seattle
A00 S tewrart St Suite 1700
Seattle Wi 52101

Project  OwvegonMetals Evaluation
Project Munther: Z287-050-000 Reperied
Project Manager: Heil Morton 051310 22:32

QUALITY CONTROL (QC) SAMPLE RESULTS

Total Metals by EPA 6020 (ICPMS)

Reporting Spike Sowwre WEREC EPD
dmalyte Result  MDL Limit Units Dil. Awout  Femlt  EEC  Lindts RPD  Limit  Hotes
Batch 1004156 - EPA 30514 Sail
Blank {(1004156-BLE1} Prepared: (1 31005:28  Analyzed: (1410 1503
EFA G0N
Axtivoryy NI 0100 100 meikgwet 10 — _ _ _ - =
Arere WD  0zm 200 " " — - _ - — .
Beryllnum WD 02m 100 " " — - _ - — —
Cadrmarm ND 0lm 100 " " — — — — - =
Lead NI 0100 100 . " — — — — -
Selenium NI 0400 200 . " — _ _ _ [,
Silver ND 0loo 100 " " — — — - — —
Thallurm WD 0100 100 " " — — — — - =
LCS{1004155-BS1) Prepared: (H13100%:28  Analywed: 041410 1508
EFA 60N
Antinomy 253 01 100 mgkgwet 10 250 - wl etlas - -
Americ 480 0200 200 " " 500 - % " - =
Beryllium ni 0200 100 " " 250 - o4 " - -
Cadrinm 431 0100 100 " " 500 - % " - =
Lead 472 0100 100 " " " _ o9 " [,
Seleninm >l 04m 200 " " 250 - 92 " — =
Silver M35 0100 100 " " " - 9 " - =
Thallum x4 010 100 " " " — o4 u —_
Duplicaie (1004156 DUPL} Prepared: OW13100%:28  Analyeed: BH1410 1526
QC SouxceSample: CLOATH (ALODIS)-19)
EFA 60N
Antinomy 0469 0124 124 mgledy 10 — 0445 — - 3 am 7
Luserie 785 0247 247 " " — 236 - - 4 A
Beryllium ND 0247 124 " " — HD — - s,
Cadwimim ND 0l 124 " " — 0120 - - A
Lead 95 012 124 " " — 2.4 — - 9 ams
Seleninm 201 049 247 " " — 216 — - 7 am 1
Silver 0185 0124 124 " " — 0180 — - 3 ams 7
Thallum ND 012 124 " " — HD - - 4rs
Mairix Spile (1004156 M51) Prepared: OW13100%:28  Analyeed: 041410 1529

QC S ource Sample: CL0ATH (ALODNSI-19)

Epex Lahoratories

{}’}}%ﬂg@ fﬂ it @‘;-x/:g’ '5":/‘3:5/'
T

The results i ahis vepovt apply to the somples anabmed in occordonce with the ¢ hoin of
custody decument This modticolreport must de veproduced in it autiety

Philip Merenberg For Darain Thomas, Business Developie nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GeoEngineers -Seatile

Project  Oregon Metals Evabuation

00 5 terrart S t. Suite 1700 Project Flumber,  2787-050-000 Reported:
Seattle W4 58101 Project Manager. Meil Marton 051310 2252
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 (ICPMS) |
Feparting Spike Souce tREC FFD

Analyte FRemlt MDL Lt Tuts Dl Ammnt  Remlt YFREC Limts FFD Linmt Hates

Batch 1004156 - EPA 30514 Soil

Flatric Spile (100415 6-MS1) Prepared: 04715100928 Analywed: 04/14/1015:2%

QC Source Sangle: CLOALDL (ALODOSD-1%)

ERA G0N
A oy ¥4 012 124 mg/ke dry 10 302 0445 24 15 125% -— -—
A sere 631 0Z48 248 " " 619 8.2 ) " -— -—
Beryllnmm &E DE48 124 " " 309 HD &= " -— -—
Cadnmim 518 01X 124 " " 3] 0.120 Ex] " -— -—
Lead 143 0124 124 " " " 214 2 " -— -—
Selenmim 32 0495 248 " " 309 214 1] " -— -—
Silver &2 0124 124 " " " 0.120 a3 " -— -—
Thallnm &0 014 124 " " " HD 91 " -— -—

Flatric Spile (100415 6-FST) Prepared: 0471100923 Analyzed: /1410 16:24

QC Source Sample: WOLAFH (AIODOSH-3.4

EFA G0N
A vy &1 0114 1.14 kg dry 10 288 0222 98 T5125% -— -—
A e 5 0223 229 " " 572 1.2 % " -— -—
Beryllhnn 27 0220 1.14 " " 288 HD @3 " -— -—
Cadnmim 552 0114 114 " " 572 0248 % " -— -—
Lead 538 0114 1.14 " " " 327 i " -— -—
S elenmm &8 0458 229 " " 288 0.554 5 " -— -—
Silver e 0114 1.14 " " " HD 98 " -— -—
Thallnm o 0ll4 114 " " " HD a5 " -— -—
Apex Laboratories The results i this repuond oppdy to e soxples axalyeed in occordonce with fhe choin gf

£1n s f
;_8@”,};@ fn handrdn
f 7

custody document This aeadticolveport must de nprodeced in it entivety.

Fhilip Heterberg For Darain Thomas, Business Developie nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers -Seattle
A00 S tewrart St Suite 1700
Seattle Wi 52101

Project  OwvegonMetals Evaluation
Project Munther: Z287-050-000 Reperied
Project Manager: Heil Morton 051310 22:32

QUALITY CONTROL (QC) SAMPLE RESULTS

Total Metals by EPA 6020 (ICPMS)

Reporting Spike Sowwre WEREC EPD
dmalyte Result  MDL Limit Units Dil. Awout  Femlt  EEC  Lindts RPD  Limit  Hotes
Batch 1004187 - EPA 30514 Sail
Blank {(1004187-BLK1} Frepared: (14710 14:42  Analyzed: (1610 1633
EFA G0N
Lntinooy NI 0100 100 meikgwet 10 — _ _ _ - =
Arere WD  0zm 200 " " — - _ - — .
Beryllnum WD 02m 100 " " — - _ - — —
Cadrmarm ND 0lm 100 " " — — — — - =
Lead NI 0100 100 . " — — — — -
Selenium NI 0400 200 . " — _ _ _ [,
Silver ND 0loo 100 " " — — — - — —
Thallurm WD 0100 100 " " — — — — - =
LCS{1004187-BS1) Prepared: 014010 14:42  Analywed: O41E10 16:36
EFA 60N
Antinomy 257 01m 100 mgkgwet 10 250 - 03 etlas - -
Americ 480 0200 200 " " 500 - % " - =
Beryllium Bn7 0200 100 " " 250 - 95 " - -
Cadrinm 432 0100 100 " " 500 - = " - =
Lead 423 0100 100 " " " _ 97 " [,
Seleninm B3 040 200 " " 250 - 93 " — =
Silver ME 0100 100 " " " - 9 " - =
Thallum B 010 100 " " " — o4 u —_
Duplicaie {100:4187-DUPL} Prepared: OW14/1014:42  dmalyeed: BH1E10 1706
QC 5 ouxce S ample: MO4ATH (ALODOS-40)
EFA 60N
Antinomy 0477 0165 165 mgledy 10 — 0352 — - 1 7 7
Luserie L5 032 329 " " — 17 — - 4 ams 1
Beryllium ND 032 185 " " — HD — - A
Cadwimim 0.263 0163 153 " " — 0319 - - 19 4T 7
Lead 175 0l&s 185 " " — 185 — - & ams
Seleninm ND 0658 3289 " " — 0805 - - v
Silver ND 0185 185 " " — HD - - AT
Thallum ND 0185 185 " " — HD - - 2
Mairix Spile (100418 7-M51) Prepared: OW14/1014:42  dmalyeed: DH1E10 17:09

QC S ource Sample: MOAAZD (AWDOS-40)

Epex Lahoratories

o
{}’}j’%’,&l;? fﬂ it @‘;-x/:g’ s'f'v:f&/

J

The results i ahis vepovt apply to the somples anabmed in occordonce with the ¢ hoin of
custody decument This modticolreport must de veproduced in it autiety

Philip Merenberg For Darain Thomas, Business Developie nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation

00 5 terrart 5 t. Suite 1700 Project Humber  2787-050-000 Repuoried:
Seattle Wa 53101 Project Manager. Meil Moron 0513010 2232
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD
Analyte Famlt MDL Linit TTnits Dil. Ammnt  Remlt “FEC Limits FFD Linmt Hates
Batch 1004187 - EPA 30514 Soil
Matric Spike (1004187-M 51} Prepared: 04714010 14:42  Analy=d: 416710 17:.09
QC Source S angle: MO44h (ADODOS-40)
EFA G0N
A oy 2 013l 151 mgllz dry 10 3T 0352 5 151250 -— -—
A ysere =205 302 " " 754 1.7 5 " -— -—
Beryllnnm 7 0502 151 " " 317 HD a2 " -— -—
Cadnmim 22 013 151 " " 754 031e 25 " -— -—
Lead 245 0151 151 " " " 128 e " -— -—
Selermam 3BS5 0 302 " " 3T 0805 2 " -— -—
Silver 0 013l 151 " " " HL % " -— -—
Thallnm ¥;™E 01sl 151 " " " HD 1] " -— -—
Matric Spile (1004187-MIST) Prepared: 0414110 14:42  Analyesd: 1610 17:44
QC Source Samgle: MOEER (ATODOZN-4%
EFA 600
A vy o5 01M 104 mgfkz duy 10 261 0114 ] T5-125% -— -—
A rerie 427 0209 20 " " 522 0.532 24 " -— -—
Beryllnom 50 020 104 " " 261 0321 ) " -— -—
Cadnmim 34 01M 104 " " 522 0211 ] " -— -—
Lead 425 01 104 " " " 283 i " -— -—
Selenmm 29 0418 ane " " 261 HD &= " -— -—
Silwer N5 01M 104 " " " HD a7 " -— -—
Thallnm a5 01 104 " " " HD & " -— -—
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of
custody document This muolicalveport sust Be reproduced in if et
AL j
{}—l{mﬁsﬁ fﬂ Iy 's“*'z;f&/
= J
Page 41 of 55
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Apex Labs

12232 S.W. Garden Plce
Tigard, OR 927223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers -Seatile

Project  Owvegon Metals Fraluation

SO0 5 tevrart St Suite 1700 Project Huwher 27872-0504000 Reperted
Seattle, Wh 28101 Project Marager: Meil Moyt 051310 2232
QUALITY CONTROL (QC) SAMPLE RESULTS
|| Totd Metals by EPA 6020 {(ICPMS) ||
Reporting Spike Smme REC EFD
Lnalyte Fesalt  MDL Limit Units Dil. Ammnt  Feult %EEC  Limits EPD  Limit  Hotes
Batch 1004193 - EPA 30514 Saoil
Blank (1004193- BLK1}) Prepared: 15100200 Analyzed: 4416710 17.59
EFA 60N
Aoy ND 0lm 100 mgfkgwet 10 — - — — - =
Awerie WD 02m 200 " " — - — _ - =
Beryllimm WD 02m 100 " " — - — — - =
Cadumim ND 0lm 100 " " — - - — - -
Lead ND 0lm 100 " " — - - - - -
Selenium HD  04m 200 " " — - - - - -
Silver WD 01m 100 " " — - — — - =
Thallm WD 01m 100 " " — - — — - =
LCS{1004193-BS1) Prepared: 01 5100500 Analyzed: 04016010 18:02
EFA 60N
Avtimory FE 010 100 mefkzwet 10 250 - 06 80lAv - —
Awerie 430 0200 200 " " Bl - =3 " -
Beryllimm 40 0200 100 " " 250 - =3 " —- -
Cadnmm 425 010 100 " " 500 - 97 " -
Lead 477 010 100 " " " - 95 " —- -
Seleniom g 0400 200 " " 250 - o4 " —- -
Silver 248 010 100 " " " - = " -
Thallum B4 010 100 " " " - 94 " -
Duplicate (1004193 DUFT} Prepared: 01 100300 Analyzed: 04416010 18:25
QC Souxce S angle: M1B2a (AL0DOSI-5T
EFA 6020
Antimony HD 01 104 mghedy 10 -— WD - - A
Awerie 208 0207 207 " " — 214 - - 2 A
Berylliom Wsw 0207 104 " " -— 0385 - - g 4 T
Cadnmum 0Im 0104 104 " " — 028 — — 10 ams T
Lead 897 014 104 " " — 59 — — 0l 4ms
Selenim WD 0418 207 " " — WD — — A
Silver ND 0l 104 " " — WD — — A
Thallinm LIz 0104 104 " " — 0123 - - 1 aos T
Mlatric Spihe (100419 3-M51) Frepared: 01 5100200 Analyzed: 0451610 18:32

QC Source Sample: M1B2a (ATODOS-57)

Apex Laboratories

{F—l&,‘,‘g@ fﬂ i l;*,xg"fﬁ'.fﬁ/
f 7

The vesuits i this vepont opply to e somples oxalyeed in o covdonce with fhe ¢hoin of

cumtody document This moldicalveport wost be weproduced in it entivety.

FPhilip Hererberg For Darwin Thomas, Business Developme nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatils

Project  OwegonMetals Frabuation

00 Stewrart St Suite 1700 Project Murber: 2287-050-000 Reported
Seattle Wi 2101 PrejectMansger Meil Morton 0513710 22:32
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 (ICPMS) ||
Beparting Spike Soumwe wREC EFD

Analyte Fesut  MDL Limit Units Dil. Awount Remlt  WREC  Lings BPFD  Limit  Hotes

Batch 1004193 - EPA 30514 Soil

Mairic Spile (1004193 MSL3 Prepared: (1100900 dnalymed: 04716110 12:32

QC SouxceSanple: WM12BZa (ALODOZD-57)

EFA G0N
Aoy W 01 104 mghedy 10 260 WD gl 7RI - -
v merie 437 0208 208 " " 520 214 %0 " [ —
Beryllium ME 0208 104 " " 260 0.3 a2 " - -
Cadniam o0 01 104 " " 520 iz % " [ —
Lead B[7 01 104 " " " 596 %0 " [ —
Selaninm 1% 0416 208 " " 260 WD 24 " [ —
Silver 251 0104 104 " " " WD a7 " - -
Thallum =0 01 104 " " " 0123 28 " [ —

Mairic Spile (1004193 MST) Prepared: DH1 100900 Analyzed: 0471610 19:01

QU SourceS anple: M15B1a (ALODOSN-64)

EFA G0N
Aoy 211 0105 105 mghedy 10 262 WD 0 7R1EM - -
Ausexic g 0210 210 " " 524 1.7 3 " [ —
Beryllium ¥3 0210 105 " " 262 123 95 " [ —
Cadnmim 313 0105 105 " " s34 0zl a7 " [ —
Lead 2|7 0105 105 " " " 123 =) " [ —
Selaninm I[E 0420 210 " " 262 WD %0 " [ —
Silver 257 0105 105 " " " WD o9 " [ —
Thallum 28 0105 105 " " " 0.147 27 " [ —
Apex Laboratornes The vesults i this veport mpply to the sy s anolymed in occondome with the ¢ bodn of

o
{%ﬁﬁ% 7 é@ws@»g"&,a %

'

custody decument This muodticalveport must de wprodiced in i euthenp

Flalip Mererbe g For Davwin Thomas, Business Developrne nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile
G008 tewrart St Suite 1700
Seattle W 2101

Project  OregonMetals Frahsation
Project Humber  2787-050-000 Reperied:
Froject Marager, Heil Martan 0513102232

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS)

Faporting 5 pike Souwe WEEC EFD
Analte Ferlt MDL Liznit nits Dil. Amont Remlt %FEC  Linats RPD Liwmt Motes
Batch 1004200 - EPA 30514 Soil
Blank (100-200-BLK1}) Prepared: (/15101105 Analy=d: 4167101228
EFA 600
Aoy ND 0100 100 gl wet 10 -— - - - -— —
Ayere WD 0200 200 " " -— — — — — —
Bexyllium WD 0zm 100 " " -— - - - — -
Cadnmm ND 0100 100 " " — — — - — —
Lead ND 0100 100 " " — — — - — —
Selenmm ND 0400 200 " " — — _ - — —
Silver HD 0100 100 " " -— - - - _— —
Thallum ND 0100 100 " " — — — - — —
LCS{1004200-B51) Prepared: 01510 11:03  dnaly=d: 401810 1231
EFA 60N
A nhirocry 2 010 100 migfkg weet 10 250 — 107 B0-120%% -— —
Arerie 492 0200 200 " " 500 - 100 " -— —
Beryllhnn 246 0200 100 " " 250 - 8 " -— -—
Cadnmim 492 0100 100 " " 500 - 100 " -— —
Lead 427 010 100 " " " — a7 " — —
Seleninm 2.0 0400 200 " " 250 — ) " — —
Silver 256 0100 100 " " " — 102 " — —
Thallnm 242 0100 100 " " " - a7 " _— —
Druphicate {1004200-DUPL) Prepared: (/1510 11:053  Analye=d: (4716101252
QC § ource Sample: M22Ala (ATODOSR76)
EFAG0H
A oy HD 010G 103 mgike dry 10 -— HD - - 4
Arerie 0 0207 207 " " -— 0.528 - - T 44 T
Beryllhmn 0.7 oz 103 " " -— nzre — — N0 ams T
Cadnmim 0.186 0105 103 " " -— 0206 - — 10 ams T
Lead 44 0103 103 " " -— 29 — — 0 ams
Selenpam ND 0413 207 " " -— WD - - 4ra
Silver HD 0105 103 " " -— HD - - 4%
Thallnm Nl 0105 103 " " -— WD — — 4
Mlairic Spilke (100:£200-MS1) Prepared: (/15101103 Analy=d: 04161012255

QC §ource 5 angple: MIldla (ATODOSX W)

dpex Laboratories

{?—l&,&s{; fﬂ b}u.gw:g’ Gy
Ty

The results i this vepont opply to e soneples analymed in acconfomee with fie choin of
custody document This muolicalveport sust Be reproduced in if et

Fhilip Neterberg For Darwin Thomas, Business Developie nt Director
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Apex Labs

12232 5.W. Garden Place
Tigand, OR 97223
503-T18-2323 Phone
503-718-0333 Fax

GenEngineers -Seatile

Project  OregonMetals Evaluation

G005 tevrart 31, Suite 1700 Project Mumher 2787-050-000 Teported:
Seattle, Wa 53101 Project Marager: el Marton 0515710 2252
QUALITY CONTROL (QC) SAMPLE RESULTS
H Total Metals by EPA 6020 (ICPMS) |
Feparting Spike Soame WREC RFD

Amalyts Fesult MLL Linut Tnits Dl Ammt Remlt YREC Limmts EPDY Linut Hates

Batch 1004200 - EPA 30514 Soil

Mairic Spile (1004200- K151 ) Prepared: O4151011:05 Analy=ed: 04516010 19:55

QU 5 ource Sangle: MIIA1a (ALODOS™ )Y

ERA GO0
Aoy 244 01 104 mgke duy 10 26.0 HD 4 T5125% -— -—
Awerie 2 020 ane " " 521 0.523 ] " -— -—
Berrllnm 250 0208 104 " " 260 0.z73 95 " -— -—
Cadnmm 05 014 104 " " 521 0.208 ] " -— -—
Lead M7 01 104 " " " x5 & " -— -—
Selenmm 20 0417 208 " " 260 HD 92 " -— -—
Silver 254 014 104 " " " HD &7 " -— -—
Thallum 31 014 104 " " " HD o] " -— -—

Mairic Spile (1004200- IS Prepared: 0151011053 Analy=ed: 04516010 20:30

QU 5 ource Sangple: FOYE (ALODOS: £5)

EFA 60N
A ytvmnany A6 0105 105 mgikg dry 10 262 0.313 T T5125% -— -—
A werie 1l 0209 209 " " 525 855 91 " -— -—
Beryllium 244 0209 105 " " 268.2 0sls 21 " -— -—
Cadnmm 304 0105 105 " " 525 0.420 95 " -— -—
Lead arg 010 105 " " " 40 ] " -— -—
Selenmm 218 0419 209 " " 262 HD 23 " -— -—
Silver 250 0105 105 " " " HD 95 " -— -—
Thalliim 25 0105 105 " " " 0.125 a5 " -— -—
Apax Lahoratories The vesults i this report apply to the samp s anolymed in o covdonee with e ¢ hodn gf

FAY. I i
(})ﬁvmfg Flhonirsin ¥
’ 7

cumedy docuwent TRis modticolveport wast de weproduced in in entirety

Philip Metenberg For Davein Thomas, Business Developme nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation

00 5 terrart 5 t. Suite 1700 Project Humber  2787-050-000 Reported:
Seattle Wa 53101 Project Manager. Meil Moron 0513010 2232
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD
Analyte Famlt MDL Linit TTnits Dil. Ammnt  Remlt “FEC Limits FFD Linmt Hates
Batch 1004214 - EPA 30514 Soil
Blank (10042 14 BLEK1} Prepared: 0416010 10:18  Analyzd: (415710 1408
EFA 600
Aoy NI 01m 100 wigflz wat 10 -— - - - -— —
A yserin ND 0200 200 " " — _ _ - — —
Beryllnam ND  0Qz2m 100 " " — - - - — —
Cadnmim ND 0100 100 " " — _ _ - — —
Lead ND 0100 100 " " — — _ - — —
Selenmm ND 0400 200 " " — — — - — —
Silver NI 0100 100 " " -— - - - — —
Thallnm ND 0100 100 " " — _ _ - — —
LCS (10042148551 Prepared: 041610 10:18  Analywed: 04/18/1014:11
EFA 60N
A vy B3 010 100 gk wet 10 250 —- 101 BO-120%4% -— -—
A e 455 0200 200 " " 500 - Ex] " -— —
Beryllhnn &5 0200 100 " " 250 - 24 " -— -—
Cadnmim 475 010 100 " " 500 - a5 " -— —
Lead 455 010 100 " " " — a1 " — —
S elenmm HE o 040 200 " " 250 —- 5 " -— -—
Silver Hae 01 100 " " " — a5 " — —
Thallnm g 01m 100 " " " - 91 " -— —
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of

AT !
;}l@,%; fﬂ b}u.gwg’ s"zf&/

7

custody document This muolicalveport sust Be reproduced in if et

Fhilip Neterberg For Darwin Thomas, Business Developie nt Director
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Apex Labs

12232 S.W. Garden Place

Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Geo Engincers -Seatile
G005 tewrart St Suite 1700

Project  Ovregon Metals Evabuation

Project Fumhber, 2787-050-000 Reperted:
Seattle WA 2101 Project Manager: Meil Moren 01300 2252
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Percent Dry Weight by D2216 |
Feporting Spike Soumwe LREC EFD
Analrte Remlt MDL Lirnit Tnits Tl Ammnt  Remlt “FEEC  Linits EPD Limit Hites
Batch 1004169 - Dy Weight Sail
Druplicate {1004169-DUPG) Prepared: 0471310 16:30  Analyzd: (47147100222
QC Source Sanple: C15B1a (ALODISO-30)
D1
% Solids 9«3 — 100 by Weight 1 -— 5.3 — — (N1 2
Duplicate (100416 9-DUEFT) Prepared: 41310 1630 Analymd: 014710 09:22
QC Source S anple: COZAYa (ALIDOSELS)
e
4 Solids 910 -— 100 by Weight 1 -— a0 - - o 2n
Druphicate { 100416 9-DITPE) Prepared: (/1310 16:30  Analyeed: (/147100922
QU Source Sanple: COIBD (ALODOSYDG)
D1
4 Solids %.1 — 100 by Weight 1 -— 6.1 — — (A1 24
Batch 1004177 - Dy Weight Sail
Druplicate (100417 7-DUPL) Prepared: 04714010 0%:48  Analy=d: (4715100352
QC Source Sanple: MOZATH (AT0DOS-26)
D1
% Solids ns — 100 by Weight 1 -— F26 — — 01 2Fs
Duplicate {10417 7-DUFZ} Prepared: 414110 09:45  Analymsd: 15100559
QC Source § anple: MO6ATa (ALODOS: 44)
e
4 Solids 914 -— 100 by Weight 1 -— a3 - - 01 2%
Druphicate { 100417 7-DUP3) Prepared: (/1410 09:428  Analyeed: (/15100252
QC Source 5 angple: M1ZAla (ALOINSX S8
D1
4 Solids 28.0 — 100 by Weight 1 -— 2.0 — — (A1 24
Druplicate { 100417 7-DUPH) Prepared: 041410 09:428  Analy=d: (4715100852
QC Source Samgple: WML6EZa (ALODOS-66)
DE1e
4 Solids .8 — 100 by Weight 1 -— e — — (A1 24
AFEX Lahoratores The vesults i this report apply to the somples analyeed in o cordance with the ¢ boin of
custody document This malticalveport must de nroduced in it entrely.
A s i
{}l!mifg Floantang v
' 7
Fhilip Hererberg For Darwin Thomas, Business Dewvelopraent Director Prge 47 of 55
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12232 S.W. Garden Place
Apex Labs Tieard, OR 97223

503-T18-2323 Phone

S03-T18-0333 Fax

GeoEngineers -Seatile Project  Oregon Metals Evabuation
G005 terart St Snite 1700 Project Flumber,  2787-050-000 Repirted:
Seattle WA 101 Froject Manager. Meil Moron 0513102232

QUALITY CONTROL (QC) SAMPLE RESULTS

“ Percent Dry Weight by D2216 |
Feporting Spike Soume “REC RPD
Analyte FRemlt MDL Lt Tuts Dl Ammnt  Remlt YFREC Limts FFD Linmt Hates
Batch 1004177 - Dy Weight Soil
Druplicate (100417 7-DIUPS) Prepared: 04714010 09:48  Analywed: 04/151008:59
QC Source Sangle: M22Ela (ANDOS-TT)
D1
4 Solids %.0 -— 100 %o by Weight 1 -— S0 - —- (U1
Duplicate (100417 7-DUPG ) Preparved: 04714010 0%:48  Analy=d: 415100859
QC Source S angle: FOYB (A1OINSH £5)
D21
¥ Solids oo -— 100 Vo by Weight 1 -— r| — —- 01 2&a
Druplicate (100417 7-DUPE) Prepared: 04714010 09:48  Analywed: 04/151008:59
QC Source S ample: C15C1a (ALTDOS:-31)
DIlé
s Solids %00 -— 100 Yo by Weight 1 -— 0.1 — —- 01 2ma
Apex Laboratories The results i this repuond oppdy to e soxples axalyeed in occordonce with fhe choin gf

custody drcument This meaddicolveport must de wprodeced in is eutety.
Pl Mol
Ptk Baendiinn
‘ o
Fhilip Heterberg For Darain Thomas, Business Developie nt Divector Fage 45 of 55

179



Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Geo Enginears -Seatile

Project  Owegonetals Evaluaiion

E00 5 tewrart St Snite 1700 Project Hurmber, 2787-050-000 Reported:
Seatfls Wi 8101 Project Manager: Heil Motton O30 22:52
SAMPLE PREPARATION INFORMATION
( Totd Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defilt FL Prsp
L Fumber Mahix Method 5 ampled Prepared [ritialiFinal Irifial Final Fartox
Bafchy 1004142
£100059-01 Soil EF & 6020 01/0194 00:00 04112710 10:03 0.491 /50l 05gi50ml  1.02
£100059.02 Soil EF & 6020 01/0194 00:00 04112710 10:03 0.421 /50l 05gi50ml 104
A100059-03 Soil EF& 6020 0170124 00:00 0412010 10:03 0468250zl 05gis0el 107
A100059-03 Soil EF& 6020 0170124 00:00 04112710 13:06 0 468g 50l 05gis0el. 107
Bigtch; 1004144
LE100059-04 Soil EP& 6020 0170194 00:00 04/12/10110:32 0502250zl 05gis0el 100
E100059-05 Soil EP& 6020 0170194 00:00 04112010 10:32 0139550l 05giS0ml. 127
£100059-06 Soil EP& 6020 01701494 00:00 04112710 10:52 0.47g/50rL 05giS0ml. 106
E100059-07 Soil EP& 6020 0170194 00:00 04/12/10110:32 0.8 5z /50mmL 05gisiml 121
E100059-08 Soil EP& 6020 0170194 00:00 04/12/10110:32 0,845z /50mmL 05gis0ml 112
A100059-09 Soil EP& 6020 0170194 00:00 04112010 10:32 0.8 150l 05giS0ml. 122
A100059-10 Soil EP& 6020 0170124 00:00 04/12r1010:52 0.47g/50rL 05giS0ml. 106
E100059-11 Soil EP& 6020 0170194 00:00 04/12/10110:32 0.8 T30zl 05gis0ml. 120
L100059-12 Soil EP& 6020 0170194 00:00 04/12/10110:32 0,45 5250l 05gis0ml 110
E100059-13 Soil EP& 6020 0170194 00:00 04112010 10:32 01.43 5250l 05giS0ml. 115
L100059-14 Soil EP& 6020 0170194 00:00 04/12/10110:32 0. 44950l 05giS0ml. 1.1
E100059-13 Soil EP& 6020 0170194 00:00 04/12/10110:32 0,342z /508l 05gis0el 146
Bistch: 1004156
A100059-16 Soil EF & 6020 01/0194 00:00 04/13/1009:28 0.458g/50ral. 05gi50ml  1.09
A100059-17 Soil EF& 6020 0170124 00:00 044137100928 0456z 50zl 05gis0el  1.10
E100059-18 Soil EF& 6020 0170124 00:00 04/1371009:28 04650l 0.5gis0el. 109
A100059-19 Soil EF & 6020 01/0194 00:00 04/13/1009:28 0.452g 50l 05g50ml 111
£100059-20 Soil EP& 6020 01/0194 00:00 04/13/1009:28 0.435g/50ral. 05gi50ml  1.03
A100059-21 Soil EF& 6020 0170124 00:00 044137100928 0475250zl 05gislel 105
A100059-22 Soil EF& 6020 0170124 00:00 04/1371009:28 01.47850mL 05giS0ml. 105
A100059-23 Soil EF & 6020 01/0194 00:00 04/13/1009:28 0.459g 50zl 05gi50ml  1.09
L 10005524 Soil EP& 6020 01/0194 00:00 04/13/1009:28 0.434g/50ral. 05gi50ml 115
10005925 Soil EF& 6020 0170124 00:00 044137100928 0.517g/50mmL 05gislel 097
E100059-26 Soil EF& 6020 0170124 00:00 04/1371009:28 (146050l 0.5giS0ml. 107
A100059.27 Soil EF & 6020 01/0194 00:00 04/13/1009:28 0.457g/50rl. 05gi50ml  1.09
A100059-28 Soil EP& 6020 01/0194 00:00 04/13/1009:28 0.47g50mL 05gi50ml 106
E100059-29 Soil EF& 6020 0170124 00:00 04/1371009:28 0 444z /50l 05gislel 113
£100059-30 Soil EF & 6020 01/0124 00:00 04/13/1009:28 0.7 350mL 05giS0ml. 106
A}:ex Laboratories The vesules i 1Ris rep ot apply to e wples analymed in o covdone with fe ¢ hain gf

S s ;
{%@ by 7l s iy
' g

cumody documwent This mofticalveport must de reprodiced in it entiven).

Flalip Mererbe rg For Darwin Thomas, Business Developrne nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatils

Project  OwegonMetals Frabuation

{%ﬁﬁs‘g 7 é@ws@»g"&,a %
' J

B0 S tevrart St Suite 1700 Project thuwber 2727-050-000 Reperted:
Seattle, Wi 52101 ProjectIansger Heil Morton 051310 2232
SAMPLE PREPARATION INFORMATION
( Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defanlt FL Prep
L Nunber Matrix Method S anpled Prepared LritialFinal [ritialFinal Factor
A100059-31 Soil EFL 6020 01/01/24 00:00 DH131009:28 0.451gi50mL 0 5gf50raL 111
A100055-32 Soil EP& 6020 0170154 00:00 04r1351009:28 0.477gi50mL 0.5g/50mmL 103
L100059-33 Soil ERL 6020 01/01/24 00:00 D401351009:28 0.435gi50mL 0 5250zl 115
A100055-34 Soil ER& 6020 01/01/24 00:00 D4 301009:28 04342 /50mL 0.5g/50mL 115
Batch: 1004157
A100055-35 Soil EP& 6020 0170154 00:00 041400 14:42 0483 #50mL 0. 5g /50l 101
A100055-36 Soil EP& 6020 0170154 00.00 04140 14:42 0.501gf50mL 0. 5g /50l 1.00
A100055-37 Soil EP& 6020 0170154 00:00 041400 14:42 0489 i50mL 0. 5g /50l 102
L10C059-32 Soil EPL 6020 01/01/24 00:00 D4 401014:42 048750l 0 5250zl 103
L 100059-39 Soil EPL 6020 01/01/24 00:00 D4 401014:42 0,495 i50ral 0 5250zl 1o
A100055-40 Soil EP& 6020 0170154 00:00 041400 14:42 0.322g#50mL 0. 5g /50l 155
L100052-41 Soil ERL 6020 01/01/24 00:00 D4 401014:42 0 482 150rl 0 5250zl 104
A100059-42 Soil EPL 6020 01/01/24 00:00 D410 14:42 0.475gi50rL 0 5gf50raL 1.05
A100053-43 Soil ERL 6020 01/01/24 00:00 D410 14:42 0.493g/50mL 0.5g/50mL 1o
L100059-44 Soil ERL 6020 01/01/24 00:00 D4 401014:42 0 32050l 0 5250zl 1.52
A100053-45 Soil ER& 6020 01/01/24 00:00 D410 14:42 0495 /50mL 0.5g/50mL 1o
A10C053-46 Soil ERL 6020 01/01/24 00:00 D410 14:42 0341z /50l 0.5 500l 1.47
L10C059-47 Soil ERL 6020 01/01/24 00:00 D4 401014:42 0 42g/50rL 0.5 500l 104
A100053-42 Soil ER& 6020 01/01/24 00:00 D410 14:42 0.427g/50mL 0.5g/50mL 1.03
A100055-49 Sol EP& 6020 01/01/24 00.00 0414510 14:42 0485850l 0.5g /50l 103
A1000558-50 Soil EP& 6020 0170154 00.00 04140 14:42 0.505g 850wl 0.5g /500l 059
A100055-51 Soil ER& 6020 01/01/24 00:00 D410 14:42 0.425g 150l 0.5g/50mL 1.03
Batch; 1004193
L100059-52 Soil ERL 6020 01/01/24 00:00 D4015/1009:00 049 50ral. 0 5250zl 1.02
A100059-53 Soil ERL 6020 01/01/24 00:00 D40 511009:00 0.457gi50ral 0 5g/50raL 1o
A100059-54 Soil ERL 6020 01/01/24 00:00 D40 511009:00 0492 /50mL 0.5g/50mL 1.02
L10C059-55 Soil ERL 6020 01/01/24 00:00 D4015/1009:00 0 48350l 0 5250zl 104
A100059-56 Soil ER& 6020 01/01/24 00:00 D40 511009:00 0495 /50mL 0.5g/50mL 1o
A100058-57 Sol EPLA 6020 01/01/24 00.00 04r1551009:00 0.5g /50l 0.5g /50l 1.00
A100055-58 Sol EPLA 6020 01/01/24 00.00 04r1551009:00 0402 i50mL 0.5g /50l 102
A100053-59 Soil ER& 6020 01/01/24 00:00 D40 511009:00 04992 /50l 0.5g/50mL 1.00
A100055-60 Sol EP& 6020 01/01/24 00.00 04r1551009:00 0486850l 0.5g /50l 103
A100055-61 Soil EP& 6020 0170154 00.00 04r1551009:00 0.401gi50mL 0.5g /500l 102
A10C059-62 Soil ER& 6020 01/01/24 00:00 D40 511009:00 0.426g 50l 0.5g/50mL 1.03
Apex Laboratornes The vesults i this veport mpply to the sy s anolymed in occondome with the ¢ bodn of

custody decument This muodticalveport must de wprodiced in i euthenp

Flalip Mererbe g For Davwin Thomas, Business Developrne nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers -Seattle

Project  OwvegonMetals Evaluation

A0 Stewart 1. Suite 1700 Project Munther: Z287-050-000 Reported:
Seattle Wi 52101 Project Manager: Heil Morton 0513010 2232
SAMPLE PREPARATION INFORMATION
|| Tota Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Dredimlt FL Prep
L Humber Matix Method Sanpled Prepared Imtial/Final Imtial/Final Factor
510005963 Soil EP& 6020 01001094 0000 Qe 50100900 0.492g/50mL 0.5g/50mmL 102
510005964 Soil EF& 6020 0100194 0000 0155100500 0.4932/50mL 0.5g/50mL 101
& 10005965 Soil EF& 6020 0100194 0000 0155100500 0.484zi50mL 0. 5g/50mL 103
B 10005966 Soil EF& 6020 0100194 0000 0155100500 0.455gi50mL 0. 5g/50mL 101
L 10005967 Soil EPA 6020 01001094 0000 Qe 50100900 0.452g/50mL 0.5g/50mL 102
L 10005368 Soil EPA 6020 0100134 0000 06150100500 0.459/50mL 0.5g/50mmL 100
L 10005369 Soil EPA 6020 0100134 0000 06150100500 0.488g/50mL 0. 5g /50l 102
&100059-70 Soil EPA 6020 0100194 0000 0155100500 0.4982i50mL 0. 5g/50mL 100
Batch: 1004200
& 100058-71 Sol EF& 6020 0110194 0000 0i1501011:03 0.474zi50mL 0.5g /50l 105
& 100059-72 Soil EF& 6020 0100194 0000 Oei15r1011:0% 0.487g/50mL 0. 5g/50mL 103
& 100059-73 Soil EP& 6020 01001094 0000 Qehilario11:03 0.4872/50mL 0.5g/50mmL 103
& 100059-74 Soil EPA 6020 01001094 0000 Qehilario11:03 04802 /50mL 0.5g/50mmL 102
B 100059-75 Soil EP& 6020 01001094 0000 Qehilario11:03 0.49%6g/50mL 0.5g/50mmL 101
& 100059-76 Soil EF& 6020 0100194 0000 0i15r1011:03 0.499i50mL 0. 5g/50mL 100
B100D059-77 Soil EF& 6020 0100194 0000 0i15r1011:03 0.457gi50mL 0. 5g/50mL 101
L 100059-72 Soil EPA 6020 0100194 0000 Oei15r1011:0% 0.505g/50mL 0. 5g/50mL [ERSlE]
L 100059-79 Soil EPA 6020 0100134 0000 0ei1501011:03 0.503g/50mL 0.5g/50mL 09
L& 100053-80 Soil EPA 6020 0100134 0000 0ei1501011:03 0.455gi50mL 0. 5g /50l 101
&100059-81 Soil EP& 6020 0100134 0000 Qei15r1011:03 0.457gi50mL 0. 5g /50l 101
B 10005982 Soil EPA 6020 0100194 0000 0i15r1011:03 0.488gi50mL 0. 5g/50mL 102
L 10005883 Soil EPA 6020 01001534 0000 00150101103 0.455gi50mL 0. 5g/50mL 101
L 10005884 Soil EPA 6020 01001534 0000 00150101103 0.453gi50mL 0.5g /50l 101
L 10005385 Soil EP& 6020 0100134 0000 0ei1501011:03 0.454gzi50mL 0. 5g /50l 101
L 10005986 Soil EP& 6020 0100134 0000 0ei1501011:03 0.456gi50mL 0. 5g /50l 101
Batch 1004274
B 10005987 Soil EF& 6020 0100194 0000 0ilario1o:1g 0.487gi50mL 0. 5g/50mL 103
B 10D059-88 Soil EF& 6020 0100194 0000 0ilario1o:1g 0.496gi50mL 0. 5g/50mL 101
& 100059-20 Soil EPA 6020 0100194 0000 0ilario1o:1g 0.499i50mL 0. 5g/50mL 100
L& 100059-90 Soil EPA 6020 0100194 0000 Oilario1o:1g 0.455gi50mL 0. 5g/50mL 101
Apax Lahoratories The vesults i this rep ot apply to the eples onaleed in o condonce with the ¢ hoin gf
custody decument This modticolreport must de veproduced in it autiety
AN j
{9}’3&1’,’5{) fﬂ et '5":/‘3:5/'
= %
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12232 S.W. Garden Place
Ap X Labs Tigard, OR 97223

503%718-2323 Phone

503-718-0333 Fax

Thursday, May 13, 2010

Meil Martan
GeoEngineers -Seattle
600 Stewart St Suite 1700
Seattle, WA 93101

RE Oregon Metals Evaluation / 2787-050-000

Enclosed are the results of analyses for work order A1ODOBE , which was received by the laboratory on
4572010 at 3:3500PM.

Thank you for using Apex Labs We appreciate your business and strive to provide the highest quality
servicesto the environmental industry.

If you have any questions conceming this repaort or the services we offer, please feel free to contact me by

email at: prerenbergf@apex-labs.com, or by phone at 803-718-2323.

Spex Lahoratories The vesults i this veport apply to the sowp ks onabymed i o condanre with the ¢ hain of

custody document This maficalyeport mast be mproduced in it entirey.
sy f
{}},%Jfg Flgntrsg v
' J
Philip Merenherg For Darwin Thomas, Business Developme nt Director

Dage 1 of 57
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Apex Labs

12232 5.W. Garden Place
Tizard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

CGeo Engineers -Seatile
GO0 3 fewart 51, Suite 1700

Progject  OregonMetals Evaluation

Project Humber: 2787-050-000 Repozied:
Seattls WA 58101 Froject Manager: Feil Morton 051510 22:44
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |
Saple T Lahoratory I Mahric Date Samapled Date Receired
KLMB1 AL0DO&E-01 Soil 0101154 0000 0405010 15:35
ELi5Al A10D066-02 Soi 0101794 00:00 0405710 15:35
KLISB1 A10D0&E-03 Soil 0101594 00:00 04005710 15:35
ELbiAl A10D066-04 Soi 0101794 00:00 040510 15:35
KLNB1 ALODOGE-05 Soi 011754 0000 0405010 15:35
EL0TAl A10D066-06 Soi 0101794 00:00 040510 15:35
EKLITB1 A10D066-07 Soi 0101794 00:00 0405710 15:35
EL®Al A10D066-05 Soi 0101794 00:00 040510 15:35
EL®B1 A10D066-09 Soil 0101794 00:00 040510 15:35
KLKEB2 ALODOGE-10 Soil 0101154 0000 0405010 15:35
ELm®Al A10D066-11 Soi 0101794 00:00 0405710 15:35
KLI®E1 A10D06EE-12 Soil 0101594 00:00 04005710 15:35
ELInAl A10D066-13 Soi 0101794 00:00 040510 15:35
KLIB1 ALODOGE-14 Soi 011754 0000 0405010 15:35
ELI1Al A10D066-15 Soi 0101794 00:00 040510 15:35
KL11B1 A10D06E-16 Soi 0101794 00:00 0405710 15:35
ELI12A2 A10D066-17 Soi 0101794 00:00 040510 15:35
EL12B2 A10D0EE-15 Soil 0101794 00:00 040510 15:35
KL13A2 ALODOGE-19 Soil 0101154 0000 0405010 15:35
EL13B2 A10D06E-20 Soi 0101794 00:00 0405710 15:35
EL14l A10D066-21 Soil 0101594 00:00 04005710 15:35
EL14B1 A10D066-22 Soi 0101794 00:00 040510 15:35
ELI5Al ALODOGE-23 Soi 0101794 00:00 0405010 15:35
ELI5B1 A10D066-24 Soi 0101794 00:00 040510 15:35
ELlaal A10D06E-25 Soi 0101794 00:00 0405710 15:35
EL1&B1 A10D066-26 Soi 0101794 00:00 040510 15:35
KL1aB2 A10D06E-27 Soil 0101794 00:00 040510 15:35
KLITAlL ALODOGE-28 Soi 011754 0000 0405010 15:35
ELITH1 A10D06E-20 Soi 0101794 00:00 0405710 15:35
EL134al A10D0&EE-30 Soil 0101594 00:00 04005710 15:35
ELI13B1 A10D066-31 Soi 0101794 00:00 040510 15:35
EL204l ALODOGE-532 Soi 0101794 00:00 0405010 15:35
KL2B1 ALODOGE-33 Soil 0101154 0000 0405010 15:35
EL214al A10D066-34 Soi 0101794 00:00 0405710 15:35
EL21B1 A10D066-35 Soi 0101794 00:00 040510 15:35
Apex Lahoratories The vesuits b this repovt opplyto the somples analmed in o covdonce with the chain of

AN ]
{%—i@dﬁ? F b}xgmg"fz:f;:/

7

cusody document This modticolreport must de peprodeced in it entivety,

Philip Meterberg For Darwin Thomas, Business Developme nt Director
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Apex Labs

12232 5.°W. Garnden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatile

Project  Owegon Metal: Fvaluation

GO0 S tewart St Suite 1700 Project Fumber. 2787-050-000 Reported:
Seatils Wi 52101 Project Marager, Heil Morton 051510 22:44
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Sanple T Lahoratery I Tatri: Date Sampded Thate Received
ELZ3al &10D066-36 Sl 01m154 00:00 0405010 15:35
KLXiB1 A10D0A6-37 Soil 010194 00:00 0405010 15:35
EL>SAl &10D066-38 Soil 0111754 00:00 04005010 15:35
ELXEB1 A10D066-39 Sol 010124 00:00 0405010 15:35
KLZiAl A10D0GE-40 Soi 01701494 00:00 04705010 15:35
EL2%E1 A10D066-41 Sol 010124 00:00 0405010 15:35
EL284l A10D0AG-42 Soil 010194 00:00 0405010 15:35
EL28E1 &10D066-43 Soil 0111754 00:00 04005010 15:35
LATOLAL &10D06G-44 Soil 010194 00:00 0405010 15:35
LAMODIB1 A10D0GE-45 Soi 01701494 00:00 04705010 15:35
LATOIE2 A10D0AG-46 Soil 010194 00:00 0405010 15:35
LATOZAL &10D066-47 Sl 01m154 00:00 0405010 15:35
LATOEL A10D066-43 Sol 0111724 00:00 0405010 15:35
LMOSA A10D0GE-49 Soi 01701494 00:00 04705610 15:35
LMOSB2 A10D066-50 Sol 010124 00:00 0405010 15:35
LADMGE]L A10D066-51 Soil 010194 00:00 0405010 15:35
LAIOTAL &10D066-52 Sl 01m154 00:00 0405010 15:35
LATOEAL A10D0AG-53 Soil 010194 00:00 0405010 15:35
LMiEB1 A10D06E-54 Soi 01701494 00:00 04705610 15:35
LATIDAL A10D0AG-55 Sol 010124 00:00 0405010 15:35
LMIOB1 L10DOGE-56 Soi 01701494 00:00 0410510 15:35
LAT1IB1 A10D066-57 Sl 01m154 00:00 0405010 15:35
LATIZAL A10D0AG-58 Soil 010194 00:00 0405010 15:35
LMI34l &10D066-59 Soil 0111754 00:00 04005010 15:35
LATIRE] A10D066-60 Sol 010124 00:00 0405010 15:35
LMI541 A10D06E-61 Soi 01701494 00:00 04705010 15:35
LATISB] A10D0AG-62 Soil 010194 00:00 0405010 15:35
LATI6E] &10D0AG-63 Soil 010194 00:00 0405010 15:35
LAIITAL A10D0A6-64 Sol 0111724 00:00 0405010 15:35
LMI19B1 A10D0GE-635 Soi 01701494 00:00 040510 15:35
LM2042 A10D06E-68 Soi 01701494 00:00 04705010 15:35
LAIZIB2 A10D0A6-67 Soil 010194 00:00 0405010 15:35
LATZZAZ A10D0AG-62 Sl 01m154 00:00 0405010 15:35
LAI2IBZ A10D0AG-6 Sol 0111724 00:00 0405010 15:35
EON2A2 A10D0GE-T0 Soi 01701494 00:00 04705610 15:35

APEX Lahoratories The vesuits d this repovt apply to the sampies analeed in arcordanee with e choin of

~
G—}/&iﬁ? ,fn i \;.‘rli;"s“x?:f%/'

7

custody docament This modticalreport must de rgproduced in i entivetp

Philip Mererberz For Darwin Thonas, Business Developne nt Director

Dage 3 of 57

185



Apex Labs

12232 5.°W. Ganden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatile

Project  OwegonIetals Fraluation

GO0 S tewrart St Suite 1700 Project Fumher. 2787-050-000 Reported:
Seattls, W4 23101 Project Manager: Meil Morton 051310 2244
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Sample ID Laberatery ID Matrix Date Sampiled Dute Received
EOQRE1 A10D066-71 Sodl 0101584 00:00 04005010 15:35
EO0TAL LI0D0AS-T2 Sl 0101594 00:00 005010 15:35
EQmAZ A10D06A6-73 Soil 011584 00:00 04705010 15:35
EOQWB2 A10D0AG-74 Soil 010184 00:00 0405010 15:35
EQIME1 A10D066-75 Sod 0101584 00:00 0405010 15:35
EO11B1 AI0D0AG-TA Soil 0101584 00:00 0405010 15:35
EOI3B1 LI0D0EE-TT Sl 0110194 00:00 005010 15:35
EQ1442 A10D0AG-TE Soil 0101584 00:00 0405010 15:35
EQ14B2 A10D0AS-T2 Soi 0101584 00:00 04705610 15:35
EQlaA2 A10D0a6-20 Sod 0101584 00:00 0405010 15:35
EO1§B2 A10D0AA-21 Soil 0101584 00:00 005010 15:35
EOQITA2 A10D066-52 Sodl 0101584 00:00 0405010 15:35
EOQITB2 A10D0AG-E3 Soil 0101584 00:00 0405010 15:35
EQI8B2 A10D0AG-24 Soi 0101584 00:00 0405010 15:35
EQOMNAZ AI0D0AG-ES Soil 010184 00:00 040510 15:35
EQXNEB2? AI0D0AG-Ea Soil 0101584 00:00 005010 15:35
EQ22A2 A10D0AG-ET Soil 011584 00:00 0405010 15:35
EQXB2 LI0D0AA-BE Sl 0110194 00:00 04105010 15:35
EQ2X3AZ A10D0AG-ED Soi 0101584 00:00 0405010 15:35
EQI3B2 A10D0AA-90 Soil 010184 00:00 0405010 15:35
EQ2A2 A10D066-91 Sod 0101584 00:00 04705010 15:35

Apeyx Lahoratories The vesults i this yeport opply to the sowples analmed in or comdanee with the choin of

~
{}-‘}lﬁ,ﬁ? ,fn 53\3.‘,11;":“?:33:/'

7

custody docament This modticalreport must e produced in i entivetp

Philip Mererberz For Darwin Thoas, Business Developne nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile
G005 tewrart 1. Suite 1700

Project  OwegonMetals Evaluation

Project Nurmber: 2787-050-000 Repomied:
Seattle W 92101 Froject Manager: Neil Moton 051310 2244
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Fepoting Spike Soame “wEEC EFD
Analyte Ferlt MDL Lirnit Tnits Dil. Ammt  Remlt HFEC  Linats EPD Limut Haites
Batch 1004214 - EPA 30518 Soil
Blank (10042 14 BLK1) Frepared: 1610 10:18  Analymed: (415710 1408
ERAGON
Aoy HD 0100 100 melkgwet 10 — - - - -— -—
Arseric ND 0200 200 " " -— - - - -— -—
Beryllium ND 0200 100 " " — — — — -— -—
Cadrmm ND 0100 100 " " — — — — -— -—
Lead ND 0100 100 " " -— - - - -— -—
Selenium HD 0400 2o " " — - - - -— -—
Silvwer ND 0100 100 " " — — — — -— -—
Thallnm ND 0100 100 " " — — — — -— -—
LCS{1004214B51) Frepared: GH1I&N010:12  Analyeed: 4015/10 14:11
ERA G0N
Aoy 253 010 100 melkgwet 10 250 - 101 8012084 -— -—
Arerie 4553 0200 200 " " 0.0 — ] " -— -—
Berrllnum &5 020 100 " " 250 — 4 " -— -—
Cadrrmm 475 0100 100 " " 500 — a5 " -— -—
Lead 455 0100 100 " " " - 91 " -— -—
Selenium &8 0400 200 " " 250 - 95 " -— -—
Silvwer &6 010 100 " " " — 95 " — —
Thallnm X2 010 100 " " " — 91 " -— -—
Duplicate (100214 DUPL) Frepared: O1&1010:18  Analyzed: 471510 14538
QC 5 ouxce 5 anple: KLOSAL (AT0DOGE- ()
ERAGON
Aoy 0.231 0110 110 me'ke day 10 — 0.1zz2 - - 62 4 Q-05.T1
Areric 474 0220 220 " " — 526 - - 11 4
Beryllium 0.330 02x: 110 " " — 0.365 — — 10 ams T
Cadrmm 0.z 0110 110 " " — 0.144 — — 42 A Q-05,7
Lead 12T 0110 110 " " -— 132 - - 4 40
Selenium 0.527 0440 220 " " — HD - - 4 T
Silvwer ND 0110 110 " " — HD — — A
Thallnm ND 0110 110 " " — HD — — A0
Mairic Spile (100:4214-M51) Frepared: GH1I&N0 10:12  Analyeed: 4015/10 14:41
QU 5 ource S anple: KLOSAL (ATOD0GE- )
AFBX Lahoratories The vesults i this pep ot apply o the sonples analimed in o coxndonce with the o hain gf
custody drcument This modicalreyort must be ngroduced in it entivety.
A s ]
{f-}}ﬂg; Fogwan,
' &
Philip Merenberg For Darwin Thomas, Business Development Director Page 35 of 57
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile

Project  OwegonMetals Evaluation

G005 tewrart 1. Suite 1700 Project Mumwber, 2737-050-000 Reported:
Seattle, Wa 58101 Project Manager: Heil Marton 051510 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soume #REC FFD
Analyts Famlt MDL Limnit Thnits Dil. Ammrt  Remlt “FREC  Limits FFD Linmt Hates
Batch 1004214 - EPA 30514 Soil
Matric Spile (1004214 M5} Frepared: CH1&1010:18  Amalyzed: 401510 14:41
QU S ource S anple: KLOSAL (ALOINGE- 0F)
EFA 60N
Aoy o7 0111 111 mghg dry 10 7 0.122 Fan] TH125% -— -—
A werme 517 022z 222 " " 554 53 95 " -— -—
Beryllium 2553 o022 111 " " 217 0.385 1] " -— -—
Cadnmm 4 0111 111 " " 554 0.144 a3 " -— -—
Lead &1 0111 111 " " " 152 o2 " -— -—
Selenmm Ha 0443 222 " " 7 WD 90 " -— -—
Silver F5 0111 111 " " " HD 9 " -— -—
Thallnm 252 011 111 " " " HD 21 " -— -—
Matri Spike (1004214 MST) Frepared: 1610 10:18  Analymed: (415710 1504
QU 5 ouxce S angle: KLEB1 (ALOD066-0%)
EFA 60N
Aoy e 0106 104 mghg dry 10 2606 0.127 81 TH125% -— -—
A werme 512 0213 215 " " 552 ) a7 " -— -—
Beryllium 242 0213 106 " " 26.6 HD 21 " -— -—
Cadrmm 512 01 108 " " 552 HD 9 " -— -—
Lead 558 0l 108 " " " 845 o " -— -—
Selenmm Hs 0 04X 213 " " 2606 251 ] " -— -—
Silver a0 01 108 " " " WD L) " -— -—
Thallnm a1 01e 106 " " " HD a7 " -— -—
AFBX Lahoratories The vesults i 1his report apply to the sonples analyeed in occordance with the ¢ hain of
custody decument This modticalreport mus de nproduced in it autivety.
e j
{f-}}ﬂg; Fhwaran,
' g
g 36 of 57

Philip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GeoEngineers -Seatile
G005 terart St Snite 1700
Seattle WA 101

Project  Oregon Metals Evabuation
Project Flumber,  2787-050-000 Reperted:
Froject Manager. Meil Moron 01310 2244

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS)

Feporting Spike Soume “REC RPD
Analyte Remlt MDL Liznit nits Dil. Amont  Remlt “FEC  Linats RPD Liwt Hetes
Batch 1004274 - EPA 30514 Soil
Blank (100:274 BLK1) Prepared: (20010 11:59  Analy=d: 042310 1458
EFA60H
A vy NI 0100 100 wizflz wet 10 — — _ _- — —
Areric ND 0200 200 " " -— — - — — —
Beryllhnn ND 0200 100 " " -— - - - _— —
Cadnmum HD 0100 100 " " -— - - - -— —
Lead 0.10 010 100 " " — — — - — — T
S elenmm ND 0400 200 " " — — — - — —
Silver ND 0100 100 " " -— — — — — —
Thallnm HD 0100 100 " " -— - - - _— —
LCS{1004274B51) Prepared: (420010 11:59  Analyeed: 042510 16:41
EFA G0N
Aoy 251 0100 100 mgfkg wet 10 250 — 100 8012054 -— -—
Arere 420 0200 200 " " 500 — 2 " — —
Beryllnnm X0 0200 100 " " 250 - o2 " _— —
Cadnmim 429 0100 100 " " 500 — @& " — —
Lead 420 0100 100 " " " - = " _— —
Selanium &3 040 200 " " 250 — @3 " — —
Silver 2.0 0100 100 " " " — % " — —
Thallnm &E 010 100 " " " — 95 " — —
Duplicate { 100427 4-DITPI) Prepared: 02000 11:59  Analy=d: 423101703
QC Source Samgle: KLMAL (AL0D0G6 21)
EFA 600
A ntivocry ND 0108 106 mglkz dry 10 -— WD - - 4%
Arerie 73 0212 212 " " -— 287 — — 2 4
Beryllnmn 0244 0212 106 " " -— 0252 - - 3 4 T
Cadnmim 0.7 0108 106 " " -— 0.4 — — 08 4ms T
Lead 428 0105 106 " " -— 427 — — 04  4m
Selenpum 0466 0424 212 " " -— WD — — A0 T
Silver HD 0108 106 " " -— WD - - 404
Thallnm ND 0106 106 " " -— WD — — 405
Mlairic Spike (100274 MS1) Prepared: (420010 11:59  Analyed: 452910 17:11

QC S ourceSample: KLMAL (ATOD066-21)

dpex Laboratories

-
fj?—l&j%; Fhanirss %

7

The vesults iy this veport opply o e somples analmed in occondonce with the ¢hain of
custody document This aeadticolveport must de nprodeced in it entivety.

Fhilip Heterberg For Darain Thomas, Business Developie nt Divector
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Apex Labs

12232 S.W. Garien Place
Tizard, OB 97223
503-T18-2323 Phone
S03-718-0333 Fax

GeanEnginears -Seatils

Project  OvregonMetals Fraluation

A00 5 tevrart 51 Suite 1700 Project Huwher Z787-050-000 Repuxted:
Seatfle, Wi 58101 Project Marager: Heil Morton 051310 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Fepaorting Spike Sone REC EFD
Analyte Fenult MDL Liznit Units Dl Amort  Remlt “FEC  Linots RPD Limit Hotes
Batch 1004274 - EPA 3051A Soil
Mairix Spike (100274 BS1) Prepared: (eh20010 11:52 dnaly=ed: 210 17:11
QC 5 ource S angle: KLI4ATL (AL0DD6E 21)
EFA G0N
Aativecany 215 0105 105 mgfks dur 10 263 ND 2 75125 —_ -
Areric 517 0210 210 " " 525 287 ] " - -
Beryllizm 20 0210 105 " " 263 0252 a1 " - —
Cadrinm 511 0105 105 " " 525 0294 a7 " - —
Lead 421 0105 105 " " " 427 124 " - —
Selenium 219 0420 210 " " 263 ND 2 " - —
Silver & 0105 105 " " " ND o " - —
Thallnm 20 0105 105 " " " ND a1 " —_ -
Apax Lahoratories TRe vesults i this peport opp iy to the samples analymad in accondonce with the choin of

{Fﬁiﬁg@ fﬂ ?‘E\.ghg"s"”'r'.fa/
' 7

custody drcument This mohticalveport must de reprodeced in in eutivety.

Philip Mererberg For Darwin Thomas, Business Developrie nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers - Seadile
G005 tewrart S, Suite 1700

Project  OwegonMetale Evaluation

Project Nurmber: 2787-050-000 Repomied:
Seattle, Wa 22101 Project Manager: Meil Maorton 051310 2244
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soame “REC iz
dndlyrte Fesat MDL  Limit Urits  Dil  Ammnt Reml  %REC  Limis RPD  Limit  Hotes
Batch 1004324 - EPA 30514 Soil
Blank (1004324 BLK2) Prepared: (2210 02:28  Analymed: 4FZ21020013
EFA G0N
Aoy HD 0100 100 mefkgwet 10 — - - - -— —
Amerin WD 0200 200 " " — - - - - -
Beyllium ND  02m 100 " " — - - - - -
Cadrinm HD  01m 100 " " — - - - - -
Lead HD  01m 100 " " — - - - - -
Selenium D 040 200 " " — - - - —_ -
Thallinm D 01 100 " " — - - - - -
Blank (1004324 BLE3) Prepared: 02210 02:28  Analy=ed: 042510 15:54
EFA G0N
Silver WD 01 100 kg wet 10 — - - - - 016
LC5{1004324-B52) Prepared: 02210 02:28  Analywed: X110 20016
ERA G0N
Atirory o 0lm 100 mgfkgwet 10 250 — 08 80lE% -
Aeric 493 020 200 " " 500 — el " - -
Beryllinm 24 0200 100 " " 250 - 3 " -— -—
Cadnmm 501 0lm 100 " " s0.0 — 100 " -— —
Lead 424 0100 100 " " " — 7 " -— —
Seleniim 242 04m 200 " " 250 — &7 " -— —
Silver 22 0l1m 100 " " " — a5 " — —
Thallnnm XRE 0l 100 " " " - 95 " -— —
Duplicate (1004324 DUPL} Prepared: 42210 08:28  Amnalymed: 042610 1908
QC 5 ouxce 5 angple: KLNAL (AT0D0GE 32)
ERAGON
Atirory NI 01% 126 mghkgdy 10 — HD _ — a0
Aeric L3¢ 025l 251 " " — 144 _ — 3 A 1
Beryllinm 03T 023 126 " " -— 0407 - - 3 Al T
Cadrmm 047 0125 126 " " — 0407 - - 5 40 I
Lead 804 012 126 " " — N - - 3 40
Seleniim ND 050G 251 " " — HD — — A
Silver ND 012 126 " " — HD _ _ s
Thallnnm 0.EB0 0128 126 " " -— 0=02 - - 9 A4l )
byex Labhoratories The vesults i this vepert apply to the samples anabmed in occordance with fhe ¢ Jain of
custody document This modticalreport mos de xproduced in it ativety
A s j
{}-}/@@ fﬁ hgndrdia,
' v
Philip Metenbe rg For Darwin Thomas, Business Developrae nt Director Puge 30 of 57
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Apex Labs

12232 5.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatile

Progject  Oregon Metals Evaluation

G005 tewrart St Snite 1700 Project Humber, 2787-050-000 Reported:
Seattle, WA 8101 Project Mlanazer: Heil Moron 013010 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 (ICPMS) |
Reporting Spike Soime YEEC EFD

Analyte Remalt MDL Lirnit Tnits Dl Ammnt  Bemlt WFEC  Linots EPD Limit Hites

Batch 1004324 - EPA 3051A Soil

Mlairic Spike (1004324 BIS1) Prepared: (422010 028:28  Analy=d: (424101215

QC Source 5 anple: KLNAL (ALOINGE 32)

EFA I
Aoy x4 012 122 mgfke dor 10 305 ND 25 75125% — -
Arerie |3 0244 244 " " &10 1.44 o5 " — -
Beryllnnn 21 024 122 " " 305 0.407 O " —_ -
Cadnmm 23 012 122 " " 510 0.407 102 " — -
Lead 54 0122 122 " " " 7 L " — -
Seleniam 256 0482 244 " " 305 ND 24 " — -
Silver 56 012 122 " " " ND a4 " — -
Thallinm 25 012 122 " " " 0.202 O " —_ -

Madric Spile (W004324-MA2) Prepared: (422010 08:28  Analyed: 0210 1935

QC Source S anple: KLIEBL (ALODOGE-30

EFA I
Aoy 222 0112 112 mgfke dor 10 220 ND 21 T5125% — -
Arerie %0 024 224 " " 560 312 L " — -
Beryllnnn X3 024 112 " " 220 0272 o] " —_ -
Cadrmim 552 0112 112 " " 560 ND o " — -
Lead 3 0112 112 " " " 255 o] " —_ -
Seleniam 251 0442 224 " " 220 ND a0 " — -
Silver »z2 0112 112 " " " ND €] " — -
Thallinm 257 0112 112 " " " WD o] " —_ -
dyex Laboratories The yesults i this vepovt apply fo the suwples omalized in or condance with the ¢ hain of

-
{%—lﬁ,ﬁs 36 ,fﬂ g &"z’:‘»‘./&/

7

custody document This madticalreport must de reproduced in it entivety.

Fhilip Hererberg For Darwin Thomas, Business Developrne nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile
G005 tewrart 1. Suite 1700

Project  OwegonMetals Evaluation

Project Mumwber, 2737-050-000 Reperted:
Seattls, Wi 28101 Froject Manager: Heil Morton 051510 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Fepoting Spike Soame “wEEC EFD
Anglyte Remlt MDL Lirmit Tnits Dil. Amwmnt  Remlt “REC  Limits FPD  Limit Hotes
Batch 1004361 - EPA 30518 Soil
Blank (1004361- BLK1) Prepared: (2310 12:27  Analymed: V101126
ERAGON
Aoy WD 01m 200 mglkg wet 10 -— - - - —_ =
Amserte NI 020 200 " " -— - —_ - _— —
Berylliom WD 0zm 100 " " -— - - - —_ -
Cadnmm WD  01m 100 " " -— - - - —_ -
Lead WD 01m 100 " " — - - - —_ -
Selenium ND 0400 200 " " — - - - — —
Silver WD 01m 100 " " -— - - - —_ -
Thallnm WD  01m 100 " " -— - - - —_ -
LCS (100436 1-BS1) Prepared: 0423101227 Analyzed: 42710 11:29
ERA G0N
Aoy 2 01m 200 mglkg wet 10 250 - 105 80-120% —_ =
Arserie 430 020 200 " " 500 - 98 " —_ -
Beryllium D[E 020 100 " " 250 - 95 " —_ -
Cadnmm 50 0lm 100 " " 500 - 100 " —_ -
Lead 424 0100 100 " " " — a7 " —_— -
Selenim 25 04 200 " " 250 - = " —_ =
Silver 22 0lm 100 " " " - a7 " —_ -
Thallnm ZE 0lm 100 " " " - 95 " —_ -
Duplicate (100436 1-DUPL) Prepared: 04237101227 Analyzed: 4ZW1011:45
QU S ourceSangple: LMOLEZ (AL0DUGE 46)
ERAGON
Aoy 153 0105 211 mg'kg dry 10 -— 212 - - 3= A I
Aserue a60 0211 211 " " -— 1.5 - - 13 40
Berylliom 058 0211 105 " " -— 0.582 - - 6 a4 7
Cadnmm 0148 0105 105 " " -— 0123 — — 12 ams 7
Lead B0 0105 105 " " — w5 - - 12 ama
Selenim WD 0422 211 " " -— HD - - 40
Silver WD 0105 105 " " -— WD - - 40
Thallnm WD 0105 105 " " -— WD - - 40
Mlatriv Spile (100435 1-M51) Prepared: 0423101227 Analyzed: 4ZW1011:4%
QC Source S maple: LMOLE? (ALODOGE 46)
bypeyx Labhoratories The vesuits i this vepovt ol to the somples anohimed in accordanee with the ¢ hain of
custody drcument This modicalreyort must be ngroduced in it entivety.
e j
{f-}}ﬂg; Fhwaran,
' &
Philip Merenberg For Darwin Thomas, Business Development Director Page 41of 57
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Apex Labs

12232 S.W. Garden Place
Tizard, OR. 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEnginesrs -Seatils Project  Ovegon Metals Evahuation
B0 Stewart St Suite 1700 Project Murrber: 2787-030-000 Reported:
Seattle Wi F8101 Project Mansger: Meil Mosten 051310 2244
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Total Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soumwe WEREC EFD

Andyte Fesalt  MDL Limit Units Dil. Awout  Remlt  %REEC  Limits RPD Limit  Hotes

Batch 1004361 - EPA 30514 Soil

Mlatric Spile (100436 1-MS1) Prepared: 0412310 12:27 Analyeed: 04/210 11:482

QC 5 ouxce S amgle: LMOLE2 (ALODNGE 46)

EFA G020
Aoy n7 0lld 228 mghedyr 10 288 212 % IR -
Aseric B3 022 228 " " 571 7.53 71 " - -
Berylliom 1l D2: 114 " " 288 0582 3 " - -
Cadnmim 510 0114 114 " " 571 0123 % " - -
Lead oo 0114 114 " " " W5 107 " - -
Saleniom B[E 047 228 " " 286 HD &3 " - -
Silver n3 0lls 114 " " " HD % " - -
Thallim *¥1 0114 114 " " " HD a1 " —- -

Matric Spike (100436 1-MIST) Prepared: /2310 12:27  Analyeed: 04727710 12:42

QC 5 ovrce Sanple: LM11BL (ALODOGE 57)

EFA 60H
Aytimory X0 010 216 mghedyr 10 270 HD W 7RI - —
hweric 318 0218 216 " " 340 077 o4 " - -
Berylliom X5 0218 108 " " 270 HD o4 " —- -
Cadnmim =10 0108 108 " " 340 0180 =5 " - -
Lead 56 0108 108 " " " 3w o4 " —- -
Seleniom ny 043 218 " " 270 HD a3 " —- -
Silver 20 0108 10z " " " HD % " - -
Thallum M8 0108 10z " " " HD 2 " - -
Apex Laboratories Theyesults i this vepoet apply to the samples oxalrad in acconfone with e ¢ hoiy of

{%—’}/'i};,ig; ,-%(1 gt lg"s%fi/
' 7

custody document This modticolyeport must de veprodeced in it autirey.

Fhilip Nerenberg For Danwin Thomas, Business Deweloprme nt Director

Puge 42

of 57
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile
G005 tewrart 1. Suite 1700

Project  OwegonMetals Evaluation

Project Nurmber: 2787-050-000 Repomied:
Seattle, Wa 22101 Project Manager: Heil Marton 0571310 2244
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Faporting Spike Sonwe WEEC FFPD
dndlyrte Fesat MDL  Limit Units  Dil  dmmnt  Reml  %REC  Limis BPD  Limit  Hotes

Batch 1004367 - EPA 30518 Soil
Blank (1004367-BLK1) Frepared: (42310 16:5%  Analyzed: O4ZW10 12:45
ERAGON

Aoy WD 01m 200 melkg wet 10 -— - - - —_ -

Amerin WD 0200 200 " " — - - - - -

Beyllium D 02m 100 " " — - - - - -

Cadrinm HD  01m 100 " " — - - - - -

Lead WD 0l 100 " " — - - - - -

Selanpum WD 040 200 " " -— - - - —_ -

Silver D 01m 100 " " — - - - - -

Thallinm HD  01m 100 " " — - - - - -
LCS{1004367-B51) Prepared: 02571018:50  Analyzed: 0452010 12:48
ERA G0N

Lrdimory 25 01m 200 mgkz wet 10 250 - 0s  S0-120% -— -—

Awserie 420 0200 200 " " 500 — e " -— -—

Beryllnum 21 020 100 " " 250 — =3 " -— -—

Cadnmim 421 0100 100 " " 500 — =3 " -— -—

Leaad 474 0100 100 " " " - 95 " -— —

Selenim BH5 0am 200 " " 250 - o4 " -— -—

Siver 21 0lm 100 " " " — 7 " -— -—

Thallnm HB5  0l1m 100 " " " — o4 " -— -—
Duplicate (1004367-DUPL) Frepared: 2310 16:56  Analyzed: 0HZW1013:12
QC §ouxce Sanple; LMLSAL (A10D066-61)
ERAGON

Ao 0240 012 249 mgkg dzy 10 -— ND - - A I

Arere 246 0247 249 " " -— 23 - - 3 A 7

Beryllnm Loz 0249 124 " " — 0s92 — —- 13 4 T

Cadnmm 0460 0124 124 " " — 0352 — —- 2 Al )

Leaad 1LE 01X 124 " " -— 114 - - 1 A4

Selanpum WD 0437 249 " " -— HD — - 401

Siver NI 012 124 " " — ND — —- s

Thallnm 0174 01X 124 " " — 0.154 — —- 12 ara T
Mairic Spile (100436 7-M51) Prepared: 02571018:50  Analy=ed: 452010 15315
QC S ource Sanple: TM1SAL (A0DOG6-61)

bypeyx Labhoratories The vesuits i this vepovt ol to the somples anohimed in accordanee with the ¢ hain of

custody drcument This modicalreyort must be ngroduced in it entivety.
A s ]
{f-}}ﬂg; Fogwan,
' o
Philip Merenberg For Darwin Thomas, Business Development Director Page 43 of 57
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Apex Labs

12232 S.W. Garden Place
Tizard, OR 97223
503-T18-2323 Phone
S03-T18-0333 Fax

GeanEnginears -Seatils

Project  OregonMetals Frahuation

A00 3 tewart 5t Suite 1700 Project Huwher 2787-050-000 Repurted

Seatfle, Wi 58101 Project Mamazer Hedl Morton 051310 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
H Total Metals by EPA 6020 (ICPMS) |
Feporting Spike Soume “WEREC RPD
Amalyte Remlt  MDL Limit Units Dil. Awont Remlt  %REC  Linits EPD  Limit  Hotes

Batch 1004367 - EPA 3051A Soil

Matric Spike (1004367-BIS1) Prepared: W20 16:5%  dmalyeed: 0427710 13:15

QC Source Sanple: LM1SAL (AIODO66-61)

EFA 60N
Ativery & 0121 243 mgkgdry 10 30.4 HD 8 7RIS - -
Aperic S0 0243 243 " " 0.7 23 o " - -
Berpllinm 20 0243 121 " " 30.4 0.592 e " - =
Cadrmum #15 0121 121 " " 0.7 0,352 % " - =
Lead 877 012 121 " " " 11.4 = " - =
Selenium 250 0486 243 " " 30.4 HD &5 " - =
Silver ®s5 012 121 " " " HD a7 " - =
Thallizm 275 012 121 " " " 0.154 & " - -

Mairic Spike (1004367-MA2) Prepared: 0423010 16:5%  Amalyed: 042710 14:11

QC Source Sanple: EOLLBL (ALODO66-76)

EFA G0N
Ativery & 0112 257 mgkgdry 10 297 HD % TSI - -
Averic 10023 237 " " 593 113 % " - -
Berpllinm ;e 027 118 " " 297 0301 % " - =
Cadnmurm S0 0lle 112 " " 593 0129 =2 " - -
Lead 578 0119 118 " " " 274 e " - =
Selenium 74 0475 257 " " 297 HD e " - =
Silver S 0113 112 " " " HD o8 " - =
Thallum 273 0112 112 " " " HD 2 " - -
Apax Laboratones The vesults i this veport appiy o the samples onolyred in occordonce with the chain of

-
{%&Eﬁ}g fﬁ ?&g@&"f’z‘.ﬁ/

7

castody drcument This molticalyeport must de nprodiced in it entiretp

Philip Mererberg For Darwin Thomas, Business Developrie nt Divector

Puge 44

of 57
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile

Project  OwegonMetals Evaluation

A0 S tewart St Suite 1700 Project Mumwber, 2737-050-000 Reported:
Seattle, Wa 58101 Project Manager: Heil Marton 051510 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
H Tota Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soume #REC FFD
Amalte Femlt MDL  Limit Tnis Dl dwont  Rembt  WREC  Limits RPD Limit Mot
Batch 1004371- EPA 30514 Soil
Blank (1004371-BLK1) Prepared: 0423101842 Analy=ed: 042710 14:23
ERAGON
Aoy 0110 0100 200 megkz wet 10 -— - - - _— _— )
Asere WD 020 200 " " — - - - - -
Beryllium ND 020 100 " " — _ _ _ - =
Cadrium FD 0l 100 " " — _ _ _ - =
Lead ¥D 0lm 100 " " — - - - - -
Selenim WD 040 200 " " -— - - - —_ =
Silver NFD 010 100 " " — _ _ _ - =
Thalliam FD 0l 100 " " — _ _ _ - =
LCS5{1004371-B51) Prepared: 02571018:42  Analyzed: 0452010 14:26
ERA G0N
Aoy 3 01m 200 mgikg wet 10 250 - 05 Bl-1214 -— -—
Aerie 488 020 200 " " s00 _ ] " - =
Beryllim X{7 020 100 " " 250 _ 93 " - =
Cadrium 8% 0l1m 100 " " s00 _ ] " - =
Lead 458 0100 100 " " " - ) " - -
Selenium Z/ 04W 200 " " 250 - 2] " —_ -
Silver B/E 010 100 " " " _ 95 " - =
Thalliam ZWE 010 100 " " " _ 91 " - =
Druplicate (100437 1-DUPL) Prepared: 02571012:42  Analy=ed: 0452710 14:41
QC Source Sangle: E0IGAZ (ALODOGG-80)
ERAGON
Aoy WD 0103 208 mg'kg dry 10 -— HD - - 40
Aserue L1E 0205 208 " " -— 131 - - 11 40 7
Beryllnm 0350 020 103 " " -— 0351 — —- 0z dma T
Cadnmm 0.ITe 0103 103 " " -— 0372 — —- A dra )
Lead T4 010G 103 " " -— 820 - - 9 dls
Selenim WD 0412 208 " " -— HD - - 40
Silver NI 010G 103 " " -— WD — —- Ll
Thallinm D 010 103 " " — WD _ _ a0
Marric Spile (100437 1-MS1) Prepared: 02571012:42  Analyzed: 0452010 14:44
QC Source S angle: E016A? (A10D066-90)
bypeyx Labhoratories The vesuits i this vepovt ol to the somples anohimed in accordanee with the ¢ hain of
custody drcument This modicalreyort must be ngroduced in it entivety.
A s ]
{f-}}ﬂg; Fhwaran,
' &
Philip Merenberg For Darwin Thomas, Business Development Director Page 45 of 57
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223

503-718-2323 Phone

503-718-0333 Fax

CeoEngincers -Seatile

Project  OwvegonMetals Evaluafion

B0 3 tevrart 5. Suite 1700 Project Humber, 2787-0504000 Reported:
Seattle, Wi S2101 Project Manazer: Heil Morton 0513010 22:44
QUALITY CONTROL (QC) SAMPLE RESULTS
|| Total Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soame wREC EFD
Amalyte Femlt  MDL Limmit Units Dil. Amwoint  Remlt  %REC  Limits EPD  Limit  Motes

Batch 1004371 - EPA 30514 Soil

Blatric Spile (100437 1-MSL) Prepared: 2310 18:42  Analyeed: BHZH10 14:44

QC Source Sanple: EOL6AT (A10DOGE 80y

EFA 60N
Aty 234 0105 210 mghkzdy 10 262 WD ]SS - -
Arene 50 0210 210 " " 525 131 93 " [ —
EBeryllhnn 2559 0210 105 " " 262 0351 @0 " [ —
Cadrmum 494 0105 105 " " 525 0372 e " [ —
Lead 528 0105 105 " " " 2.0 25 " [ —
Selanium 32 0420 210 " " 262 WD = " [ —
Silver 22 0105 105 " " " ND 92 " [ —
Thallinm 28 0105 105 " " " WD 27 " [ —

Madric Spike (W004371-MS2) Prepared: 2310 18:42  Analyzed: 04127710 15:37

QU Source Samgple: E0MAZ (A10D0GE M)

EFA 6020
Antimory 250 0109 217 mghkzdey 10 272 0zlg gl PEIASW - -
Arenc 534 0217 217 " " 544 122 % " [ —
Beryllhnn 252 0217 109 " " 272 0240 =r) " [ —
Cadrmum 521 010 109 " " 544 0240 95 " [ —
Lead 1 010 109 " " " 255 27 " [ —
Selenam 21 043 217 " " 272 WD =) " [ —
Silver 254 0102 109 " " " WD 93 " [ —
Thallinm 58 0l 109 " " " 0120 27 " [ —
Apex Laboratories The vesults in this yeport opp v fo e samples onalymed in o covdamce with the ¢ hoin of

~
{eﬁ ,,LE;{; ﬁﬂ Randrdn L/

7

custody decupent This mobticalveport mast be veproduced in it entivety.

Phalip Mererberg For Darwin Thornas, Business Desvelopene nt Ditector

Page 46 of 57
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Apex Labs

12232 5.W. Garden Place

Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers -Seatile

Project  Owegon Metals Fvaluation

G000 S tevarart 5. Suite 1700 Project Mumber, Z787-050-000 Reported:
Seatfle, WA 92101 Project Manager: Meil Morton OS13010 2244
QUALITY CONTROL (QC) SAMPLE RESULTS
(l Percent Dry Weight by D2216 |
Reporting Spike Soawe 4REC RFL

Analyte Femlt MDL Limit Units Ll Ammrt  Eeult #FEC  Linats EFD  Limit Hotes
Batch 1004201 - Dry Weight Soil
Duplicate { 100420 1-DUPT} Frepared: 1510 11:15  Analyzed: 0471810 10:31
QC Souree S anple: KLOSEL (A10D066-03)
DE1G

%% Solids 7.4 — 100 by Weight 1 -— a4 — — o 2w
Dugplicate (100-201-DUPZ) Frepared: (/1510 11:15 Analyzed: 04/16/10 10:31
QC Souree S anple: KLOAL (AT0DOGE11)
DE1G

%% Solids %.0 — 100 by Weight 1 -— .1 — — 01 2w
Dhyplicade { 100420 1-DUP3) Prepared: OH1 510 11:15  Analy=ed: 04/16/10 10:31
QC Souree S anple: KLISEL (A10D066-24)
DE1G

%% Solids %6 — 100 by Weight 1 -— ME — — o 2w
Dhyplicade { 100420 1-DUP4) Prepared: OH1 510 11:15  Analy=ed: 04/16/10 10:31
QC Source S angle: KLEAL (ALOIGE- 36)
DE1G

% Solids 9.0 — 100 by Weight 1 -— anl - - 0l 2w
Dhyplicade { 100420 1-DUPE) Prepared: OH1 510 11:15  Analy=ed: 04/16/10 10:31
QC Source Samgle; LMOZAL (AL0DOG6-47)
nElG

% Solids a8 — 100 by Weight 1 -— 5.5 - - 03 2w
Duplicate { 100420 1- DUPE) Prepared: W1 510 1412 Analy=ed: 04/16/10 10:31
QC Source Samgle; LMOEAL (AL0D066-53)
nElG

% Solids ozl — 100 by Weight 1 -— a2 - - 0z 2ma
Dhyplicade { 100420 1-DUPY) Prepared: (W1 510 1512 Analy=ed: 0471610 10:31
QC Souxce§ angle: LM19B1 (ALODOGE- 65)
nElG

%% Solids 256 — 100 % by Weight 1 -— 5.5 — — 01 2w
Dhyplicade { 100420 1-DUPA) Prepared: (W1 510 1512 Analy=ed: 0471610 10:31

Apex Laboratories The results o this pepond opply to the soxples axalyead in occordonee with e o hain gf

o This mojticalveport must be v in it ety
~
AT i
{Bim;sg Flhanirss v
' &
Philip Neterbe rg For Darwin Thomas, Business Developrae nt Director Puge 47 of 57
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12232 S.W. Garden Place
Apex Labs Ticand, OR 97223

503-718-2323 Phone

S03-T18-0333 Fax

GenEngineers -Seatile Project  OregonMetals Evaluation
GO0 5 tevrart 51, Suite 1700 Project Mumher 2787-050-000 Repurted:
Seatfle, W4 38101 Project Marager. Neil Moton OS13010 22:44

QUALITY CONTROL (QC) SAMPLE RESULTS

H Percent Dry Weight by D2216 |
Feparting Spike Soame WREC RFD
Amalyts Fesult MLL Linut Tnits Dl Ammt Remlt YREC Limmts EPDY Linut Hates
Batch 1004201 - Dry Weight Soil
Duplicade (100420 1-DUPAY Prepared: O4/1 510 1£:12  Analy=ed: 04516010 10:51
QC Source Sangle: EQOMBL (ALOD0GE-75)
Dl
%5 Solids nT -— i} % by Weight 1 -— e —- —- 0z 2ma
Duplicate (10020 1-DUPE) Frepared: (1510 14:12  Amalyeed: 4716010 10:31
QU Source Sangple: EOBAT (ALODNGG-$3)
Dl
Y4 Solids .5 -— oo % by Waight 1 -— Fr4 —- — ol 2ma
Apax L shoratories The vesuits b this rep ot apply to the somp les anolymed in ac cordance with fhe ¢ hadx gf

castedy document This mafticalvepont mast de mproduced in i entirey.
Phubip Flousd:
[Fhudip [ endiin,
’ o
Philip Metenberg For Davein Thomas, Business Developme nt Divector Puge 45 of 57
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Apex Labs

12232 5.W. Garden Place
Tizard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

CGeoEngineers -Seatile

Project  OwegonMetals Evaluation

G005 tevrart 5 1. Suite 1700 Project hamber: Z787-0504000 Reporied:
Seatile, WA 52101 Project Marager: Heil Mozton 051510 22:44
SAMPLE PREPARATION INFORMATION
|| Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sample Defimlt EL Frep
L Numher Matiz Methed S ampled Prepared Imtial/Firal Imtial/Firal Factor
Datch 1004214
A100066-01 Sol EFP& 6020 01701124 00:00 0471610 10:18 0.501gi50ml 0.5gi50ml 1.00
A 100066-02 So1l EP& 6020 01/01/24 00:00 04016010 10:12 0.475gi50mL 0.5gi50rml 105
A100066-03 So1l EP& 6020 01/01/2400:00 04016510 10:12 0.459g 501l 0.5gi50mL 1.00
A 100066-04 So1l EP& 6020 0170124 00:00 0401610 10:12 0.3 l50mml. 0.5gi50mL 1.00
A10D066-05 Soi EFP& 6020 01701194 00:00 04716710 10:18 0.454gi50mL 0.5gi50mL 1.01
A10D066-06 Soi EP& 6020 01701554 00:00 04716710 10:18 0.5gi50mL 0.5gi50mL 1.00
A10D066-07 Soi EP& 6020 01701554 00:00 04716710 10:18 0.455g 850 mL 0.5gi50mml 1.01
A100066-02 So1l EP& 6020 01/01/2400:00 04016510 10:12 0.420f50mL 0.5 50l 1.02
A100066-09 Sol EP& 6020 01/01/2400:00 04016510 10:12 0.4372f50mL 0.5 iS50l 1.01
A 100066-10 Sol EFP& 6020 017014 00:00 04116510 10:12 0.493 20 50mL 0.5 l50ml 1.01
A100066-11 Sol EFP& 6020 017014 00:00 04116510 10:12 0. 470 50mL 0.5 l50ml 1.04
A10D066-12 Soi EFP& 6020 01701554 00:00 04716710 10:18 0452850 mL 0.5gi50ml 1.02
A10D066-13 Soi EP& 6020 01701154 00:00 04716710 10:18 0.477gi50mL 0.5gi50mml 1.05
A10D066-14 Sol EP& 6020 01701124 00:00 0471610 10:18 0.487gi50mL 0.5gi50ml 1.03
A100066E-15 Sol EP& 6020 017014 00:00 04116510 10:12 0.494150ml 0.5gi50rml 1.01
Satoh: 1004274
A100066-16 So1l EP& 6020 01/01/2400:00 04020010 11:59 0454z 501l 0.5gi50mL 1.01
A100066-17 So1l EP& 6020 01/01/2400:00 04020010 11:59 0,499 50ml 0.5 50l 1.00
A100066-12 Sol EP& 6020 01/01/2400:00 0420010 11:59 0. 49 iS50l 0.5 iS50l 1.02
A10D066-19 Soi EFP& 6020 01701554 00:00 0472010 11:59 0.495g1501ml 0.5gi50mL 1.01
A10D066-20 Soi EFP& 6020 01701554 00:00 0472010 11:59 0.453gi50mL 0.5gi50ml 1.01
A10D066-21 Soi EP& 6020 01701154 00:00 04720010 11:59 0.501gf50mL 0.5gi50mml 1.00
A10D066-22 Sol EP& 6020 01701124 00:00 04720710 11:59 0.501gi50ml 0.5gi50ml 1.00
A 100066-23 Sol EP& 6020 017014 00:00 04r2001011:59 0.420150mL 0.5 l50ml 1.02
A 100066-24 Sol EP& 6020 017014 00:00 04r2001011:59 042720 50mL 0.5 l50ml 1.03
A 100066-25 So1l EP& 6020 0170124 00:00 04r2001011:59 049150l 0.3 l50mml. 1.02
A10D066-26 Soi EFP& 6020 01701194 00:00 0472010 11:59 0.459i50mL 0.5gi50mL 1.00
Dtk 1004224
A10D066-27 Soi EFP& 6020 01701554 00:00 04722710 08: 28 0.47gi50wmL 0.5gi50mml 1.06
A10D066-28 Soi EFP& 6020 01701554 00:00 04722710 08: 28 0.427gi50mL 0.5gi50ml 1.17
A10D066-29 Soi EP& 6020 01701554 00:00 04722710 08: 28 0.487gi50mL 0.5gi50ml 1.03
A100066-20 Sol EP& 6020 01/01/2400:00 04241100828 042750l 0.5gi50mml 1.03
A 100066-31 Sol EP& 6020 017014 00:00 0424100828 0. 462 50mL 0.5 l50ml 1.08
APEX Lahoratories Tl vesults i this yepord mpply o e saples onalymed in o covdamce with the ¢ oin of

AT g
{Bﬁ,&ﬁsﬁ fﬁ 53\.;.*,&";%,&/
' &

custody docupment This mobticalveport must be veproduced in it entiely.

Philip Hererberg For Darwin Thomas, Business Development Director

Page 40 of 57
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Apex Labs

12232 5.W. Garden Plce
Tizard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

GenEngineers -Seatile

Project  Owegon Metals Fvaluation

{eﬁﬁgs{; fﬂ i u.gfng"ﬁ»'.fS/
f 7

custody document This maiticalveport wust de wproduced in i entivetp

Philip Nererberg For Darwin Thomas, Business Developme nt Director

G005 tevrart 5 1. Suite 1700 Project Fhomber  2787-050-000 Reported:
Seattle, Wi S5101 ProjectMarager: Heil Maston 051510 22:44
SAMPLE PREPARATION INFORMATION
|| Total Metals by EPA 6020 {(ICPMS)
Prep: EPA 30514 Sanple Defimlt EL Frep
L Humher Matix Method S armpled Prepared ImtialFiral Imtial/Final Factar
A100066-22 Sol EF& 6020 01/01/2400:00 0424100828 0.434f50mL 0. 5gf50mL. 115
A10D066-33 Soi EFP& 6020 01701554 00:00 04722010 08:28 0.4672i50rml 0.5gi50mL 1.07
A10D066-34 Soi EFP& 6020 01701554 00:00 04722010 08:28 0.477gi50mL 0.5gi50mL 1.05
A10D066-35 Soi EP& 6020 01701554 00:00 0472201008:28 045950l 0.5gi50mL 1.07
A10D066-36 Sol EP& 6020 01701524 00:00 04722010 08:28 0.47gi50wmL 0.5gi50mL 1.06
A100066-27 Sol EP& 6020 017014 00:00 0424100828 0.512g 50l 0.5gi50mL 0.9z
A 100066-22 Sol EP& 6020 017014 00:00 0424100828 0.4 iS50l 0. 5gl50mL. 1.06
A 100066-39 So1l EP& 6020 0170124 00:00 0424100828 0.454050ml 0.5 l50ml. 1.10
A10D066-40 Soi EFP& 6020 01701554 00:00 04722010 08:28 0.471gf50mL 0.5gi50mL 1.06
&100066-41 So1l EP& 6020 01/01/24 00:00 042100828 0.525g#50mL 0.5gi50mL 0.9
A 100066-42 So1l EP& 6020 01/01/2400:00 042100828 0.474z 50l 0.5gi50mL 105
Batch: 1004351
A10D066-43 Soi EP& 6020 01701554 00:00 04723110 12:27 0457 gi50mL 0.5gi50mL 1.07
A10D066-44 Soi EP& 6020 01701554 00:00 04723110 12:27 0.427gi50mL 0.5gi50mL 1.14
A 100066-45 Sol EP& 6020 017014 00:00 04722010 12:27 0.426g/50mL 0. 5gl50mL. 1.03
A 100066-46 Sol EP& 6020 017014 00:00 04722010 12:27 0.445g/50mL 0. 5gl50mL. 1.08
A 100066-47 So1l EP& 6020 0170124 00:00 04023010 12:27 0.437g/50mL 0.5 l50ml. 1.14
A10D066-48 Sol EFP& 6020 01701524 00:00 0472310 12:27 0492150l 0.5gi50mL 1.02
A100066-49 So1l EP& 6020 01/01/24 00:00 04022010 12:27 0.425g 850l 0.5gi50mL 1.15
A100066-50 So1l EP& 6020 01/01/2400:00 04022010 12:27 0.512g 50l 0.5gi50mL 0.9s
A100066-51 So1l EFP& 6020 01/01/2400:00 04022010 12:27 0.439f50mL 0.5gf50ml. 1.14
A10D068-52 Soi EFP& 6020 01701554 00:00 04723110 12:27 0.503g/ 50l 0.5g/50mL 099
A10D068-53 Soi EP& 6020 01701554 00:00 04723110 12:27 0.474gi50mL 0.5gi50mL 1.05
A10D066-54 Soi EP& 6020 01701554 00:00 04723110 12:27 0.486gi50mL 0.5gi50mL 1.03
A10DO66-55 Soi EP& 6020 01701554 00:00 04723110 12:27 0.428gi50mL 0.5gi50mL 1.17
A100066-56 Sol EP& 6020 01/01/2400:00 04722010 12:27 0.4452f50mL 0. 5gf50mL. 1.12
A100066-57 Sol EP& 6020 017014 00:00 04722010 12:27 0.511gf50mL 0. 5gl50mL. 0.9z
Batch: 1004367
A100066-58 So1l EP& 6020 01/01/2400:00 04022010 16:56 0442 §50ml 0.5gi50mL 1.13
A100066-59 So1l EP& 6020 01/01/2400:00 04022010 16:56 0.454g 50l 0.5gi50mL 1.10
A10D068-60 Soi EFP& 6020 01701554 00:00 04723710 16: 56 04472850l 0.5gi50mL 1.12
A10DO68-61 Soi EP& 6020 01701554 00:00 04723010 16:58 0.484gi50mL 0.5gi50mL 1.03
A10D066-62 Soi EP& 6020 01701554 00:00 04723010 16:56 0.43g 50wl 0.5gi50mL 1.16
A100066E-63 So1l EP& 6020 01/01/2400:00 04022010 16:56 0.458gi50mL 0.5gi50mL 1.09
Apex Lahoratories TRe vesuits i this veport opp Dy o e awmples onolymed iy o coxdone with the o hain gf
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-7T18-2323 Phone
503-T18-0333 Fax

GeanEnginears -Seattls

Project  OwegonMetals Fraluation

&0 B tearart Bt Buite 1700 Project Harber: 2787-050-000 Reported:
Seattle, Wa 55101 Project Manazer: Meil Moxton 051310 2244
SAMPLE PREPARATION INFORMATION
|| Total Metas by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanmple Defimlt FL Prep
L Huwher Matiz Methed Sanpled Prepared Irtial/Final Irtial/Final Factor
& 100066-64 Soil EP& 6020 01001594 0000 023010 16: 56 0.459gi50mL 0.5g/50¢L 109
& 100066-65 Soi EP& 6020 01/01M24 00:00 0423710 16: 56 0.435gf50mL 0.5g/50¢L 1.15
£ 100066-66 Soi EP& 6020 01/01M24 00:00 0423710 16: 56 0.445¢i50mL 0.5g /50l 1.12
& 10C066-67 Soi EP& 6020 01/01M24 00:00 0423710 16: 56 0.475gi50mL 0.5g /50l 105
£ 100066-62 Sol EP& 6020 0110194 0000 0423010 16: 56 0.428gi50mL 0.5g /50l 114
£ 100066-65 Soi EP& 6020 01/01@4 00:00 04123710 16: 56 0456/ 50mL 0.5g /50l 1.10
& 100066-70 Soi EP& 6020 01/01@4 00:00 04123710 16: 56 0. 464 /50mL 0. 5zi50ml 108
£100066-T1 Soi EPA 6020 01/01M24 00:00 0423710 16: 56 04772 50mL 0.5gi50mL 105
£&100066-T2 Soi EPA 6020 01/01M24 00:00 0423710 16: 56 0.462gi50mL 0.5g /50l 108
& 100066-73 Soil EPA 6020 0100134 0000 0230101656 0.429gi50mL 0. 5g /50l 114
&100066-74 Soi EP& 6020 01/01@4 00:00 04123710 16: 56 0.472g/50mL 0. 5zi50ml 106
&100066-75 Soi EPA 6020 01/01@4 00:00 04123710 16: 56 0.494150mL 0. 5zi50ml 10
510006676 Soi EPA 6020 01/01@4 00:00 04123710 16: 56 0.474150mL 0. 5zi50ml 105
Bafchy 1004371
&100066-77 Soi EP& 6020 01/01M24 00:00 0423710 18:42 0.459gi50mL 0.5g /50l 100
510006678 Soi EP& 6020 01/01M24 00:00 0423710 18:42 0.427gi50mL 0.5g /50l 103
510006673 Soi EP& 6020 01/0124 00:00 0423710 18:42 0.489gi50mL 0. 5g /50l 102
£&100066-20 Soi EP& 6020 01/01@4 00:00 04723710 18:42 0.4972/50mL 0.5g /50l 10
&100066-81 Soi EP& 6020 01/01@4 00:00 04723710 18:42 0. 4242 150mL 0. 5zi50ml 103
&100066-82 Soi EP& 6020 01/01/04 00:00 04523710 18:42 0475 50mL 0 5gi50ml 105
&100066-83 Soi EPA 6020 01/01M24 00:00 0423710 18:42 04272 50mL 0.5gi50mL 103
L 100066-24 Soil EPA 6020 0100134 0000 Q23010 18: 42 0.485gi50mL 0.5g /50l 103
&100066-85 Soil EP& 6020 010194 00:00 0423710 18:42 0.429/50mL 0 5gi50zml 102
& 100066-26 Soi EPA 6020 01/01@4 00:00 04723710 18:42 0.A42zi50mL 0. 5zi50ml 104
&100066-87 Soi EPA 6020 01/01@4 00:00 04723710 18:42 0.427g/50mL 0. 5zi50ml 103
L 100066-28 Soil EPA 6020 01001534 0000 023010 18:42 0.451gi50mL 0.5g/50¢L 102
& 100066-89 Soil EPA 6020 0100134 0000 Q23010 18: 42 0.452g/50mL 0. 5g /50l 102
L 100066-30 Soil EP& 6020 0100134 0000 Q23010 18: 42 0.488g/50mL 0. 5g /50l 102
& 100066-91 Soil EP& 6020 0100134 0000 Q23010 18: 42 0.474gi50mL 0. 5g /50l 105
A}:ex Laboratories The vesults i 1Ris rep ot apply to the sowmples analymed in orcordonce with the ¢ hois of
cumtody dcumwent This mofticalraport must de nproduced in it eutivety
A s j
{}:}/'ﬁ,d,gg frl gy 's’fi:f.')e_/
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12232 5.W. Garden Place

Ap cX Labs Tigard, OR 97223

503-718-2323 Phone
503718-0333 Fax

Thursday, May 13, 2010

Meil Marton
GeoEngineears -Seattle
600 Stewart St. Suite 1700
Seattle, WA 93101

RE: Oregon Metals Evaluation / 27587-050-000

Enclosed are the results of analyses for work order A1ODO71 , which was received by the laboratory on
47272010 at 3:35:00PM.

Thank you for using Apex Labs We appreciate your business and strive to provide the highest quality
service s to the environmental industry.

If you have any questions conceming this report or the services we offer, please feel free to contact me by

email at: prerenberg@apex-labs.com, or by phone at 503-713-2323.

Apax L shoratories The vesuits b this rep ot apply to the somples anolymed in accordance with fe ¢ hadx gf
cumedy docuwent TRis modticolveport wast de wproduced in in entirety

e i
(})}Mfg Flagntzn v
' o
Philip Metenberg For Davein Thomas, Business Developmme nt Divector Page 1af 30
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Apex Labs

12232 5.°W. Ganden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

Gen Engineers -Seatile
GO0 S tewrart St Suite 1700

Project  OwegonIetals Fraluation

Froject Hurber, 2787-050000 Reported:
Seattls, Wa 58101 Project Manager: Meil Morton 051310 22:51
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |
Sanple T Laheratery I atri: Date Sampded Thate Received
En2542 &100071-01 So1l 01124 00:00 0400200 15:35
En2sBE2 A10D071-02 Soi 0101584 00:00 0402510 15:35
E0Z6B2 A10D0OT1-03 Soi 01701454 00:00 04702610 15:35
En27A2 A10D071-04 Sol 010124 00:00 0402010 15:35
Eni0a2 A10D071-05 Sol 01m1se4 00:00 0402010 15:35
En0B2 A10D071-06 Sol 01124 00:00 0402110 15:35
E031B2 A10D0T1-07 Soi 01701454 00:00 04702010 15:35
En32za2 A10D071-08 Sol 010124 00:00 0402010 15:35
En3zB2 A10D071-09 So1l 010194 00:00 0402010 15:35
En34a2 &10D071-10 Sol 01m1se4 00:00 0402010 15:35
En34B2 A100071-11 So1l 010194 00:00 0402010 15:35
E03542 A10D0OTI-12 Soi 01701454 00:00 04702010 15:35
EnieB2 A10D071-13 Sol 010124 00:00 0402010 15:35
LC0141 A10DOTI-14 Soi 01701454 00:00 04702610 15:35
LC01B1 A10D071-15 Sol 01m1se4 00:00 0402010 15:35
LCO2Bi11 A10D071-16 So1l 010194 00:00 0402010 15:35
LCO3Al A10D071-17 Sol 01124 00:00 0402110 15:35
LCO3B1 A10D071-18 Sol 010124 00:00 0402010 15:35
LC0441 A10DOTL-19 Soi 01701454 00:00 04702610 15:35
LC04B1 A10D071-20 So1l 010194 00:00 0402010 15:35
LCDGEAL A10D071-21 Soi 0101584 00:00 0402510 15:35
LC06B1 A10D071-22 Sol 01124 00:00 0402110 15:35
LC0gAl A10DOTI-23 Soi 01701454 00:00 04702010 15:35
LC08EB1 A10D0O71-24 Soi 01701454 00:00 04702610 15:35
LC0941 A10D071-25 So1l 010194 00:00 0402010 15:35
LC09B1 A10D071-26 Sol 01m1se4 00:00 0402010 15:35
LC114l A10D071-27 Sol 01124 00:00 0402110 15:35
LC11EB1 A10DOTI-28 Soi 01701454 00:00 04702610 15:35
LC11B2 A10D071-29 Sol 010124 00:00 0402010 15:35
LCI12B1 A10D071-30 So1l 010194 00:00 0402010 15:35
LC134l &100071-31 So1l 01124 00:00 0400200 15:35
LCIIC1 A10D071-32 Soi 0101584 00:00 0402510 15:35
LC1441 A10DOTI-33 Soi 01701454 00:00 04702610 15:35
LC15B2 A10D071-34 Sol 010124 00:00 0402010 15:35
LClaAl A10D0OT1-35 Soi 01701454 00:00 04702610 15:35
Apex Laboratories The vesuits 3 this veport apply to the somples analyzed in o covdawe with e ¢ hain f

~
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custody docament This modticalreport must e produced in i entivetp

Philip Mererberz For Darwin Thoas, Business Developne nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seattle
A0 S fewart 51, Suite 1700

Project  OwegonIetals Frahuation

Froject Humber, 2787-050000 Reported:
Seattls, W4 58101 Project Manager, el Morton 0571310 22:51
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |
Sanple T Lahwratery T Mt Date Sarapded Thate Receivred
LC1TEL ALODOTL-36 Soi 0170194 0000 0402010 15:35
LCl1gAl A10D071-37 Soi 0101594 00:00 0402710 15:35
LC18B1 ALODOTL-38 Soi 0170194 0000 0402010 15:35
LC194l A10D071-39 Sol 010194 00:00 0400210 15:35
LC20B1 A10D071-40 Soi 0101594 00:00 0402710 15:35
LC2141 A10D071-41 Sol 010194 00:00 0400210 15:35
LC22B1 A10D071-42 Soi 0110194 00:00 04002110 15:35
LC2341 A10D071-43 Soi 01/01594 00:00 04002710 15:35
LC23B1 A10D071-44 Soil 0110194 00:00 0400210 15:35
EORE1 A10D071-45 Soi 0101594 00:00 0402710 15:35
M19B2Za ALODOTL-46 Soi 0170194 0000 0402010 15:35
Apex Laboratories The vesults i this repovt opply to e syples analieed in occordonee with fhe chadn gf

Mo ;
{F—}lﬁ,ﬂ%ﬁ fﬂ iﬂxgmg-’ '5‘1/3/

o

custody document This molticalyepon mus be wprodiced in i entirete.

Philip Merenberz For Darwin Thomas, Business Deselopme nt Director
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Apex Labs

12232 S.W. Garden Place
Tizard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers -Seatile
A00 5 tewrart St Suite 1700
Seattle W 53101

Project  Oregon Metal: Fraluation
Froject Humber  2787-050-000 Reperied
Project Manager. Heil Morton 051 31022:51

QUALITY CONTROL (QC) SAMPLE RESULTS

Tota Metals by EPA 6020 (ICPMS)

Beporting Spike Soure WEEC EPD

Analyte Femlt  MDL Limit Units Dil. Awoant Remlt  %REC  Linits REPD Limit  Motes
Batch 1004235 - EPA 30514 Soil
Blank (1004235 BLK1} Prepared: (15101207 Anay=d: 041210 18:21
EFA GOH0

A ptinoy ND 010 100 mgtkgwet 10 — - - - - -

Aperic ND 0200 200 " " — — _ - — —

Benrllnm HD 0200 100 " " — — _ - — —

Cadnmm ND 010 100 " " — _ _ _ .

Lead HD 0100 100 " " — — — — - =

S elenmum HD 040 200 " " — - - - —- -

S ilver ND 0100 100 " " — - - — - =

Thallum ND 010 100 " " — _ _ _ .
LCS{1004235-B51) Prepared: (/18101207 Analyzed: (4719010 15:24
EFA G0N

A tirnoany 274 0100 100 mglkgwet 10 250 - 110 80120t - -

A remc 425 020 200 " " 500 - 9 " -

Bexyllhm 259 020 100 " " 250 - 9% . - -

Cadnmm 482 0100 100 " " 500 - % " -

Lead 458 010 100 " " . - 92 . - -

S elanium 246 040 200 " " 250 - % . [ —

Silver 20 010 100 " " . _ o9 " o

Thallinm 2300 0100 100 " " . - =) . [ —
Duplicate {1004235-DUPL) Prepared: (V18101207 Analyzed: 04/19010 12:45
QC S ource Sanple: BO2TA? (ALODI7L-0d)
EFA G0N

A tirnoany 0.3 0111 111 mghkgdry 10 — ND - — 4 1

Areme 129 022 222 " " — 215 - — g ams 1

EBetyllhmm (1% B b ] 111 " " — 0291 - — 5 A 1

Cadnmm 0267 0111 111 " " — 0315 - - 17 4% 1

Lead 160 0111 111 " " — 18.7 - — 4 A

S elanium HD 0445 222 " " — ND - — 4

Silver HD 0111 111 " " — ND - — 4

Thallinm 0267 0111 111 " " — 0291 - — g 4 1
Matric Spike (W04Z35-MS1) Prepared: (/18101207 Analyzed: 04/19010 15:47
QC S ourceS ample: BO2TA? (ALODITL-04)

Apex Lahoratories The yesults i this veport mpply fo the samples analead in o cordance with the ¢ hoin of

custody document This modticalyeport most be yeproduced in it entiven
AL i
{}—'}/L’;,&,ﬁ,'é;’) frl m\.g.‘r\.é"s“f'ﬁ'.fﬂ/
' 7
Fhilip Merenberg For Darwin Thomas, Business Development Director Fage 19 of 30
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatile

Progject  Oregon Metals Evaluation

E00 S tewrart St Snite 1700 Project Humber. 2787-050-000 Repuorted:
Seattle Wa 58101 Project Manazer: Meal Mozon 051310 22:51
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Totd Metals by EPA 6020 (ICPMS) |
Fepoeting Spike Souwe WREC EFD

Analyte Fasult MDL Lirut Truts Diil. Amoont  Result YFEC  Limts FFD  Linut Huates

Batch 1004235 - EPA 30514 Soil

Mlairic Spile (1004235 M51) Prepared: 04/15/10 12:07  Analywed: 04/19/1018:47

QC S ouxce Sangle: EI27A2 (A10DN71-04

EFA60H
A vy BE 0125 125 mgfkz dry 10 312 HD 95 T5125% -— -—
A e 631 0249 249 " " a24 215 ] " -— —
Beryllnom H1  0Za49 125 " " 312 0291 92 " -— -—
Cadnmim 8|2 012 125 " " a4 0315 ) " -— -—
Lead noo 012 125 " " " 167 a5 " -— -—
S elenmm _[E 0499 249 " " 312 HD 90 " -— -—
Zilver 20 0125 125 " " " HD 93 " -— -—
Thallnm N3 0125 125 " " " 0291 a7 " -— -—

Matric Spile (M 0435-M2) Prepared: 04715010 12:07  Analywed: 047157101941

QC Source Sample: LEO4AT (AL0DOTL-1%

EFA G0N
A oy 2 01 100 mgllz dry 10 25l 0.101 8 151250 -— -—
A werie 498 02010 an1 " " 5011 210 25 " -— -—
Beryllnnm 21 0201 100 " " 251 0383 95 " -— -—
Cadnmim 484 0100 100 " " 5011 HD 90 " -— -—
Lead & 010 100 " " " 10.5 o2 " -— -—
Selenmm o2 0400 201 " " 251 HD o9 " -— -—
Silver o870 01m 100 " " " HD 85 " -— -—
Thallnm &7 01m 100 " " " 0.141 0 " -— -—
A}?EX Lahoratories The yesults i this repord opply to e sapples analeed in orcordance with the choin gf

A0 s ]
{}—l&;ﬁ@ Flagnts iy
T

custody document This aeafdicalreyort must de mprodeced in it entiretp.

Fhilip Mererberg For Darwin Thomas, Business Developme nt Director
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation

A0 S terprart 51, Suate 1700 Project Humber  2787-050-000 Reporied:
Seattle Wi 22101 Project Manager. Meil Moron 051310 22:51
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD
Anilyte Besult  MDL  Limit Units  Dil Awont  Remlt  WREC  Limdts RPD  Limit  Hotes
Batch 1004268 - EPA 30514 Soil
Blank (1004268 BLK1} Prepared; 04/20010 08:27  Analyzed: 04020010 2055
EFA 60N
Antirmomy ND 0100 100 mgkgwet 10 -— - - - - -
Bperic NI 020 200 " " -— - — - -— -—
Bexyllimm NI 020 100 " " — - - - - -
Cadnmim NI 01m 100 " " -— - — - -— -—
Lead NI 01m 100 " " -— - — - -— -—
Selenmm NI 04 200 " " -— - — - -— -—
Silver NI+ 01m 100 " " -— - . - -— -—
Thallnm NI 01m 100 " " -— - — - -— -—
LCS {10068 B51) Prepaved: (20010 03:27  Analyeed: 04020010 20:58
EPA 60N
Aoy 251 01 100 mgfkgwet 10 250 - 00 80120% - —
Dmeyic 430 0200 200 " " 500 - o6 " -— -—
Bexyllimm 2 o02m 100 " " 250 - a3 " - -
Cadnmim 477 0100 100 " " 500 - 95 " _— —
Lead 454 0100 100 " " " - a1 " -— -—
Selennm 28 0400 200 " " 250 - 91 " -— -—
Silver X4 0100 100 " " " - 4 " -— -—
Thallinm 229 0100 100 " " " - o2 " -— -—
Dplicate (100426 8-DUPT) Prepaved: (4720010 02:27  Analyeed: 0420010 21:19
QC Source Samgle; LCOYAL (AIODOTL-25)
EFA 6020
Antircmy 035 0105 105 mghedw 10 — 1} R— - 15 40 T
Dmeric 828 0209 205 " " -— 1% . - 12 40
Bexyllion L15 0209 105 " " — 111 - - 4 44
Cadnmm 0.188 0105 105 " " — 0128 - - 0z 40 1
Lead 128 0105 105 " " — 122 - - 5 4
S elenmm NIr 0412 205 " " -— HD . - At
Silver NI 0105 105 " " -— HD - - 4
Thallnm 0LI3 0105 105 " " -— 0209 — - 10 4 T
Blairk Spike [ 100426 8-MS1) Prepaved: 0420010 03:27  Analywed: 04020010 21:22

QC SoarceSample: LEOSAL (AIDOTL-28)

dpex Laboratories

AT !
;}l@,%; fﬂ b}u.gwg’ s"zf&/

7

The results i this vepont opply to e soneples analymed in acconfomee with fie choin of
custody document This muolicalveport sust Be reproduced in if et

Fhilip Neterberg For Darwin Thomas, Business Developie nt Director
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Apex Labs

12232 S.W. Garden Plce
Tigard, OR 927223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers -Seatile

Project  Owvegon Metals Fraluation

G005 tevrart 5 1. Suite 1700 Project Fhawber 2787-050-000 Repuoried:
Seattle, Wi 5101 Project Marager: Heil Maston 051510 22:51
QUALITY CONTROL (QC) SAMPLE RESULTS
(l Total Metals by EPA 6020 (ICPMS) |
Reporting Spike Souwe YEEC EPD
Analyte Fesult MDL Larut nits Dil. Amourt Reslt YHREC  Lomts FPD Lot Huotes
Batch 1004268 - EPA 30514 Soil
Mlatric Spike (100268 M 51} Prepared: (20010 0527 Analyeed: (40210 2122
QC Source §angle: LO0DAL (AL0DNOTL-25)
ERA 6020
Artimony 222 0104 104 mgke duy 10 260 0272 o4 T5125% -— -—
Awerie 1 020 a0s " " 520 138 100 " -— -—
Beryllnum H8 020 104 " " 260 111 7 " -— -—
Cadrnmim s 01 104 " " 520 0.128 &7 " -— -—
Lead 07 0104 104 " " " 122 &3 " -— -—
Selenmm 240 04la ans " " 260 HD 92 " -— -—
Silver 35 0104 104 " " " HD &3 " -— -—
Thallinm Ba 0104 104 " " " 0209 a0 " -— -—
Madric Spile (W 04268 M52 ) Prepared: 20010 08:27  Analyzed: 04520010 21:51
QC Source Sample: TELICT (AWDOTL-33)
EFA 60N
Aoy 28 0102 102 mzikg dxy 10 258 HD &7 V5 125% -— -—
Awerin NS 0205 205 " " 512 231 95 " -— -—
Beryllnnm B5 0205 102 " " 258 HD 1 " -— -—
Cadnmim 422 0102 102 " " 512 HD 4 " -— -—
Lead 481 0102 102 " " " 0.742 92 " -— -—
Seleniam 227 0410 205 " " 256 HD o " -— -—
Silver 240 0102 102 " " " HD k) " -— -—
Thallnm BHe 010 102 " " " HL 22 " -— -—
Apex Laboratories The vesuits i this vepont opply to e somples oxalyeed in o covdonce with fhe ¢hoin of
cumtody document This moldicalveport wost be weproduced in it entivety.
Al ]
{B&Mﬁ; Pl nddD
‘ &
Tage 22 of 30

FPhilip Hererberg For Darwin Thomas, Business Developme nt Director
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Apex Labs

12232 5.W. Garden Place
Tizard, OR 97223
503-T18-232F Phone
503-718-0333 Fax

GeoEngineers -Seatile

Project  OregonMetals Evaluation

A00 5 tevrart 5t Suite 1700 Project Humwber, 2787-050-000 Repuried:
Seatfle, W& 92101 Project Manager: MHeil Morton 01310 2251
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Total Metals by EPA 6020 (ICPMS) |
Reporting Spike Soumwe YREC EFL
Analyte Flemlt MDL Limit Units Dl Amoart Remlt “EEZ  Linits EFD Limit Hotes
Batch 1004274 - EPA 30514 Soil
Blank {10022 T4 BLK1) Frepared: (20V10 11:59  Analymed: 0452510 1638
ERAGUN
Artirmooy Ho 0100 100 mgkg wet 10 — — _- _ — —
Areric WD 0200 200 " " — - - - -
Beryllhun WD 0200 100 " " — — — — —_ -
Cadnmm WD 0100 100 " " — — - - -
Lead 010 010 100 " " — - - - —_ - T
Selennum HD 0400 200 " " — - - - —_ -
Silver WD 0100 100 " " — — — — — —
Thallnm WD 0100 100 " " — — - - -
LCS{100-2T4B51) Frepared: (020010 1157 Amalyeed: 452310 16:41
EFA G0N
Aoy 251 010 1nn gtk wet 10 250 - 100 20-120% —_ =
Areric 420 0200 200 " " 0.0 — o8 " — -
Beryllium 230 0200 1nn " " 250 — ] " — -
Cadrinm 489 0100 i} " " 0.0 — ] " — -
Lead 450 0100 1nn " " " — o " - =
Selenium 233 0400 200 " " 250 - o5 " —_ -
Silver 20 010 i} " " " - o " —_ -
Thalliim 26 010 i} " " " — a5 " - =
Mairic Spike (100274 M) Prepared: 20010 11:57  Analymed: 04025710 17:38
O 5 ource Sample: LCZOBL (A101071-40)
ER A 60H
Aatimory 194 0104 10& mglke dxy 10 26.5 HD k] T5-125% — - i, 04
Areric 512 0212 212 " " 53.0 233 ] " — -
Beryllium 35 0212 10& " " 26.5 0.4s1 a7 " — -
Cadrrimm 513 010 10& " " 530 0.147 a7 " —_ -
Lead %28 018 10& " " " 455 Q2 " —_ -
Selenium 22 04z 212 " " 28.5 HD 24 " — -
Silver 252 010s 10& " " " HD 95 " — -
Thallim 37 0108 10& " " " HD ) " — =
byex Lahoratories The vesuits i this repovt appiv to the somp des analimed in o cordance with the ¢ fain of

S g
f_}:},ﬁ ‘*‘Eéﬁ fﬁ Byndrég ¥
' &

cartody drcument This mvafticalyeport mast de mproduced in it entivey.

Plalip Mererberg For Darein Thoras, Business Developme nt Director

Page 23 of 30

211



12232 SW. Garden Place
Apex Labs Tigard, OR 97223

503-T18-2323 Phone

503-T18-0333 Fax

Geo Engineers -Seatile Project  OregonMetals Frahsation
G008 tewrart St Suite 1700 Project Humber  2787-050-000 Reported:
Seattle W 2101 Froject Marager, Heil Martan 051310 22:51

QUALITY CONTROL (QC) SAMPLE RESULTS

“ Percent Dry Weight by D2216 |
Faporting 5 pike Souwe WEEC EFD
Analyte Femlt  MDL Limit Units Dil. Awmmt  Remlt  YREC  Linits FFD  Limit  Hotes
Batch 1004219 - Dry Weight Soil
Druplicate {1004219-DUPL) Prepared: /16010 11:43  Analyzed: 04017710 10:06
QC Source 5 ample: E0Z0AT (ATODIT1-05)
i
4 Solids - e 100 %byWeight 1 — 3.7 - - 0 s
Duplicate (10042119-DUFT) Prepared: MU1&1011:43 Analyeed; (/1710 10:06
QC S ource Sample: TEOYAL (ATODOTL-25)
i
%4 Solids -1 IR 100 %ibyWeight 1 — 959 - - 0 ama
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of

custody document This muolicalveport sust Be reproduced in if et
Phbip s
ki J Bendi i,
= %
Fhilip Mererbe rg For Danwin Thoras, Business Developrae nt Director Puge 14 of 30
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Apex Labs

12232 S.W. Garden Place
Tigard, OB 97223
503-T18-2323 Phone
503-T18-0333 Fax

GenEngineers - Seatile
G005 tewrart 1. Suite 1700

Project  OwegonMetals Evaluation

Project Nurmber: 2787-050-000 Repomied:
Seatfls Wi 98101 Project Manager: Heil Marton 0571310 22:51
SAMPLE PREPARATION INFORMATION
( Totd Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defimlt FL Prep
Lib Huwhber M atriz Methed Sanpled Prepared Trutial/Final Iritial/Final Factor
Bafch 1004233
A100071-01 Soil EP& 6020 010194 00:00 04/1871012:07 0434 50mL 0550wl 115
A100071-02 Soil EP& 6020 010194 00:00 04/1871012:07 01.48 5z /50mL 0550wl 103
A100071-03 Soil EPL 6020 010194 00:00 04/18/1012:07 0.4 g S0l 05z/S0ml. 113
&100071-04 Soil EP& 6020 01rim400:00 04r8r1012:07 0.43g50mL 0.5g/50mL 1.14
&100071-05 Soil EP& 6020 01rim400:00 04r8r1012:07 0.485gi50mL 0. 5g /50l 103
E100071-06 Soil EPL 6020 010194 00:00 04/1871012:07 (.49 50l 05g/S0ml. 102
A100071-07 Soil EPL 6020 010194 00:00 04/1871012:07 0,455z /50mL 0550wl 110
&100071-08 Soil EP& 6020 01140000 04r1Er1012:07 0.46g50mL 0.5g /50l 109
&100071-09 Soil EP& 6020 01140000 04r1Er1012:07 0.48dzi50mL 0.5g /50l 103
&100071-10 Soil EP& 6020 01rim400:00 04r8r1012:07 0.45g50mL 0. 5g /50l 111
&100071-11 Soil EP& 6020 01rim400:00 04r8r1012:07 0.488g/50mL 0. 5g /50l 102
A100071-12 Soil EP& 6020 01roim400:00 04r1871012:07 0.47gi50mL 0.5g /50l 106
&100071-13 Soil EP& 6020 01140000 04r1Er1012:07 0.448gi50mL 0.5g /50l 1.12
&100071-14 Soil EP& 6020 01140000 04r1Er1012:07 0.429gi50mL 0.5g /50l 1.17
A100071-15 Soil EP& 6020 010194 00:00 04/18/1012:07 0.492/50ml 0.5g/50ml 102
&100071-16 Sol EP& 6020 01r01m400:00 04r1871012:07 0.451gi50mL 0.5g /50l 111
&100071-17 Sol EP& 6020 01r01m400:00 04r1871012:07 0.47g/50mL 0.5g /50l 106
&100071-18 Sol EPLA 6020 01r01m400:00 04r1871012:07 0.478gi50mL 0.5g /50l 105
A100071-19 Soil EP& 6020 010194 00:00 04/18/1012:07 0.51giS0mL 0.5g/50ml 0598
Bistch; 1004265
&100071-20 Soil EP& 6020 01140000 0452071000827 0.497gi50mL 0.5g /50l 101
&100071-21 Sol EP& 6020 01140000 045207100827 0.495gi50mL 0.5g /50l 101
&100071-22 Soil EP& 6020 01rim400:00 04r2071008:27 0.501g/50mL 0. 5g /50l 100
&100071-23 Sol EP& 6020 01r01m400:00 047207100827 0.494zi50mL 0.5g /50l 101
&100071-24 Soil EP& 6020 01140000 0452071000827 0.5053gi50mL 0.5g /50l nsa
&100071-25 Soil EP& 6020 01140000 0452071000827 0.499gi50mL 0.5g /50l 100
&100071-26 Soil EP& 6020 01140000 0452071000827 0.486gi50mL 0.5g /50l 103
10007127 Soil EP& 6020 010194 0000 04/20/1008:27 0.492gi50mL 05g/50ml 102
&100071-28 Sol EP& 6020 01r01m400:00 047207100827 0.496gi50mL 0.5g /50l 101
&100071-29 Sol EPLA 6020 01r01m400:00 047207100827 050wl 0.5g /50l 100
£100071-30 Soil EP& 6020 010194 00:00 04/20/1008:27 0.494g/50rl 0.5g/50ml 101
A100071-31 Soil EP& 6020 010194 00:00 04/20/1008:27 0.493gi50mL 05g50ml 101
A100071-32 Soil EP& 6020 010194 00:00 04/20/1008:27 0.494g/50mL 05g50ml 101
bypeyx Labhoratories The vesuits i this vepovt ol to the somples anohimed in accordanee with the ¢ hain of

A s ]
{E—i@d‘,ﬁg fﬂ gndrdin
i 7

custody drcument This modicalreyort must be ngroduced in it entivety.

Philip Merenberg For Darwin Thomas, Business Development Director
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Apex Labs

12232 5. W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

{%@J@ 7 é@wshg"&,a %
' %

Fhilip Nererberg For Diarwin Thomas, Business Developme nt Director

CanEngineers -Seatile Project  Ovegom Metals Frahea tion
00 S tevrart St Suite 1700 Project thuwber 2727-050-000 Reperied:
Seattle, Wi 52101 ProjectIansger Feil Morton 051310 22:51

SAMPLE PREPARATION INFORMATION
( Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defanlt FL Prep
L Nunber Matrix Method S ampled Prepared [ritialFinal IritialiFinsl Factor
L10C071-33 Soil EFL 6020 01/01/24 00:00 D4020/1008:27 0.485g 50l 0 5z 50zl 103
&100071-34 Soil EP& 6020 0170124 00:00 04r2001008:27 0482 #50mL 0.5g/50mmL 102
A10C071-35 Soil ERL 6020 0140124 00:00 04620/1008:27 0.501gi50raL 0 5g/50zal. 1.00
A10C071-36 Soil ER& 6020 0140124 00:00 D4f2001008:27 0.497g iS50l 0 5gf50zaL. 1o
A10C071-37 Soil ERL 6020 0140124 00:00 D4f2001008:27 0.498g/50mL 0.5z 50l 1.00
A10C071-32 Soil ERL 6020 0140124 00:00 04620/1008:27 0.4922150mL 0.5 50l 1.02
Batch: 1004274
A100071-39 Soil EP& 6020 017014 00.00 04r2001011.59 0.498gi50mL 0. 5g /50l 1.00
A100071-40 Soil EP& 6020 0170124 00:00 04r2001011:59 0487 i50mL 0. 5g /50l 101
A100071-41 Soil EPL 6020 0140124 00:00 046200101150 0 5g/f50ral. 0 5g/50zal. 1.00
A100071-42 Soil EP& 6020 0170124 00:00 04r2001011:59 0484z i50mL 0. 5g /50l 103
L10C071-43 Soil EPL 6020 01401724 00:00 D4f20/1011:59 0.491gi50ral 0 5g/50ral. 102
A10C071-44 Soil EPL 6020 0140124 00:00 046200101150 0.495g 500l 0 5g/50zal. 1o
A10C071-45 Soil ERL 6020 0140124 00:00 D4f2001011:59 0.497g/50mL 0.5z 50l 1o
L10C071-46 Soil ERL 6020 0140124 00:00 046200101150 0.497g50ral 0 5g/50zal. 1o
AP?X Lahoratories The results b this rep ot pply o the sy les anolymed in arcondane with the cfoin of

custody document This modicalvaport must be wproduced in in entivep.
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12232 5.W. Garden Place

Apex Labs Tigard, OR 97223

503.718-2323 Phone
5037180333 Fax

Thursday, May 13, 2010

Meil Morton

GeoEngineers -Seattle
GO0 Stewart St Suite 1700
Seattle, WA 233101

RE Qregon Metals Evaluation As/ 2727-050-00

Encloged are the results of analyses for work order A10DO7T  which was received by the laboratory on
45272010 at 3:35:00PM.

Thank you for using Apex Labs. We appreciate your business and strive to pravide the highest quality
services to the environmental industry.

If you have any gquestions concerning this report or the services we offer, please feel free to contact me by

email at: pnerenbergi@@apex-labs.cam, or by phone at 503-718-2323.

Apex Lahoratories The vesults i this yepent apply fo he soxples onalmed in orcondance with the cfoin of

casody document This modticalveport must be reproduced in i entiety.
A s j
{}-i%‘z,aﬁfg Fhanirss y
' &
Philip Mererbe rg For Darwin Thomas, Business Developene nt Divector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223

503-T18-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Evaluation As

G003 tewrart 5t Suite 1700 Project Hurmber, 2727-05000 Repuried:
Seattls, WA 52101 Project Manager e Mozton 02713010 22:55
ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INFORMATION |

Sample I Laboratory ID Miatrix Date Samgled Thte Received
EL194Al L10D0F1-01 Soi 0101584 00:00 0402510 15:35
ELI9B1 A10D077-02 Soi 01101594 00:00 0402710 15:35
KL22A2 A10DOTI-03 Soi 01/01584 00:00 04002710 15:35
ELX2B2 AI0D0FT-04 Soi 0101084 00:00 0402510 15:35
EL2al A10DOTI-05 Soi 01/01584 00:00 04002710 15:35
KL2BE1 A10D0OI-06 Soi 01/01594 00.00 04002710 15:35
ELXTAl A100077-07 Soi 0101094 00:00 0402010 15:35
KLITH1 A10DOFI-08 Soi 01/01594 00.00 04002710 15:35
ELHAl L10DOFI-09 Soi 0101594 0000 04002710 15:35
ELHEB1 A10D077-10 Soi 01101594 00:00 0402710 15:35
LMOZE] L10D071-11 Soi 0101594 0000 04002710 15:35
LADAL A10D0FT-12 Soi 0101084 00:00 0402510 15:35
LAMME] A10DOTI-13 Soi 01/01584 00:00 04002710 15:35
LMDGAL AI0D07FT-14 Soi 0101084 00:00 0402510 15:35
LMITE] AI0D07T-15 Soi 0101094 00:00 0402010 15:35
LADPAL A10DOTT-16 Soi 01/01594 00.00 04002710 15:35
LMDPE] A100077-17 Soi 0101094 00:00 0402010 15:35
LAI11AL A10D0TT-15 Soi 01101594 00:00 0402710 15:35
LAMIZE] L10DOTI-19 Soi 0101594 0000 04002710 15:35
LAT14A1 A10D0TT-20 Soi 01101594 00:00 0402710 15:35
LAI4E]L A10D077-21 Soi 0101594 00:00 0402710 15:35
LM 16AL L1002 Soi 0101084 00:00 0402510 15:35
LMITEL A10DOTT-23 Soi 01/01584 00:00 04002710 15:35
LMXEZ A10D0O7T-24 Sol 0101584 00.00 04002710 15:35
LAMIIAZ LI0D0TT-25 Soi 0101094 00:00 0402010 15:35
EOQD1A2 L10DOTT-26 Soi 01/01594 00.00 04002710 15:35
EOQ01B2 LIO0DOF-27 Soi 0101594 0000 04002710 15:35
EOITB1 LI0D0TT-25 Soi 01101594 00:00 0402710 15:35
EOWEBE1 L10DOFT-20 Soi 0101594 0000 04002710 15:35
EOLZB2 AI0D0F-30 Soi 0101084 00:00 0402510 15:35
EQI5A2 A10D07T1-51 Soi 0101594 00:00 0402710 15:35
EOQI5B2 AI0D0FT-32 Soi 0101084 00:00 0402510 15:35
EOQIgA2 AI0007T-33 Soi 0101094 00:00 0402010 15:35
EOIE1 A10D0OTT-34 Sol 0101584 00.00 04002710 15:35
EO21A2 LI0D0TT-35 Soi 0101094 00:00 0402010 15:35

Ly Laboratories The vesuits i this vepovt app iy to the suples analymed in accondance with the ¢ hain of

Ma s ;
{}}lﬁ,ﬂﬁ? ﬁﬂ iﬂ@nﬁg’ s”r/&‘e/

7

custedy docament This malbicolyeport muast de weprodeced in i entirety.

Philip Herenberg For Darwin Thomas, Business Developrme nt Director
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Apex Labs

12232 5.W. Garden Place
Tigard, OR 97223
503-T18-2323 Phone
503-T18-0333 Fax

Gan Engineers -Seatils

Project  OregonMetale Fraluation As

G005 tewart 5 1. Suite 1700 Project Munher, 2727-050-00 Reponted:
Jeattls, WA 52101 ProjectManager Hedl Moron 01310 2235
AMALYTICAL REPORT FOR SAMFLES
|| SAMPLE INFORMATION |

Sanple ID Lahradory ID Madric Date Samnpled Date Recedred
EO2182 &10D077-36 Sol 011594 00:00 04002710 15:35
EO24B2 &10D077-37 Sol 01194 00:00 04002710 15:35
EOXA2 &10D077-38 Soi 0101r24 0000 0402110 15:35
EO2TH2 L10D0O77-39 Sol 01194 00:00 0400210 15:35
EO3142 10007740 Sol 011594 00:00 04002710 15:35
EO3A2 &10D077-41 Sol 01194 00:00 04002710 15:35
EOQ3iB2 &10D077-42 Sol 01194 00:00 04002710 15:35
EO¥B1 L10D0O7T-43 Sol 01194 00:00 0400210 15:35
EOQ3642 &10D077-44 Sol 011594 00:00 04002710 15:35
LCD241 L10D077-45 Soi 0101ra4 0000 0402010 15:35
LCO2Bi12 S10D077-46 Sol 01194 00:00 04002710 15:35
LCDSAl L10D0OTT-47 Sol 01194 00:00 0400210 15:35
LC0sB1 S10D077-45 Sol 01194 00:00 04002710 15:35
LC0TAlL L10D077-49 Soi 0101ra4 0000 0402010 15:35
LCOTE] &10D077-50 Sol 01194 00:00 04002710 15:35
LC10Al &10D077-51 Soi 01:1r94 00:00 O4i02710 15:35
LC10B1 &10D077-52 Sol 01194 00:00 04002710 15:35
LC1241 L10D077-53 Soi 0101ra4 0000 0402110 15:35
LC14B1 L10D07T-54 Sol 01/1/94 00:00 04002110 15:35
LC1SA2 &10D00TT-55 Soi 01:1r94 00:00 O4i02710 15:35
LC16B1 L10D077-56 Sol 01194 00:00 04002710 15:35
LC1T7Al &10D077-57 Sol 01194 00:00 04002710 15:35
LC19B1 L10D0O7T-55 Sol 01/1/94 00:00 04002110 15:35
LC20Al L10D077-59 Soi 0101r24 0000 0402110 15:35
LC21B1 L10D077-60 Soi 0101re4 0000 0402010 15:35
LC224l &10D077-81 Sol 011594 00:00 04002710 15:35
LCoIB2 L10D07T-62 Sol 01/1/94 00:00 04002110 15:35
Eoncl &10D077-63 Sol 01194 00:00 04002710 15:35

APBX Lahoratories The results i this repovt appdeto e sowples analymad in occondamce with the o oin of

AT /
{%&,ﬁs{; ﬁﬂ b@xgug"ﬁﬁ/&?/

7

custody dcument This modticalreport must de pprodeced in it entirety,

Phalip Meterbe rg For Darwin Thomas, Business Developre nt Ditector
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-0333 Fax

Geo Engineers -Seatile

Project  OregonMetals Frahsation Az

GO0 S terarart £ 1. Suite 1700 Project Mumber  2727-050-00 Repuoried:
Seattle Wi 22101 Project Manager. Meil Moron 0513102255
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Tota Metals by EPA 6020 {(ICPMS) ||
Faporting 5 pike Souwe WEEC EFD
Analyte Fasmlt MDL Lirmit TUnits Dil. Ammint  Femlt “REC  Limits RFD Limit Metes
Batch 1004371 - EPA 30514 Soil
Blank (1004371-BLK1}) Prepaved: 042310 13:42  Analywed: 04/2710 14:23
EPA G020
Aweric ND 0200 200 mgkgwet 10 -— - - — - -
LCS{1004371-B513 Prepaved: (472310 18:42  Analyeed: 042010 14:26
EFACUH
L reric 488 0200 200 mgikg wet 10 500 —- ) B0-120%% -— —
Batch 1004372 - EPA 3051A Soil
Blank (1004372 BLE1) Prepaved: M42401009:34  Analy=ed: 0402710 16:11
EFACIN
Aweric ND 0200 200 mgkgwet 10 -— - - — - -
LCS{1004372-B51) Prepaved: (4724/1009:34  Analyeed: 042010 15:55
EFACUH
L reric 487 020 200 mgikg wet 10 500 —- a7 B0-120%% -— —
Duplicate (100437 2-DUPT) Prepared: /24/100%:3  Analyzed: 0427710 16:28
QC Source 5 ample: KLXEL (A10D0T-10
EFA G0N
A weric 0.TIE 0220 220 mgilez dry 10 -— 0524 — —- EI R 1 T
Blatri Spile (100437 2-MS1) Prepaved: M42401009:34  Analy=ed: 04027710 16:31
QC Source 5 ample: KLWEL (A10D0T-10
ERA 0N
L reric 401 0218 218 mgile dry 10 548 0524 7 151250 -— -— Q-0
Mlatric Spile (100437 2-MS) Prepaved: (4724/1009:34  Analyeed: 0402010 17:05
QC S ource S ample: TMOYBL (A10DO77-17)
EPA 6020
A weric 552 028 223 mgilez dry 10 558 19 3] T5-125% -— —
Post Spike (1004372-P5SI) Prepared: 42810 14:14  Analyed: (/2310 14:42
QC Source § anple: KLAEL (ADOTT-10)
ERA 0N
A rserie 08 ugL 10 47 152 105 B0-120% —
Apex Laboratories The results i this vepont opply to e soneples analymed in acconfomee with fie choin of
custody document This muolicalveport sust Be reproduced in if et
PARN j
{}—l{mﬁsﬁ fﬂ andrén,
= J
Fhilip Meterkerg For Darwin Thotas, Business Developine nt Divectar Page 1% of 27
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Apex Labs

12232 S.W. Garden Place

Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

CGenEngineers -Seatile

Project  OwegonMetals Evaluation As

B00 Stevreart 31, Suite 1700 Project Hurmber, 2727-050400 Reported:
Seattle, WA S2101 Project Manazer Mel Bozton 01102255
QUALITY CONTROL (QC) SAMPLE RESULTS
|| Total Metals by EPA 6020 {ICPMS) |
Reporting Spike Saiwe YEEC EFL
Analyte Fenalt MDL Limit Units Dil. Ammrt  Reult YFEC  Lingts EPD Lot Hotes

Batch 1004402 - EPA 30514 Soil
Blank (100:4402-BLK1) Prepared: (2610 1542 Analy=ed: 4/2N1021:11
EEA 6020

Aweric ND 0200 200 kg wet 10 -— — — — — -—
LCS{100402-B51) Prepared: 426010 1542 Anay=d: 04727710 21:14
EF A 6l

Armerie 420 0200 200 kg wet 10 500 — o 20-120% — -—
Dhplicade {100 4402-DTPL) Prepared: (2610 1542 Analy=ed: (472210 2129
QC Source Sangle: EOGIEE (ALDOT-27)
EFA 600

A weric a6l 0232 232 mglke dry 10 -— 0846 — — 25 4l T
Madrix Spike (100:4:402-B51) Prepared: (2610 1542 Analyzed: (4722710 21.32
QC S uxce Sangle: EOGLBZ (AIODOT-27)
EEA 6020

Armerie 521 0218 214 mglke dry 10 540 0845 o5 75 125% — -—
Mlairic Spile (1004402-DIS2 ) Prepared: (2610 1542 Analyzed: (4722710 22:40
QC § uxce Sangle; E03SBL (AIDOT-43)
EFA 600

Armeric 459 0202 2n2 mglks drr 10 506 121 a0 75125% -— -—

APBX Lahoratories The vesuits i this report ol to e somples analyzed iy o cordane with the cfoin of

custody document This mopticalreport must be reproduced in it entivety,
LN i
{}}};&@ ,fn fgntidg
' 7
Philip Mererberg For Darwin Thomas, Business Development Director Puge 15 0f 27

219



Apex Labs

12232 S.W. Garden Place

Tigard, OR 97223
503-718-2323 Phone
S03-T18-0333 Fax

GeoEngineers -Seatile

Project  OvegonDetals Evahsation As

A00 3 tevarart 54, Suite 1700 Project Humber, 2727-050-00 Repurted:
Seattle Wi FB101 Project Manazer: Heil Moxon 051310 22:55
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Totd Metals by EPA 6020 {ICPMS) ||
ERepoeting Spike Souwe WEEC EFD
Amalyte Ferult  MDL Limit Units Dil. Amout Reult  %REC  Liwis RPD Limit  Notes
Batch 1004409 - EPA 30514 Soil
Blank (1004409-BLE1}) Prepared: (27710 08:25  Analy=ed: (4725710 15:56
EFA 60N
Americ ND 02m 200 mekzwet 10 -— - - - —- -
LCS (100 4409-B51) Prepared: (2710 02:25 dimalyzed: (4/28710 15:59
EFA G0N
Lseric 2 0200 200 mgkgwet 10 500 - 00 80l — -
Druplicaie {100-:09-DUPL} Prepared: OH2W10 08:23  dmalyeed: 4428710 17:00
QU Source Sanple: LUOTAL (ALODO7-4%
EFA G0N
hweric 325 0381 380 mghedy 10 — 364 - - 11 4T T
Mairic Spike (1004409 M5} Prepared: OH2W10 08:23  dmalyeed: 4428710 17:03
QU Source Sanple: LUOTAL (ALODO7-4%
EFA G0N
hweric W4 0352 382 mghedy 10 356 364 ¥ RN - —
Matric Spike (1004:609-M52) Prepared: 2710 08:25  Analyemd: (4/2510 17:49
QU Source Sanple: LE1GEL (A10DO77- 56)
EFA 60N
hweric 632 0252 252 mghedy 10 &30 731 @ 7RI - —
PLFBX Lahoratories TR vesults i this report applv o the samples analymed in o condomce with the ¢ hain of

A g ]
{f-};ﬁﬁfg fﬁ g drdg
' &

casody document This malticalveport mas e vproduced in it eutivety.

Philip Mererberg For Darwin Thomas, Business Developme nt Director

Page 16 of 27
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Apex Labs

12232 S.W. Garden Place
Tizard, OR. 97223
503-T18-2323 Phone
503-T18-0333 Fax

GeoEngineers -Seatils Project  Ovegon Metals Evaluation As
GO0 S tewart St Suite 1700 Project Fuher, 2727-030-00 Reported
Seattls, Wik 9101 Froject Mansger. Heil Moten 051310 2255
QUALITY CONTROL (QC) SAMPLE RESULTS
“ Percent Dry Weight by D2216 I
Feporting Spike Soumwe WEREC EFD
Analyte Fesult  MDL Limit Units Dil. Awourt Remlt  “REC  Linots RFD  Limit  Hokes
Batch 1004219 - Dy Weight Soil
Duplicate (100-219-DUP3) Prepared: 041671011453 dmalyzed: 04717710 10:08
QC S ouxce Samgle: KLIIAL (AL0DO77- (1)
6
4% Solids - J— 100 %%byWeight 1 — 1.5 - - 0l 2w
Duplicate (1004219-DUPH)} Prepared: 041600 11:43  Analy=ed: 04117710 10:06
QC Souxce S anple: KLI9BL (ADOT-03
16
& Solids oo - 100 %hbyWeight 1 — 29 - - 0 ¥
Batch 1004232 - Dry Weight Soil
Duglicate (1004132-DUPL}) Prepared; /18100949 inalymed: M4/1%1002:13
QC S ouxce Sample: KLFBL (ANDOT-08)
16
4 Solids -1 100 %byWeight 1 — 974 - - 0 2w
Duplicate (100-232-DUPI) Prepared: 0127100949 dmalyzed: 0471910 05:18
QC 5 ouxce S ample: LMIZEL (A10INTT-19)
6
% Solids - S 100 %byWeight 1 — 8 - - 0 2w
Duplicate {100-4232-DUP3) Prepared: 041510 09:49  dmaly=ed: 0411210 05:18
QC Souxce S anple: EOMLEB? (AWDOT-27
LG
& Solids - 3 100 %hbyWeight 1 — o7 - - 0 ¥
Duplicate (1004232-DUPH) Prepared: 01810 09:4%  Analyzed: 04719710 09:18
QC Souxce S anple: EOI6AT (AL0DO7T-3)
16
& Solids [ | — 100 %hbyWeight 1 — 372 - - 02w
Duplicate (100-232-DUFES) Prepared: 0471810 09:49  Analyzed: 04712710 09: 158
QC Souxce Sample: LCOZBZ (A10DO77-46)
i
% Solids | T 100 %byWeight 1 — 0.4 - - 0 2w
Apex Laboratories Theyesults i this vepoet apply to the samples oxalrad in acconfone with e ¢ hoiy of
custody document This modticolyeport must de veprodeced in it autirey.
AL i
f_}"}}”»&%’} "%ﬂ Bayndidn :
' 4
Fhilip Nerenberg For Danwin Thomas, Business Deweloprme nt Director Prge 17 of 27
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12232 5. W. Garden Place
Apex Labs Tigard, OR 97223

503-T18-2323 Phone

S03-T18-0333 Fax

GeoEngineers -Seatils Project  Ovegon Metals Evaluation As
G005 tevrart 5, Suite 1700 Project Mumther 2727-03000 Reported:
Seattle WA 8101 Project Manager, Neil Moron 0513010 22:55

QUALITY CONTROL (QC) SAMPLE RESULTS

“ Percent Dry YWeight by D2216 I
Reporting Spike Soamwe WEEC EFD
Analyte Fesult MDL Lirut Truts Dil. Ammnt  Result WREC  Limts FFD  Livut Hotes
Batch 1004232 - Dry Weight Soil
Duplicate (100-232-DUPG) Prepared: (/180100949 Amaly=ed: (47197100218
QU S ouxce Sangle: LCO1BY (ALOINTT-62)
D16
4 Solids ok -— 100 % by Weight 1 -— 5.8 —- —- o 2
Apex Lahoratories The yesults i this yeport opplp fo the samples analymad in accondomnce with the ¢ hain of

custody document This modticolyeport must de veprodeced in it eutivey.

LN i
{_?—’}/Lh@j,g; .-%{1 andrén,
’ 7
Fhilip Merenberg For Danein Thomas, Business Deweloproe nt Director

Puge 16 of 27
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Apex Labs

12232 S.W. Ganden Place
Tizard, OR. 97223
503-T18-2323 Phone
S03-T18-0333 Fax

Gen Engineers -Seatfls

Project  OvegonMetal: Evaluation Az

G005 tewrart St Suate 1700 Project Humber. 2727-050-00 Repomted:
Seattle Wa 5101 ProjectManager: Heil Moston 0513710 2255
SAMPLE PREPARATION INFORMATION
|| Tota Metals by EPA 6020 {ICPMS)
Prep: EPA 30614 Sample Definlt FL Prep
L Humher Matix Methed S ammpled Prepared Trmitial/Final Tritial/Final Factoy
Datoh 1004271
A10D077-01 Soil EP& 6020 0170154 a0:00 0423710 18:42 0.408g 50l 0.5gr50mL 100
A10D077-02 Soil EP& 6020 0170154 00:00 04723710 18:42 0.481gf50mL 0.5gr50mL 104
A100077-03 Soil EP& 6020 01701494 00:00 04723710 18:42 0484z (50l 0.5g/50mL 103
A100077-04 Soil EP& 6020 01101524 0000 04722010 1842 04582/ /50mL 0.5gr50mL 102
Batch: 1004372
A10DO77-0% Soil EP& 6020 0100124 0000 0424100934 048 /50mL 0.5gi50mL 104
A10D077-06 Soil EP& 6020 01101524 0000 0424100934 0436 /50mL 0.5gi50mL 103
A10D077-07 Soil EP& 6020 01101524 0000 0424100934 0.4932/50mL 0.5gi50mL 101
A100O7T7-02 Soil EP& 6020 0100124 0000 04240100934 0.4922 (50l 0.5gr50mL 102
A100O7T7-09 Soil EP& 6020 0100124 0000 04/2401009:34 0487 50l 0.5g/50mL 103
A100077-10 Soil EP& 6020 0100124 0000 04/2401009:34 0.475g/50mL 0.5gi50mL 105
A100077-11 Soil EP& 6020 01101524 0000 0424100934 0.4% /50wl 0.5gi50mL 102
A10D077-12 Soil EP& 6020 0170154 a0:00 04r24i1009:34 0.482g (50l 0.5gr50mL 104
A10D077-13 Soil EP&a020 01701494 00:00 04724i1009:34 0.485g 50wl 0.5g/50mL 103
A100077-14 Soil EP& 6020 0100124 0000 04240100934 0487 (50l 0.5gr50mL 103
A100O77-15 Soil EP& 6020 01101524 0000 0424100934 0.501g/50mL 0.5gi50mL 100
A10DO77-16 Soil EP& 6020 0170154 00:00 04r24i1009:34 0.487f50mL 0.5g/50mL 103
A10D077-17 Soil EP& 6020 0170154 a0:00 04r24i1009:34 0.401gf50mL 0.5gr50mL 102
A10DO77-18 Soil EP& 6020 0170154 00:00 04r24i1009:34 0482 (50l 0.5gr50mL 104
A10DO77-19 Soil EP& 6020 01101524 0000 0424100934 0.481g/50mL 0.5g/50mL 104
A100077-20 Soil EP& 6020 01101524 0000 0424100934 0.4912/50mL 0.5gi50mL 102
A10D077-21 Soil EP&a020 0170154 00:00 04724110 09:34 0.488g (50l 0.5gr50mL 102
A10D077-22 Soil EP& 6020 0170154 00:00 04r24i1009:34 0.498g (50l 0.5g/50mL 100
A10DOTT-23 Soil EP& 6020 0100124 0000 04/2401009:34 0.485g /50mL 0.5gi50mL 103
Batch: 1004402
A100077-24 Soil EP& 6020 0100124 0000 04/26010 15:42 0.502g (50l 0.5gr50mL 1.00
A10DOTI-25 Soil EP& 6020 0100124 0000 04026010 15:42 0.439g (50l 0.5g/50mL 114
A10DOTT-26 Soil EP& 6020 0100124 0000 04026010 15:42 0.457g/50mL 0.5gi50mL 109
A10DO77-27 Soil EP& 6020 0170154 a0:00 04726/10 15:42 0.455 (50l 0.5gr50mL 110
A10DO77-28 Soil EP& 6020 0170154 a0:00 04726/10 15:42 0.507g (50l 0.5gr50mL 0se
A100077-29 Soil EP& 6020 01701494 00:00 04726/10 15:42 0.483 50wl 0.5g/50mL 104
A100077-30 Soil EP& 6020 01101524 0000 04726710 15:42 0.513g/50mL 0.5gr50mL 0.9z
A100077-31 Soil EP& 6020 01101524 0000 04026010 1542 0.4652 /50mL 0.5gi50mL 107
A}BX Lahoratories The vesuits o this vepord opply o the sampkes analyged in occordance with the ¢ boin of
custody decument This majdicalreport mast de nproduced in il entietp
AL ]
{?—l‘mﬁ,ﬁ{; fﬂ b}@@x&"éﬁfa/
’ g
Philip Nerenberg For Darwin Thomas, Business Developraent Director Puge 19 £ 27
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Apex Labs

12232 5.W. Garden Place
Tizard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GeanEngineers -Seatils
GO0 3 fevrart 5. Suite 1700

Project  OwegonMetals Fvaheation Az

{B@Aﬁ?ﬁ{} f"l i) G‘rxg"s%fﬁ/
' 7

cartody drcument Fhis modticalreport moast de reprodiced in ib entivety,

Philip Neterberg For Darwin Thomas, Business Developme nt Director

Project Maraber. Z727-050-00 Reported:
Seattle, Wi 55101 Project Manager, Meil Iortom 051510 22:55
SAMPLE PREFPARATION INFORMATION
|| Total Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defimlt EL Frep
L Humher Matiz Methed S ampled Prepared Imtial/Firal Irmtial/Firal Factor

A100077-E2 So1l EP& 6020 01/01/2400:00 04026010 15:42 0.519g501mL 0.5gi50mL 0.96
A10DO77-33 Soi EFP& 6020 01701194 00:00 04726510 15:42 0.4472/501mL 0.5g/50mL 1.12
A10DO77-34 Soi EP& 6020 01701554 00:00 04726510 15:42 0.488gi50mL 0.5gi50mL 1.07
A10DO77-35 Soi EFP& 6020 01701554 00:00 04726710 15:42 0453 gi50mL 0.5gi50mL 1.08
A10DO77-36 Soi EP& 6020 01701554 00:00 04726710 15:42 0459850 mL 0.5gi50mL 1.07
A100OTI-ET So1l EP& 6020 01/01/2400:00 04026010 15:42 0.472gi501mL 0.5gi50mL 1.06
A10DOTT-28 Sol EP& 6020 01/01/2400:00 0426710 15:42 0.501gf50mL 0. 5gf50mL. 1.00
A100077-29 Sol EFP& 6020 0170124 00:00 04726710 15:42 0.441 gf50mL 0. 5gl50mL. 1.08
A100077-40 Sol EFP& 6020 0170124 00:00 04726710 15:42 0. 47 i50ml. 0. 5gl50mL. 1.06
A10D077-41 Soi EP& 6020 01701554 00:00 04726710 15:42 0452z 850l 0.5gi50mL 1.08
A10D077-42 Sol EFP& 6020 01701124 00:00 04726710 15:42 0.452gi50mL 0.5gi50mL 1.02
A10D077-43 Sol EP& 6020 01701124 00:00 04726710 15:42 0446850l 0.5gi50mL 1.12

Batch: 1004409
A10DO77-44 Soi EP& 6020 01701554 00:00 04727710 08:23 0446 gi50mL 0.5gi50mL 1.12
A100O7TT-45 So1l EP& 6020 01/01/2400:00 04270100823 0.456gf50mL 0.5gf50ml. 1.10
A100O77-46 Sol EP& 6020 01/01/2400:00 0427100823 045 i50ml. 0. 5gf50mL. 1.11
A10DO77-47 Sol EFP& 6020 0170124 00:00 0429100823 0475 50mL 0. 5gl50mL. 105
A10DO77-48 Soi EFP& 6020 01701554 00:00 04727710 08:23 0.502g/501l 0.5gi50mL 1.00
A10D077-49 Soi EFP& 6020 01701554 00:00 04727710 08:23 0.326gi50mL 0.5gi50mL 1.53
A10D077-30 Soi EP& 6020 01701554 00:00 O472771008:23 0.502g 850l 0.5gi50mL 1.00
A10D077-51 Sol EP& 6020 01701124 00:00 04727710 08:23 0.454zi50mL 0.5gi50mL 1.01
A100077-52 Sol EP& 6020 0170124 00:00 0429100823 0475 50mL 0.5gi50mL 105
A100077-53 So1l EP& 6020 01/01/24 00:00 0429100823 0.444150ml 0.5 l50ml. 1.13
A10DO77-54 Soi EFP& 6020 01701194 00:00 04727710 08:23 0.501gf50mL 0.5gi50mL 1.00
A10DO77-55 Soi EP& 6020 01701554 00:00 O4r2771008:23 0.429gi50mL 0.5gi50mL 1.14
A100O7TT-56 So1l EP& 6020 01/01/24 00:00 04270100823 0.453gi50mL 0.5gi50mL 1.10
A10DOTI-5T So1l EP& 6020 01/01/2400:00 04270100823 0.33g50mL 0.5gi50mL 152
A0DOTI-58 So1l EFP& 6020 01/01/2400:00 04270100823 0.501gf50mL 0.5gf50ml. 1.00
A100O7TT-59 Sol EP& 6020 01/01/2400:00 0427100823 0.458gf50mL 0. 5gf50mL. 1.09
A10D077-60 Soi EFP& 6020 01701554 00:00 04727710 08:23 0.483gi50mL 0.5gi50mL 1.04
A10DO77-61 Soi EFP& 6020 01701554 00:00 04727710 08:23 0.474gi50mL 0.5gi50mL 1.05
A10D077-62 Soi EP& 6020 01701554 00:00 O472771008:23 0.488gi50mL 0.5gi50mL 1.02
A10DOTT-63 Sol EP& 6020 01/01/2400:00 0427100823 0.508g501ml 0.5gi50mL 0.9z

A}BX Laboratories The resuits o this repovd opply o the smplkes onabmed in o cordone with the ¢ boin of

Puge 20 of 27
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12232 S.W. Garden Place
Ap cX Labs Tigard, OR 97223
503-718-2323 Phone
503 T18-0333 Fax

Thursday, May 27, 2010

Meil Marton

GeoEngineers

15055 SWW Sequaia Ply, # 140
Paortland, OR 97224

RE Oregon Metals Evaluation /002737 -050-00

Enclosed are the results of analy=es for work order AIOE125 which was received by the laboratary an
5132010 at 2:05:00PM.

Thank you for using Apex Labs. We appreciate your business and strive to provide the highest quality
services to the environmental industry.

If you have any questions concerning this report or the services we offer, please feel free to contact me by
email at: AGreiner@Anexlabs cam, or by phone at 503-715-2323.

APEX Lahoratories The vesults i this yeport opply to the samples analvmed in or cordance with e ¢ hain of
; custody document This maolticolrapor must de weproduced in it entirety.

Lllizon Greiner For Darwin Thomas, Business Deve lopraent Director Page lofd
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Apex Labs

12232 S.W. Garden Place
Tigard, OR 97223
503-718-2323 Phone
503-T18-033F Fax

GenEngineers Project  OregomMetals Evaluation

15055 3 Wi equeia Ploary, # 140 Project Hurher: O02787-030-:00 Reporied:

Portlard, OF 97224 Project Mansger: Meil Marton 05210 1501

ANALYTICAL REPORT FOR SAMPLES
|| SAMPLE INF ORMATION |

Sanple ID Lahratery ID Wadrix Date Sampled Dhate Received
TR1A AlDEL25-01 Sod 05127100000 0501310 14:05
TRI1E AIOE125.02 Soi 05612110 00:00 05A13/10 14:05
TR2A AIOE125.03 Soi 05612110 00:00 0513710 14:05
TR2B AlDEL25-04 Sod 05127100000 0501310 14:05

Apex Lahoratories Thoe vesuits o this vepont apply fo the soxeples analymad in acconfamee with fhe o fnin gf

camtody document This muaftical report must de rproduced in it entivety.

Lllizon Greiner For Darwin Thoras, Business Deve loprment Dhirector

Tag 20f0
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Apex Labs

12232 S.W. Garden Place
Tigand, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GenEngineers Project  Owegon Metal Evaheafion
15055 SWiequaia Ploary, # 140 Project haruber. OO7ET-050-00 Reported:
Fortland, OF. 97224 Project Manager Heil Mozton 052710 1501
QUALITY CONTROL (QC) SAMPLE RESULTS
|| Total Metals by EPA 6020 (ICPMS) ||
Feporting Spike Soame wREC EFD
Analyte Fesult MDL Linit Tnits Dil. Awmirt  Remlt #FREC  Limits EPD  Limit Hates
Batch 1005303 - EPA 30514 Soil
Blank (1005303- BLE1} Prepared: 03110 1214 Analyeed: 0519010 1602
EE A 6030
Aoy 0z 01m 100 mgikg wet 10 — —- — — — — 7
Awerie HD 0200 200 " " — _ _ — — —
Beryllnum HD 020 100 " " — — — - — —
Cadrnmim HD 0100 100 " " — _ _ — — —
Lead HD 0100 100 " " — — _ — — —
Selentom HD 0400 200 " " -— - - - — —
Slver HD 0100 100 " u -— - - - — —
Thallnm HD 0100 100 " " -— - - - — —
LCS (105303851 Prepared: 03110 1214 Analyeed: 0519010 1605
EEA 600
A rtirmory Zrl 01m 100 miglleg wet 10 250 —- 103 BO-1A0% -— -—
Awerie 487 020 200 " " 500 —- &7 " -— -—
Berrllnnm BT 02m 100 " " 250 —- 95 " -— -—
Cadrnmim 422 010 100 " " 500 —- @3 " -— -—
Lead 450 010 100 " " " — 1] " — —
Selennim 227 04m 200 " " 250 —- 9l " -— -—
Silver 286 01m 100 " " " - k) " — -—
Thallnm 223 0100 100 " " " - o] " — —
Apex Laboratories The vesults in this yeport opp v fo e samples onalymed in o covdamce with the ¢ hoin of
i

custody decupent This mobticalveport mast be veproduced in it entivety.

Allison Greiner For Darwin Thoas, Business Deve loprment Thrector

Pag 5 of®
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Apex Labs

12232 S.W. Garden Place
Tizard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

GeoEnginears Project  Oregon Metal: Fraluation
15055 5 Wi equaoia Floary, # 140 Project Humbey 0027E7050-00 Reported:
Pontland, OF. 57224 Project Manager. Heil Morton 052%10 150
QUALITY CONTROL (QC) SAMPLE RESULTS
H Percent Dry Weight by D2216 |
Beporting Spike Soure WEEC EPD
Analyts Remlt MDL Limit Tnits Dil. Aweant Remlt “FEC  Lingts EPD Limut Hetes
Batch 1005248 - Dry Weight Soil
Druplicate { 1005248 DUPIL) Prepared: 051710 10400 Anayeed: 0501810 09:35
QC SourceSangle: TRIB (AIWELZS (4)
Apex SO P
4 Solids 9«1 1m 100 by Waight 1 -— 5.1 - - o 2m
Mo Cliest welated Bateh QC s anples analyzed for this bateh See notes page for meore information
Apex Lahoratories The yesults i this veport mpply fo the samples analead in o cordance with the ¢ hoin of
; custody document This modticalyeport most be yeproduced in it entiven
Lllisom Greiner For Darwin Thotas, Business Deve lopment Director Pugtofd
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Apex Labs

12232 S.W. Garden Plce
Tigard, OR 97223
503-718-2323 Phone
503-718-0333 Fax

CenEnginears Froject  Ovegon Metalks Evahmtion
13055 5 WS equoia Plowry, & 140 Project Huher, 002727-050-00 Repurted:
Fortland, OF. 97224 ProjectMansger el Moron 052710 1501
SAMPLE PREPARATION INFORMATION
( Tota Metals by EPA 6020 (ICPMS)
Prep: EPA 30514 Sanple Defmlt EL Prep
L Humher Matiz Methed S anpled Prepared Iritial/Final Imtial/Firal Factor
Bafch 1005303
&10E125-01 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.429gi50mL 0.5g /50l 1.02
A10E125.01 Soil EP& 6020 05(12/10 00:00 05Ho/1012:14 0.489/50mL 0 5g/50ral. 1.02
A10E125.01 Soil EPL 020 05(12410 00:00 05Ho/1012:14 0.489giS0rL 0 5250l 1.02
&10E125-01 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.489gi50mL 0.5g/50mL 102
&10E125-01 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.489gi50mL 0.5g /50l 102
&10E125-01 Sod EFA 6020 05r12/1000:00 05r19/1012:14 0.4239gi50mL 0.5g /50l 102
A10E125.01 Soil EPL 6020 05(12/10 00:00 05Ho/1012:14 0.489/50mL 0 5g/50ral. 1.02
L10E125-01 Soil EPL 6020 0512/10 00:00 0sA9r1012:14 0 489gi50mL 0 5250l 1.02
&10E125-02 Soil EP& 020 05112710 00:00 0519/1012:14 0.501gf50mL 0.5g 50l 1.00
L10E125.02 Sod EFA 6020 05r1271000:00 05r19/1012:14 0.501gf50mL 0.5g /50l 1.00
L10E125.02 Sod EFA 6020 05r1271000:00 05r19/1012:14 0.501gf50mL 0.5g /50l 1.00
A10E125-02 Soil EP& 6020 051210 00:00 0sAe012:14 0.501gi50raL 0 5250 1.00
L10E125-02 Soil EPL 6020 05/12/10 00:00 05971012014 0.501gi50rL 0 5250 1.00
L10E125-02 Soil EPL 6020 0512/10 00:00 0sA9r1012:14 0.501gi50rL 0 5250l 1.00
A10E125.02 Soil EP& 6020 05(12/10 00:00 05Ho/1012:14 0.501gi50rL 052150l 1.00
A10E125.02 Soil EP& 6020 05(12410 00:00 05Ho/1012:14 0.501g/50mL 0 5g/S0mL 1.00
A10E125-03 Soil EP& 6020 051210 00:00 0sAe012:14 0.487giS0mL 0 5250 103
L10E125-03 Soil EPL 6020 05/12/10 00:00 05971012014 0.487gi50mL 0 5250 103
L10E125.03 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.487gi50mL 0.5g/50mL 103
&10E125-03 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.487gi50mL 0.5g /50l 103
A10E125.03 Soil EPL 6020 05(12/10 00:00 05Ho/1012:14 0.487g/50mL 0 5g/50ral. 103
A10E125.03 Soil EPL 6020 05(12410 00:00 05Ho/1012:14 0.487giS0mL 0 5250l 103
B10E125.03 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.487gi50mL 0.5g /50l 103
L10E125.03 Sod EP& 6020 05r1271000:00 05r19/1012:14 0.487gi50mL 0.5g /50l 103
&10E125-04 Sod EFA 6020 05r12/1000:00 05r19/1012:14 0.453gi50mL 0.5g /50l 101
&10E125-04 Sod EFLA 6020 05r1271000:00 05r19/1012:14 0.493gi50mL 0.5g /50l 101
L10E125-04 Soil EPL 6020 05/12/10 00:00 05971012014 0.493gi50rL 0 5250 1m
&10E125-04 Soil EP& 020 05112710 00:00 0519/1012:14 0.493gi50mL 0.5g 50l 101
B10E125-04 Sod EFP& 6020 05r1271000:00 05r19/1012:14 0.493gi50mL 0.5g /50l 101
A10E125.04 Soil EP& 6020 05(12410 00:00 05Ho/1012:14 0.493z50mL 0.52/50rL 10
A10E125-04 Soil EP& 6020 051210 00:00 0sAe012:14 0.495giS0rl 0 5250 10
L10E125-04 Soil EPL 6020 05/12/10 00:00 05971012014 0.493gi50rL 0 5250 1m
Apax Lahoratornes The yesults i this peport app iy fo e samples anolmed iy o coxdone with the ¢ hain of
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12232 5.W. Garden Place

Apex Labs Tigard, OR 97223
S03-T18-2323 Phone
503-T18-0333 Fax

GanEngineers -Seatile Project  OregonMetale Frahuation

GO0 5 fevrart 51, Suite 1700 Project Famber: 2787-050-000 Reported:

Seatfle Wi S2101 Project Manager: Meil Maron O%131022:21

MNotes and Definitions
Oualiffers;
B Aralyte deterted in an associated blank at a level above the MEL. (3 ee Motes and Convertions belowr )

H-01 This samplawas malyzed cutside the EPA reconemended holding time.

H-08 This sample was received outside the EPA reconmrended holding tire.

J Estirmated Femalt. Reslt detected below the lowrest point of the calibration curve, but bove the spacified MDL.

-0l Pewent weovery andior EFD 15 aatside acceptance livats.

Q05 Aralyses are not controlled on FPD vaues fiom sanple or duplicak concentrations rear orbelow the mporting level.

Hotes and Core ntions:

CET Aralyt DETECTED

HD Aralyte HOTDETECTED & ar dhove the reporting lint

HE Mot Feported

dry Sanmle weaults repoeted onadrpweiglt basis. Feslts listed as ‘wet' orwithont 'drypdesizration ate not drpareizld comected.

FFD Felatve Parert Difference

MDL I MDL is notlisted, data has been evahated to the Method Reporting Limit only.

wsC  Water Miseible Salvert Cortection has been applied to Besults ard MELs foe volahles sodl sanples per EPA S000C

Batch Unless specifically raquested, this epoit cordains only esuls for Batch QC derived fioen client sanples inchoded in thys report. 411

Qc aralyses were perfonred with the appropriate Batch O (inchuding S anple Duplicates, Matn: S pakes andior Matix S pike Daplicates) m
crder to meet or excesd method and regulatory mquirernents. Ay eccephiors to this willbe qualified m this report. Conplete Bateh QT
el are availableupon request. Incases wher therw is msufficiernt sample provided for & angle Duplicates andior Mabix: & pikes, a
Labh Contwol S anvple Daplicate (LSS Dhap) is analyeed to demormstrate aconracy and precision of the extraction and analysis.

Elark Apex msessesblank data for potertial high bias doarn to alevel equal to ¥2 the method wporing linat(MREL], except for convertional

Polimy chenusty and HCID analyses wiich ate 2 sessed anly to the MEL. 5 anple esults flagzed with a B or B2 qualifier are potentially
biased kigh if’ they are less than ten tires the level fourd in the blank for norgarie analys es o les s than five times the level fhord in the
blark for orzanic avalyses.
Fir acourate comparisor of wolatile results 4o the level foand in the blankwater sanvple alts shoald be divided by the dilition factor,
and sodl sanple renalts s hoald be divided by 1730 of the sanple dilntion to acconrt for the sample prep factor,
Fesults qualified & reported belowr the MEL may inchade a potential lizhbias ifsssociated with a B or B2 qualified blank. B and B-(2
qualifications are not applied to J qualified results e ported belowr the MEL.

L Laboratones The vesults i 1his repont apply to the sumples analired in arcordanee with fhe ¢ hain of
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