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Geochemical Characterization of Mine Waste,
Mine Drainage, and Stream Sediments at the Pike Hill
Copper Mine Superfund Site, Orange County, Vermont

By Nadine M. Piatak, Robert R. Seal Il, Jane M. Hammarstrom, Richard G. Kiah, Jeffrey R. Deacon,
Monique Adams, Michael W. Anthony, Paul H. Briggs, and John C. Jackson

Abstract

The Pike Hill Copper Mine Superfund Site in the Ver-
mont copper belt consists of the abandoned Smith, Eureka,
and Union mines, all of which exploited Besshi-type massive
sulfide deposits. The site was listed on the U.S. Environ-
mental Protection Agency (USEPA) National Priorities List
in 2004 due to aquatic ecosystem impacts. This study was
intended to be a precursor to a formal remedial investigation
by the USEPA, and it focused on the characterization of mine
waste, mine drainage, and stream sediments. A related study
investigated the effects of the mine drainage on downstream
surface waters. The potential for mine waste and drainage
to have an adverse impact on aquatic ecosystems, on drink-
ing-water supplies, and to human health was assessed on the
basis of mineralogy, chemical concentrations, acid generation,
and potential for metals to be leached from mine waste and
soils. The results were compared to those from analyses of
other Vermont copper belt Superfund sites, the Elizabeth Mine
and Ely Copper Mine, to evaluate if the waste material at the
Pike Hill Copper Mine was sufficiently similar to that of the
other mine sites that USEPA can streamline the evaluation
of remediation technologies. Mine-waste samples consisted
of oxidized and unoxidized sulfidic ore and waste rock, and
flotation-mill tailings. These samples contained as much as
16 weight percent sulfides that included chalcopyrite, pyrite,
pyrrhotite, and sphalerite. During oxidation, sulfides weather
and may release potentially toxic trace elements and may
produce acid. In addition, soluble efflorescent sulfate salts
were identified at the mines; during rain events, the dissolution
of these salts contributes acid and metals to receiving waters.
Mine waste contained concentrations of cadmium, copper, and
iron that exceeded USEPA Preliminary Remediation Goals.
The concentrations of selenium in mine waste were higher
than the average composition of eastern United States soils.
Most mine waste was potentially acid generating because of
paste-pH values of less than 4 and negative net-neutraliza-
tion potentials (NNP). The processed flotation-mill tailings,
however, had a near neutral paste pH, positive NNP, and a few
weight percent calcite. Leachate tests indicated that elements

and compounds such as Al, Cd, Cu, Fe, Mn, Se, SO,, and Zn
were leached from mine waste in concentrations that exceeded
aquatic ecosystem and drinking-water standards. Mine waste
from the Pike Hill mines was chemically and mineralogically
similar to that from the Elizabeth and Ely mines. In addi-

tion, metals were leached and acid was produced from mine
waste from the Pike Hill mines in comparable concentrations
to those from the Elizabeth and Ely mines, although the host
rock of the Pike Hill deposits contains significant amounts

of carbonate minerals and, thus, a greater acid-neutralizing
capacity when compared to the host rocks of the Elizabeth and
Ely deposits.

Water samples collected from unimpacted parts of the
Waits River watershed generally contained lower amounts of
metals compared to water samples from mine drainage, were
alkaline, and had a neutral pH, which was likely because of
calcareous bedrock. Seeps and mine pools at the mine site
had acidic to neutral pH, ranged from oxic to anoxic, and
generally contained concentrations of metals, for example,
aluminum, cadmium, copper, iron, and zinc, that exceeded
aquatic toxicity standards or drinking-water standards, or
both. Surface waters directly downstream of the Eureka and
Union mines were acidic, as indicated by pH values from 3.1
to 4.2, and contained high concentrations of some elements
including as much as 11,400 micrograms per liter (ug/L) Al,
as much as 22.9 ug/L Cd, as much as 6,790 pg/L Cu, as much
as 23,300 pg/L Fe, as much as 1,400 pg/L Mn, and as much as
3,570 pg/L Zn. The concentrations of these elements exceeded
water-quality guidelines. Generally, in surface waters, the pH
increased and the concentrations of these elements decreased
downstream from the mines. The stream sediments also
contained concentrations of trace elements such as cadmium,
copper, selenium, and zinc that exceeded toxicity standards for
aquatic life. The highest concentrations of metals were found
directly downstream of the Eureka and Union mines, and con-
centrations decreased with increasing distance from the mines.
The concentrations of metals in mine drainage and in stream
sediments at the Pike Hill Superfund site were comparable to
those found at the Elizabeth and Ely mines.
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Introduction

Site Information

The Pike Hill Copper Mine was placed on the U.S. En-
vironmental Protection Agency (USEPA) National Priorities
List (NPL) in July of 2004 due to the impacts of mining-
generated contaminants on nearby aquatic ecosystems. The
Elizabeth Mine and the Ely Copper Mine also are listed on
the NPL because of aquatic ecosystem and human-health
impacts. All three abandoned mine sites worked Besshi-type
massive sulfide deposits and are in the Vermont copper belt
(fig. 1). This report focuses on the mines at the Pike Hill
Copper Mine Superfund site, which includes the Smith (also
known as Bicknell), Eureka (also known as Corinth), and
Union mines. The Eureka and Union mines, each of which
is larger than the Smith mine, are near the top and northeast
slope of Pike Hill near the town of Corinth (figs. 2 and 3).
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Figure 1. Regional locations of the Pike Hill Copper Mine, Ely
Copper Mine, and the Elizabeth Mine. Modified from McKinstry
and Mikkola (1954) and White and Eric (1944).

They are located approximately 300 meters (m) apart and are
generally considered to be a single impacted landscape. The
smaller Smith mine is on the southern flank of the hill (fig. 3).
The entire site encompasses about 87.5 hectares and contains
approximately 18,000 metric tons of mill and mine dumps that
contain an average of 1.6 percent copper (USEPA, 2004a).
The underground mines operated intermittently between 1847
and 1919, and this was the only site in the \Vlermont copper
belt where magnetic ore separation was successful. The mines
contributed an estimated 3,900,000 kilograms (kg) of copper,
which constitutes about 6 percent of the known production
from this copper belt (Kierstead, 2001). Past mining activity is
evident by open mine cuts, trenches, shafts, adits, waste-rock
piles including piles of mill tailings, and the foundations and
remnants of an ore cobbing house, a blacksmith shop, the flo-
tation/magnetic separation mill, and a tramway. The mine site
landscape is a combination of barren open areas and patches
of acid-tolerant deciduous and coniferous trees.

The northeast slope of Pike Hill Copper Mine, which
contains most of the mine waste and the physical features
associated with the Union and Eureka mines, is drained by a
single small stream, which is the headwater to Pike Hill Brook
(fig. 2). Pike Hill Brook has a stream reach of approximately
7 kilometers (km) and it enters a series of natural wetlands
approximately 3.5 km downstream from the mine site; the
outflow from the wetlands travels another 3 km before it
enters the Waits River. Surface and ground waters from the
area impacted by the Smith mine drain into a small unnamed
tributary that flows south for approximately 1.6 km before it
enters Cookville Brook (fig. 2). Approximately 4.5 km from
this confluence, Cookville Brook and its tributaries form the
South Branch of the Waits River. The South Branch then joins
the main branch of the Waits River approximately 8 km down-
stream. The Waits River eventually flows into the Connecticut
River. Both of these rivers are used for recreational purposes
and contain fisheries.

Previous Studies

Several preliminary geochemical investigations were
made in the Pike Hill area. Slack and others (1984) found
detectable gold in several stream-sediment samples from
watersheds surrounding the mines. In addition, Slack and
others (1990) reported anomalous concentrations of cobalt,
copper, and zinc in stream sediments from drainages near the
site. The massive sulfide ore was found to contain high Cd,
Co, Cu, Mn, Se, and Zn (Slack and others, 2001). The leaves
of several birch species were found to contain anomalous con-
centrations of several metals including copper and zinc, and
airborne spectroradiometric data indicated anomalous spectral
signatures for forest canopy surrounding the Eureka and Union
mines (Power and Milton, 1990).
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Thesis projects by two students from Middlebury College

in Vermont included the geochemical and mineralogical
analysis of waste-rock material (Wierscinski, 1999) and iron-
oxide precipitates (Totten, 1999). Macroinvertebrate and fish
populations in surface waters downstream of the site have
been significantly impaired because of acidic mine drainage
(U.S. Environmental Protection Agency, 2004a).

Objectives

The USEPA requested that the U.S. Geological Sur-
vey (USGS) conduct a preliminary study of mine waste,
mine drainage, and stream sediments at the Pike Hill mines
to provide a foundation for the design of a formal remedial
investigation at the site. This study focused on mine waste,
mine-drainage environments, and stream sediments. A com-
panion study assessed the current water-quality conditions and
element loads in and around the Pike Hill Brook watershed
with an emphasis on the downstream effects of the mine drain-
age on biological organisms (Kiah and others, 2007).

This report describes the type of waste piles and their
mineralogy, chemical composition, and acid-generating poten-
tial to clarify the role of the mine waste as a potential source of
contamination. Leachate tests were also done to determine the
potential mobility of various chemical constituents in runoff
from individual waste piles. Initial characterization of the mine
waste was reported in Piatak and others (2006a). The prelimi-
nary results of sequential extraction experiments for selenium
on several mine-waste samples and a stream-sediment sample
from Pike Hill were described in Piatak and others (2006b).

This report also characterizes the geochemistry of various
mine-drainage environments and compares element and acid
content with guidelines for aquatic ecosystems and drinking-
water standards to understand the aqueous geochemical envi-
ronments present in the area. The mineralogy and chemical
composition of stream sediments in the impacted watershed
were determined to provide information about the potential for
adverse impacts on the aquatic ecosystem. Elemental content
in the sediments was then compared to sediment-quality stan-
dards for freshwater ecosystems. The results from this study
were then compared to similar studies of the Elizabeth and Ely
mines.

Geologic Setting

The Vermont copper belt includes the Elizabeth, Ely, and
Pike Hill mines, as well as several smaller mines and prospects
(fig. 1). The massive sulfide deposits in the Vermont copper
belt were likely formed on an ancient seafloor by submarine
hydrothermal-exhalative and replacement processes (Slack and
others, 1993). The deposits are stratabound and generally strat-
iform, and they contain massive ores composed of pyrrhotite,
chalcopyrite, and minor sphalerite and pyrite within metasedi-
mentary and minor mafic metavolcanic rocks of Silurian and

Methods 5

Devonian age. The massive sulfides are generally closely
associated with amphibolite. The deposits and host rocks were
deformed during several stages of folding and amphibolite-
grade metamorphism (Slack and others, 1993).

The Pike Hill mines exploited a sheetlike ore zone that
strikes a few degrees west of north and dips about 30° east
(White and Eric, 1944). The deposits are in the Silurian Waits
River Formation, which consists of calcareous pelite, pelite,
minor quartzose metalimestone and metadolostone, and sparse
calcite marble. In contrast, the Elizabeth and Ely deposits
occur in the younger (Early Devonian) Gile Mountain Forma-
tion, which is characterized by siliciclastic rocks including
graphitic pelite and quartzose granofels and lesser micaceous
quartzite, calcareous pelite, hornblende schist, and amphibo-
lite (Slack and others, 1993). The host rock of the Pike Hill
deposits contains significant amounts of carbonate minerals,
and, thus, has a greater acid-neutralizing capacity than the host
rocks of the Elizabeth and Ely deposits.

Methods

Mine Waste

Sampling

Mine-waste piles at the Pike Hill mines site were divided
on the basis of waste type, color, and geographic location.
Eleven composites of soil-sized waste-pile material were
collected having a minimum of 30-equal sample increments
over a measured area divided into a stratified grid. Surface
composites of background and downslope soils consisted of
three-to-ten increments. Increments were homogenized, stored
in plastic bags, air dried, and dry-sieved through a 10-mesh
sieve so that the less than 2 millimeter (mm) soil-size fraction
was collected, and then the material was split into aliquots by
fractional shoveling (Pitard, 1993). The composite-sample
protocol was developed by the USGS for the rapid screening
and characterization of historical mine-waste piles (Smith and
others, 2002). Samples of ferricrete and hardpan were also
air-dried, sieved to less than 2 mm, and split. Grab samples
collected for mineral-identification purposes were either stored
in plastic bags or sealed plastic vials until analysis.

Mineralogy

X-ray diffraction analysis (XRD) was used by USGS
laboratories in Reston, Va., to identify minerals. XRD was
done on samples pulverized in alcohol for 3 minutes in a
McCrone micronizer equipped with agate grinding pellets. The
powder patterns were collected with a Scintag X1 automated
powder diffractometer equipped with a Peltier detector having
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CuKa radiation. The XRD patterns were analyzed with the use
of Material Data Inc.’s JADE software and standard reference
patterns. The relative amount of phases in each pattern was
estimated with the Siroquant computer program, which uti-
lizes the full XRD profile in a Rietveld refinement (Taylor and
Clapp, 1992). The accuracy of the Siroquant results is approxi-
mately + 5 weight percent.

Evidence for readily soluble salts was evaluated by filter-
ing mine-waste leachates (see below) that had been evaporated
to dryness. In addition, 2.0 grams (g) of mine waste was mixed
with 40 milliliters (mL) of deionized water (DI), shaken, and
processed in a centrifuge. Water was then decanted, and the
pH was measured. The procedure was repeated with fresh DI
each day for 8 days. The decanted waters were evaporated.
Leachate evaporates from both experiments were evaluated
with the use of XRD.

Bulk Geochemical Composition

The bulk chemical composition of solid mine-waste
samples was determined with the use of inductively coupled
plasma-atomic emission spectrometry (ICP-AES) and
inductively coupled plasma-mass spectrometry (ICP-MS)
following acid-digestion of the sample with a mixture of
HCI-HNO_-HCIO,-HF (Briggs, 2002a; Briggs and Meier,
2002). These analyses were conducted at USGS laboratories
in Denver, Colo. For interpretation purposes, the ICP-AES
results were used for the major elements (e.g., Al, Ca, Fe),
whereas ICP-MS results were used for relevant trace elements
such as As, Cd, Co, Cu, Mn, Ni, Pb, and Zn, although all of
the results are reported in the appendices. The samples were
digested with a mixture of HNO,-HF-HCIO, and analyzed for
selenium with the use of continuous-flow hydride-generation
atomic absorption spectrometry (HG-AAS) by SGS Labora-
tories (formerly XRAL) in Toronto, Canada (Hageman and
others, 2002). The USGS job numbers and laboratory-sample
numbers for entry into the National Geochemical Database
(Smith, 2002) are listed in Appendices 1 to 5 for mine waste,
leachates, reference waters and field-blank samples, waters,
and stream sediments, respectively. Certified National Institute
of Standards and Technology (NIST) reference materials were
analyzed to evaluate accuracy and precision.

Acid-Base Accounting

Acid-base account (ABA) was originally designed to
estimate the inherent capacity of coal-mine waste to produce
or to neutralize acid (Sobek and others, 1978). Currently,
this method is used to evaluate metal-mine waste as well as
coal-mine waste, and it typically includes the determination of
paste pH, which is a quick measure of relative acid generation
or acid neutralization (White and others, 1999). The paste-
pH method was based on Price and others (1997) and was
determined in USGS laboratories in Reston, Va., and in the
Vizon SciTec, Inc., laboratories in Vancouver, British Colum-

bia. ABA is numerically quantified as the net-neutralization
potential (NNP), which is the difference between the neutral-
ization potential (NP) and the acid-generating potential (AP),
and it was determined by Vizon SciTec, Inc. with the use of
a combination of the Sobek method to determine NP and the
modified Sobek method to determine AP (Sobek and others,
1978; White and others, 1999). The AP, NP, and NNP were
reported as kilograms of CaCO, per metric ton of mine waste.
For this study, NNP of less than 0 and paste pH of less than
4.0 were considered potentially acid generating (Sobek and
others, 1978).

Leachate Chemistry

A modification of the field-leach test developed by
Hageman and Briggs (2000) was done on splits of the samples
in USGS laboratories in Reston, Va. A split of the less than
2-mm size fraction was used because this represents the most
chemically reactive material in weathered mine waste (Hage-
man and Briggs, 2000). This size fraction choice may slightly
overestimate the leachability of the waste material, but it did
not appear to miss any readily leachable phases (Smith and
others, 2002). The sample was combined with a solution that
approximates eastern United States precipitation (ESP) at a
solution-to-sample ratio of 20:1 (mass basis) to provide an
indication of the potential chemical composition of runoff. A
mixture of sulfuric acid and nitric acid was added to deion-
ized water to adjust the pH to 4.2 + 0.1 (USEPA, 1994). The
mixtures were shaken for 5 minutes, and, after 24 hours, the
pH, specific conductance, dissolved oxygen (DO), tempera-
ture, and oxidation-reduction potential (ORP) were measured
on unfiltered splits. The leachates were then filtered through
0.45-micrometer (um) pore-size nitrocellulose filters and ana-
lyzed for cations by ICP-AES and ICP-MS and for the anions
chloride, fluoride, nitrate, and sulfate by ion chromatography
(IC) in USGS laboratories in Denver, Colo. The ICP-AES,
ICP-MS, and IC analyses were done according to USGS meth-
ods outlined in Lamothe and others (2002), Briggs (2002b),
and Theodorakos and others (2002). The ICP-AES results
were used for major elements, the ICP-MS were used for trace
elements, and the IC results were used for anions. Concentra-
tions of dissolved total iron and ferrous iron were determined
with the use of colorimetric Kits containing 1, 10 phenanthro-
line indicator on a Hach DR/2000 spectrophotometer.

Water Sampling and Analysis

Field methods for aqueous samples were based on those
described by Ficklin and Mosier (1999). Samples were col-
lected in 1-liter high-density polyethylene bottles that were
rinsed twice with sample water prior to collection. Splits
were filtered through 0.45 pm pore-size nitrocellulose filters.
Filtered and raw splits, which were acidified with ultra-pure
nitric acid and stored in high-density polyethylene bottles that
were acid-washed with 10 percent HCI, were analyzed for



dissolved and total acid soluble cations, respectively. Filtered
and unacidified aliquots for anion and alkalinity analysis
were stored in high-density polyethylene bottles that were not
acid-washed and were refrigerated until they were analyzed.
Unacidified splits for dissolved organic carbon (DOC) were
filtered, stored in precombusted glass vials, and frozen upon
return to the laboratory.

Water temperature, pH, specific conductance, DO, ORP,
dissolved ferrous iron, and dissolved total iron were measured
on site at the time of sample collection. The pH was measured
with the use of an Orion 290A meter fitted with an Ag/AgCl
epoxy electrode and temperature probe; specific conductance
was measured with an Orion 135 specific conductance meter.
DO was analyzed with the use of Chemetrix high-range
ampoules, and ORP was determined with the use of an Orion
290A meter fitted with an ORP triode electrode (model 91-79)
and calculated in reference to Orion ORP standard 967901.
Concentrations of dissolved total iron and ferrous iron were
determined with the use of colorimetric Kits containing 1, 10
phenanthroline indicator on a Hach DR/2000 spectrophotom-
eter. Alkalinity samples were analyzed by Gran titration with
0.18 N H,SO,.

Water samples were analyzed for cations by ICP-AES
and ICP-MS and for the anions chloride, fluoride, nitrate,
and sulfate by IC in USGS laboratories in Denver, Colo. The
ICP-AES, ICP-MS, and IC analyses were performed accord-
ing to USGS methods outlined in Lamothe and others (2002),
Briggs (2002b), and Theodorakos and others (2002). The
ICP-AES results were used for the interpretation of major ele-
ments, ICP-MS was used for trace elements, and IC was used
for anions. Concentrations of DOC were determined by high
temperature combustion and measurement of evolved CO, by
infrared detections in the Marine Chemistry Laboratory at the
University of Washington (Hedges and Stern, 1984).

Stream-Sediment Sampling and Analysis

Stream-sediment samples were composites of at least
30-sample increments, and they were wet-sieved in the field
to remove material coarser than 2 mm. Homogenized samples
were then air dried and dry-sieved to less than 80 mesh or the
177-um fraction (Peacock and others, 2002). Minerals were
identified by use of XRD as described above for mine-waste
samples. The relative amounts of phases were determined with
the Siroquant computer program by the procedure outlined
previously for mine-waste samples.

The bulk chemical composition of the stream-sediment
samples was determined with the use of ICP-AES and ICP-
MS following acid-digestion of the samples with a mixture of
HNO,-HCI-HCIO,-HF; this analysis was done by SGS Labo-
ratories, Toronto, Canada. An aliquot of the digested sample
was aspirated into the ICP-AES and ICP-MS, and optimal
elements from each were determined. The samples also were
analyzed for selenium with the use of HG-AAS after digestion
of the samples with a mixture of HNO_-HF-HCIO,; this was
conducted by SGS Laboratories (Hageman and others, 2002).
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Sample Descriptions and Locations

Mine-Waste Samples

Sampling site locations are shown on figure 3, and
sample descriptions and sampling site locations are listed
in tables 1 and 2. Three mine-waste composites and several
other samples were collected from the Smith mine. Compos-
ite sample 04Smith1 was collected below the organic layer
from the uppermost waste pile (fig. 4A). Sample 04Smith1-1
of weathered sulfidic ore coated with efflorescent sulfate
salts was collected from this uppermost waste pile (fig. 4B).
In addition, sample 04Smith1-2 was collected from jarosite-
rich soil on the slopes of this waste dump. Composite sample
04Smith2 was collected from the waste pile that was near
the Smith mine adit (fig. 4C). It consisted of sandy soil and
oxidized ore boulders, and it contained less organic material
(leaves and plants) than sample 04Smith1. The last compos-
ite mine-waste sample, 04Smith3, from the Smith mine was
collected from the lowermost dump downslope of the adit; the
soil from this dump was sandy and locally contained clots of
jarosite and oxidized ore boulders (fig. 4D). Sample 04Smith4
from a hardpan layer below the organic layer was collected
approximately 23 m downslope from the toe of the waste
piles (fig. 4E). In addition, a 3-increment composite, sample
04Smith5, of a brown soil horizon beneath the leaf litter was
collected in this area (fig. 3). Two composite background-soil
samples, 04Smith6 and 04Smith7, were collected at locations
that were not impacted by mining (fig. 3).

Most of the solid samples collected for this study were
collected from the landscape surrounding the Eureka and
Union mines near the top of Pike Hill (fig. 3; table 1). Com-
posite sample 04PKHL1 was collected from the waste piles
adjacent to the open cuts at the top of Pike Hill (fig. 4F).
This area was barren and had boulders that locally contained
clots of jarosite. Sample 04PKHL2 was a composite col-
lected from a mine-waste pile approximately 10-m wide that
contained a mound of ore, which is shown by an arrow in
figure 5A. Sample 04PKHL2-1of oxidized sulfidic ore also
was collected in the same area. The series of north-south
trending waste piles uphill of the main Eureka mine adit from
which sample 04PKHL3 was compiled is shown in figure 5B.
Yellowish-green coatings on rock chips were collected as
sample 04PKHL3-1. Water sampling site PKHL-1 was
located at the main Eureka mine adit (fig. 5C). At this adit,
samples 04PKHL4-C and -D were collected from blue and
white amorphous coatings on the wet rock face (fig. 5D) and
samples 04PKHL4-A, ochre floc (fig. 5E), and 04PKHL4-E,
tan precipitate, were both collected just above the waterline on
the rock face. Sample 04PKHL4-B was collected from ochre
stalactites in the adit entryway, and sample 04PKHL4-F was
collected from host rock from the adit wall.



Table 1. Sample descriptions for mine-waste and solid-grab samples from the Pike Hill mines study area.

[cm, centimeters; m, meters; °C, degrees Celsius; Dup, field replicate sample]

Location

Description

Uppermost dump at the Smith mine. Adjacent
pond (water site CKBK-4).

ﬁ%@aﬂgﬁgame as above.

Location same as above.
Middle dump near main Smith mine adit

(water site CKBK-5).
Lowermost dump below main Smith mine adit.

Swampy area with ferns in woods 23 m down

slope from toe of lowermost mine-waste

Series of holes dug at 30 m, 46 m, and 61 m

downslope from lowermost mine-waste
dump. Location given for 30 m hole.

Background soil sample (water site CKBK-2).
Background soil sample (water site CKBK-2).

Mine-waste dump adjacent to open cuts at top

Mine waste along all-terrain-vehicle trail just

down slope from 04PKHL1. Mine waste
spread along 10 m of hillside with ore

Sample .
number Mine Sample type  Date
04Smithl Smith Mine-dump 10/19/04
posite

04Smith1-1 Smith REEk 10/19/04
04Smith 1-2 Smith Mineral 10/19/04
04Smith2 Smith Mine-dump 10/19/04

composite
04Smith3 Smith Mine-dump 10/19/04

posite
04Smith4 Smith Apan 10/19/04
dump.

04Smith5 Smith Soil 10/19/04
04Smith6 Smith Soil 10/19/04
04Smith7 Smith Soil 10/19/04
04PKHL1 Eureka Mine-dump 10/20/04

composite of Pike Hill.
04PKHL2 Eureka Mine-dump 10/20/04

composite
04PKHL2-1 Eureka Rock 10/20/04

(BRHAB A ANENEAShB0Y:

Olive-yellow sandy soil with weathering sulfidic ore. Covered with
ganic material.

\,\%Xﬁ’?e?gg Hiidic ore with coating of white salts.

Sample of locally developed yellow soil on slopes of waste dump.

Olive-yellow sandy soil and oxidized ore boulders. More mine

waste, less jarosite, and less organic material than noted for

eARaifelow sandy soil and oxidized ore boulders, locally clots of
jarosite.
Ochre hardpan below yellow jarositic layer. Hardpan encountered at

5-8 cm below organic debris horizon.

Strong-brown soil samples 2.5-15 cm below organic horizon.

Composite sample of this horizon from three holes. Note that

O-layer thickness increases from 10 cm at 30 m downslope to

20 c¢cm at 46 m downslope to 30 cm at 61 m downslope.
Upslope background-soil sample away from mining-impacted area.

Upslope background-soil sample away from mining-impacted area.

Barren, sandy, brownish-yellow, mine-waste dump. No boulders;

scattered pieces of weglsiegque AOALSRUUTY Tostt R ins
No erosion gullies.

to the west. ) .
Same character as 04PKHL1 but locally contains an ore pile. More

cobbles and boulders, and drains to the east. Ore is fresh.

Oxidized sulfidic ore from small ore pile.
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Table 1. Sample descriptions for mine-waste and solid-grab samples from the Pike Hill mines study area—Continued

[cm, centimeters; m, meters; °C, degrees Celsius; Dup, field replicate sample]

Sample . . .
number Mine Sample type Date Location Description
04PKHL3 Eureka Mine-dump 10/20/04  Series of north-south trending mine-waste piles  Sandy yellow soil with jarosite clots. Many fist-size cobbles of
composite just above main Eureka mine adit. oxidized ore and country rock. Yellow-green coating on some
pebbles. No fresh ore. Some shallow erosion gullies indicative
04PKHL3-1 Eureka Mineral 10/20/04 Location same as above. posw taapswiifyellow-green coating.
04PKHLA4-A Eureka Mineral 10/20/04 Main Eureka mine adit. Ochre floc in mine pool at adit.
04PKHL4-B Eureka Mineral 10/20/04 Location same as above. Ochre stalactites growing from drips along adit entryway.
04PKHL4-C Eureka Mineral 10/20/04 Location same as above. Bright blue precipitate on wet rock face at adit.
04PKHL4-D Eureka Mineral 10/20/04 Location same as above. White precipitate on wet rock face at adit.
04PKHLA4-E Eureka Mineral 10/20/04  Location same as above. Tan floc just above waterline of adit pool.
04PKHL4-F Eureka Mineral 10/20/04  Location same as above. Chips of host rock to white precipitate.
04PKHL5-A Union Mineral 10/20/04  Adit in wooded area north of Eureka main adit.  White foam floating on top of mine pool. Note that white material
Western-most adit for the Union mine. forms a paint-like stripe of precipitate closest to the wallrock and
adjacent to a blue stripe of precipitate. White precipitate also lines
. . . the bottom of the pool. . . . .
04PKHL5-B Union Mineral 10/20/04  Location same as above. Thick blue precipitate coating organic material along decline to adit
pool.
04PKHL5-C Union Mineral 10/20/04 Location same as above. Vial of pure blue precipitate.
04PKHL6 Union Mineral 10/20/04  Adit in wooded area adjacent to long, narrow Starburst sprays of delicate white gypsum crystals growing from
engineered hal:jlageway. Remnants Of brick adit Ceiling. No other salts observed.
04PKHL7 Eurekaand Mine-dump 10/20/04 E&%%%‘i%/%a&ﬁ?ed area of mine-waste dumps Sandy, brownish-yellow, mine-waste soil with cobbles and locally,
Union composite below the Eureka and Union mine adits and boulders up to 0.5 m across of weathering ore. Note deep erosion
above the road and foundation of a terraced gullies on dump surfaces are much more pronounced than on
building (possibly the flotation mill plant). dumps at higher elevations.
04PKHLS8 Eureka Mineral 10/20/04  Adit directly above the Eureka adit. Bright blue salts growing on sprays of white gypsum on adit ceiling.
04PKHL9 Eurekaand Mine-dump 10/20/04  Partly burned flotation-tailings pile above the Locally red where burned. Deep gullies expose black tailings. Top
Union composite mine road. of pile is aboutgif 19 BeEReTRNEEHRHE NisehRAKEdS M above

tha rnad N
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Table 1. Sample descriptions for mine-waste and solid-grab samples from the Pike Hill mines study area—Continued
[cm, centimeters; m, meters; °C, degrees Celsius; Dup, field replicate sample]

Sample

number Mine Sample type  Date Location Description
04PKHL9-A Eurekaand  Tailings 10/20/04  Partly burned flotation-tailings pile above the Red, hematite-rich tailings.
04PKHL9-B Biveka and Tailings 10/20/04 ﬂ%&qu%game as above. Gray tailings dug from gully area.
04PKHL9-C Eiveka and Tailings 10/20/04 Location same as above. Jarosite-rich material above gray tailings.
04PKHL10 BiieRa and Mine-dump 10/20/04  Tailings piles below the road. Note material Sandy, quartz-rich processed flotation-mill tailings in several piles.
Union composite from pile 04PKHL9 present in road and No vegetation or ore.
dr%pes oa/fFr) Slﬁ?_e below the road to just
. above . . . . .
04PKHL11 Eurekaand Mine-dump 10/20/04 Larg(\e/ area of barren mine waste below the Mine-waste dumps with local concentrations of weathering ore
i posite . Efflorescent sulfate salts observed.
05PKHL11-Dup B and  §Me-dump 8/3/05 KR AFEESFBAfen mine waste below the Reslsim RctePRBdSHith local concentrations of weathering ore
i posite . plicate Efflorescent sulfate salts observed.
04PKHL11-A  EM3and  S@ings 10/20/04  (BOGiBCERPAL Bbve. peretdersmrchaabRIsDf dark-gray flotation tailings.
04PKHL11-1 Eieka and  Rock 10/20/04 Location same as above. Weathered ore cobbles coated with white salts on mine-waste dump.
snowballs Union Air temperature recorded as 8.8° C and relative humidity as
59.4 percent.
04PKHL12 Eureka and  Ferricrete 10/20/04  Seep area below mine-waste piles 04PKHL11 Flat ferricrete terrace forming at seeps from base of mine-waste pile.
Union (water site PKHL-7). Ferricrete is semi-hard, incorporates leaves. Note Ulothrix in
seeps.
04PKHL13 Eurekaand Mine-dump 10/20/04 Lowermost mine-waste piles at Pike Hill. Mine-waste piles with clots of yellow jarosite, cobbles and boulders
Union composite of weathered ore and country rock.
04PKHL13-A Eurekaand Rock 10/20/04 Location same as above. Thin, yellow-green coatings locally developed on rock chips on mine
Union waste in dry seep area at base of large dump.
04PKHL13-B Eurekaand Ferricrete 10/20/04 Location same as above. Ferricrete developed in dry seep area at base of lowermost large
. . P:
04PKHL14 Eiieka and  Mineral 10/20/04 Mine waste below the mine access road. mFeRiwasEIBE in mine waste.

oL
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Table 2. Locations and Munsell soil color for select solid samples from the Pike Hill mines study area.
[n.d., not determined,; latitude and longitude in decimal degrees and referenced to WGS 84, corners of sampling grid (1 to 4) given for composites; Dup, field replicate sample]

Munsell soil
Sample number SI\(;Iil:r:;el(I)Ir colck))r Latitude 1 Longitude 1 Latitude 2 Longitude 2 Latitude 3 Longitude 3 Latitude 4 Longitude 4
number
04Smithl Olive yellow 25Y 6/6  44.054694 -72.305528 44.054722 -72.305722 44.054861 -72.305778 44.054889 -72.305500
04Smith2 Olive yellow 2.56/6 44.054528 -72.305639 44.054528 -72.305472 44.054472 -72.305528 44.054528 -72.305667
04Smith3 Olive yellow 2.56/6 44.054639 -72.305167 44.054556 -72.305028 44.054583 -72.304944 44.054722 -72.304722
04Smith4 Dark yellowish brown  10YR 4/4  44.054639 -72.304528
04Smith 5 Strong brown 75YR4/6  44.054556 -72.304417
04Smith6 Yellowish brown 10YR5/4  44.057217 -72.303336
04Smith7 Yellowish brown 10YR5/6  44.056972 -72.303442
04PKHL1 Brownish yellow 10YR 6/8  44.060611 -72.308222 44.060500 -72.308972 44.060833 -72.308583 44.060889 -72.308139
04PKHL2 Yellow 25Y7/6  44.060889 -72.308139 44.061028 -72.308056 44.060972 -72.307972
04PKHL3 Yellow 25Y7/6  44.061806 -72.307417 44.061444 -72.307556 44.061639 -72.307889 44.061750 -72.307917
04PKHL4-A thru F n.d. n.d. 44.061944 -72.307806
04PKHLS5-A thru C n.d. n.d. 44.062583 -72.307917
04PKHL6 n.d. n.d. 44.062972 -72.307806
04PKHL7 Brownish yellow 10YR6/8  44.062583 -72.307056 44.062694 -72.306694 44.062583 -72.306500 44.062389 -72.307000
04PKHLS8 n.d. n.d. 44.061194 -72.307861
04PKHL9 Yellowish brown 10YR5/6  44.062583 -72.305194 44.062500 -72.305583 44.062583 -72.305667 44.062722 -72.305611
04PKHL9-A Red 10R 4/6 n.d. n.d.
04PKHL9-B Gray 6/N n.d. n.d.
04PKHL9-C n.d. n.d. n.d. n.d.
04PKHL10 Brown 75YR5/4  44.062917 -72.305917 44.063111 -72.305778 44.062806 -72.305250 44.062750 -72.305306
04PKHL11 Yellow 25Y 7/6  44.063528 -72.305111 44.063889 -72.305278 44.064056 -72.304694 44.063639 -72.304472
05PKHL11-Dup Yellow 10YR7/8  44.063528 -72.305111 44.063889 -72.305278 44.064056 -72.304694 44.063639 -72.304472
04PKHL11-A Dark gray 2.5Y 4/1 n.d. n.d.
04PKHL11-1 n.d. n.d. 44.064056 -72.304694
04PKHL12 Strong brown 75YR4/6  44.063750 -72.304417
04PKHL13 Yellow 25Y7/6  44.063861 -72.303944 44.063944 -72.303333 44.063806 -72.303333 44.063694 -72.303722
04PKHL13-A n.d. n.d. 44.063944 -72.303333
04PKHL13-B Strong brown 75YR4/6  44.063944 -72.303333
04PKHL14 n.d. n.d. 44.063450 -72.304192
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CKBK-4 .
o 04smith1-1

04Smith1

04Smith2 04Smith3

04Smith4

04PKHL1

Figure 4. Sampling sites at the Pike Hill Copper Mine Superfund site. A. Site of composite mine-waste
sample 04Smith1. Ponded water is water sampling site CKBK-4. B. Sample 04Smith1-1 was collected from
white salts on weathered ore. C. Site of composite mine-waste sample 04Smith2. D. Site of composite
mine-waste sample 04Smith3. E. Site of hardpan sample 04Smith4. F Site of composite mine-waste sample
04PKHLI. (Sample and site numbers are shown in white boxes.)
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04PKHL2 04PKHL3
PKHL-1 04PKHL4-D 04PKHL4-C
PKHL-4
04PKHL4-A
04PKHL5-B &C
04PKHL5-A

Figure 5. Sampling sites at the Eureka and Union mines at the Pike Hill Copper Mine Superfund site.

A. Site of composite mine-waste sample 04PKHL2. The arrow indicates fresh sulfidic ore. B. Site of
composite mine-waste sample 04PKHL3. €. The main Eureka mine adit, where water site PKHL-1 was
located. D. Samples 04PKHL4-C of blue precipitate and 04PKHL4-D of white precipitate were collected from
the wall of the Eureka mine adit. E. Sample 04PKHL4-A was collected from ochre floc just above waterline
of the Eureka adit mine pool. £ Samples 04PKHL5-A of white foam, 04PKHL5-B of blue precipitate, and
04PKHL5-C of blue precipitate were collected from the adit. Water sampling site PKHL-4 was located at the
mine pool. (Sample and site numbers are shown in white boxes.)
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14 Geochemical Characterization of the Pike Hill Copper Mine Superfund Site, Orange County, Vermont

Water samples for site PKHL-4 and several solid grab samples

were collected from an adit, which likely had been part of the
Union mine workings, north of the Eureka mine adit (fig. 5F).
Sample 04PKHL5-A was collected from white, foamy mate-
rial that was floating on the surface and coating the bottom of
the mine pool, and samples 04PKHL5-B and -C were col-
lected from blue precipitate-coated rock at the entrance to the
adit (fig. 5F); organic materials and white precipitate-coated
rock also were present. To the northeast, sample 04PKHL6
was collected from starburst sprays of delicate white gyp-
sum crystals coating the ceiling of an adit in a wooded area
(fig. 3). A composite mine-waste sample, 04PKHL7, was
collected from the unvegetated area downslope of the Eureka
and Union mine workings and upslope of the mine access
road (figs. 3 and 6A). These waste piles had deep, eroded gul-
lies and contained cobbles and boulders of weathered ore as
much as 0.5 m in diameter. Sample 04PKHL8 was collected
from bright blue, efflorescent salts grown on gypsum sprays
(fig. 6B). Samples collected upslope from the mine access
road included composite sample 04PKHL9, from the partially
burned flotation-mill tailings (fig. 6C), and grab samples
04PKHL9-A of the red burnt material, sample 04PKHL9-B of
gray material that was exposed in erosional gullies (fig. 6D),
and sample 04PKHL9-C of jarositic soil above the gray
material (fig. 6D). In 1993, the Corinth Fire Department was
informed that smoke was emanating from the mine. Spontane-
ous oxidation and combustion of reactive sulfides apparently
caused this section of mine waste to smolder (U.S. Environ-
mental Protection Agency, 2004a).

Downslope from the mine access road, sandy, quartz-
rich, processed flotation-mill tailings are distinctive visually
in contrast to the surrounding mine-waste piles (fig. 6E);
composite sample 04PKHL10 was collected from this mate-
rial. A large area of barren mine waste below the mine access
road was sampled as composite 04PKHL11 (fig. 6F), and it
was resampled as a field replicate in 2005 as 05PKHL11-Dup.
Weathering sulfidic ore boulders and cobbles were observed,
and sample 04PKHL11-1 was collected from some that had
efflorescent sulfate salts. Nearby, sample 04PKHL11-A was
collected from a localized concentration of dark-gray flotation
tailings (fig. 7A). Water sampling sites PKHL-7 and PKHL-8
were located at two seeps that emerged from the base of waste
pile 04PKHL11, and sample 04PKHL12 was collected from
the ferricrete terrace forming around these seeps (fig. 7B).
Composite mine-waste sample 04PKHL 13 was collected
from the lowermost waste piles at Pike Hill (fig. 7C). These
waste piles contained cobbles and boulders of weathered ore
and country rock and clots of jarosite; jarositic clots were
collected as sample 04PKHL14. Sample 04PKHL13-A from
rocks with thin yellowish-green coatings (fig. 7D) and sample
04PKHL13-B of a ferricrete were collected from a dry seep at
the base of the lowermaost mine dump.

Water and Stream-Sediment Samples

Mine-drainage environments were characterized by the
collection and analysis of samples of surface-mine drain-
age, mine pools, seeps, downstream waters, and background
waters. These samples were collected in October 2004 and
August 2005 (figs. 2 and 3; table 3). In conjunction with this
study, a regional watershed study that was conducted from
October 2004 to December 2005 assessed the hydrology and
quality of surface waters in and around the Pike Hill Brook
watershed (Kiah and others, 2007). During that study, synoptic
water-quality samples were collected at 10 sites in Novem-
ber 2004, June 2005, and August 2005 and at 9 sites in April
2005. In addition, monthly water-quality samples and continu-
ous data for streamflow, water temperature, pH, and specific
conductance were collected at several of these sites from
December 2004 to September 2006.

The August 2005 synoptic sampling results of 10 water-
shed samples collected during the regional assessment (Kiah
and others, 2007) are included in this report. These samples
are designated with the Water Resources Discipline sta-
tion number given in table 3 (“0113...”) followed by “Aug.”
Stream-sediment samples also were collected and are des-
ignated with the Water Resources Discipline station number
(“0113...”) followed by “-SD” (table 3).

Five water sites and one stream-sediment site were
sampled from the Smith mine area (figs. 2 and 3). Waters from
this mine drain into an unnamed tributary to Cookville Brook.
Site CKBK-1, which includes water samples CKBK-1-2 and
01139940Aug and stream-sediment sample 01139940-SD,
was located in this unnamed tributary downstream of the
impacted area (fig. 2). An acidic seep downslope of the mine
site enters the tributary, and water samples CKBK-2-2 and
CKBK-2-3 were collected from that site (fig. 8A). In the mix-
ing zone of the seep with the tributary, white precipitate coated
the streambed. The tributary upstream of the Smith mine was
chosen for the site of background samples CKBK-3-2, col-
lected in October 2004, and CKBK-3-3, collected in August
2005 (fig. 8B). Site CKBK-4 was ponded water located in a
shallow pit at the site (fig. 4A) and site CKBK-5 was the mine-
pool water at the Smith mine adit (fig. 8C).

Samples of surface, seep, and mine-pool waters and
stream sediments were collected from areas directly impacted
by the Eureka and Union mines. As shown in figure 3, mine-
pool waters included water from the Eureka mine adit where
site PKHL-1 was located (fig. 5C), perched mine-pool water
from an adit on the western edge of the Union mine where
site PKHL-4 was located (fig. 5F), and mine-pool water from
the Union mine haulageway where site PKHL-5 was located.
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04PKHL8
04PKHL7

C D
04PKHL9-C

v

™~

04PKHLY-B
04PKHL9

E

04PKHL10 04PKHL11

Figure 6. Sampling sites at the Pike Hill Copper Mine Superfund site. A. Site of composite mine-waste
sample 04PKHL7. B. Sample 04PKHL8 was collected from blue chalcanthite and white gypsum crystals on the
ceiling of an adit near the main Eureka mine adit. €. Composite sample 04PKHL9 was collected from partly
burned tailing. D. Sample 04PKHL9-B was collected from gray material exposed in a gully. The overlying yellow
layer was the site of sample 04PKHL9-C. E. Site of composite processed tailings sample 04PKHL10. F. Site of
composite mine-waste sample 04PKHL11. (Sample numbers are shown in white boxes.)
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A

04PKHL11-A

04PKHL13

Figure 8. Water-
quality sampling

sites at the Pike

Hill Copper Mine
Superfund site. A. Site
CKBK-2 was a seep to
unnamed tributary to
Cookville Brook. B. A
background-water
sample was collected
upstream of Smith
mine at site CKBK-3.
C. Site CKBK-5 was the
Smith mine adit, where
mine-pool water was
collected underneath
the collapsed roof.

D. Site PKHL-9 was
the Eureka and Union
mines drainage. (Site
numbers are shown in
white boxes.)

N\

04PKHL12

CKBK-2

CKBK-5

PKHL-8

\

PKHL-7

04PKHL13-A

CKBK-3

Figure 7. Sampling sites

at the Pike Hill Copper Mine
Superfund site. A. Dark-
gray unoxidized flotation-
mill tailings where sample
04PKHL11-A was collected.
B. Water sampling sites
PKHL-7 and PKHL-8 were
located at the seeps at the
base of waste pile 04PKHL11.
Sample 04PKHL12 was
collected from a ferricrete
deposit. €. Composite sample
04PKHL13 was collected from
the lowermost mine-waste
piles. D. Sample 04PKHL13-A
was collected from
yellowish-green coatings on
dry seep ferricrete. (Sample
and site numbers are shown
in white boxes.)
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Table 3. Locations of water and stream-sediment samples collected from the Pike Hill mines study area.

[GD, Geologic Discipline; WRD, Water Resource Discipline; n.a., not applicable because no sample was collected]

Water site Water site Station Stream-sediment
number number number sample number Latitude Longitude  Water type Location description
(GD) (WRD)" (WRD) (GD)
CKBK-1 10 01139940 01139940-SD 44.046000 -72.298400 Downstream  Unnamed tributary to Cookville Brook. Downstream of impacted area.
CKBK-2 n.a. n.a. n.a. 44.053800 -72.302850 §gg£ace Seep entering unnamed tributary to Cookville Brook from west side at
. . precipitate near Smith mine.

CKBK-3 n.a. n.a. n.a. 44.056817 -72.303833 Background qugﬁ\%g?g%%ﬁﬁsﬂﬁgd%%Wo Cookville Brook upstream of

CKBK-4 n.a. n.a. n.a. 44.054800  -72.305750 Surface mine  SHitA MR atagisht ponded water north of main shaft. Abundant leaf
drainage i ial fi

CKBK-5 n.a. n.a. n.a. 44054567  -72.305700 Mine pool et and pacterial Tl mine adit.

PKHL-1 n.a. n.a. n.a. 44.061933 -72.307750 Mine pool Eureka main adit mine pool.

PKHL-2 n.a. n.a. n.a. 44.063917 -72.303067 Surface mine  Headwaters of Pike Hill Brook downstream of Pike Hill mines,
drainage i

PKHL-4 na. na. na. 44062733  -72.307833 Minepool  PRNARHCOMA WasE R Bhese RN AR FeRody, just north of

Eureka mine adit. White and green precipitate seeping from hill next
to stgpe. Pool has thick white precipitate on bottom, frothy white on

PKHL-5 n.a. n.a. n.a. 44063433 -72.307217 Mine pool Uhion mine haulageway. Bluish white precipitate on bottom, water is

PKHL-6 n.a. n.a. n.a. 44.063933 -72.305667 Surface mine §llleead'm draining Union mine haulageway area, just prior to infiltrating
draina 9€ piles.

PKHL-7 n.a. n.a. n.a. 44.063783  -72.304500 Seep wBrvasi8ise of lower mine waste dump, northwestern-most seep.

PKHL-8 n.a. n.a. n.a. 44.063717 -72.304450 Seep Seep 2 at base of lower mine waste dump, seep between seep 1 and

PKHL-9 n.a. n.a. n.a. 44.063650 -72.304383 Surface mine §HH3€8 \;\Ilgygr from Eureka mine area downstream of lower mine dump
drainage i

PKHL-10 1 01139830  01139830-SD  44.063889  -72.209100 Surfacemine P ehBiSSR%bove Richardson Road. Drainage from Eureka and

drainage

Unions mines upstream from first clean tributary. Eighteen meters

upstream of confluence with neutralr é‘ é%aB'r'e tir;)el%gt]e(g#%%l'(%.lﬁel d

where white precipitates form.
duplicates of water samples and lab replicate of stream sediment

analvszad far rhamictns

suoneao pue suonduasaq ajdweg
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Table 3. Locations of water and stream-sediment samples collected from the Pike Hill mines study area—Continued
[GD, Geologic Discipline; WRD, Water Resource Discipline; n.a., not applicable because no sample was collected]

Water site Water site Station Stream-sediment

number number number sample number Latitude Longitude  Water type Location description
(GD) (WRD)* (WRD) (GD)
n.a. n.a. n.a. 01139830-SD-BC 44.063889 -72.301944 Downstream  Pike Hill Brook several meters downstream of confluence with first
surface i i ini
PKHL-11 2 011398302  011398302-SD  44.064867  -72.301600 Background  Corem I an WRLe WIS ANd e anesi 0% RECIRIAESE s into
. ge from mines. At confluence, white precipitate forming.
PKHL-12 4 01139833 01139833-SD 44.057667 -72.280900 Downstream Iﬂ%rﬁill Brook at Pike Hill Road, West Crossing. Downstream from
surface ) ] pacted tributary.
PKHL-13 5 01139838 01139838-SD 44053333  -72.253333 Downstream  PHREIHANCBMBR AMbMdge on Pike Hill Road between wetlands.
PKHL-14 6 01139839 01139839-SD 44.054867  -72.245117 BBUAream  Pike Hill Brook downstream of wetlands at Miller Road.
PKHL-15 8 01139826 01139826-SD 44077283 -72.259667 B4H&Gfound  Waits River upstream of confluence with Pike Hill Brook at Rt. 25
. ge crossing, near school.
PKHL-16 n.a. n.a. n.a. 44.063667 -72.292694 Downstream Iﬂﬂg Hill Brook downstream of PKHL-10 and PKHL-11 confluence
Located between PKHL-10 and
surface where road crosses the brook.
PKHL-17 n.a. n.a. n.a. 44.048222 -72.255250 Background WW&SEike Hill Brook upstream of lower wetland.
01139832 3 01139832 01139832-SD 44.062500 -72.288611 Downstream  Pike Hill Brook at Carpenter Place.
01139840 7 01139840 01139840-SD 44062222 72235000 B¢WSream  Pike Hill Brook at mouth.
01139841 9 01139841 01139841-SD 44.055278 -72.221667 58%%9[ream Waits River at Village Road downstream of confluence with

"WRD site number used in Kiah and others (2007). Water-sample numbers are the Geologic Discipline site ﬁHHS‘e’FWith the st-ﬁ?( Hi" ﬁfr‘%%lﬁ\ples collected in October 2004 or with the
suffix "-3" or "Aug" for samples collected in August 2005. Stream-sediment samples are designated with the suffix "-SD" and the Water Resources Discipline station number.

8l
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As discussed above, samples from white and blue precipitates
were collected from the perched Union mine adit, and samples
were not collected from bluish-white precipitate that coated
the bottom of the Union mine haulageway. Downhill from
the mine access road, water samples PKHL-7-2, PIKHL-7-3
and PKHL-8-2 were collected from two seeps that emanated
from the base of the mine-waste dump where solid sample
04PKHL11 was collected (figs. 2, 3, and 7B). Seep PKHL-8
was dry during the second sampling in August 2005. Surface-
water site PKHL-6 was located at a stream that drains the
Union mine haulageway area, after it disappears underground
for approximately 80 m and then reappears, prior to infiltrat-
ing mine dump 04PKHL11 (fig. 3). Site PKHL-9 was drain-
age from the Eureka mine area downstream of the mine dump
adjacent to the two seeps (fig. 8D), and site PKHL-2 was the
headwaters of Pike Hill Brook, downstream of the Pike Hill
mines. Farther downstream, a second sampling site, PKHL-
10, was located at the headwaters of Pike Hill Brook near
Richardson Road (fig. 9A), and site PKHL-11 was upstream
from the confluence with an unimpacted tributary. (See figs. 2
and 3 for map locations.) Stream-sediment samples also were

PKHL-10

PKHL-13
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collected from two of these water sampling locations and are
01139830-SD, located at site PKHL-10, and 011398302-SD,
located at site PKHL-11. Stream-sediment sample 01139830-
SD-BC was collected a few meters downstream of the conflu-
ence of Pike Hill Brook and the first unimpacted tributary,
where white and orange precipitates coated the streambed; the
abbreviation “BC” in the sample name was added to indicate
“below confluence.” Approximately 600 m downstream of
the confluence, water sample PKHL16-3 was collected. In
addition, water and stream-sediment samples were collected
approximately 400 m downstream of site PKHL-16 at site
number 01139832 (fig. 2).

A series of three natural wetlands, which potentially
could affect the geochemical cycles of sulfur and other
elements from mine drainage, are approximately 3.6 km
downstream from the mine site in Pike Hill Brook (fig. 2).
Water samples PKHL-12-2, collected October 2004, and
01139833Aug, collected August 2005, and stream-sedi-
ment sample 01139833-SD, collected August 2005, were
from Pike Hill Brook upstream of the wetlands where
Pike Hill Road crosses the brook (fig. 9B). Water samples

PKHL-12

01139841

Figure 9. Water-quality sampling sites at the Pike Hill mines study area. A. Mine drainage downstream of
the Eureka and Union mines at gaging station. B. Water sampling site PKHL-12 was located downstream of
the confluence with a clean tributary. C. Site of Pike Hill Brook sample PKHL-13. D. Site of Waits River water

sample 01139841. (Site numbers are shown in white boxes.)
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PKHL-13-2 and 01139838Aug, and stream-sediment sample
01139838-SD were collected between two of the wetlands
where the road again crosses the brook (fig. 9C), and water
samples PKHL-14-2 and 01139839Aug, and stream-sedi-
ment sample 01139839-SD were collected downstream of the
wetlands at Miller Road. Water site PKHL-17 was located

at an unimpacted tributary to Pike Hill Brook upstream of
the lower wetland (fig. 2). Water samples PKHL-15-2 and
01139826Aug, and stream-sediment sample 01139826-SD
were collected from the Waits River upstream of the conflu-
ence with Pike Hill Brook. In addition, Pike Hill Brook was
sampled at its mouth, where water sample 01139840Aug and
stream-sediment sample 01139840-SD were collected, and
the Waits River was sampled downstream of the confluence
with Pike Hill Brook, where water sample 01139841Aug and
stream-sediment sample 01139841-SD were collected (figs. 2
and 9D).

Weight Percent

Results and Discussion

Mine Waste

Mineralogy

Semiquantitative mineralogy results for composites and
several grab samples from Siroquant analysis of XRD patterns
are shown in table 4 and figure 10. In table 4, primary miner-
als are listed first, followed by secondary minerals. Primary
minerals formed at the same time as the rock enclosing them;
secondary minerals formed later than the rock enclosing them
(Neuendorf and others, 2005). The primary and secondary
mineral percentages sum to 100 weight percent and are for
the crystalline part of the sample. Table 5 lists the mineral-
ogy for mine-waste and grab samples that were not analyzed
by Siroquant and that, therefore, are not listed in table 4. The
primary purpose of these samples was mineral identification
rather than quantification.

@ Calcite

B Sulfides
O Salts

O Sulfur

O Jarosite
HE Lepidocrocite
B Goethite
O Hematite
O Gypsum
M Rutile

B Mica

B Chlorite
O Kaolinite
O Sepiolite
B Tremolite
O Feldspar
O Quartz

Sample Number

Figure 10. The relative weight percentages of minerals in mine waste from the Pike Hill mines study area; efflorescent sulfate
minerals are “salts,” and chalcopyrite, pyrrhotite, pyrite, and sphalerite are “sulfides.”



Table 4. Estimates of the amounts of minerals in mine-waste samples from the Pike Hill mines study area.

[n.d., not determined]

Sample number

; 1
Mineral \deal formula BT G 4SmithT 04Smith2 04Smith3 04Smith4 04Smith5 04Smithé 04Smith7 O4PKHLL 04PKHL2
Primary minerals (weight percent)
Albite NaAlSi;Og 0.9 7.2 1.7 8.6 n.d. 5.7 3.7 55 6.3 14.3
Anorthite CaAl,Si,0O4 1.2 0.0 0.0 0.0 n.d. 0.0 0.0 0.0 0.9 2.3
Biotite K (Mg, Fe)5(AlSiz04,)(OH), 0.4 0.5 0.0 0.0 n.d. 0.0 0.0 0.0 0.0 0.0
Calcite CaCO, 0.5 0.4 1.2 0.0 n.d. 0.6 0.7 0.1 0.0 0.0
Chalcopyrite CuFeS, 0.2 0.0 0.0 0.1 n.d. 0.0 0.0 0.0 15 0.3
Chlorite (Mg,Fe?")sAl(SizANO;o(OH)g 0.6 1.7 0.8 4.9 n.d. 3.2 35 1.6 1.6 2.6
Labradorite (Ca,Na)(Si,Al),0q 11 5.6 9.1 9.9 n.d. 75 8.0 0.3 3.9 6.6
Muscovite KAI(AISi;0,,)(OH), 0.6 6.2 6.6 7.4 n.d. 10.4 8.8 13.3 11.0 14.1
Pyrite FeS, 0.2 0.0 0.4 1.4 nd. 0.1 0.0 0.0 0.8 0.5
Pyrrhotite Fe,,S 0.2 0.0 0.0 0.0 n.d. 0.1 0.2 0.2 0.0 0.0
Quartz Sio, 1.2 26.8 33.0 29.5 5.1 63.4 72.0 77.8 39.4 25.0
Rutile TiO, 0.2 n.d. 0.0 1.0 n.d. 0.3 0.4 0.8 14 1.0
Sphalerite ZnS 0.1 0.0 0.2 0.1 n.d. 0.1 0.0 0.0 0.1 0.0
Tremolite Ca,MgsSigO,,(0OH), 0.9 0.5 0.0 0.0 n.d. 0.0 0.2 0.0 11 0.5
Secondary minerals (weight percent)
Alunogen Al,(SO,)s*17H,0 0.8 0.0 0.0 0.0 n.d. 0.0 0.5 0.0 0.7 0.0
Copiapite Fe*'Fe** ,(SO,)s(OH),*20H,0 0.4 0.4 11 0.4 n.d. 0.6 0.0 0.0 0.2 0.0
Goethite FeO(OH) 0.5 21.4 15.7 12.6 85.8 4.1 0.5 0.0 10.0 8.4
Gypsum CaS0,2H,0 0.3 0.4 0.0 0.3 n.d. 0.0 0.0 0.0 2.2 0.1
Hematite Fe,04 0.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Jarosite K,Fes> (S0,)4(OH),, 0.4 14.9 17.7 12.5 9.1 0.3 0.2 0.1 15.1 13.1
Kaolinite AlLSi,05(OH), 0.6 1.0 0.4 1.6 n.d. 1.7 0.0 0.0 1.3 0.7
Lepidocrocite FeO(OH) 0.2 0.4 0.3 1.0 n.d. 0.0 0.0 0.0 0.0 0.7
Melanterite FeSO,*7H,0 0.4 0.0 0.2 0.8 n.d. 1.4 1.0 0.3 0.7 0.0
Rozenite FeSO,+4H,0 0.5 0.0 0.0 0.0 n.d. 0.0 0.1 0.0 0.0 0.0
Sepiolite Mg,Si0,5(OH),*6H,0 0.5 12.5 55 7.6 n.d. 0.2 0.1 0.0 1.9 9.6
Sulfur S 0.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fit of refinement
Chi-square? 4.24 4.2 4.22 3.08 455 5.44 5.17 4.48 5.48
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Table 4. Estimates of the amounts of minerals in mine-waste samples from the Pike Hill mines study area—Continued

[n.d., not determined]

44

Sample number

Mineral 04PKHL3 04PKHL7 O04PKHL9 04PKHL9A 04PKHL9B 04PKHL10 04PKHL11 O5PKHL11-D 04PKHL11A 04PKHL12 04PKHL13 04PKHL13B
Primary minerals (weight percent)
Albite 4.2 2.9 2.2 0.0 1.9 0.0 45 7.3 6.2 0.0 6.7 0.5
Anorthite 0.0 1.3 0.9 0.1 0.0 2.3 0.0 0.3 0.0 6.2 0.0 n.d.
Biotite 0.0 2.7 0.0 0.0 3.0 3.8 0.0 0 0.0 0.0 0.0 n.d.
Calcite 0.0 0.0 0.8 0.0 0.0 2.4 0.2 0.8 0.0 0.0 0.0 n.d.
Chalcopyrite 0.8 3.0 18 1.3 14.7 0.8 18 19 0.0 25 0.6 n.d.
Chlorite 0.0 35 0.6 0.6 0.5 1.1 0.0 1.3 3.3 0.0 0.0 n.d.
Labradorite 5.1 3.7 0.0 0.8 4.2 114 7.8 2.1 2.8 3.7 6.1 n.d.
Muscovite 18.8 11.1 3.6 0.8 15.7 7.1 8.8 7.3 11.5 8.3 11.2 18.0
Pyrite 0.4 0.6 0.0 1.2 0.7 18 0.1 0.5 0.0 0.0 0.0 n.d.
Pyrrhotite 0.0 0.0 0.0 0.5 0.1 0.5 0.0 0 0.0 0.3 0.0 n.d.
Quartz 28.8 39.8 33.0 9.3 36.1 65.2 38.2 38 68.7 23.1 30.9 9.5
Rutile 0.8 0.3 0.0 0.4 0.5 0.1 0.1 0.8 1.2 0.0 1.0 0.7
Sphalerite 0.1 0.0 0.8 0.0 0.3 1.0 0.2 n.d. 0.0 0.0 0.3 n.d.
Tremolite 0.4 1.6 4.6 3.4 0.3 0.8 0.4 1.8 3.9 n.d. 0.0 n.d.
Secondary minerals (weight percent)
Alunogen 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0 0.0 0.5 0.0 n.d.
Copiapite 14 0.0 0.2 0.5 0.3 0.0 0.6 0.4 0.2 0.6 0.0 n.d.
Goethite 7.6 7.7 27.3 2.2 0.0 0.0 8.7 13.6 0.0 335 15.6 60.5
Gypsum 0.1 13 2.4 1.0 0.5 0.0 3.0 4 0.0 1.2 1.7 n.d.
Hematite n.d. n.d. 6.8 72.1 16 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Jarosite 154 13.6 7.5 4.0 0.1 0.0 13.6 134 0.3 13.1 13.0 10.7
Kaolinite 25 2.1 2.3 0.9 0.5 0.9 2.1 2.8 0.3 18 0.7 n.d.
Lepidocrocite 0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.6 0.2 2.0 0.6 n.d.
Melanterite 0.3 0.1 0.0 0.0 0.0 0.7 0.2 0.5 1.2 1.9 0.0 n.d.
Rozenite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 1.0 0.0 n.d.
Sepiolite 125 4.7 5.0 0.2 0.1 0.0 9.4 2.4 0.0 0.3 115 n.d.
Sulfur n.d. n.d. n.d. n.d. 19.1 0.1 n.d. n.d. 0.1 n.d. n.d. n.d.
Fit of refinement
Chi-squarez 4.9 3.86 4.76 2.85 4,75 6.88 4.06 4.81 4.44 2.85 4.53 3.00
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1Average errors are estimated standard deviations that were calculated by Siroquant based on square roots of diagonal elements of least-squares variance-covariance matrix.

2Chi-square is a computed statistical residual to measure the fit of refinement. Chi-square = 1 for perfect correspondence between least-squares model and observed data.
Values below 6 are considered reasonable fits for these complex mine wastes due to systematic errors and imperfect physical corrections.
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Table 5. Mineralogy of mine waste and grab samples from the Pike Hill mines study area.

Sample Sample description Phase
04Smith1-1 White salts coating sulfidic rock Melanterite, gypsum
04Smith 1-2 Yellow soil Jarosite, goethite, quartz, albite, muscovite
04PKHL2-1 Oxidized ore Pyrrhotite, chalcopyrite, sulfur, goethite
04PKHL3-1 Rock with yellow-green coating Jarosite, quartz, albite, muscovite
04PKHLA4-A Ochre floc Ferrihydrite
04PKHL4-B Ochre stalactite Ferrihydrite
04PKHL4-C Bright blue precipitate Amorphous
04PKHL4-D White precipitate Amorphous
04PKHL4-E Ochre floc Ferrihydrite
04PKHL4-F Host rock to white precipitate Calcite, quartz, anorthite, muscovite, chlorite, kaolinite
04PKHL5-A White foam Amorphous
04PKHL5-B Blue precipitate Amorphous
04PKHLS5-C Blue precipitate Glaucocerinite
04PKHL6 Starburst sprays of white crystals Gypsum
04PKHLS8 Bright blue and white salts Gypsum, chalcanthite
04PKHL9-C Layer above black tailings Jarosite, goethite, chalcopyrite, quartz, muscovite
04PKHL11-1 White salts sulfidic rock Melanterite
04PKHL13-A Thin yellow-green rock coating Jarosite, gypsum, goethite, quartz, muscovite
04PKHL14 Jarosite-rich clot Jarosite, quartz, albite, muscovite

Sulfates and Sulfides

Sulfide minerals were considered primary and sulfate
minerals were considered secondary in the samples collected
for this study. The sample that had the highest amount of sul-
fides, mostly chalcopyrite, was sample 04PKHL9-B from the
gray tailings from the partially burnt area; it contained approx-
imately16 weight percent sulfides. This sample also contained
19 weight percent native sulfur and only traces (less than
1 weight percent) jarosite and gypsum. This sample was col-
lected as a mineralogically unique subset sample to document
variation within pile 04PKHL9, which contained the highest
concentration of copper based on bulk chemistry (as discussed
below). In contrast to the high amount of sulfides in sample
04PKHL9B, sample 04PKHL11A from dark gray tailings con-
tained no detectable sulfides. Overall, composite mine-waste
samples contained sulfides in concentrations ranging from less
than 1 to approximately 4 weight percent (table 4). Sulfides
present included chalcopyrite, pyrite, pyrrhotite, and sphaler-
ite. A grab sample, 04PKHL2-1, of oxidized ore from a pile
near the top of Pike Hill consisted of pyrrhotite, chalcopyrite,
sulfur, and goethite (table 5). Composite sample 04PKHL10 of
the quartz-rich flotation-mill tailings contained more sulfides
(approximately 4 weight percent) and calcite (approximately
2 weight percent) when compared with the other composites
(fig. 10). This sample also contained the highest concentra-
tions of arsenic, cadmium, cobalt, and zinc. As the materi-
als containing sulfides weather, they may generate acid and

leach metals of environmental concern. In addition, sulfide
minerals define the acid-generating potential of the samples
for acid-base accounting purposes. The background soils and
downslope soil at the Smith mine did not contain detectable
sulfides (approximately 1 weight percent) because these soils
developed from unmineralized rock.

Jarosite was the dominant sulfate mineral in the mine-
waste samples (table 5). Its concentration in composite
mine-waste samples ranged from 7.5 weight percent in sample
04PKHL9, from the partially burnt tailings, to 18 weight
percent in sample 04Smith2, from an upper waste pile at the
Smith mine. The only composite mine-waste sample that did
not fall within this range was sample 04PKHL10, from the
quartz-rich tailings, and it contained no detectable jarosite
(table 4; fig. 10). Clots and layers of jarosite also were
found within the waste piles as indicated by grab samples
04Smith1-2, 04PKHL9-C (fig. 6D), and 04PKHL14 (table 5).
Jarosite also occurred as thin yellowish-green coating on waste
rock, from which samples 04PKHL3-1 and 04PKHL13-A;
were collected (table 5; fig. 7D).

Other sulfate minerals identified at the site included
glaucocerinite (Cu,Al(SO,)(OH),, -3H,0), which was found
in sample 04PKHL5-C from precipitate along an adit decline
(fig. 5F). In addition, gypsum, an efflorescent sulfate salt, was
present in many mine-waste samples in minor amounts of less
than 4 weight percent. Gypsum also was found as white salts
on the walls and ceilings of adits at Pike Hill, where samples
04PKHL6 and 04PKHLS8 were collected (table 5; fig. 6B).
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Other efflorescent sulfate salts were commonly present
in amounts that were too small to detect with the use of XRD,
although quantitative mineralogy suggests that as much as
4 weight percent salts were present in samples from the Pike
Hill mines study area (table 4; fig. 10). These salts included
copiapite and melanterite and lesser amounts of alunogen
and rozenite. To verify the presence of these salts, three splits
of mine waste were rinsed repeatedly with deionized water;
the rinse pH was determined, and then the rinse water was
evaporated to precipitate the salts. In addition, leachate water
was filtered and evaporated. The pH of the rinse water as a
function of the number of rinses is shown in figure 11. The pH
values of less than 3.8 for the first few days (fig. 11) were less
than the equilibrium pH for the stoichiometric dissolution of
jarosite (Langmuir, 1997). This suggests that the dissolution of
efflorescent sulfate salts was important at the beginning of the
experiment. The evaporates produced by the rinse water and
leachate solutions were calcium-sulfate and hydrated iron-sul-
fate salts, thus confirming the presence of these salts. Melan-
terite and chalcanthite identified in grab samples 04PKHL11-1
and 04PKHLS, respectively, verified the presence of these
salts at the site (table 5; fig. 6B). Efflorescent sulfate salts
likely play a significant role in acid generation and metal
sequestration. During rain events, these highly soluble salts
may dissolve and contribute acid and metals to the receiving
waters at mine sites.

Iron Oxides

The highest concentrations of iron were found in hard-
pan, as indicated by sample 04Smith4, and in ferricretes, as
indicated by samples 04PKHL12 and 04PKHL13-B. The
mineralogy of these samples was consistent with the chemistry
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Figure 11. Effects on leachate pH of repeatedly washing with

deionized water three mine-waste samples from the Pike Hill
mines study area. [Black dashed line representing nominal pH of
3.8 for jarosite equilibrium from Langmuir (1997).]

in that they contained significant amounts of goethite. The
ferricretes contained 34 to 61 weight percent goethite, whereas
the hardpan contained 86 weight percent goethite (fig. 10).
The red tailings from the partially burnt pile, where sample
04PKHL9-A was collected, contained the iron oxide hematite
in a significant quantity of 72 weight percent. The only other
samples that had detectable hematite were from the same

pile. Composite sample 04PKHL9 contained approximately

7 weight percent hematite, and sample 04PKHL9-B, from

the gray tailings, contained almost 2 weight percent hematite
(table 4; fig. 10). Grab samples of ochre floc and stalactites
were dominantly ferrihydrite, whereas amorphous precipitates
included blue and white coatings and white foam near or in
adits (table 5). The blue and white amorphous precipitates
were likely copper- and aluminum-hydroxides. Aluminum-
hydroxides are known to selectively sorb metals as a function
of pH (Smith, 1999), which might exert a significant control
on water chemistry.

Bulk Geochemistry

The concentrations of elements in the mine-waste piles
were evaluated by examining the variations in concentrations
among piles, by comparing the concentration values to USEPA
Preliminary Remediation Goals (PRGs), and by comparing
the values to concentrations of elements in mine waste from
the Elizabeth and Ely mines. Grab samples of unique areas
within the waste piles were collected in order to understand
overall variability. The concentrations of all elements analyzed
in mine waste are given in appendix 1; the concentrations
of selected elements and PRGs for residential and industrial
soils are given in table 6. The PRGs are guidelines, not legally
enforceable standards, that are used for initial evaluations of
potentially contaminated sites. In the text below, the concen-
trations of several elements are also compared to a range or
average concentrations in eastern United States soils (Shack-
lette and Boerngen, 1984), which can be used to approximate
a regional geochemical background level for a given element.

The concentrations of iron in almost all of the samples
from the Pike Hill mines site exceeded the PRG for residential
soils of 2.3 weight percent; the background soils contained
2.4 and 2.6 weight percent iron, and sample 04PKHL11-A,
from the dark-gray tailings, contained 0.65 weight percent
iron (table 6; fig. 12). The concentrations of iron in most of
the samples exceeded the upper range of 10 weight percent
for iron in soils in the eastern United States (Shacklette and
Boerngen, 1984). Sample 04Smith4 from hardpan and samples
04PKHL12 and 04PKHL13-B from ferricrete contained
concentrations of iron that exceeded the industrial PRG of
31 weight percent. The anomalous iron in these samples
correlates with significant goethite of greater than 30 weight
percent (fig. 10), based on quantitative mineralogy. The
concentrations of iron calculated from quantitative mineral-
ogy for the crystalline portion of the samples were generally
less than those determined by ICP-AES. This underestimation
of iron content based on mineralogy suggests that amorphous



Table 6. Concentrations of select elements in mine-waste and soil samples from the Pike Hill mines study area.
[mg/kg, milligrams per kilogram; wt. %, weight percent; <, less than; PRG, preliminary remediation goal; valuesin bold exceed PRGs; Dup, field replicate sample]

Element Ag Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Se Tl \% Zn
Units mg/kg wt. % mg/kg mg/kg mg/kg mg/kg mg/kg wt. % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Guidelines
PRG-residential® 390 7.6 22 37 1,400 210 3100 23 1,800 390 1,600 400 390 5.2 78 23,000
PRG-industrial® 5100 92 260 450 13000 450 41,000 31 19,000 5,100 20,000 800 5100 67 1,000 310,000
Mine waste

Sample Sample type

04Smithl Mine waste 589 46 1 063 394 851 1,800 19 1,370 4.6 15 699 201 061 137 614
04Smith2 Mine waste 549 35 06 029 284 408 1,530 21 865 4 10 115 227 088 138 315
04Smith3 Mine waste 66 32 1 022 317 282 1,380 25 609 16.2 99 832 248 11 125 344
04Smith4 Hardpan <3 016 06 0.1 13 231 1,120 47 39 0.2 14 222 21 0.2 329 55
04Smith5 Downslope sail <3 3 06 049 14 38.7 559 14 807 14 254 98 08 0.2 61.7 521
04Smith6 Background soil <3 4.7 05 013 107 528 19 26 1120 0.36 273 141 03 0.3 63.5 66
04Smith7 Background soil <3 3.9 08 011 9.8 454 18 24 606 0.46 23 142 04 0.3 55.6 46
04PKHL1 Mine waste 10.3 3 6.3 059 35 249 4,410 20 166 374 72 892 489 13 83.8 246
04PKHL2 Mine waste 6.26 4.7 31 027 291 37 3,000 18 218 32.2 7 589 47 16 82.2 213
04PKHL3 Mine waste 119 41 33 035 479 412 3240 19 238 185 79 857 476 16 89 354
04PKHL7 Mine waste 114 33 85 25 50.7 31.8 8,060 19 302 21.6 9.6 238 52 12 67 593
04PKHL9 Burnt tailings 27.8 2 9.7 2 103 20 9,200 27 223 445 136 182 1242 0.83 47.6 640
04PKHL10 Processed tailings 3 3.7 57 91.8 122 423 7200 36 1,360 41 89 103 74 078 604 16,000
04PKHL11 Mine waste 763 28 32 064 362 243 6,400 19 159 19.4 71 783 60.7 1 63.1 233
05PKHL11-Dup Mine waste 897 27 3 11 393 226 8410 22 160 225 49 855 656 11 65.5 278
04PKHL11-A Black tailings <3 34 03 006 11 548 2370 0.65 196 0.62 6.8 14 9.2 03 425 24
04PKHL12 Ferricrete <3 0.77 0.2 0.41 8 119 1,610 40 32 49 1.1 154 112 0.2 24.7 88
04PKHL13 Mine waste 129 37 66 029 344 321 3,670 20 234 34.5 7.4 102 53.9 23 725 218
04PKHL13-B Ferricrete <3 027 05 0.1 3.6 17.8 874 46 22 1.9 <1 294 7.1 0.2 138 32

'PRGs for residential and industrial soils are for noncancer-based chronic exposure with the exception of the PRG for chromium, which is for cancer-based chronic exposure.
Values from "PRG Intercalc Tables: Soils" at http://www.epa.gov/region09/waste/sfund/prg/files/04soils.pdf (U.S. Environmental Protection Agency, 2004b) for all elements except
lead, which isfrom "Region 9 PRG Table" at http://mww.epa.gov/region09/waste/sfund/prg/files/O4prgtable.pdf (U.S. Environmental Protection Agency, 2004c).
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Figure 12. Concentrations of iron and copper in mine-waste and soil samples collected from the Pike Hill mines study area.
[Data for the composition of mine waste, including waste rock and unoxidized tailings from the Elizabeth and Ely mines, from
Hammarstrom and others (2001, 2003) and Piatak and others (2004). Preliminary remediation goals for residential and industrial

soils are from U.S. Environmental Protection Agency (2004b)].

material, if present, may beiron rich. The concentrations of
iron in the composite mine-waste samples ranged from 18 to
27 weight percent, except for a concentration of 3.6 weight
percent from sample 04PKHL 10 from the quartz-rich flota-
tion-mill tailings. These concentrations were within the range
found for mine-waste samples from the Elizabeth and Ely
mines (fig. 12) (Hammarstrom and others, 2001, 2003; Piatak
and others, 2004).

The highest concentrations of aluminum were 4.6 weight
percent in sample 04PKHL 2 from an upper waste-dump at the
Eureka mine, and 4.7 weight percent in sample 04Smith6 from
background soil. The hardpan and ferricrete contained the
lowest concentrations of aluminum, which were 0.16 weight
percent to 0.77 weight percent, respectively (table 6). The
highest concentrations of manganese were in sample 04Smithl
from the uppermost mine dump at the Smith mine; sample
04Smith6 from background soil; and sample 04PKHL 10 from
the processed tailings. Because the background soil contained
relatively high amounts of aluminum and manganese when
it was compared to the mine-waste samples, these elements
are not necessarily indicative of the mining-impacted soils.
The concentrations of aluminum and manganesein al of the
samples were less than the PRG for residential soils (table 6),
and almost all of those concentrations were within the reported
range of these elementsin eastern United States soils (Shack-
lette and Boerngen, 1984).

Overall, copper was the most abundant trace metal in the
mine-waste samples. The highest value of 9,200 mg/kg was
found in sample 04PKHL9 from the partly burnt tailings. This
burnt material also contained the highest concentrations of the

following elements: antimony, 5.7 mg/kg; bismuth,

9.35 mg/kg; molybdenum, 44.5 mg/kg; silver, 27.8 mg/kg; and
tin, 36 mg/kg. The only samples that contained copper in con-
centrations within the reported range for eastern United States
soils of less than 1 to 700 mg/kg (Shacklette and Boerngen,
1984) were the background samples 04Smith6 and 04Smith7
and sample 04Smith5 from the soil downslope from the Smith
mine. Seven of the eight composite mine-waste samples
collected from the Eureka and Union mines area contained
concentrations of copper that were greater than the PRG for
residential soils; the composite samples from the Smith mine
did not exceed the PRG for residential soils (table 6; fig. 12).
Generally, the samples that contained the highest concentra-
tions of copper were those that had detectable chal copyrite.
The concentrations of copper in mine-waste samples from the
Pike Hill mines site generally fall within the range of con-
centrations in mine waste from the Elizabeth and Ely mines
(fig. 12).

Zinc was generally the next most abundant trace metal in
these samples, although concentrations of zinc did not exceed
theresidential PRG of 23,000 mg/kg (table 6; fig. 13). The
concentrations of zinc in most mine-waste composite samples
were significantly greater than the reported mean concentra-
tion of 40 mg/kg for soilsin the eastern United States (Shack-
lette and Boerngen, 1984). The highest concentration of zinc,
16,000 mg/kg, was found in sample 04PKHL 10 from the
processed flotation-mill tailings; that sample also contained
approximately 1 weight percent sphalerite. This concentration
of zinc was significantly higher than those in mine-waste sam-
ples collected from the Elizabeth and Ely mines as reported by
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Figure 13. Concentrations of cadmium and zinc in mine-waste and soil samples collected from the Pike Hill mines study area.
[Data for the composition of mine waste, including waste rock and unoxidized tailings from the Elizabeth and Ely mines, from
Hammarstrom and others (2001, 2003) and Piatak and others (2004). Preliminary remediation goals for residential soils from

U.S. Environmental Protection Agency (2004b)].

Piatak and others (2004) and Hammarstrom and others (2001,
2003) (fig. 13). Sample 04PKHL 10 also contained the high-
est concentrations of arsenic, 57 mg/kg; calcium, 3.4 weight
percent; cadmium, 91.8 mg/kg; and cobalt, 122 mg/kg. This
concentration of cadmium exceeded the residential PRG

of 37 mg/kg. The next highest concentrations of cadmium
were 2.5 and 2 mg/kg in samples 04PKHL7 and 04PKHL9,
respectively. Sample 04PKHL 11-A from the dark gray tailings
contained the lowest concentrations of cadmium and zinc,
which were below the concentrations of these elementsin

the background soils (fig. 13). This material also contained
concentrations of iron, molybdenum, and selenium that were
less than or equivalent to background levels. In general, the
concentrations of cadmium and zinc in composite mine-waste
samples were within the range for these elements reported

for the other mine sites in the Vermont copper belt (fig. 13).
Note the positive correlation between zinc and cadmium

(fig. 13); these elements are found together because cadmium
substitutes for zinc in the structure of sphalerite, which isthe
dominant primary zinc-bearing mineral found at the site.

The concentrations of cobalt in both sample 04PKHL 10
from the processed tailings and sample 04PKHL9 from the
partly burnt waste material exceeded the reported upper range
for cobalt in eastern United States soils (Shacklette and Boern-
gen, 1984). In addition, the concentrations of cobalt in all of
the samples, except for sample 04Smith4 from the hardpan
from the Smith mine, sample 04PKHL 11-A from the dark
gray tailings, and sample 04PKHL 13-B from ferricrete, were
greater than the mean value for cobalt in soil of the eastern

United States (Shacklette and Boerngen, 1984). One-half of
the mine-waste samples contained chromium in concentrations
greater than the mean for eastern United States soils; sample
04Smithl, from the uppermost mine dump at the Smith mine,
contained the highest concentration of chromium, 85.1 mg/kg.
Eight of the eleven composite mine-waste samples from the
site contained molybdenum in concentrations greater than the
range reported for eastern United States soils (Shacklette and
Boerngen, 1984). The highest concentrations of nickel were
found in the background-soil samples 04Smith6 and 04Smith7
and in sample 04Smith 5, from soil downslope of the Smith
mine; concentrations of nickel ranged from 23 to 27 mg/kg.
The composite mine-waste samples contained concentra-
tions of lead that ranged from 69.9 to 238 mg/kg, which were
greater than the mean but within the reported range for lead in
eastern United States soils (Shacklette and Boerngen, 1984).
The other samples that were analyzed contained significantly
lesslead. Approximately one-half of the composite mine-
waste samples and one sample of ferricrete contained concen-
trations of vanadium that were greater than the 78 mg/kg PRG
for residential soils, but concentrations of vanadium in all of
the samples were less than the reported upper range limit of
300 mg/kg for soilsin the eastern United States (Shacklette
and Boerngen, 1984).

The concentrations of selenium ranged from 0.3 and
0.4 mg/kg in the background-soil samplesto 124.2 mg/kg in
sample 04PKHL9 from the partially burnt flotation-mill tail-
ings (table 6; fig. 14). The concentrations of selenium correlate
with the concentrations of sulfur because of the substitution of
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Figure 14. Concentrations of selenium and sulfur in mine-waste and soil samples collected from the Pike Hill mines study area.
(Concentrations of selenium for the downslope Smith soil in sample 04Smith4, the dark gray tailings in sample 04PKHL11-A, and

ferricretes in samples 04PKHL12 and 04PKHL13-B are not shown because the samples were not analyzed for sulfur.)

selenium for sulfur in sulfide and sulfate minerals (fig. 14). All
of the samples except those from the background soils, sample
04Smith5 of the downslope soil at the Smith mine, and sample
04Smith4 from the hardpan contained elevated concentrations
of selenium compared to the reported range of less than 0.1

to 3.9 mg/kg for soils in the eastern United States (Shacklette
and Boerngen, 1984). Samples 04PKHL12 and 04PKHL13-B
from the ferricretes, sample 04PKHL10 from the quartz-rich
flotation-mill tailings, and sample 04PKHL11-A from the
dark gray tailings contained concentrations of selenium that
ranged from 7.1 to 11.2 weight percent, which was generally
less than concentrations of selenium in the remaining compos-
ite mine-waste samples. Composite samples from the Smith
mine averaged 22 mg/kg selenium whereas samples from

the Eureka and Union mines ranged from 47 to 124.2 mg/kg
selenium (fig. 14). The anomalous concentration of selenium
in sample 04PKHL9 from the partially burnt flotation-mill
tailings was consistent with anomalously high concentrations
of selenium in samples from partially roasted waste rock at the
Elizabeth Mine (Hammarstrom and others, 1999). This sample
also contained the highest amount of sulfur.

Acid-Base Accounting

Paste pH and acid-base accounting results (table 7;
fig. 15) indicate that the soils in only a few samples are not
net acid generating. The paste pH and NNP of the background
soils in samples 04Smith6 and 04Smith7 were above 4 and
positive, respectively; these samples fall within the non-acid

generating field (fig. 15). The only other sample in this cate-
gory was sample 04PKHL10 from the processed flotation-mill
tailings; it had a neutral paste pH and NNP of 47.5 kilograms
CaCO, per ton (kg CaCO,/t). That sample contained the high-
est concentrations of several metals, including cadmium and
zinc, which likely were from sphalerite, but it also contained
significant carbonate, which was estimated to be 2.4 weight
percent calcite. For that sample only, the acid-neutralizing
capacity from calcite was greater than the acid-generating
potential from sulfides and sulfates.

Other mine-waste samples had paste-pH values of less
than 4 and negative NNP, which suggests that they would
produce acid upon weathering. The composite mine-waste
samples from the Smith mine had a paste pH of approximately
3 and NNP values ranging from -21.7 to -33.6 kg CaCO,/t
(fig. 15; table 7). Sample 04Smith5 from the downslope soil at
this mine had a paste pH of 2.8 and slightly negative NNP of
-2.6 kg CaCO,/t. The lowest paste pH of 2.3 and most nega-
tive NNP of —112.8 kg CaCO,/t in figure 15 were from soils
from the partially burnt flotation-mill tailings. The remain-
ing composite samples from the Eureka and Union mines
were potentially acid generating and had paste-pH values
of less than 4 and NNP that ranged from —-33.3 to -57.1 kg
CaCO/t. The paste pH of ferricrete samples 04PKHL12 and
04PKHL13-B, which were not analyzed by ABA, was less
than 4; this suggests that the ferricretes may be acid generating
(table 7).

The range in paste pH and NNP values may result from
the complex mixture of minerals in the mine-waste samples.



Table 7. Paste pH and acid-base accounting results for mine-waste and soil samples from the Pike Hill mines study area.

[wt. %, weight percent; kg CaCO,/t, kilograms CaCO, per ton; n.a., not analyzed; <, less than; italic numbers in parentheses are replicates]

. MaXium Neutralization Ne_t- .
Sample I:Esstg;:l P(s<_ste ‘::I To:alts:;l)fur Sulf(e‘lnt’(: ;L)llfur Sulf(ld(:;l;lfur APP(EM(I:::) Potential (NP) PN:eultr?Illz(aI:Itll\:):)z i
izon wt.% % wt.% cidity (kg CaCO.ft otentia
(kg CaCO,/t) (kg CaCO,/t)

04Smithl 3.1 3.1 2.20 1.65 0.55 17.2 -4.5 -21.7 None
04Smith2 2.8 3.1 3.17 231 0.86 26.9 -6.7 (-7.0) -33.6 None
04Smith3 2.7 2.7 241 1.87 0.54 16.9 -9.0 -25.9 None
04Smith 5 2.8 31 0.48 0.42 0.06 1.9 -0.7 -2.6 None
04Smith6 5.7 6.1 0.02 0.02 <0.01 <0.3 7.2 7.2 None
04Smith7 5.4 5.7 0.03 (0.03) 0.02 (0.02) 0.01 0.3 -0.2 -0.5 None
04PKHL1 2.7 2.6 3.55 2.4 (2.10) 1.15 35.9 -7.5 -43.4 None
04PKHL2 2.7 2.9 2.74 1.93 0.81 25.3 -8.0 -33.3 None
04PKHL3 2.8 2.9 2.63 1.82 0.81 25.3 -8.7 -34.0 None
04PKHL7 3.1 4.1 3.48 1.77 1.71 53.4 -3.7 -57.1 None
04PKHL9 2.3 2.3 4.99 1.70 3.29 102.8 -10.0 -112.8 None
04PKHL10 7.0 7.5 1.44 0.09 1.35 42.2 90 (88.8) 47.5 Moderate
04PKHL11 25 2.4 3.70 2.42 1.28 40.0 -5.0 -45.0 None
04PKHL12 2.5 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
04PKHL13 2.7 2.7 3.07 (3.10) 2.01 1.06 331 -5.5 -38.6 None
04PKHL13-B 2.4 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Paste pH determined by the U.S. Geological Survey and Vizon SciTec, Inc.

The net-neutralization potential is equal to the value of the neutralization potential minus the value of the maximum potential acidity.
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Figure 15. Acid-base accounting results for mine-waste and soil samples from the Pike Hill mines study area compared with samples
from the historic mine-waste piles at the Elizabeth mine and mine waste from the Ely mine. [Data for the Elizabeth and Ely mines are
from Hammarstrom and others (2003) and Piatak and others (2004). Mine-waste samples from the Elizabeth Mine do not include samples
containing the underlying carbonate-rich till unit, which would increase net neutralizing potential and paste pH.]

Sulfur-bearing minerals were the dominant acid generators,
and carbonate and silicate minerals were the dominant acid
neutralizers in these samples. In most of the samples from the
Pike Hill mines site, sulfur had been oxidized to sulfate, and,
thus, sulfate sulfur was significantly greater than sulfide sulfur
(table 7); samples 04PKHL 7, 04PKHL9, and 04PKHL 10 were
the exceptions.

The values for paste pH and NNP for most mine-waste
samples from the Pike Hill minesfall within the range for
paste pH and NNP for mine waste from the Elizabeth and Ely
mines (fig. 15). Subeconomic mineralized and waste rocks
at the Elizabeth Mine overlie a carbonate-rich till, which
increases the paste pH and NNP for samples that contained
this material. Samples of thistill or waste rock mixed with till
were not included in figure 15. The lowest NNP of approxi-
mately -420 kg CaCO,/t for samples from these mines was for
unoxidized pyrrhotite-rich black tailings from the Ely Copper
Mine (Piatak and others, 2004). Acid generation in samples
from the Pike Hill area did not reach this extreme.

Leachate Chemistry

The results of the tests for the chemistry of leachates
from the samples were compared with water-quality guide-
lines for the protection of aquatic life (U.S. Environmental
Protection Agency, 2006) and drinking-water and ground-
water standards (U.S. Environmental Protection Agency, 2003;
Vermont Department of Environmental Conservation, 2005).
The concentrations of elements or compounds that exceeded

water-quality guidelines are shown in bold type in table 8. The
concentrations of all of the elements that were analyzed are
shown in appendix 2, and reference waters that were analyzed
with the leachates are shown in appendix 3. Water-quality
guidelines for cadmium, copper, nickel, lead, and zinc are
hardness dependent and were cal cul ated based on a hardness
of 100 mg/L as CaCO,. Thiswas aredlistic approximation
because the hardness of waters receiving drainage from the
mines ranged from 85 to 110 mg/L as CaCO,.

The major anion in all of the samples was SO,, whereas
Al, Ca, Cu, Fe, K, Mg, and Si dominated the cations; some
samples contained significant quantities of Mn and Zn. The
elements and compounds that exceeded various water-quality
guidelines were Al, Cd, Cu, Fe, Mn, Se, SO,, and Zn (table 8).
Copper was generally the most abundant trace metal in the
leachates. The only samples that had concentrations of leached
copper that were less than the acute toxicity standard of
13 pg/L were from the background soils and sample
04PKHL 10 from the quartz-rich flotation-mill tailings; the
concentrations of al of the other leachates exceeded this
criterion (fig. 16). The concentration of copper in composite
sample 04PKHL 10 was the third highest based on bulk chem-
istry (table 6), but leachate testing suggests that copper is not
readily leached. In contrast, the highest concentration of cop-
per in the leachates, 17,000 pg/L, was from sample 04PKHL9
from the partially burnt flotation tailings, and that sample also
contained the highest concentration of copper of 9,200 mg/kg
that was reported for the solid samples. The amount of copper
in asample did not consistently correlate with the amount



Table 8. Select analytical results of leachate tests on mine-waste and soil samples from the Pike Hill mines study area.

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; mV, millivolts; pg/L, micrograms per liter; n.d., not determined; <, less than; valuesin bold exceed water-quality

guidelines)
o . . Oxidation-
Characteristic/ Specific Dissolved reduction Fez"/Fe10ta| Al Cd Co Cu Fe Mn Ni Pb Se SO, \Y% Zn
element conductance oxygen :
potential
Units pS/cm mg/L mV pog/L pg/L pg/L pg/L pg/L pg/l o pg/l o opg/L o pg/l mg/l pg/l opg/L
Methods® Hach AES MS MS MS AES MS MS MS MS IC MS MS
Guidelines
Aquatic toxicity® - - - - 750 20 - 13 1000 - 470 65 46 - - 120
Drinking water® - - - - 50-200 5 - 1,300 300 840 100 15 50 250 - 5,000
Mine waste leachate
04Smithl 3.6 225 8 509 0.8 2010 344 419 754 467 900 102 01 <1 110 <05 710
04Smith2 34 244 8 497 0.7 126 203 642 698 207 221 152 <005 <1 117 <05 205
04Smith3 32 304 7 444 0.3 799 039 464 534 987 664 15 04 <1 167 <05 779
04Smith5 3.3 295 8 411 n.d. 577 119 202 479 75 898 9.3 05 <1 142 <05 380
04Smith6 5.9 17.6 8 283 n.d. <50 <0.02 0.07 <05 <20 425 <04 <005 <1 4 <05 06
04Smith7 59 133 8 277 n.d. <50 <0.02 0.09 <05 <20 286 <04 <005 <1 35 <05 07
04PKHL1 31 577 8 390 0.7 630 123 789 1280 252 661 08 1 26 350 <05 146
04PKHL2 32 314 8 373 0.8 924 066 111 695 128 33 14 <005 15 175 <05 826
04PKHL3 32 315 8 581 0.8 628 066 353 844 768 248 07 0.2 1 160 <05 865
04PKHL7 3.7 260 8 571 0.7 125 221 81 2270 63 1020 239 22 2 142 <05 3,340
04PKHL9 29 967 8 564 0.1 8090 10.2 1,020 17,000 3,130 251 4 072 91 690 <05 955
04PKHL10 7.1 206 6 374 n.d. <50 23 106 6.2 <20 385 <04 <005 <1 91 <0.5 700
04PKHL11 31 934 8 470 05 1520 35 537 2240 308 957 36 12 58 718 <05 318
04PKHL12 29 583 8 537 0.4 339 06 308 533 3090 422 58 18 <1 261 <05 799
04PKHL13 33 525 8 567 0.6 497 241 645 999 832 526 05 087 22 329 <05 110
04PKHL13-B 2.8 737 8 537 0.3 461 253 469 262 5020 565 75 076 <1 312 <05 263

1 Hach, colorimetric method using Hach spectrophotometer; MS, inductively coupled plasma-mass spectrometry; AES, inductively coupled plasma-atomic emission spectrometry; |1C, ion chromatography.

2 Toxicity standards are for freshwater Criteria Maximum Concentrations (acute), except iron and selenium for Criterion Continuous Concentration (chronic exposure). Values from

U.S. Environmental Protection Agency (2006). Calculated for a hardness of 100 mg/L for hardness-dependent criteria. Standard for aluminum based on total metals, not dissolved and for pH 6.5 to 9.0 only.

3 National Primary Drinking Water Standards are given for cadmium, copper, lead, and selenium, whereas National Secondary Drinking Water Standards are given for aluminum, iron, sulfate, and zinc

(U.S. Environmental Protection Agency, 2003). Vermont Primary Groundwater Quality Standards are given for manganese and nickel (Vermont Department of Environmental Conversation, 2005).
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Figure 16. Concentrations of dissolved metal in leachate as a function of pH for samples from the Pike Hill mines study
area compared with leachate from the historic mine-waste piles at the Elizabeth mine and mine waste from the Ely mine.
[Drinking-water standards are from U.S. Environmental Protection Agency (2003). Aquatic toxicity values are based on a
hardness of 100 mg/L as calcium carbonate (U.S. Environmental Protection Agency, 2006). Data for the Elizabeth and Ely
mines are from Hammarstrom and others (2003) and Piatak and others (2004).]




of copper leached from the sample; this was likely due to
mineralogical variations among samples. Leachates from
sample 04PKHL9 as well as 2,270 ug/L copper from sample
04PKHL7 and 2,240 ug/L copper from sample 04PKHL11
exceeded the drinking-water standard of 1,300 pug/L copper;
leachates from the samples of ferricrete contained less copper
than that of composite mine-waste samples (fig. 16).

The next most abundant trace element in the leachates
was zinc. The concentrations of zinc in leachates from the
background soils were significantly less than those from mine
waste (fig. 16). The concentrations of zinc in leachate from
four composite mine-waste samples and one sample from
ferricrete did not exceed the acute aquatic toxicity standard
(fig. 16). These samples did not necessarily have the lowest
concentrations of zinc based on the bulk chemistry. For exam-
ple, sample 04Smith3 contained 344 mg/kg zinc (table 6);
however, the concentration of zinc in leachate of 77.9 ug/L
was well below the acute aquatic toxicity standard. In contrast,
sample 04Smith2 contained comparable zinc of 315 mg/kg,
but the leachate contained 205 pg/L zinc and exceeded the
standard. In addition, sample 04PKHL10 from the quartz-rich
flotation-mill tailings contained anomalous zinc of
16,000 mg/kg, and the leachate contained only 700 pg/L zinc.
The lack of consistent correlations between bulk and leach-
ate chemistry suggests that other factors, such as mineralogy,
affected the leachability of metals in the samples from the Pike
Hill mines site. For example, zinc in sphalerite was less likely
to leach than zinc in highly soluble efflorescent sulfate salts.

Other constituents of concern in the leachates included
aluminum, cadmium, iron, manganese, and sulfate. The
concentrations of cadmium in leachates from seven compos-
ite mine-waste samples and one ferricrete sample exceeded
the acute toxicity standard for aquatic life (fig. 16). The three
highest concentrations also exceeded the drinking-water
standard. The concentration of iron in the leachates reached
5,020 ug/L, and the highest values were from samples that
were collected from the ferricretes and the partially burnt
tailings. For those samples, the concentrations of iron in the
leachate exceeded the chronic toxicity standard for aquatic
life. The concentrations of manganese in the leachates from a
few mine-waste samples exceeded the Vermont Groundwater
Quality Standard of 840 ug/L. For selenium, the two waste
piles that contained the highest concentrations based on bulk
chemistry (table 6) also had concentrations in leachate that
exceeded the acute toxicity standard. Four waste pile samples
and two ferricrete samples from the Eureka and Union mines
area had concentrations of leached sulfate that exceeded the
secondary drinking-water standard of 250 mg/L.

The pH of leachate from all of the mine-waste samples
except for the quartz-rich processed flotation-mill tailings,
which contained calcite, was less than 4.2, which was the pH
of the ESP solution. This decrease in leachate pH indicates
that precipitation interacting with most of the mine waste at
the site will produce acidic runoff.

The same leachate-testing procedures that were used for
this study were performed on samples of mine waste from the
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Elizabeth Mine and the Ely Copper Mine that were collected
during similar studies (Hammarstrom and others, 2003; Piatak
and others, 2004). Concentrations of cadmium, copper, and
zinc in leachate from most of the samples from the Pike Hill
study area were within the compositional range of leachate
from the Elizabeth and Ely mines (fig. 16). The pH of the
leachate from sample 04PKHL10 from the quartz-rich flota-
tion-mill tailings was higher than that of leachates from the
other mines sites; the concentration of copper was low; the
concentrations of zinc and cadmium were within the ranges of
the other leachates (fig. 16). In general, runoff from the Pike
Hill mines site is expected to be similar in composition to that
from the historic waste piles at the Elizabeth and Ely mines
based on the results of leaching experiments. The pH of the
runoff at the Pike Hill mines site may be higher because of the
higher percentage of carbonate in the host rock compared to
that of the Elizabeth and Ely mines.

Mine Drainage and Regional Surface Waters

Surface-mine drainage, mine pools, seeps, downstream
waters, and background samples indicate that water quality
varies throughout the study area. Reference waters, blanks,
and replicates were used for quality assurance and quality
control purposes (appendix 3). For the following section, plots
show samples categorized according to water type, general
location (table 3), and collection date (appendix 4). Kiah and
others (2007) reported that the August 2005 samples were col-
lected during low flow conditions relative to annual variations.
A summary of the dissolved concentrations of selected ele-
ments in the water samples is given in table 9. Dissolved and
total concentrations for the full set of elements analyzed and
water-quality characteristics are given in appendix 4.

Background Waters

The geochemistry of the background samples collected
from river and stream sites CKBK-3, PKHL-11, PKHL-15,
and PKHL-17 near the Pike Hill mines is probably a result
of the geochemistry of the rocks that underlie the watershed.
Pike Hill Brook and the unnamed tributary to Cookville Brook
drain the mines site and flow into the Waits River (fig. 2). Both
brooks originate in the calcareous Waits River Formation, and
the Waits River predominately flows over this unit. Because of
this, the pH, alkalinity, and hardness of the background water
samples were high. The pH ranged from 6.8 to 8.6, alkalinity
ranged from 85 to 138 mg/L as CaCO,, and hardness ranged
from 96 to 161 mg/L as CaCO, (appendix 4). Characteristics
such as alkalinity and hardness affect the response of water
bodies to the deleterious effects of mine drainage and the tox-
icity of metals to aquatic organisms. In general, hardness and
alkalinity mitigate metal toxicity to aquatic life. In addition,
the concentrations of dissolved Al, Fe, and SO, of less than
50 ug/L and total base metals (Cu + Zn + Cd + Ni + Co + Ph)
of less than 5 pg/L were low in background waters (figs. 17,
18, and 19).



Table 9. Dissolved concentrations of select elements in water samples from the Pike Hill mines study area.
[mg/L, milligrams per liter; ug/L, micrograms per liter; <, less than; D, field replicate sample; FA, filtered acidified split; MS, inductively coupled plasma-mass spectrometry; AES, inductively
coupled plasma-atomic emission spectrometry; concentrations in bold exceed water-quality guidelines]

ve

Characteristic/Element pH Al Cd Co Cu Fe Mn Ni Pb Se SO, Zn
Units pg/L Mo/l pg/L Mo/l pg/L Mg/l pg/L Hg/L pg/L mg/L pg/L
Methods AES MS MS MS AES MS MS MS MS IC MS
Guidelines
Aquatic toxicity" 750 2.0 - 13 1,000 - 470 65 4.6 - 120
Drinking water? 50-200 5 - 1,300 300 840 100 15 50 250 5,000
Water samples—October 2004

Sample number Site number

CKBK-1-2 FA CKBK-1 8.0 12 0.11 0.21 52 <20 12.5 0.8 <0.05 2.2 14.7 16
CKBK-2-2 FA CKBK-2 4.4 18,200 16.2 186 5,030 <20 1,870 61.8 0.1 <1 260 3,030
CKBK-3-2 FA CKBK-3 7.6 <10 <0.02 0.03 <0.5 <20 4.3 <0.4 <0.05 <1 117 1.3
CKBK-4-2 FA CKBK-4 6.7 75 <0.02 0.64 3 13,200 871 0.5 <0.05 2.4 1.7 35
CKBK-5-2 FA CKBK-5 3.4 5,700 4.36 97.3 992 6,390 1,320 25.9 0.67 1.2 233 1,550
PKHL-1-2 FA PKHL-1 29 39,700 10.5 218 1,980 99,300 6,980 38.3 3.4 2 1,200 6,240
PKHL-2-2 FA PKHL-2 33 11,400 11.7 226 2,910 23,200 1,400 311 2.2 <1 3% 2,890
PKHL-4-2 FA PKHL-4 59 1,170 6.95 95.2 4,950 20 629 22.6 0.1 <1 231 684
PKHL-5-2 FA PKHL-5 7.0 18 4.15 55.9 1,800 <20 383 15.9 <0.05 1.2 190 418
PKHL-6-2 FA PKHL-6 7.6 11 0.8 1.22 441 <20 424 2 <0.05 2.9 100 81.6
PKHL-7-2 FA PKHL-7 3.4 8,060 3.08 135 107 53,800 1,080 16.8 0.4 <1 396 2,080
PKHL-8-2 FA PKHL-8 3.2 10,600 5.73 181 205 38,500 1,170 23.2 0.82 <1 407 2,530
PKHL-9-2 FA PKHL-9 35 11,100 222 190 6,470 1,480 1,360 35 15 1.3 333 3,080
PKHL-10-2 FA PKHL-10 3.8 8,420 9.61 170 2,400 9,590 958 23 1.9 <1 298 2,100
PKHL-10-2 D FA PKHL-10 3.8 8,310 9.48 172 2,250 9,270 953 22.9 1.9 <1 295 2,060
PKHL-11-2 FA PKHL-11 8.4 43 <0.02 0.07 1 43 21.6 0.4 0.06 <1 8.7 <0.5
PKHL-12-2 FA PKHL-12 7.7 <10 0.76 10.6 13.7 31 118 25 <0.05 1.4 50.7 128
PKHL-13-2 FA PKHL-13 8.0 <10 0.14 1.08 9.7 233 67.6 0.6 <0.05 2.8 16.8 19.4
PKHL-14-2 FA PKHL-14 7.7 <10 0.11 1.04 7 311 120 0.5 <0.05 2.1 15 13.4
PKHL-15-2 FA PKHL-15 8.6 <10 <0.02 0.03 <0.5 28 4.8 <0.4 <0.05 2 75 <0.5
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Table 9. Dissolved concentrations of select elements in water samples from the Pike Hill mines study area—Continued
[ma/L, milligrams per liter; pg/L, micrograms per liter; <, less than; D, field replicate sample; FA, filtered acidified split; MS, inductively coupled plasma-mass spectrometry; AES, inductively
coupled plasma-atomic emission spectrometry; concentrations in bold exceed water-quality guidelines]

Characteristic/Element pH Al Cd Co Cu Fe Mn Ni Pb Se SO, Zn
Units pg/L Mg/l pg/L Mg/l pg/L Mg/l pg/L Mg/l pg/L mg/L pg/L
Methods AES MS MS MS AES MS MS MS MS IC MS
Water samples—August 2005
Sample number Site number
01139940Aug FA 01139940 7.9 11 0.1 0.12 3.6 <20 20.6 1.4 <0.05 <1 11.6 13.2
CKBK-2-3 FA CKBK-2 6.6 <10 3.61 39 608 <20 411 17.8 <0.05 <1 88 772
CKBK-3-3 FA CKBK-3 7.2 <10 <0.02 0.06 <0.5 26 20 0.8 <0.05 <1 7.5 1
CKBK-4-3 FA CKBK-4 6.5 37 <0.02 4.93 1.2 8,970 699 17 0.08 <1 3.8 6.1
CKBK-5-3 FA CKBK-5 3.6 2,330 2.25 49 597 750 849 154 0.3 11 180 945
PKHL-1-3 FA PKHL-1 2.9 36,100 12 240 2,310 68,200 6,350 43.3 4.2 2.7 1,142 7,360
PKHL-2-3 FA PKHL-2 3.1 9,200 9.3 233 1,980 23,300 1,230 30.5 2.8 1.9 418 2,940
PKHL-4-3 FA PKHL-4 55 670 6.51 88.2 4,870 34 616 24.3 0.2 <1 200 712
PKHL-5-3 FA PKHL-5 6.8 <10 293 39.3 1,120 <20 273 12.7 <0.05 1.2 128 314
PKHL-6-3 FA PKHL-6 6.9 <10 0.95 0.48 64.2 <20 28.9 3 <0.05 12 90 96.1
PKHL-7-3 FA PKHL-7 6.3 6,250 33 191 2.9 32,400 977 23.2 0.3 <1 598 2,030
PKHL-9-3 FA PKHL-9 4.2 6,920 229 188 6,790 717 1,320 34.3 1.7 1.6 373 3,570
01139830Aug FA PKHL-10 3.2 6,620 8.11 186 1,940 10,600 888 24.4 2.7 2 342 2,230
01139830Aug D FA PKHL-10 3.2 6,340 8.01 187 1,990 10,200 903 25 2.7 14 351 2,290
011398302Aug FA PKHL-11 6.8 <10 <0.02 0.03 1.5 <20 3.1 0.9 <0.05 <1 8.3 1.8
01139832Aug FA 01139832 6.8 <10 161 21.6 26 <20 233 5.2 <0.05 <1 95 247
01139833Aug FA PKHL-12 6.9 <10 0.83 5.26 15.5 59 94 2.8 <0.05 <1 50 99.9
01139838Aug FA PKHL-13 7.3 <10 0.13 0.89 8.2 130 98.2 1.2 <0.05 <1 8 8.8
01139839Aug FA PKHL-14 7.4 <10 0.14 0.94 7.2 163 240 1.2 <0.05 <1 5.7 10.1
01139826Aug FA PKHL-15 8.5 <10 <0.02 0.03 0.5 <20 4 0.8 <0.05 <1 6.7 3
01139840Aug FA 01139840 8.3 <10 0.04 0.05 5.8 52 0.7 1.1 <0.05 <1 6.7 4.6
01139841Aug FA 01139841 8.5 <10 <0.02 0.03 0.97 <20 7.1 0.9 <0.05 <1 7 1
PKHL-16-3 FA PKHL-16 6.8 <10 2.6 44.8 43.9 <20 410 8.3 <0.05 <1 125 451
PKHL-17-3 FA PKHL-17 8.2 <10 <0.02 0.03 <0.5 <20 16 1.3 <0.05 <1 11 19

1 Toxicity standards are for freshwater Criteria Maximum Concentrations (acute), except iron and selenium for Criterion Continuous Concentration (chronic exposure). Values from
U.S. Environmental Protection Agency (2006). Calculated on a hardness of 100 mg/L for hardness-dependent criteria. Standard for aluminum based on total metals, not dissolved and for pH 6.5 to 9.0
only.

“National Primary Drinking Water Standards are given for cadmium, copper, lead, and selenium, whereas National Secondary Drinking Water Standards are given for aluminum, iron, sulfate, and
zinc (U.S. Environmental Protection Agency, 2003). Vermont Primary Groundwater Quality Standards are given for manganese and nickel (Vermont Department of Environmental Conversation,
2005).
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Seeps and Mine Pools

Water in the seeps and mine pools found at the site varied
from low pH to high pH; from oxic to anoxic, based on dis-
solved oxygen; from oxidizing to reducing, based on iron spe-
ciation; and generally contained concentrations of metals that
exceeded water-quality guidelines (figs. 17, 18, 19, and 20).
The Pike Hill seeps PKHL-7 and PKHL-8 were anoxic, reduc-
ing environments that had low pH during October 2004 and
near neutral pH during August 2005 (fig. 20). The concentra-
tionsof Al, Cd, Cu, Fe, SO,, and Zn in water from seeps and
mine pools exceeded aquatic toxicity standards or drinking-
water standards, or both (figs. 17, 18, and 19). The exception
was the concentration of copper in sample PKHL-7-3 that
was below these standards. The pH and the concentration of
sulfate were higher, whereas the concentrations of aluminum,
copper, and iron were lower in the water collected from this
seep during the drier August 2005 sampling compared with
the October 2004 sampling. The pH was also higher in the
Smith mine seep water from site CKBK-2 that was sampled
during August 2005 compared to sample from October 2004.
The concentrations of Al, Cd, Cu, Mn, SO,, and Zn decreased
dramatically in the August 2005 sample compared to October
2004 sample from this site; concentrations of iron were below
the detection limit of 20 pg/L in samples from both collect-
ing events. Theincrease in pH and the decrease in metals may
indicate the mixing of the seep water with the near neutral,
low metal water of the unnamed tributary that flows into

Cookville Brook. The concentrations of cadmium, copper, and
zinc till exceeded the water-quality guidelines evenin this
relatively dilute sample.

The Smith and Eureka mine pools were generally oxi-
dized waters with low pH, whereas the perched and unperched
Union mine pools had near neutral pH and varied from reduc-
ing to oxidizing (fig. 20). The acidic Eureka mine pool, which
issampling site PKHL-1 in figure 5C, contained the highest
concentrations of Al, Fe, Mn, SO,, and Zn and had high con-
centrations of Cd and Cu, whereas the acidic Smith mine pool,
which was sampling site CKBK-5, contained intermediate
concentrations of Al, Cd, Cu, Fe, Mn, SO,, and Zn when com-
pared to other samples from the site. The concentrations of all
of these elements in samples from both sites, except sulfate
in samples from site CKBK -5, exceeded some water-quality
guidelines (figs. 17, 18, and 19). The concentrations decreased
and pH increased dlightly in the samples that were collected
during August 2005 compared with the samples that were
collected during October 2004. In contrast to the acidic Smith
and Eureka mine pools, the Union mine pools had near neutral
pH; the perched Union mine pool, which was site PK HL -4,
had a slightly lower pH of 5.5-5.9 than the unperched pooal,
which was site PKHL-5 and had pH of 6.8-7.0. The higher
pH mine pools of the Union mine had lower concentrations of
aluminum and iron compared with the lower pH mine pools of
the Smith and Eureka mines. Despite this, the concentrations
of metals such as cadmium, copper, and zinc exceeded some
water-quality guidelines.
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Surface-Mine Drainage

Samples of stagnant, ponded surface water were collected
from sampling site CKBK-4 at the Smith mine (fig. 4A). These
samples were the only ones from the surface-mine-drainage-
sample set that were proximal to mine workings. This small
pond was reducing, as indicated by Fe**/Fe ., equal to 0.8
(fig. 20), near neutral, and contained low-to-nondetectable
concentrations of Al, Cd, Cu, SO,, and Zn that were less than
water-quality guidelines. The pH and the low metals content
suggest that this water was minimally influenced by the mine
workings or waste at the Smith mine. These waters contained
concentrations of iron and manganese that exceeded water-
quality guidelines. Water from site PKHL-6, a small stream
that drains the Union mine haulageway before it infiltrates
waste pile 04PKHL11, was similar in composition to that of
the ponded water from the Smith mine in that it was oxidized,
had a neutral pH, and contained concentrations of most metals
that were less than water-quality guidelines (figs. 17, 18, and
19). This water contained concentrations of copper as much
as five times greater than the acute aquatic toxicity standard.
Unlike the water from Smith pond, the concentrations of alu-
minum and iron in water from this stream were at or below the
detection limits.

Three water sampling sites directly downstream of the
Union and Eureka mines and near the headwaters of Pike Hill
Brook were formed by the increased channelization of flow
from the Pike Hill mine site; from upstream to downstream,
those sites are PKHL-9, PKHL-2, and PKHL-10. Site PKHL-9
included water that discharges from the Eureka mine workings
and from upper waste piles. Site PKHL-2 included discharge
from site PKHL-9 and discharge from the Union mine work-
ings that had filtered through some of the lower waste piles.
Site PKHL-10 was the stream into which all of the water from
this area of the site drained before it was diluted downstream

by a small unimpacted tributary. Water from these three sites
(fig. 20) had subequal proportions of dissolved ferric and
ferrous iron, or Fe**/Fe,_, of 0.40 to 0.66 and pH that ranged
from 3.1 to 4.2. This surface-mine drainage contained dis-
solved concentrations of aluminum that ranged from 6,620

to 11,400 pg/L and concentrations of iron that ranged from
717 to 23,300 pg/L (fig. 17). These mine-drainage samples
contained concentrations of sulfate as much as 418 mg/L,
copper as much as 6,790 pg/L, zinc as much as 3,570 ug/L,
manganese as much as 1,400 pg/L, and cadmium as much as
22.9 pg/L. The concentrations of Al, Cd, Cu, Fe, Mn, SO,, and
Zn exceeded the water-quality guidelines. For samples from
site PKHL-10, the values found during this study for all of
the water-quality characteristics were within the ranges found
during the 14-month study of Kiah and others (2007), which
overlapped the duration of this study.

Downstream Waters and Mine-Drainage Effects

The downstream surface waters were generally oxygen-
ated and had neutral pH (fig. 20; table 9). Sampling sites that
directly drained the mines were seeps, mine pools, and sur-
face-mine drainage, whereas sites located farther downstream
were mine drainage that was diluted by unimpacted down-
stream waters (fig. 2; table 3). A more detailed description of
the regional water quality and streamflow from October 2004
to December 2005 was reported in Kiah and others (2007).

The pH of the waters downstream of the mines ranged
from 6.8 to 8.3 and reached 8.5 in the Waits River downstream
of Pike Hill Brook. The pH generally increases with increasing
distance downstream of the site (fig. 21). The concentrations
of aluminum and sulfate decreased downstream in Pike Hill
Brook, as indicated by the results of analysis of the October
2004 and August 2005 samples (fig. 21). This was likely
because of the dilution of impacted waters by unimpacted



Results and Discussion 39

9 100,000
October 2004
8 -
T 10,000 %
71 Wetlands %
+1000 &
L AN :
= 5 g EXPLANATION
+10 5 pH
<
44 L8 —A— pHvalue
To E Iron
3 -
—eo— Less than water-quality guidelines
2 L —@— Greater than water-quality guidelines
9 100,000 i Detection limit
August 2005 A Aluminum
81 L 10000 = —e— Less than water-quality guidelines
7 4 2 —@— Greater than water-quality guidelines
Wetlands 1,000 o Sulfate
6 by —=— |essth ter-quality guideli
- ¢¢ \ 2 ess than water-quality guidelines
= Lo E —l— Greater than water-quality guidelines
g
P/ I S A Nt U o
- - - & 3 =
. +10 E
3 E\?’
2 . . . . . . . . . 1
0 1 2 3 4 5 6 7 8
Surface-mine Pike Hill Brook downstream from mine site
drainage - > Waits River
kilometers
Figure 21. Downstream variations in the concentrations of aluminum, iron, sulfate, and pH in Pike Hill Brook and the Waits River,

October 2004 and August 2005. ICP-MS data are used for aluminum because concentrations of aluminum determined by ICP-AES

for these samples were generally less than the detection limit.

waters and by the precipitation of aluminum-hydroxysulfate
phases as pH increased. Concentrations of iron showed a
different trend than those for aluminum and sulfate. Initially

in Pike Hill Brook, concentrations of iron decreased as pH
increased. Farther downstream, however, the concentrations of
iron increased after the water had flowed through three sets of
wetlands that are approximately 3.7, 4.5, and 5.2 km down-
stream from the mine (fig. 20). This may be an indication of
the dissolution of ferric hydroxides particulates in anaerobic
parts of the wetlands [see Kiah and others (2007) for a detailed
discussion]. As with the concentrations of iron, the concentra-
tions of manganese increased after water had flowed through

a wetland approximately 5 km downstream of the mine. The
concentrations of aluminum, iron, and sulfate decreased to less
than the water—quality guidelines in water samples that were
collected from Pike Hill Brook downstream from the conflu-
ence with the first unimpacted tributary and approximately

0.5 km downstream from the mine site (fig. 21).

The concentrations of cadmium, copper, and zinc
decreased downstream from the mine site (fig. 22). Concen-
trations that exceeded water-quality guidelines were found as
much as 2.2 km downstream for copper and zinc and as much
as 1.0 km downstream for cadmium. No substantial increases
in the concentrations of cadmium, copper, and zinc were found
downstream from the wetlands.

In this study, the waters at the mouth of Pike Hill Brook
did not contain concentrations of metals that exceeded water-
quality guidelines, presumably because of processes such as

dilution, precipitation, and sorption. However, Kiah and others
(2007) reported that concentrations of cadmium and copper in
samples collected between October 2004 and December 2005
exceeded water-quality guidelines. Water-quality guidelines
for concentrations of metals were not exceeded in samples
from the Waits River downstream of the confluence of Pike
Hill Brook that were collected during this study or during the
study by Kiah and others (2007).

The concentrations of lead in the water samples ranged
from less than the detection limit of 0.05 to 4.2 ug/L. These
concentrations did not exceed the aquatic toxicity standard of
65 ug/L lead or the drinking-water standard of 15 ug/L lead.
As with concentrations of lead, the concentrations of selenium,
which ranged from less than 1 to 2.9 ug/L, did not exceed the
aquatic toxicity standard of 4.6 ug/L or the drinking-water
standard of 50 pg/L.

Comparison with Elizabeth and Ely Surface
Waters

The concentrations of iron and aluminum and the pH of
water in most of the samples collected from the Pike Hill mine
site are similar to those found in water samples from the Eliza-
beth and Ely mine sites (figs. 17, 18, and 19). Background
waters for the Elizabeth and Ely mines are not shown in those
figures, but the background waters at those sites also contained
low amounts of metals (Seal and others, 2001). In addition,
the pH of background waters for the Elizabeth and Ely mines
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Figure 22. Downstream variations in the concentrations of copper, zinc, cadmium, and pH in Pike Hill Brook and the

Waits River, October 2004 and August 2005.

was equal to or less than that found in the Pike Hill back-
ground samples, as a result of the more calcareous host rock.
The concentrations of cadmium, copper, sulfate, and zinc in
most of the samples from the Pike Hill mines area are within
the ranges found in surface waters from the Elizabeth and Ely
mines (figs. 18 and 19). The concentrations of these metals in
surface mine-drainage samples and mine-pool samples from
the Pike Hill mine fall within the range of higher concentration
values for samples from the Elizabeth and Ely mines.

Stream Sediments

Mineralogy

The mineralogy of the stream sediments largely reflects
the silicate mineralogy of the host rocks. Estimates of the
amounts of minerals in stream sediments were based on quan-
titative X-ray diffraction analysis and are given in table 10 and
illustrated in figure 23. Most of the stream-sediment samples
consisted of quartz, plagioclase feldspars, micas (that is,
muscovite) or altered micas (for example, vermiculite), and
hornblende (fig. 23). Other silicates present in lesser amounts
included kaolinite and chlorite. The only other minerals
identified by XRD in stream-sediment samples were goethite,
jarosite, chalcopyrite, calcite, and dolomite, and those miner-
als are discussed below.

Two of the samples of sediments upstream from
mine-impacted waters are those that were collected at site
011398302-SD, from the clean tributary to Pike Hill Brook,
and at site 01139826-SD, from the upstream Waits River

sample. In both of those samples, only silicate phases were
greater than the reliable detection limit of a few weight per-
cent. Stream-sediment samples that were collected from Pike
Hill Brook downstream of the mine site contained significant
goethite of approximately 20 weight percent, a few weight
percent jarosite, and traces of chalcopyrite (fig. 23). These
were either primary or secondary minerals associated with the
mine site. Brown secondary precipitates coated the streambed
in this area. Downstream trends suggest that goethite content
decreased and that jarosite and chalcopyrite were undect-
able, which reflects a decrease in minerals associated with the
mine site downstream. The stream-sediment sample col-
lected from the unnamed tributary to Cookville Brook at site
01139940-SD, which was downstream from the Smith mine,
contained trace to nondetectable amounts of primary minerals,
that is chalcopyrite, and secondary minerals, that is goethite
and jarosite, that are associated with the sulfide deposit. The
only other minerals of note in the stream-sediment samples
were calcite and dolomite; these carbonates are acid neutral-
izers found in the host rock of the mineral deposit. The sample
from site 01139840-SD at the mouth of Pike Hill Brook and
from site 01139841-SD at the Waits River at East Corinth
Road contained up to 6 weight percent carbonates (fig. 23).

Minerals associated with the mine may weather and pro-
duce acid and runoff containing trace elements that may have
a detrimental effect on the aquatic ecosystem; these minerals
decreased rapidly downstream. In addition, acid-neutralizing
carbonates that could be of benefit to the aquatic ecosystem
were found in stream sediments upstream from the confluence
of Pike Hill Brook with the Waits River and in the Waits River
downstream of the site.



Table 10. Estimates of the amounts of minerals in stream-sediment samples from the Pike Hill mines study area.

[n.d., not determined; ideal formulas for minerals are given in table 4, except dolomite (CaMg(CO,),), hornblende ((Ca,Na), ,(Mg,Fe,Al),Si (Si,Al),0O,,(OH),), and
vermiculite (Mg, (Mg,Fe,Al),(Al,Si),0,,(OH),-4H,0]

Sediment-sample number

011398302-  01139830-  01139830-  01139832-  01139833-  01139833-  01139838-  01139839-  01139840-  01139841-  01139940-  01139826-

Mineral SD SD SD-BC SD SD SD-D’ SD SD SD SD SD SD
Minerals (weight percent)
Albite 7.2 4.4 4 7.3 6.7 8.4 121 11.9 13 8.3 6.9 134
Anorthite 104 1.7 7.2 13 22.6 11.9 14 171 11.9 10 10 7.9
Calcite 0 0 0 0 0 0 0 0 4.4 0 0 0
Chalcopyrite 0 16 1.2 0.5 0.3 0.2 0.2 0.2 0 0.2 0.2 0
Chlorite 0.7 0 0 0 13 15 0 0 0.9 0 0.4 0.2
Dolomite n.d. n.d. n.d. n.d. 0 0.6 0 n.d. n.d. 6.2 n.d. n.d.
Goethite 0.1 19.7 18.9 2.8 11 1.3 0 0 0 0 0 0
Hornblende 115 1.1 3.8 44 48 6 1.7 3.8 3.2 2.9 4.1 2.8
Jarosite 0 2.6 23 0.3 0.2 0.2 0 0 0 0 0.1 0.3
Kaolinite 19 18 2.2 24 18 14 15 0.1 0.9 1.6 1.8 11
Muscovite 5.9 7.9 8.5 4.3 5.7 7.1 7.8 5.7 4 5 5.7 6
Quartz 58.1 49.7 47.2 56.2 52.4 59.6 60.5 57.7 60.4 65.1 68.9 65.9
Vermiculite 4.2 35 4.7 8.7 31 1.8 2.3 3.3 14 0.8 19 24

Fit of refinement

Chi-square? 5.27 4.15 43 571 6.77 5.03 5.72 5.93 6.36 6.89 451 491

101139833-SD-D is a replicate sample of 01139833-SD.

2Chi-square is a computed statistical residual to measure the fit of refinement. Chi-square = 1 for perfect correspondence between least-squares model and observed data. Values below 6 are considered
reasonable fits for these complex mixtures due to systematic errors and imperfect physical corrections.
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Figure 23. Relative weight percentages of minerals in stream sediments from the Pike Hill mines study area.

Bulk Geochemistry

The concentrations of elements in stream sediments from
Pike Hill Brook, from a tributary to Cookville Brook, and
from the Waits River are given in table 11 and appendix 5. The
concentrations of Ag, Bi, Cd, Cu, Fe, Mo, Pb, S, Sh, Se, Sn,
and Zn, which are likely associated with the mineral deposits,
were highest in stream-sediment samples collected from sites
01139830-SD and 01139830-SD-BC directly downstream of
the Eureka and Union mines. In contrast, the concentrations
of these elements in the stream-sediment sample collected
at site 01139940-SD downstream of the Smith mine were
significantly lower. The concentrations of most of these ele-
ments in this sample were similar to those in stream sediment
collected in unimpacted waters at sites 01139826-SD and
011398302-SD. The stream sediment downstream from the
Smith mine did contain elevated concentrations of cadmium,
copper, and zinc compared to background levels.

Probable effect concentrations (PEC) are concentrations
of contaminants above which harmful effects on sediment-
dwelling organisms are expected to occur frequently. The
PECs for As, Cd, Cr, Cu, Ni, Pb, and Zn are given in table 11
and are based on MacDonald and others (2000). These

consensus-based criteria were calculated by determining the
geometric mean of several published PEC-type sediment-qual-
ity standards (MacDonald and others, 2000). To evaluate the
biological significance of contaminant mixtures, mean PEC
quotients were calculated for the stream-sediment samples
(table 11). Mean PEC quotients were determined by dividing
the concentrations of an element by its consensus-based PEC,
summing the values, and normalizing to the number of PECs
for each sediment sample (MacDonald and others, 2000).
Concentrations that were below the detection limit were not
included in the calculations. For this study, sediment samples
were predicted to be toxic when the mean PEC quotients were
greater than 0.5. The concentrations of cadmium, copper, and
zinc in many samples were greater than the individual PECs
(table 11; fig. 24). Mean PEC quotients greater than 0.5 are
shown in bold type in table 11 and included stream sediments
from sites directly downstream from the Union and Eureka
mines, where samples 01139830-SD and 01139830-SD-BC
were collected, and directly downstream from the Smith
mine, where sample 01139940-SD was collected. In Pike

Hill Brook, mean PEC quotients exceeded 0.5 as far down-
stream as approximately 5.2 km from the mine, where sample
01139838-SD was collected.



Table 11. Concentration of select elements in stream-sediment samples from the Pike Hill mines study area.

[Selenium determined by hydride-generation atomic absorption spectrometry; others elements by a combination of inductively coupled plasma-atomic emission spectrometry and inductively coupled

plasma-mass spectrometry, except replicate 01139830-SD-R was analyzed by inductively coupled plasma-mass spectrometry; mg/L, milligrams per liter; pg/L, micrograms per liter; PEC, probable effect
concentration; <, less than; concentrations in bold exceed criteria]

Element Al As Cd Co Cr Cu Fe Mn Mo Ni Pb S Sh Se Sn Zn PEC
quotient
Units percent mg/kg mg/kg mg/kg mg/kg mg/kg percent mg/kg mg/kg mgkg mg/kg percent mg/kg mg/kg mg/kg mg/kg
Guidelines
PEC or hazard 33 4.98 111 149 48.6 128 4 459 0.5
rating*
Stream-sediment samples
Sample
number
01139826-SD 3.8 <1 0.1 4.4 40 7.7 2.04 920 0.21 135 16.5 0.01 0.08 <02 2.5 44 0.2
011398302-SD 5.76 0.5 19 75 262 336 2,530 0.86 323 25.6 0.06 0.13 0.5 4.5 134 0.5
01139830-SD 3.03 8 5.8 43.2 31 8,070 215 686 22.7 7.9 59 2.12 1.28 49.8 8.2 1,070 84
01139830-SD- 2.67 23 5 51.1 28.8 6,200 20 613 11.6 9.8 61 - 13 52.1 - 981 6.6
RZ
01139830-SD- 3.51 9 54 46.6 36 6,550 20.8 574 13.8 9.7 61.9 1.61 1.34 52 104 1,010 6.9
BC
01139832-SD 5.08 7 3.2 74.4 48 3,530 7.64 1,100 471 20.5 31.1 0.41 0.39 8.7 4.2 675 3.9
01139833-SD 4.96 22 4.8 147 51 3,540 6.67 1,830 243 24.1 25.5 0.41 0.35 6.8 2.9 834 4.1
01139833-SD 4.93 3 5.6 138 50 3,490 6.73 1,750 3.18 23.9 255 0.46 0.28 6 3.3 907 4.0
Dup®
01139838-SD 5.36 <1 1.6 49.5 49 298 2,72 1,540 0.5 195 21.3 0.04 0.07 0.3 2.6 283 0.7
01139839-SD 4.62 <1 0.9 23.3 34 119 1.84 1,300 0.22 13.8 18.9 0.02 0.05 <0.2 1.6 191 0.4
01139840-SD 4.29 <1 14 22.1 27 98.1 1.4 1,380 0.19 12.2 21.8 0.02 0.06 <02 2.9 224 0.3
01139841-SD 4.06 1 0.1 4.6 32 8 1.35 667 0.16 11.2 18.2 0.01 0.07 0.2 24 43 0.1
01139940-SD 4,74 <1 15 355 53 539 2.43 1,650 0.45 314 131 0.04 0.06 <0.2 2.1 685 11

'Guidelines for all elements except selenium are Probable Effect Concentrations calculated from the geometric mean of several sediment-quality guidelines (MacDonald and others, 2000). PECs are
intended to indicate concentrations above which harmful effects on sediment-dwelling organisms are expected to occur. Selenium guideline is a hazard rating above which sediment may be hazardous in

terms of food-chain bioaccumulation and reproductive impairment in fish and aquatic birds (Lemly, 1995).

2Replicate split of sample sent for chemistry analysis.

SField replicate (“Dup”).

“Mean PEC quotient is calculated from element concentrations and PECs and is an indication of the biological significance of contaminant mixtures (MacDonald and others, 2000). In this evaluation,

samples are considered toxic if mean PEC quotients are greater than 0.5.
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Figure 24. Concentrations of cadmium, copper, selenium, and zinc in stream sediments collected from
the Pike Hill mines study area. [Probable effect concentrations are from MacDonald and others (2000).
Selenium hazard rating from Lemly (1995).]



Based on comparison to PECs and mean PEC quotients for
these selected elements, stream sediments downstream from
the Pike Hill mines site in both Pike Hill Brook and the
tributary to Cookville Brook contained concentrations of ele-
ments that may be harmful to sediment-dwelling organisms.
However, the speciation of these elements and partitioning
among various organic and inorganic solid phases affect their
bioavailability, rather than their total concentration. Therefore,
in this comparison of total concentration to PECs, the threat to
aquatic organisms from the sediment may be overstated.

The concentrations of selenium in the stream sediments
were compared to a hazard rating developed by Lemly (1995).
Selenium in sediments can be absorbed or ingested by aquatic
organisms and hioaccumulate throughout the food chain
(Lemly, 1997). A protocol for conducting a hazard assessment
of selenium to assess food-chain bioaccumulation and repro-
ductive impairment in fish and aquatic birds was developed
by Lemly (1995) and is based on five ecosystem components:
water, sediments, benthic macroinvertebrates, fish eggs, and
aquatic bird eggs. Each of the components is assigned a haz-
ard rating, and the hazard assessment is a sum of the hazard
ratings of all five components. In this study, only the hazard
rating for the sediment component was examined. Concen-
trations of selenium less than the no-hazard rating of less
than 1 mg/kg were seen in the samples collected from areas
unimpacted by mine drainage, downstream from the wetlands
in Pike Hill Brook, and downstream from the Smith mine;
however, concentrations of selenium were in the high hazard
level of greater than 4 mg/kg in samples that were collected as
much as approximately 2 km downstream from the Eureka and
Union mines (table 11; fig. 24). As mentioned previously, the
actual toxicity of an element such as selenium is related to its
bioavailability rather than to its total concentration, and thus
the actual toxicity may be overestimated here. The results of
sequential partial dissolutions used to characterize the distribu-
tion of selenium in a stream-sediment sample from Pike Hill
Brook suggest selenium was not dominantly present in the
bioavailable fraction (Piatak and others, 2006b).

The downstream variations in the concentrations of
cadmium, copper, selenium, and zinc in stream sediments are
shown in figure 24. The concentrations of these elements in
sediment collected from areas unimpacted by the mines were
low. The concentrations of these and other trace elements
associated with the mineral deposits near the mines generally
decreased with increasing distance from the mines; below the
wetlands, concentrations of these elements in sediments did
not exceed these standards (fig. 24).

The concentrations of most elements in the Pike Hill
mine sediments were similar to those in stream sediment from
the Elizabeth Mine that were reported by Hammarstrom and
others (1999). For example, the concentrations of aluminum
and iron in Elizabeth Mine sediments ranged from 1.3 to
6.2 percent and from 2.2 to 34 percent, respectively (Ham-
marstrom and others, 1999). In Pike Hill mines sediments,
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aluminum ranged from 3.8 to 5.76 percent and iron from 1.35
to 21.5 percent (table 11). The maximum concentrations of
8,070 mg/kg of copper and 1,070 mg/kg of zinc in stream
sediment from the Pike Hill mines were greater than the maxi-
mum values of 3,930 mg/kg of copper and 836 mg/kg of zinc
reported in stream sediment from the Elizabeth Mine (Ham-
marstrom and others, 1999). Concentrations of cadmium were
comparable with a maximum value of 5.8 mg/kg for Pike Hill
mines sediments compared to a maximum value of 7 mg/kg
for the Elizabeth Mine sediments. As with Pike Hill stream
sediments, the concentrations of trace elements in stream
sediments from the Elizabeth mine study area decreased with
increasing distance from the mine.

Conclusions

Mine waste, mine drainage, and stream sediments at the
Pike Hill Copper Mine Superfund site were sampled and ana-
lyzed to provide a relative ranking of their potential environ-
mental impact and for comparison with the results of similar
studies of the nearby Elizabeth and Ely mines Superfund sites.
The results indicated that background soils, waters, and stream
sediments contained low concentrations of most metals. The
background soils were categorized as non-acid generating
based on acid-base accounting, and background waters had
near neutral pH values and were alkaline and hard. These
features are reflections of the calcareous host rocks in the Pike
Hill study area.

Most mine-waste samples from the Eureka and Union
mines area contained concentrations of copper and iron that
exceeded USEPA PRGs and concentrations of selenium and
zinc that were significantly higher than the reported mean
concentrations of those elements in soils in the eastern United
States. The low paste-pH values and negative net-neutraliza-
tion potentials indicated that most material around the Eureka
and Union mines was potentially acid generating. Leachate
tests on mine waste indicated that Al, Cd, Co, Cu, Fe, Mn, Se,
SO,, and Zn were leached in concentrations that were higher
than water-quality guidelines. Mine waters around and directly
downstream from the Eureka and Union mines contained
high concentrations of some elements including as much as
39,700 pg/L Al, 22.9 pg/L Cd, 6,790 ug/L Cu, 99,300 pg/L
Fe, 6,980 pg/L Mn, and 7,360 pg/L Zn, which validates the
conclusions of the leachate test. Concentrations of these
elements in many water samples exceeded water-quality
guidelines. Generally in surface waters, the pH increased and
the concentrations of these elements decreased downstream
from the Eureka and Union mines in Pike Hill Brook. Stream
sediments also contained concentrations of cadmium, copper,
selenium, and zinc that exceeded toxicity standards for aquatic
life; the concentrations of those elements also decreased with
increasing distance from the mines.
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The environmental impact of the Smith mine area is
potentially less than that of the Eureka and Union mines.
Mine waste at the Smith mine contained concentrations of
iron that exceeded the USEPA PRG. It was also acid gener-
ating, although generally slightly less acid generating than
material from the Eureka and Union area. Although the
concentrations of metals in leachate from Smith mine waste
did not reach maximum concentrations, Smith mine waste
contained comparable concentrations of metals relative to
leachate from Eureka and Union mines waste; concentrations
of cadmium, copper, and zinc in Smith mine leachates did
exceed the acute aquatic toxicity standards. The concentra-
tions of metals in mine waters at the Smith mine generally did
not reach the maximum values found at the Eureka and Union
mines, although concentrations of some metals exceeded acute
toxicity standard, drinking-water standards, or both. Stream
sediment downstream from the Smith mine contained inter-
mediate concentrations of trace elements when compared with
sediments from Pike Hill Brook downstream from the Eureka
and Union mines.

These preliminary results suggest that the environmen-
tal impact from the Pike Hill mines site is comparable to
that from the Elizabeth and Ely mines based on mine-waste
chemistry and potential acid-generation and on mine-drainage
and stream-sediment chemistry. At the Pike Hill mines site,
USEPA PRGs for several elements were exceeded in mine-
waste samples. In addition, the aquatic ecosystem in waters
draining the Pike Hill Superfund site is potentially threatened,
based on leachate tests and water and stream-sediment metal
content.
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Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area.

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; |CP-AES, inductively coupled plasma-atomic
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element/Lab information Job number Lab number Ag Ag Al Al As As Au Ba Ba Be Be Bi

s

Units mg/kg mgkg mg/kg wt% mg/kg mg/kg mgkg mg/kg mg/kg mg/kg mg/kg mg/kg
Methods ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS
Sample number

04Smithl MRP-05662 C-245972 5.89 7 44,200 4.6 1 <10 <8 308 580 14 1 221
04Smith2 MRP-05662 C-245973 5.49 7 30,200 35 0.6 <10 <8 236 560 12 1 3.36
04Smith3 MRP-05662 C-245974 6.6 8 25,700 3.2 1 <10 <8 195 590 12 1 2.73
04Smith4 MRP-05662 C-245975 <3 <2 1,180 0.16 0.6 <10 <8 834 850 0.04 <1 0.09
04Smith5 MRP-05662 C-245976 <3 <2 27,600 3 0.6 <10 <8 325 520 1 1 0.23
04Smith6 MRP-05662 C-245977 <3 <2 47,600 4.7 0.5 <10 <8 222 240 16 2 0.15
04Smith7 MRP-05662 C-245978 <3 <2 43,600 3.9 0.8 <10 <8 198 220 16 2 0.13
04PKHL1 MRP-05662 C-245979 10.3 12 25,800 3 6.3 <10 <8 179 500 1 1 3.39
04PKHL2 MRP-05662 C-245980 6.26 7 40,200 4.7 31 <10 <8 256 540 15 2 2.28
04PKHL3 MRP-05662 C-245981 11.9 14 34,600 41 3.3 <10 <8 269 550 11 1 6.03
04PKHL7 MRP-05662 C-245982 114 14 26,400 33 85 <10 <8 193 490 1 1 4.38
04PKHL9 MRP-05662 C-245983 27.8 32 15,400 2 9.7 <10 <8 186 620 0.65 <1 9.35
04PKHL10 MRP-05662 C-245984 3 4 31,100 3.7 57 85 <8 167 210 11 1 192
04PKHL11 MRP-05662 C-245985 7.63 10 23,000 2.8 3.2 <10 <8 170 480 0.99 1 5.28
O5PKHL11 Dup MRP-06686 C-271421 8.97 <2 26,200 2.7 3 <30 - 171 180 11 <1 6.12
O4PKHL11-A MRP-05662 C-245986 <3 <2 33,700 34 0.3 <10 <8 325 320 14 1 0.26
04PKHL12 MRP-05662 C-245987 <3 3 5,570 0.77 0.2 <10 <8 441 690 0.26 <1 1.48
04PKHL13 MRP-05662 C-245988 12.9 16 30,300 3.7 6.6 <10 <8 206 530 11 1 5.15
04PKHL13-B MRP-05662 C-245989 <3 2 1,860 0.27 05 <10 <8 26.3 780 0.07 <1 0.86
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Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area—Continued

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; ICP-AES, inductively coupled plasma-atomic
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element Bi Ca Ca Cd Cd Ce Ce Co Co Cr Cr Cs Cu Cu Eu
Units mg/kg mgkg wt% mgkg mg/kg mgkg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg  mg/kg
Methods ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-AES
Sample number

04Smithl <10 7,650 0.78 0.63 2 22.7 18 394 59 85.1 59 4.3 1,800 1,800 <2
04Smith 2 <10 7,120 0.78 0.29 <2 13.2 8 284 46 40.8 10 1.2 1,530 1,700 <2
04Smith3 <10 5,010 0.57 0.22 2 125 6 317 61 28.2 <1 0.94 1,380 1,500 <2
04Smith4 <10 262 0.015 0.1 3 2 <4 1.3 36 23.1 <1 0.16 1,120 1,300 <2
04Smith 5 <10 5,890 0.62 0.49 <2 16.1 13 14 20 38.7 21 3.7 559 610 <2
04Smith6 <10 7,000 0.68 0.13 <2 514 52 10.7 10 52.8 54 24 19 18 <2
04Smith7 <10 4,590 04 0.11 <2 533 50 9.8 10 454 40 2.3 18 15 <2
04PKHL1 <10 6,620 0.73 0.59 <2 9.6 5 35 59 24.9 <1 1.1 4,410 4,700 <2
04PKHL2 <10 7,680 0.87 0.27 3 12.1 8 20.1 47 37 11 2 3,000 3,200 <2
04PKHL3 <10 4,450 0.5 0.35 2 12.6 9 47.9 76 412 16 1.7 3,240 3,400 <2
O4PKHL7 <10 7,120 0.85 25 4 13.9 10 50.7 88 318 4 15 8,060 9,000 <2
04PKHL9 <10 4,350 0.54 2 5 114 4 103 170 20 <1 1.2 9,200 11,000 <2
04PKHL10 <10 29,800 34 91.8 110 317 29 122 180 42.3 38 18 7,200 7,900 <2
04PKHL11 <10 8,320 0.95 0.64 2 8.7 4 36.2 66 24.3 <1 0.97 6,400 7,200 <2
05PKHL-11 Dup <30 8560 0.96 11 <2 8.8 <4 39.3 45 22.6 19.8 0.98 8,410 10,000 -
O4PKHL11-A <10 9,070 0.87 0.06 <2 17 16 1.1 <1 54.8 64 5.2 2,370 2,400 <2
04PKHL12 <10 1,300 0.16 0.41 3 25 <4 8 37 11.9 <1 0.24 1,610 2,100 <2
04PKHL13 <10 6,350 0.76 0.29 3 8.6 4 34.4 63 32.1 5 21 3,670 4,300 <2
04PKHL13-B <10 418 0.043 0.1 2 0.98 <4 3.6 36 17.8 <1 0.21 874 1,000 <2
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Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area—Continued

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; |CP-AES, inductively coupled plasma-atomic
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element Fe Fe Ga Ga Ho K K La La Li Li Mg Mg Mn Mn
Units mgkg wt% mg/kg mgkg mg/kg mg/kg wt% mgkg mgkg mg/kg mg/kg mg/kg wt% mg/kg mg/kg
Methods ICP-MS ICP-AES ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES
Sample number

04Smithl 200,000 19 16 23 <4 18,100 1.8 115 10 33 32 18,000 18 1,370 2,100
04Smith 2 210,000 21 14 20 <4 15600 1.7 9.2 8 14.3 12 6,690 0.74 865 1,800
04Smith3 230,000 25 12 18 <4 12,300 14 8.2 6 9.7 10 4,130 05 609 740
04Smith4 410,000 47 24 18 <4 2850 0.36 0.9 <2 <0.2 <2 250 0.036 39 13
04Smith 5 130,000 14 10 14 <4 5800 0.66 55 5 16.7 16 6,620 0.71 807 860
04Smith6 26,000 26 12 8 <4 6,540 0.68 20.6 19 30.3 28 14,700 15 1,120 1,100
04Smith7 26,000 24 9.9 8 <4 6,790 0.66 16.3 15 27.8 24 7,830 0.71 606 570
04PKHL1 200,000 20 12 20 <4 13,800 1.6 6.1 5 9.3 10 3,190 0.37 166 170
04PKHL2 170,000 18 16 18 <4 18,700 21 7 6 15 14 4,980 0.57 218 210
04PKHL3 180,000 19 15 19 <4 21500 24 7 6 17.7 17 6,090 0.72 238 250
O4PKHL7 170,000 19 11 18 <4 14,900 18 7.8 7 14.4 14 5,710 0.71 302 340
04PKHL9 260,000 27 6.6 17 <4 9,490 12 5.8 4 5.7 7 2,350 0.34 223 240
04PKHL10 33,000 3.6 10 12 <4 12200 14 151 15 21.8 21 12,300 14 1,360 1,600
04PKHL11 170,000 19 9.6 14 <4 12,400 15 4.9 4 9 8 3,730 0.46 159 180
05PKHL-11Dup 180,000 22 9.7 28 - 13,400 14 49 5 49 9 3,640 041 160 190
04PKHL11-A 5,700 0.65 11 10 <4 9,740 0.98 8 8 21.3 18 6,830 0.72 196 210
04PKHL12 310,000 40 32 20 <4 2800 0.39 13 <2 18 2 722 011 32 14
04PKHL13 170,000 20 14 19 <4 17,000 21 51 4 16 14 4,640 0.56 234 260
04PKHL13-B 360,000 46 54 21 <4 2510 034 0.52 <2 0.3 <2 281 0.039 22 <4
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Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area—Continued

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; |CP-AES, inductively coupled plasma-atomic
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element Mo Mo Na Na Nb Nb Nd Ni Ni P P Pb Pb Rb Sh
Units mg/kg mg/kg mg/kg wt% mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg wt.% mg/kg mg/kg mg/kg mg/kg
Methods ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS
Sample number

04Smithl 4.6 18 6,620 0.74 2.3 8 18 15 10 980 0.11 69.9 86 67.2 0.1
04Smith 2 4 16 7,640 1 <2 6 17 10 7 910 0.11 115 130 67.2 0.07
04Smith3 16.2 22 6,880 0.98 <2 18 20 9.9 7 840 0.1 83.2 110 51.2 0.22
04Smith4 0.2 <2 58 0.027 <2 30 32 14 <2 970 0.13 222 70 3.2 0.2
04Smith 5 14 <2 3,970 05 34 9 14 254 23 1,300 0.14 9.8 26 25 0.07
04Smith6 0.36 <2 5160 0.59 2 <4 20 27.3 25 190 0.02 14.1 12 28.2 0.07
04Smith7 0.46 <2 4040 041 2.8 <4 15 23 20 260 0.024 14.2 13 30.6 0.05
04PKHL1 374 34 5980 0.78 4.7 14 15 7.2 3 370 0.054 89.2 120 62.2 0.22
04PKHL2 322 35 9,500 13 6.6 14 14 7 3 400 0.053 58.9 79 89.4 0.1
04PKHL3 185 18 4540 061 7.2 14 14 79 3 430 0.059 85.7 110 939 0.2
04PKHL7 21.6 22 4140  0.59 52 12 16 9.6 6 360 0.062 238 250 67.5 11
04PKHL9 445 42 1,850 0.3 5.6 17 19 13.6 10 180 0.046 182 200 46.1 5.7
04PKHL10 41 8 3080 042 2.2 <4 14 8.9 6 420 0.066 103 110 56.1 0.57
04PKHL11 194 23 5,110 0.7 55 15 13 7.1 3 280 0.054 78.3 120 55.9 0.1
05PKHL-11Dup 225 28 6,110 0.72 5.8 12 16 4.9 9 310 0.009 85.5 40 55.1 0.2
04PKHL11-A 0.62 <2 5680 061 6.9 4 8 6.8 3 460 0.054 14 17 51.8 0.1
04PKHL12 4.9 4 1,160 0.18 <2 30 25 11 <2 120 0.023 154 64 13.2 0.08
04PKHL13 345 24 6,340 0.89 6.6 16 14 7.4 4 320 0.052 102 130 86 0.2
04PKHL13-B 19 7 419 0.081 <2 28 30 <1 <2 250 0.041 294 86 8.3 0.07

L xipuaddy

1



Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area.—Continued

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; |CP-AES, inductively coupled plasma-atorr
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element Sc Sc Se Sn Sr Sr Ta Th Th Ti Ti TI U U
Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mgkg mg/kg wt% mg/kg mg/kg mg/kg
Methods ICP-MS ICP-AES HG-AAS ICP-AES ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
Sample number

04Smithl 13 16 20.1 <5 96.9 94 <20 48 <4 2500 0.18 0.61 11 <100
04Smith 2 7.4 11 22.7 28 81.2 75 <20 2.7 <4 2,000 0.16 0.88 0.69 <100
04Smith3 54 10 24.8 <5 64.4 61 <20 2.6 <4 1,200 0.094 11 0.7 <100
04Smith4 13 9 21 <5 121 <2 <20 4.4 6 180 <0.005 0.2 0.36 <100
04Smith 5 8.3 11 0.8 <5 251 260 <20 12.1 16 1,600 0.16 0.2 0.99 <100
04Smith6 8.8 9 0.3 18 404 400 <20 75 4 1,300 0.12 0.3 13 <100
04Smith7 6.8 7 0.4 <5 274 250 <20 6.7 7 1,400 0.13 0.3 11 <100
04PKHL1 4.6 8 48.9 <5 714 67 <20 2.1 <4 1,600 0.051 13 0.54 <100
04PKHL2 75 11 47 10 88.5 82 <20 3.6 <4 2200 014 16 0.65 <100
04PKHL3 8.4 12 47.6 19 70.5 65 <20 3 <4 2,400 0.16 16 0.64 <100
04PKHL7 5.6 10 52 <5 61.5 63 <20 2.8 <4 1,800 <0.005 12 0.7 <100
04PKHL9 3.3 9 124.2 36 68.6 65 <20 18 <4 1,400 <0.005 0.83 0.66 <100
04PKHL10 7 8 7.4 <5 70.7 72 <20 45 <4 1,700 <0.005 0.78 16 <100
04PKHL11 4.7 8 60.7 5 74.6 74 <20 19 <4 1,600 <0.005 1 05 <100
05PKHL-11 Dup 4.8 3 65.6 - 73.8 90 - 2.2 <4 1,800 0.16 11 0.57 <30
04PKHL11-A 14 14 9.2 7 173 160 <20 16.4 22 3,200 0.27 0.3 25 <100
04PKHL12 13 8 11.2 11 18.9 10 <20 12 <4 350 <0.005 0.2 0.16 <100
04PKHL13 6 10 53.9 7 69.9 67 <20 2.2 <4 2000 011 2.3 0.44 <100
04PKHL13-B 0.8 8 7.1 11 8.9 <2 <20 0.57 <4 330 <0.005 0.2 0.06 <100
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Appendix 1. Bulk geochemistry of mine waste from the Pike Hill mines study area.—Continued

[mg/kg, milligrams per kilogram; wt. %, weight percent; ICP-MS, inductively coupled plasma-mass spectrometry; |CP-AES, inductively coupled plasma-atomic
emission spectrometry; HG-AAS, continuous-flow hydride-generation atomic absorption spectrophotometry; <, less than; Dup, field replicate sampl €]

Element v Vv Y Y Yb Zn Zn
Units mg/kg mg/kg mg/kg mgkg mg/kg mg/kg mg/kg
Methods ICP-MS ICP-AES ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES
Sample number

04Smithl 137 140 154 13 2 614 640
04Smith 2 138 150 12.7 10 2 315 340
04Smith3 125 140 7.5 5 1 344 380
04Smith4 329 42 0.58 <2 <1 55 8l
04Smith 5 61.7 69 5.8 4 <1 521 560
04Smith6 63.5 65 20.1 18 2 66 67
04Smith7 55.6 53 13.9 12 1 46 45
04PKHL1 83.8 92 34 <2 <1l 246 250
04PKHL2 82.2 89 4.8 3 <1 213 240
04PKHL3 89 98 6 4 <1 354 400
O4PKHL7 67 79 7.1 6 1 593 730
04PKHL9 47.6 57 4 <2 <1 640 840
04PKHL10 60.4 66 16.9 16 2 16,000 18,000
04PKHL11 63.1 74 4.2 2 <1 233 310
O05PKHL-11 Dup 65.5 78 4.2 3 24 278 310
O4PKHL11-A 425 44 94 8 1 24 34
04PKHL12 24.7 34 1.2 <2 <1l 88 130
04PKHL13 72.5 87 3.8 2 <1 218 270
04PKHL13-B 138 190 0.38 <2 <1 32 60
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pg/L, micrograms per liter; mg/L, milligrams per
liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,
inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES
and M S and filtered unacidified splits used for I1C]

Characteristic/element  Job number Labnumber pH sp.cond. temp. DO ORP Fe”* Fe ol Fe2IFeqn Ag Ag Al Al
Units pS/em °C mg/L mV mg/L  mg/L ng/L ng/L no/L ng/L
Methods AES& MS  AES & MS Hach Hach ICP-MS ICP-AES ICP-MS ICP-AES
Sample number

04Smithl MRP-05718 C-247284 355 225 234 8 5087 045 055 0.8 <3 <10 2,080 2,010
04Smith2 MRP-05718 C-247285 3.36 244 231 8 4966 017 024 0.7 <3 <10 127 126
04Smith3 MRP-05718 C-247288  3.20 304 233 7 4444 004 012 0.3 <3 <10 Q0 79.9
04Smith5 MRP-05718 C-247287 3.28 295 231 8 4108 nd. 0.09 n.d. <3 <10 582 577
04Smith6 MRP-05718 C-247278 5.89 17.6 227 8 2830 nd. 0.00 n.d. <3 <10 7.3 <50
04Smith7 MRP-05718 C-247277 5.87 13.3 231 8 2770 nd 0.01 n.d. <3 <10 138 <50
04PKHL1 MRP-05718 C-247294 311 577 224 8 3902 022 031 0.7 <3 <10 587 630
04PKHL2 MRP-05718 C-247289 317 314 226 8 3732 013 016 0.8 <3 <10 97.6 92.4
04PKHL3 MRP-05718 C-247290 3.24 315 21.9 8 580.9 0.08 0.10 0.8 <3 <10 70.8 62.8
04PKHL7 MRP-05718 C-247286 3.71 260 219 8 571.3 0.06 0.09 0.7 <3 <10 128 125
04PKHL9 MRP-05718 C-247302 2.90 967 21.8 8 564.0 042 354 0.1 <3 <10 7,460 8,090
04PKHL10 MRP-05718 C-247283 7.08 206 217 6 3745 nd 0.00 n.d. <3 <10 29 <50
04PKHL11 MRP-05718 C-247301  3.12 934 22 8 4696 023 042 0.5 <3 <10 1510 1,520
04PKHL12 MRP-05718 C-247295 294 583 218 8 5374 139 325 0.4 <3 <10 343 339
04PKHL13 MRP-05718 C-247293 3.28 525 22 8 567.4 0.07 0.12 0.6 <3 <10 503 497
04PKHL13-B MRP-05718 C-247297 284 737 22 8 5369 172 550 0.3 <3 <10 442 461
010405Blk C1* MRP-05718 C-247279 nd. n.d. nd. nd nd n.d. n.d. n.d. <3 <10 <2 <50
010405Blk C2* MRP-05718 C-247280 n.d. n.d. nd. nd. n.d. n.d. n.d. n.d. <3 <10 <2 <50
010405BIk C1F? MRP-05718 C-247281 4.33 46.7 22 8 5093 nd. 0.00 n.d. <3 <10 <2 <50
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per
liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,
inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES
and M S and filtered unacidified splits used for I1C]

Element As As B Ba Ba Be Be Bi Ca Ca Cd Cd Ce Co Co
Units Hg/L Hg/L po/L po/L po/L po/L po/L pg/L  mg/L  mg/l /L Hg/L Hg/L ng/L ng/L
Methods ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS  ICP-AES
Sample number

04Smithl <1 <100 <20 2.78 251 0.2 <5 <02 3.43 354 3.44 <10 2.22 41.9 46.5
04Smith2 <1 <100 <20 0.55 <1l <0.05 <5 <02 2.67 2.72 2.03 <10 0.21 64.2 63.9
04Smith3 <1 <100 <20 0.76 <1 <0.05 <5 <0.2 0.83 0.787 0.39 <10 0.22 4.64 <10
04Smith5 <1 <100 <20 335 32.6 <0.05 <5 <02 2.56 2.55 1.19 <10 134 20.2 22
04Smith6 <1 <100 <20 2.66 2.55 <0.05 <5 <0.2 157 1.6 <0.02 <10 0.08 0.07 <10
04Smith7 <1 <100 <20 3.88 409 <0.05 <5 <02 133 1.4 <0.02 <10 0.05 0.09 <10
04PKHL1 <1 <100 <20 0.85 <1 <0.05 <5 <0.2 48.3 48.7 1.23 <10 4.08 7.89 <10
04PKHL2 <1 <100 <20 <0.2 <1 <0.05 <5 <02 3.76 3.84 0.66 <10 0.19 111 14.9
04PKHL3 <1 <100 <20 <0.2 <1 <0.05 <5 <0.2 0.55 0.543 0.66 <10 0.1 3.53 <10
O4PKHL7 <1 <100 <20 0.68 <1 <0.05 <5 <0.2 24.4 24 221 21.6 11 8l 82
04PKHL9 <1 <100 <20 4.44 4.1 0.2 <5 <0.2 54.9 61.6 10.2 <10 30.7 1,020 1,020
04PKHL10 <1 <100 <20 3.82 3.81 <0.05 <5 <0.2 35.2 36.2 23 219 <0.01 1.06 <10
04PKHL11 <1 <100 <20 0.3 <1 0.05 <5 <0.2 120 127 35 <10 9.94 53.7 46.8
04PKHL12 <1 <100 <20 0.88 <1l <0.05 <5 <0.2 2.58 2.74 0.6 <10 2.08 30.8 33.1
04PKHL13 <1 <100 <20 0.73 <1 <0.05 <5 <0.2 50.8 52.5 241 <10 2.65 6.45 11.1
04PKHL13-B <1 <100 <20 <0.2 <1 <0.05 <5 <0.2 3.63 3.79 2.53 <10 21 46.9 49
010405Blk C1* <1 <100 <20 <0.2 <1 <0.05 <5 <0.2 <0.2 <0.1 <0.02 <10 <0.01 <0.02 <10
010405Blk C2* <1 <100 <20 <0.2 <1 <0.05 <5 <0.2 <0.2 <0.1 <0.02 <10 <0.01 <0.02 <10
010405Blk C1F? <1 <100 <20 <0.2 <1 <0.05 <5 <0.2 <0.2 <0.1 <0.02 <10 <0.01 <0.02 <10
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per

liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,

inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES

and M S and filtered unacidified splits used for I1C]

Element Cr Cr Cs Cu Cu Dy Er Eu Fe Fe Ga Gd Ge Ho
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS  ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS
Sample number

04Smithl <1 <10 1.38 754 734 0.13 0.077 0.03 499 467 <0.05 0.15 <0.05 0.02
04Smith2 <1 <10 0.37 698 684 0.03 0.008 0.006 196 207 <0.05 0.03 <0.05 <0.005
04Smith3 <1 <10 0.34 534 492 0.02 0.01 <0.005 83 98.7 <0.05 0.02 <0.05 0.005
04Smith5 <1 <10 114 479 447 0.078 0.04 0.02 50 75 <0.05 0.073 <0.05 0.02
04Smith6 <1 <10 0.08 <0.5 <10 0.02 0.01 0.006 <50 <20 <0.05 0.02 <0.05 0.007
04Smith7 <1 <10 0.05 <0.5 <10 0.01 0008 <0.005 <50 <20 <0.05 0.02 <0.05 <0.005
04PKHL1 <1 <10 0.54 1,280 1,280 0.22 0.12 0.056 265 252 <0.05 0.25 <0.05 0.04
04PKHL2 <1 <10 0.61 695 678 0.02 0.01 0.006 113 128 <0.05 0.02 <0.05 <0.005
04PKHL3 <1 <10 0.51 844 776 0.01 0.005 <0.005 58 76.8 <0.05 0.01 <005 <0.005
04PKHL7 <1 <10 0.42 2,270 2,110 0.099 0.059 0.02 <50 63 <0.05 0.086 <0.05 0.02
04PKHL9 6.7 <10 0.49 17,000 17,500 0.72 0.38 0.29 3,150 3,130 0.23 0.99 <0.05 0.15
04PKHL10 <1 <10 0.03 6.2 <10 <0.005 <0.005 <0.005 <50 <20 <0.05 <0.005 <0.05 <0.005
04PKHL11 13 <10 1 2,240 2,270 0.5 0.25 0.15 352 308 0.05 0.62 <0.05 0.099
04PKHL12 <1 <10 0.34 53.3 56.9 0.094 0.05 0.03 3,210 3090 <0.05 0.14 <0.05 0.02
04PKHL13 <1 <10 0.94 999 977 0.18 0.1 0.05 59 83.2 <0.05 0.2 <0.05 0.04
04PKHL13-B <1 <10 1.18 262 306 0.13 0.052 0.03 5,310 5,020 0.1 0.11 <0.05 0.02
010405Blk C1* <1 <10 <0.02 <05 <10 <0.005 <0.005 <0.005 <50 <20 <005 <0.005 <0.05 <0.005
010405Blk C2* <1 <10 <0.02 <0.5 <10 <0.005 <0.005 <0.005 <50 <20 <0.05 <0.005 <0.05 <0.005
010405Blk C1F? <1 <10 <0.02 <05 <10 <0.005 <0.005 <0.005 <50 <20 <0.05 <0.005 <0.05 <0.005
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per
liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,
inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES
and M S and filtered unacidified splits used for I1C]

Element K K La Li Li Lu Mg Mg Mn Mn Mo Mo Na Na Nb
Units mg/L  mg/L Hg/L pg/L pg/L pg/L  mg/lL  mg/l Hg/L pg/L pg/L po/L mg/L  mg/L Hg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS
Sample number

04Smithl 041 0.337 135 1.2 <10 <01 0.73 0.752 900 862 <2 <20 <0.5 <0.1 <0.2
04Smith2 0.2 0.113 0.1 <0.9 <10 <0.1 0.46 0.477 221 220 <2 <20 <0.5 <0.1 <0.2
04Smith3 0.3 0.214 0.12 <09 <10 <01 0.44 0.429 66.4 62.2 <2 <20 <05 <0.1 <0.2
04Smith5 0.2 0.156 0.65 45 <10 <01 182 184 898 869 <2 <20 <0.5 <01 <02
04Smith6 0.79 0.647 0.1 <09 <10 <01 0.16 0.158 425 412 <2 <20 <05 <0.1 <0.2
04Smith7 0.52 0.447 0.05 <0.9 <10 <0.1 0.13 0.136 28.6 28.5 <2 <20 <0.5 <0.1 <0.2
04PKHL1 0.3 0.222 171 15 <10 <01 0.57 0.589 66.1 63.1 <2 <20 <05 <0.1 <02
04PKHL2 0.46 0.405 0.08 <0.9 <10 <0.1 0.27 0.282 33 32.6 <2 <20 <0.5 <0.1 <0.2
04PKHL3 0.48 0.412 0.04 <09 <10 <01 0.25 0.25 24.8 22.8 <2 <20 <05 <0.1 <02
O4PKHL7 0.39 0.309 0.64 <0.9 <10 <0.1 1.01 1.06 1,020 992 <2 <20 <0.5 <0.1 <0.2
04PKHL9 <0.03 <0.1 6.52 3.6 <10 <01 3.25 3.64 251 271 <2 <20 <05 <0.1 <02
04PKHL10 0.53 0439 <001 <09 <10 <0.1 0.17 0.176 38.5 379 <2 <20 <0.5 <0.1 <0.2
04PKHL11 0.2 0.152 3.27 <09 <10 <0.1 11 1.18 95.7 84.2 <2 <20 <05 <0.1 <02
04PKHL12 04 0.291 0.91 1 <10 <0.1 0.37 0.388 42.2 42.2 <2 <20 <0.5 <0.1 <0.2
04PKHL13 0.38 0.317 0.99 <09 <10 <01 0.49 0.502 52.6 52.9 <2 <20 <05 <0.1 <0.2
04PKHL13-B 0.2 0.108 0.88 <0.9 <10 <0.1 0.48 0.514 56.5 57.8 <2 <20 <0.5 <0.1 <0.2
010405Blk C1* <0.03 <01 <001 <09 <10 <01 <0.01 <0.1 <0.2 <10 <2 <20 <0.5 <0.1 <0.2
010405Blk C2* <0.03 <01 <001 <09 <10 <01 <0.01 <0.1 <0.2 <10 <2 <20 <0.5 <0.1 <0.2
010405Blk C1F>  <0.03 <01 <001 <09 <10 <01 <0.01 <0.1 <0.2 <10 <2 <20 <0.5 <0.1 <0.2
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per
liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,
inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES
and M S and filtered unacidified splits used for I1C]

Element Nd Ni Ni P P Pb Pb Pr Rb Sh Sb Sc Se Si0, Si0,
Units pg/L pg/L pg/L mg/L  mg/L Hg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L mg/L mg/L
Methods ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES
Sample number

04Smithl 0.87 10.2 <10 <001 <01 0.1 <100 0.23 9.7 <0.3 <100 <0.6 <1 1 1.04
04Smith2 0.12 15.2 136 <0.01 <01 <0.05 <100 0.03 4.32 <0.3 <100 <0.6 <1 1.6 1.63
04Smith3 0.09 15 <10 <001 <01 04 <100 0.03 5.33 <0.3 <100 <0.6 <1 17 1.67
04Smith5 0.66 9.3 <10 <001 <01 0.5 <100 0.15 3.66 <0.3 <100 0.6 <1 3.8 3.8
04Smith6 0.13 <04 <10 <001 <01 <0.05 <100 0.03 4.65 <0.3 <100 <0.6 <1 11 1.18
04Smith7 0.06 <0.4 <10 <001 <01 <0.05 <100 0.02 3.91 <0.3 <100 <0.6 <1 15 161
04PKHL1 1.63 0.8 <10 <001 <01 1 <100 0.43 5.04 <0.3 <100 <0.6 2.6 1.6 152
04PKHL2 0.09 14 <10 <0.01 <0.1 <0.05 <100 0.02 57 <0.3 <100 <0.6 15 1.6 1.58
04PKHL3 0.04 0.7 <10 <001 <01 0.2 <100 0.01 5.27 <0.3 <100 <06 1 2.3 2.19
O4PKHL7 0.44 239 194 <0.01 <01 2.2 <100 0.12 6.29 <0.3 <100 <0.6 2 1.9 2.05
04PKHL9 7.5 44 43.3 <001 <01 0.72 <100 18 15 <0.3 <100 12 9.1 24 2.63
04PKHL10 <001 <04 <10 <001 <01 <005 <100 <0.01 374 <0.3 <100 <0.6 <1 1 1.05
04PKHL11 4.58 3.6 <10 <001 <01 1.2 <100 114 4.09 <0.3 <100 <0.6 5.8 2.2 1.96
04PKHL12 0.94 5.8 <10 <001 <01 18 <100 0.24 4.16 <0.3 <100 0.6 <1 3.2 33
04PKHL13 11 0.5 <10 <001 <01 0.87 <100 0.28 6.19 <0.3 <100 <0.6 2.2 14 1.37
04PKHL13-B 0.95 7.5 <10 <001 <01 0.76 <100 0.23 6.56 <0.3 <100 <0.6 <1 15 162

010405Blk C1* <001 <04 <10 <001 <01 <005 <100 <001 <001 <03 <100 <0.6 <1 <0.2 <0.1
010405Blk C2* <001 <04 <10 <001 <01 <005 <100 <001 <001 <03 <100 <0.6 <1 <0.2 <0.1
010405Blk CIF*  <0.01 <04 <10 <001 <01 <005 <100 <001 <001 <03 <100 <0.6 <1 <0.2 <0.1
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per

liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,

inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES

and M S and filtered unacidified splits used for I1C]

Element Sm S0, Sr Sr Ta Th Th Ti Ti Ti Tm U v '} w
Units pg/lL  mg/L  pg/lL pg/L pg/L pg/L pg/L ng/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
Sample number

04Smithl 0.17 41 454 456 <002 002 <02 18 <50 0.1 0.008 0.13 <0.5 <10 <05
04Smith2 0.02 32 291 298 <0.02 0.007 <02 16 <50 <01 <0005 <01 <05 <10 <05
04Smith3 0.02 38 2.34 219 <0.02 <0005 <02 15 <50 <01 <0005 <01 <0.5 <10 <05
04Smith5 0.12 48 19.4 197 <002 002 <02 17 <50 0.1 0.007 0.1 <05 <10 <05
04Smith6 0.01 4 9.9 10 <0.02 <0005 <02 <05 <50 <01 <0005 <01 <0.5 <10 <05
04Smith7 0.02 5 10 108 <002 <0005 <02 <05 <50 <0.1 <0005 <01 <05 <10 <05
04PKHL1 0.28 163 10.2 103 <002 004 <02 53 <50 <0.1 0.02 <01 <0.5 <10 <05
04PKHL2 0.02 44 1.62 162 <002 <0005 <02 21 <50 <01 <0005 <01 <05 <10 <05
04PKHL3 0.02 33 1.47 1.33 <0.02 <0005 <02 16 <50 <01 <0005 <01 <0.5 <10 <05
04PKHL7 0.08 81 18.8 195 <002 002 <02 22 <50 <0.1 0.01 <01 <05 <10 <05
04PKHL9 1.39 294 26.7 291 <0.02 014 0.49 104 <50 <01 0.059 0.56 <05 <10 <05
04PKHL10 <0.01 83 14.8 157 <0.02 <0.005 <0.2 24 <50 <01 <0005 <01 <0.5 <10 <05
04PKHL11 0.84 370 27.7 29 <0.02 008 <02 105 <50 <0.1 0.03 0.11 <0.5 <10 <05
04PKHL 12 0.18 83 7.13 771 <002 002 <02 25 <50 <0.1 0.006 0.14 <05 <10 <05
04PKHL13 0.21 156 9.76 10 <002 003 <02 4.8 <50 0.2 0.01 <01 <0.5 <10 <05
04PKHL13-B 0.17 97 6.7 694 <002 002 <02 29 <50 <0.1 0.01 0.14 <05 <10 <05
010405Blk C1* <0.01 4 <05 <1 <002 <0005 <02 <05 <50 <01 <0005 <01 <0.5 <10 <05
010405Blk C2* <0.01 6 <05 <1 <0.02 <0005 <02 <05 <50 <0.1 <0005 <01 <05 <10 <05
010405Blk C1IF*  <0.01 7 <05 <1 <002 <0005 <02 <05 <50 <01 <0005 <01 <0.5 <10 <05
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Appendix 2. Analytical results of leachate tests on solid samples from the Pike Hill mines study

area.—Continued

[sp. cond., specific conductance; temp., temperature; DO, dissolved oxygen; ORP, oxidation-reduction potential; pug/L, micrograms per liter; mg/L, milligrams per
liter; mV, millivolts; n.d., not determined; <, less than; Hach, colorimetric method using Hach spectrophotometer; 1C, ion chromatography; ICP-AES or AES,
inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; filtered acidified splits used for AES
and M S and filtered unacidified splits used for I1C]

9

Characteristic/Element Y Yb Zn Zn Zr Job number Lab number Cl F NO; SO,
Units pg/L pg/L pg/L pg/L pg/L mg/L mg/L mg/L mg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS IC IC IC-Aq IC-Aq IC-Aq IC-Aq
Sample number

04Smithl 0.86 0.05 710 691 <02 MRP-05719 C-247315 38 <08 15 110
04Smith2 011 0.008 205 199 <0.2 MRP-05719 C-247316 38 <08 15 117
04Smith3 009 0.006 779 76.1 <02 MRP-05719 C-247319 62 <08 16 167
04Smith5 0.34 0.04 380 366 <0.2 MRP-05719 (C-247318 38 014 15 142
04Smith6 0.11 0.02 0.6 <10 <02 MRP-05719 C-247311 12 1 12 4
04Smith7 0.06  0.005 0.7 <10 <0.2 MRP-05719 C-247310 13 <08 12 35
04PKHL1 1.02 0.12 146 146 <02 MRP-05719 C-247325 62 <08 16 350
04PKHL2 0.08 0.02 82.6 80.3 <02 MRP-05719 C-247320 62 <08 16 175
04PKHL3 005 0.006 865 82.7 <02 MRP-05719 C-247321 6.3 <08 17 160
04PKHL7 0.69 0.07 3340 3,210 <0.2 MRP-05719 C-247317 38 012 15 142
04PKHL9 2.96 0.35 955 1,070 <02 MRP-05719 C-247333 126 <08 23 690
04PKHL10 <001 <0.005 700 679 <0.2 MRP-05719 C-247314 36 <08 15 91
04PKHL11 221 0.19 318 301 <02 MRP-05719 C-247332 123 <08 22 718
04PKHL 12 0.44 0.04 79.9 76 <0.2 MRP-05719 C-247326 62 <08 17 261
04PKHL13 0.85 0.09 110 116 <02 MRP-05719 C-247324 63 <08 17 329
04PKHL13-B 0.51 0.06 263 259 <0.2 MRP-05719 (C-247328 65 <08 19 312
010405Blk C1* <001 <0.005 <05 <10 <02 n.d. n.d. nd. nd nd nd
010405Blk C2* <0.01 <0.005 <05 <10 <0.2 n.d. n.d. nd nd nd nd
010405BIk C1F? <0.01 <0005 09 <10 <02 MRP-05719 C-247312 12 <08 11 31

! Eastern synthetic precipitation (ESP) from two carboys (carboy 1 is C1 and carboy 2 is C2) used for leach tests.
2 Filtered ESP from carboy 1 used for leach tests.

Juowsap, ‘Aunog abueiq ‘ayig punpadng auipy Jaddog |14 @)id 8y} Jo uonezIIB)IRIRYY |RIIWALI03Y)



Appendix 3 65

Appendix 3. Standard reference-water, field-blank, and replicate samples
submitted with water and leachate chemistry as quality assurance/quality

control for the Pike Hill mines study.

The accuracy of the results was assessed by submitting
USGS reference waters with known chemical compositions
along with water samples for chemistry determinations; the
precision of the results was evaluated by analyzing duplicate
samples, and blank-water samples were processed in the field
to monitor contamination. The analytical results of the USGS
reference waters and the expected concentrations and standard
deviations are given in the following table. One-half of the
values for reference waters with known calcium concentra-
tions were over two standard deviations higher than expected
based on ICP-AES results. The concentrations of magnesium
and sodium from ICP-AES in most of the reference waters are
at least one standard deviation higher than that reported for the
round robin. The concentrations of most elementsin duplicate
water samples are very similar. For afew elements, a discrep-
ancy exists for duplicates, more commonly in the unfiltered
water samples. Thisislikely due to variations in the composi-
tion of particulates within the sample. Most of the field-blank
samples had concentrations of elements below or near their
respective detection limits. The concentrations of sodium in

field blanks collected and submitted for chemistry in Octo-
ber 2004 are dightly high at approximately 0.3 mg/L with
adetection limit of 0.01 by ICP-MS, but they were reported
as less than the detection limit of 0.1 mg/L by ICP-AES.
The ICP-AES method is preferred rather than ICP-M S for
major elements including sodium. The concentrations of zinc
reported by ICP-MSin al blank samples are slightly high and
range from 1 to 5.3 pg/L, although minimal compared to the
concentration of zinc in many water samples from the site.
Two chemistry jobs were rerun due to anomalous results.
Rare earth elements determined by ICP-M S in October 2004
for jobs MRP-05620 and MRP-05621 were high in the water
samples and reference waters and, therefore, analyses were
rerun in July 2005 and the new results were used for this
report. In addition, sulfate values from IC for job MRP-05633
were high for samples with sulfate concentrations greater than
200 mg/L. These water samples were reanalyzed by |C and the
new values are used in this report. Old erroneous values are
given in parentheses and red text.



Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively

coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element/Lab information Date submitted Job number Lab number Ag Al As Ba Be Bi
Units ng/L pg/L pg/L pg/L pg/L ng/L
Methods MS and AES MS and AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
USGS reference waters
M-100 Oct-04° MRP-05621 C-244821 <3 105 35 14.7 <0.05 <0.2
M-100 Jan-05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
M-100 - round robin - - - - - - -
M-130 Oct-04 MRP-05621 C-244796 <3 6.6 <1 214 <0.05 <02
M-130 Jan-05 MRP-05718 C-247291 <3 16.8 <1 31.2 <0.05 <0.2
M-130 Aug-05 MRP-06206 C-260199 <3 75 <1 11.1 <0.05 <0.2
M-130 Spr 94 round robin - - - - - - -
M-150 Aug-05 MRP-06206 C-260162 <3 55 <1 21.2 <0.05 <0.2
M-150 Spr 99 round robin - - - - - - -
M-158 Aug-05 MRP-06206 C-260204 <3 <2 <1 6.47 <0.05 <02
M-158 Spr 01 round robin - - - - - - -
T-135 Oct-04 MRP-05621 C-244823 9.19 154 12 68.8 60.2 <02
T-135 Aug-05 MRP-06207 C-260240 6.89 154 10 63.8 65.4 <0.2
T-137 Spr 95 round robin - 9.81+1.05 10.5£6.8 10.0£1.1 67.8£43 59.0+2.6
T-137 Oct-04 MRP-05621 C-244822 <3 29.3 3 65.2 4.8 <0.2
T-137 Jan-05 MRP-05718 C-247308 <3 27.7 <1 64.9 5 <0.2
T-137 Aug-05 MRP-06207 C-260239 <3 33 <1 62.4 6 <0.2
T-137 Fall 95 round robin - - 30.5+6.9 - 65.0+4.8 5.2£0.5 -
Field blanks
FB102004 FA Oct-04 MRP-05620 C-244728 <3 <2 <1l 0.31 <0.05 <02
FB102004 RA Oct-04 MRP-05620 C-244729 <3 <2 <1l <0.2 <0.05 <0.2
FB080305 FA Aug-05 MRP-06206 C-260160 <3 <2 <1l <0.2 <0.05 <02
FB080305 RA Aug-05 MRP-06206 C-260161 <3 <2 <1 <0.2 <0.05 <0.2

99
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http://bqs.usgs.gov/srs

Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Ca Cd Ce Co Cr Cs Cu Dy Er
Units mg/L pg/L ng/L pg/L ng/L pg/L ng/L ng/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
USGS reference waters
M-100 145 <0.02 <0.01(0.16)" 0.12 5.6 <0.02 2.7 <0.005 (0.095) < 0.005
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin 180+ 8 - - - - - - - -
M-130 20.6 0.08 <0.01 (0.03) 0.03 3.6 0.99 <0.5 < 0.005 <0.005 (0.15)
M-130 19.8 0.16 <0.01 <0.02 29 0.96 0.82 < 0.005 < 0.005
M-130 19.8 0.11 <0.01 0.03 3.8 0.8 <0.5 < 0.005 < 0.005
round robin 21.2+1 - - - - - - - -
M-150 7.1 0.03 0.01 0.03 1.4 <0.02 <0.5 < 0.005 < 0.005
round robin 6.82+0.41 - - - - - - - -
M-158 36.8 <0.02 <0.01 <0.02 5 <0.02 <0.5 < 0.005 < 0.005
round robin 38.1+1.59 - - - - - - - -
T-135 10.4 51.7 0.03 (2.62) 41.8 83.1 <0.02 67.5 0.007 (0.17) 0.081
T-135 10.2 52.5 0.03 345 68.4 <0.02 59.1 < 0.005 0.007
round robin 10.4+0.6 50.5+3.2 - 40.0+2.6 79.0£5.5 - 62.0+4.2 - -
T-137 355 6.71 0.04 (2.43) 0.17 20.1 0.02 1.8 0.009 (0.53) 0.006 (0.29)
T-137 35 7.01 0.04 0.1 18.2 0.02 1.9 0.005 0.006
T-137 34.8 7.02 0.04 0.16 18.2 0.02 1.8 0.006 0.007
round robin 38.1+15 6.80+0.52 - - 19.4+2.0 - 1.9+1.2 - -
Field blanks
FB102004 FA <0.2 <0.02 <0.01 <0.02 <1 <0.02 0.77 <0.005 <0.005
FB102004 RA <0.2 <0.02 <0.01 <0.02 <1 <0.02 0.68 <0.005 < 0.005
FB080305 FA <0.2 <0.02 <0.01 <0.02 <1 <0.02 <0.5 < 0.005 < 0.005
FB080305 RA <0.2 <0.02 <0.01 <0.02 <1 <0.02 0.5 < 0.005 < 0.005

¢ xipuaddy

L9


http://bqs.usgs.gov/srs

Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

89

Element Eu Fe Ga Gd Ge Ho K La Li Lu
Units ng/L pg/L pg/L pg/L pg/L pg/L mg/L ng/L ng/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
USGS reference waters
M-100 < 0.005 <50 <0.05 < 0.005 <0.05 <0.005 (0.094) 4,01 <0.01 99.4 <01
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - - - - 45+0.7 - - -
M-130 <0.005 (0.11) <50 <0.05 <0.005 <0.05 <0.005 (0.077) 2.95 <0.01(0.15)  17.7 <01
M-130 < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 2.72 <0.01 18.2 <0.1
M-130 < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 2.72 <0.01 15.3 <01
round robin - - - - - - 3+0.23 - - -
M-150 < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 1.12 0.01 0.9 <01
round robin - - - - - - 1.12+0.09 - - -
M-158 < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 1.64 <0.01 0.7 <01
round robin - - - - - - 1.71+£0.119 - - -
T-135 <0.005 207 <0.05 0.006 (0.45) <0.05 <0.005 (0.089) 1.01 0.03 (1.6) 76.8 <0.1
T-135 0.01 122 <0.05 0.01 <0.05 < 0.005 0.9 0.02 65 <01
round robin - 228+11 - - - - 0.96+0.09 - 73.7+5.2 -
T-137 0.006 (0.23) <50 <0.05 0.01 (0.84) <005  <0.005 (0.12) 1.13 0.04 (2.55) 9.2 <01
T-137 < 0.005 <50 <0.05 0.009 <0.05 < 0.005 1.12 0.04 7.6 <01
T-137 0.01 <50 <0.05 0.01 <0.05 < 0.005 1.08 0.03 6.9 <0.1
round robin - 71+9 - - - - 1.19+0.13 - 8.7+15 -
Field blanks
FB102004 FA <0.005 <50 <0.05 <0.005 <0.05 <0.005 0.03 <0.01 <01 0.1
FB102004 RA <0.005 <50 <0.05 <0.005 <0.05 <0.005 0.03 <0.01 <01 0.1
FB080305 FA < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 <0.03 <0.01 <01 <01

FB080305 RA < 0.005 <50 <0.05 < 0.005 <0.05 < 0.005 <0.03 <0.01 0.2 <01
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Mg Mn Mo Na Nb Nd Ni P Pb Pr
Units mg/L pg/L ng/L mg/L ng/L pg/L pg/L mg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS

USGS reference waters
M-100 89.3 <0.2 8 269 0.2 <0.01 22 <0.01 <0.05 <0.01
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin 98+5 - - 281+12 - - - 0.01+0.01 - -
M-130 5.64 0.4 225 34.9 0.23 <0.01 (0.54) 0.9 <0.01 <0.05 <0.01 (0.05)
M-130 5.44 0.3 199 33.9 <02 <0.01 0.7 <0.01 <0.05 <0.01
M-130 4.78 <0.2 21.3 29.5 0.3 <0.01 1.2 <0.01 <0.05 <0.01
round robin 5.9+0.27 - - 35.8+1.6 - - - 0.085+0.140 - -
M-150 1.22 25 <2 16 <0.2 0.01 0.4 <0.01 <0.05 <0.01
round robin 1.43+0.09 - - 17.5+1.0 - - - - - -
M-158 111 <0.2 <2 67 0.41 <0.01 0.7 0.2 <0.05 <0.01
round robin 11.8+0.48 - - 71.7+£2.22 - - - 0.190+0.013 - -
T-135 2.06 449 56.8 321 <0.2 0.03 (1.65) 67.7 0.02 104 <0.01 (0.51)
T-135 1.99 386 453 31 <0.2 0.02 60 0.02 99.6 <0.01
round robin 2.00+0.09 423+20 63.0+5.1 30.8+1.2 - - 65.6+5.0 - 103+ 7 -
T-137 9.7 914 6.5 21.2 <02 0.04 (0.89) 15.8 0.05 5.9 <0.01 (0.43)
T-137 9.81 88 8.6 20.9 <0.2 0.02 13.9 0.04 6.2 <0.01
T-137 10.1 81.9 4.8 21.8 <02 0.03 15.6 0.06 57 <0.01
round robin 10.1+0.5 98+5 89+1.8 22.0+1.1 - - 15.0+2.5 - 6.3+1.0 -

Field blanks

FB102004 FA <0.01 <0.2 <2 0.29 <0.2 <0.01 <0.4 <0.01 0.1 <0.01
FB102004 RA <0.01 <0.2 <2 0.28 <02 <0.01 <04 <0.01 0.2 <0.01
FB080305 FA <0.01 <0.2 <2 0.01 <0.2 <0.01 <0.4 <0.01 <0.05 <0.01
FB080305 RA <0.01 <0.2 <2 <0.01 <0.2 <0.01 <04 <0.01 0.05 <0.01
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Rb Sh Sc Se Si0, Sm S0, Sr Ta Th
Units pg/L pg/L pg/L pg/L mg/L pg/L mg/L ng/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS

USGS reference waters
M-100 11 0.3 1.1(97.8) 129 10.6 <0.01 1060 3,350 0.08 <0.005 (0.01)
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - - 10.2+1 - - 3,450+ 170 - -
M-130 8.17 <0.3 1.2 (22.7) <1 9.8 <0.01 52 186 0.09  <0.005 (0.008)
M-130 8.34 <0.3 16 <1 10.8 <0.01 53 169 0.08 < 0.005
M-130 7.9 0.79 1.2 <1 9.2 <0.01 48 169 0.05 < 0.005
round robin 9.2+0.55 58+2.6 180+ 10
M-150 0.34 <0.3 17 <1 11.9 <0.01 4 48.9 <0.02 < 0.005
round robin - - - - 12.6+0.8 - 5,50+0.54 51.0+25 - -
M-158 0.31 0.46 1.9 <1 16.2 <0.01 103 58.7 0.1 < 0.005
round robin - - - - 15.0+0.67 - 105+3.7 63.6+1.85 - -
T-135 0.63 77.4 17 9.8 43 <0.01 6 47.8 0.04 <0.005 (0.02)
T-135 0.69 83.8 0.6 115 4.4 <0.01 6 419 <0.02 < 0.005
round robin - 76.3+8.7 - 10.0+14 4.28+0.31 - - 46.0+2.3 - -
T-137 0.8 155 0.7 (16.9) <1 6.6 <0.01 45 230 0.05 <0.005 (0.079)
T-137 0.82 16.6 11 <1 6.8 <0.01 48 228 <0.02 < 0.005
T-137 0.76 175 1 <1 7.6 <0.01 41 214 <0.02 < 0.005
round robin - 15.5+2.7 - - 6.96+0.56 - - 230+14 - -

Field blanks

FB102004 FA 0.02 <0.3 <0.6 25 <0.2 <0.01 <2 <05 <0.02 <0.005
FB102004 RA 0.04 <0.3 <0.6 2 <0.2 <0.01 <2 <05 <0.02 < 0.005
FB080305 FA <0.01 <0.3 <0.6 <1 <0.2 <0.01 <2 <05 <0.02 < 0.005
FB080305 RA <0.01 <0.3 <0.6 <1 <0.2 <0.01 <2 <05 <0.02 < 0.005
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill
study.—Continued

[ng/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively

coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Th Ti Tl Tm U '} w Y Yb Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L ng/L ng/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
USGS reference waters
M-100 <0.2 11.3 <0.1 < 0.005 30.1 1.9 0.61 0.02 (11.4) < 0.005 2.2 <02
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - - - 11.6+£7.6 - - - - -
M-130 <0.2 0.6 <0.1 <0.005 (0.05) 1.16 0.6 0.66  <0.01(0.36)<0.005(0.28  15.2 <02
M-130 <0.2 15 <0.1 < 0.005 431 0.8 <05 <0.01 < 0.005 25.4 <02
M-130 <0.2 0.7 <0.1 < 0.005 0.89 11 1.85 <0.01 < 0.005 16.3 <02
round robin - - - - - - - - - - -
M-150 <02 <05 <0.1 < 0.005 <0.1 20.3 <05 <0.01 < 0.005 2.3 <02
round robin - - - - - 31.0+1.9 - - - - -
M-158 <0.2 15 <0.1 < 0.005 <0.1 9.7 1.15 <0.01 < 0.005 <0.5 <02
round robin - - - - - 11.3+0.82 - - - - -
T-135 <02 <05 1.2 <0.005 (0.06) 0.31 57.2 <05 0.03(2.21) 0.01(0.32) 52.4 <0.2
T-135 <02 <05 <0.1 < 0.005 0.29 475 <05 0.03 0.008 50.3 <02
round robin - - - - - 52.8+3.6 - - - 48.2+4.7 -
T-137 <0.2 0.9 157 <0.005 (0.076) 9.99 14 <05 0.06 (3.43) 0.01(0.94) 50.2 <0.2
T-137 <0.2 13 169 < 0.005 9.93 12.8 <05 0.06 0.01 47.2 <02
T-137 <0.2 0.9 167 < 0.005 9.66 13.1 <05 0.05 0.009 50.2 <02
round robin - - 162+ 23 - 10.0+0.5 14.0+16 - - - 49.5+4.2 -
Field blanks
FB102004 FA <02 <05 <0.1 <0.005 <01 <0.5 <05 <0.01 < 0.005 53 <0.2
FB102004 RA <02 <05 <0.1 <0.005 <01 05 <05 <0.01 < 0.005 41 <0.2
FB080305 FA <02 <05 <0.1 < 0.005 <01 <0.5 <05 <0.01 < 0.005 14 <02
FB080305 RA <0.2 <05 <0.1 < 0.005 <0.1 <0.5 <05 <0.01 < 0.005 1 <02
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued
[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Ag Al As B Ba Be Ca Cd Co Cr
Units pg/L pg/L ng/L ng/L pg/L ng/L mg/L pg/L pg/L pg/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
USGS reference waters
M-100 <1 127 <100 417 16 <10 177 <5 10 <10
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - 425+ 36 - - - - - -
M-130 <1 32 <100 <5 36 <10 26.8 <5 <10 <10
M-130 <10 <50 <100 <20 36.2 <5 24.4 <10 <10 <10
M-130 <1 25 <100 <5 36 <10 25.2 <5 <10 <10
round robin - - - 8.87+8.23 - - 21.2+1 - - -
M-150 <1 <10 <100 <5 22 <10 7.9 <5 <10 <10
round robin 6.82+0.41
M-158 <1 <10 <100 22 24 <10 44.9 <5 <10 <10
round robin - - - 23.4+3.45 - - 38.1+1.59 - - -
T-135 5.7 10 <100 9.5 62 60 10.2 57 36 82
T-135 9.2 <10 <100 8.4 67 58 10.6 53 41 8l
round robin 9.81+1.05 10.5+6.8 10.0+1.1 67.8+4.3 59.0+2.6 10.4+0.6 50.5+3.2 40.0+2.6 79.0+5.5
T-137 <1 32 <100 14 64 <10 39.7 8 <10 22
T-137 <10 <50 <100 <20 59.8 <5 35.8 <10 <10 15.2
T-137 <1 27 <100 13 66 <10 39.2 6.7 <10 22
round robin - 30.5+6.9 - - 65.0+4.8 5.2+0.5 38.1+15 6.80+0.52 - 19.4+2.0
Field blanks
FB102004 FA <1 <10 <100 <5 <1 <10 <0.1 <5 <10 <10
FB102004 RA <1 <10 <100 <5 <1 <10 <0.1 <5 <10 <10
FB080305 FA <1 <10 <100 <5 <1 <10 <0.1 <5 <10 <10
FB080305 RA <1 <10 <100 <5 <1 <10 <0.1 <5 <10 <10
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Cu Fe K Li Mg Mn Mo Na Ni
Units pg/L pg/L mg/L ng/L mg/L pg/L pg/L mg/L pg/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
USGS reference waters
M-100 <10 40 47 81 107 <10 <20 309 16
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - 45+0.7 - 98+5 - - 281+12 -
M-130 <10 <20 3.8 6.3 7.2 <10 <20 447 <10
M-130 <10 <20 3.44 21.2 6.74 <10 <20 42.6 <10
M-130 <10 <20 3.6 20 6.6 <10 <20 42.3 <10
round robin - - 3+0.23 - 5.9+0.27 - - 35.8+1.6 -
M-150 <10 <20 13 15 15 <10 <20 19.6 <10
round robin 1.12+0.09 1.43+£0.09 17.5+1.0
M-158 <10 <20 2 18 13.8 <10 <20 89.3 <10
round robin - - 1.71+0.119 - 11.8+0.48 - - 71.7£2.22 -
T-135 60 210 0.86 70 21 422 40 30.9 66
T-135 65 225 0.96 73 21 440 36 32 72
round robin 62.0+4.2 228+11 0.96+0.09 73.7£5.2 2.00+£0.09 423+20 63.0+5.1 30.8+1.2 65.6+5.0
T-137 <10 49 12 35 10.8 93 <20 22.8 20
T-137 <10 59.8 1.04 <10 9.12 86.8 <20 20.1 <10
T-137 <10 58 12 9.2 10.7 105 <20 22.9 18
round robin 1.9+1.2 71+9 1.19+0.13 8.7+15 10.1+0.5 98+5 8.9+1.8 22.0+1.1 15.0+25
Field blanks
FB102004 FA <10 <20 <0.1 <1 <0.1 <10 <20 <0.1 <10
FB102004 RA <10 <20 <0.1 <1 <0.1 <10 <20 <0.1 <10
FB080305 FA <10 <20 <0.1 <1 <0.1 <10 <20 <0.1 <10
FB080305 RA <10 <20 <0.1 <1 <0.1 <10 <20 <0.1 <10
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with

water and leachate chemistry as quality assurance/quality control for the Pike Hill
study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element P Pb Sh Si0, Sr Ti v Zn
Units mg/L ng/L pg/L mg/L ng/L ng/L ng/L pg/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
USGS reference waters
M-100 <0.1 <50 <50 11.8 3500 <50 12 <10
M-100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
round robin 0.01+0.01 - - 10.2+1 3450+ 170 - 11.6+7.6 -
M-130 <0.1 <50 <50 12.1 217 <50 <10 60
M-130 <0.1 <100 <100 114 222 <50 <10 56
M-130 <0.1 <50 <50 10.6 210 <50 <10 52
round robin 0.085+0.104 - - 9.2+0.55 180+2.6 - - -
M-150 <0.1 <50 <50 13.2 55 <50 25 <10
round robin - - - 12.6+0.8 51.0+£25 - 31.0£1.9 -
M-158 0.2 <50 <50 17.3 71 <50 <10 <10
round robin 0.190+0.013 - - 15.0+0.67 63.6+1.85 - 11.3+0.82 -
T-135 <0.1 92 88 4.4 45 <50 57 54
T-135 <0.1 81 75 46 48 <50 57 51
round robin - 103+7 76.3+8.7 4.28+0.31 46.0+2.3 - 52.8+3.6 48.2+4.7
T-137 <0.1 <50 <50 7.6 235 <50 17 52
T-137 <0.1 <100 <100 6.58 219 <50 121 44
T-137 <0.1 <50 <50 75 237 <50 14 61
round robin - 6.3+1.0 15.5+2.7 6.96+0.56 230+ 14 - 14.0+1.6 495+4.2
Field blanks
FB102004 FA <0.1 <50 <50 <0.1 <1 <50 <10 <10
FB102004 RA <0.1 <50 <50 <0.1 <1 <50 <10 <10
FB080305 FA <0.1 <50 <50 <0.1 <1 <50 <10 <10
FB080305 RA <0.1 <50 <50 <0.1 <1 <50 <10 <10
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[Hg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Cl F NO; SO0,
Units mg/L mg/L mg/L mg/L
Methods IC IC IC IC IC IC
USGS reference waters
M-100 MRP-056333 C-245083 78.8 2 45 1,190 (1,543)
M-100 MRP-05720  C-247346 90 0.84 3.3 1,602
round robin - - 79+ 2 0.89+0.07 - 1180+ 55
M-130 MRP-05633  C-245071 21.7 12 9.1 58
M-130 MRP-05719  C-247322 24.3 12 9.5 59
M-130 MRP-06205 C-260139 21 11 7.2 57.6
round robin - - 21.4+1.9 1.23+0.09 - 58+2.6
M-150 MRP-06205 C-260120 17 1 71 5.6
round robin - - 17.0£15 1.00+£0.07 - 5.50+0.54
M-158 MRP-06205 C-260142 89.3 0.37 0.8 104
round robin - - 90.7+£2.74 0.350+0.045 - 105+3.7
T-135 n.d. n.d. n.d. n.d. n.d. n.d.
T-135 n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - - - -
T-137 n.d. n.d. n.d. n.d. n.d. n.d.
T-137 n.d. n.d. n.d. n.d. n.d. n.d.
T-137 n.d. n.d. n.d. n.d. n.d. n.d.
round robin - - - - - -
Field blanks
FB102004 FU MRP-05633  C-245045 13 <.08 <.08 <1.6
FB080305 FU MRP-06205 C-260119 <.08 <.08 <.08 <1.6
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[1g/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively

coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element/Lab information Date submitted Job number Lab number Ag Al As Ba Be Bi
Units ng/L pg/L ng/L pg/L ng/L ng/L
Methods MS and AES MS and AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA Oct-04 MRP-05621 C-244805 <3 7500 1 17.4 0.4 <0.2
PKHL-10-2 D FA Oct-04 MRP-05621 C-244803 <3 7440 <1 17 0.5 <0.2
PKHL-10-2 RA Oct-04 MRP-05621 C-244806 <3 7170 1 16.7 05 <0.2
PKHL-10-2 D RA Oct-04 MRP-05621 C-244804 <3 7170 1 16.7 0.4 <0.2
01139830Aug FA Aug-05 MRP-06207 C-260215 <3 6030 <1 234 0.5 <0.2
01139830Aug D FA Aug-05 MRP-06207 C-260217 <3 5950 <1 23.5 0.5 <0.2
01139830Aug RA Aug-05 MRP-06207 C-260216 <3 6200 <1 24.8 0.5 <0.2
01139830Aug D RA Aug-05 MRP-06207 C-260218 <3 5800 <1 23.6 0.5 <0.2
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[mg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductiv
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Ca Cd Ce Co Cr Cs Cu Dy Er
Units mg/L pg/L ng/L pg/L ng/L pg/L pg/L ng/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA 76.6 9.61 32.7 170 1.6 1.04 2400 2.08 1.18
PKHL-10-2 D FA 76.9 9.48 39 172 1.6 1.04 2250 2.03 1.12
PKHL-10-2 RA 73.5 9.26 34.5 166 15 1.04 2310 2.14 1.16
PKHL-10-2 D RA 73.3 9.17 34.9 163 15 1.03 2300 2.21 1.2
01139830Aug FA 70.7 8.11 28.2 186 1.2 1.42 1940 1.73 0.95
01139830AugD FA 72.1 8.01 29.1 187 1.2 1.42 1990 1.7 0.93
01139830Aug RA 71.8 7.95 28.8 186 1.6 1.46 1990 1.72 0.94
01139830AugD RA 72.7 8 29.6 189 1.2 1.44 2010 1.77 0.98
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with

water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued
[ug/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively

coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Eu Fe Ga Gd Ge Ho K La Li Lu
Units ng/L ng/L ng/L ng/L ng/L ng/L mg/L po/L po/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA 0.51 8860 0.21 2.56 0.07 0.39 411 15 10.6 9.7
PKHL-10-2 D FA 0.52 8830 0.2 2.78 0.09 0.36 4,09 17.2 10.3 9.5
PKHL-10-2 RA 0.54 9240 0.21 2.66 0.07 0.4 3.9 15.7 10.2 9.2
PKHL-10-2 D RA 0.55 9180 0.22 2.78 0.06 0.43 3.98 15.9 9.7 9.5
01139830Aug FA 0.44 10400 0.32 2.32 0.07 0.31 5.02 11.9 13.2 0.1
01139830AugD FA 0.46 10800 0.35 2.4 0.08 0.31 5.18 12.3 12.6 0.1
01139830Aug RA 0.45 15800 0.43 2.38 0.08 0.31 5.17 12.2 13 0.1
01139830AugD RA 0.46 11400 0.35 2.37 0.09 0.32 5.21 124 12.3 0.1
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill
study.—Continued

[ug/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Mg Mn Mo Na Nb Nd Ni P Pb Pr
Units mg/L pg/L pg/L mg/L pg/L pg/L pg/L mg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA 8.42 958 <2 1.75 <0.2 14.7 23 <0.01 1.9 3.76
PKHL-10-2 D FA 8.43 953 <2 1.75 <0.2 16.8 22.9 <0.01 1.9 4.1
PKHL-10-2 RA 8.11 930 <2 1.69 <0.2 15.4 22.2 <0.01 1.9 3.94
PKHL-10-2 D RA 8.1 911 <2 1.68 <0.2 15.6 22.6 <0.01 1.9 4.01
01139830Aug FA 7.7 888 <2 1.67 <0.2 12.6 24.4 <0.01 2.7 3.12
01139830AugD FA 7.57 903 <2 1.66 <0.2 13.2 25 <0.01 2.7 3.18
01139830Aug RA 7.68 890 <2 1.68 <0.2 12.9 24.8 <0.01 3.5 3.13
01139830AugD RA 7.59 902 <2 1.67 <0.2 13.3 25.2 <0.01 2.8 3.29
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[ug/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inducti
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Rb Sh Sc Se Sio, Sm S0, Sr Ta Th
Units ng/L no/L no/L ng/L mg/L no/L mg/L ng/L no/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA 22.5 <0.3 3.1 <1 32.3 2.61 282 219 <0.02 0.36
PKHL-10-2 D FA 22.3 <0.3 3.3 <1 32.2 2.93 281 218 <0.02 0.34
PKHL-10-2 RA 21.9 <0.3 2.9 <1 30.9 2.87 270 213 <0.02 0.37
PKHL-10-2 D RA 21.7 <0.3 3.5 <1 31.2 2.9 266 210 <0.02 0.4
01139830Aug FA 30.3 <0.3 5.1 2 38 2.35 268 210 <0.02 0.28
01139830AugD FA 30.8 <0.3 4.8 1.4 38.4 2.42 270 212 <0.02 0.3
01139830Aug RA 31.1 <0.3 5.2 2.4 39.3 2.42 264 210 <0.02 0.29
01139830AugD RA 31 <0.3 4.9 16 375 2.45 267 214 <0.02 0.3
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with

water and leachate chemistry as quality assurance/quality control for the Pike Hill
study.—Continued

[pg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively

coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Th Ti Tl Tm U ' w Y Yb Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L ng/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
Replicate samples

PKHL-10-2 FA 154 3.8 0.1 0.16 0.67 <0.5 <05 10.2 1.08 2,100 <0.2
PKHL-10-2 D FA 14.3 3.6 0.1 0.14 0.69 <0.5 <05 10.7 1.02 2,060 <0.2
PKHL-10-2 RA 14.4 3.6 0.1 0.16 0.67 <0.5 <05 10.8 1.07 2,020 <0.2
PKHL-10-2 D RA 15.5 4.1 0.1 0.17 0.69 <0.5 <05 11.1 1.16 2,020 <0.2
01139830Aug FA 0.3 4.6 0.1 0.12 0.64 <0.5 <05 8.1 0.84 2,230 <0.2
01139830AugD FA 0.2 4.5 0.1 0.12 0.65 <0.5 <05 8.1 0.88 2,290 <0.2
01139830Aug RA 0.32 21.3 0.1 0.12 0.66 0.7 <05 8.12 0.84 2,220 <0.2
01139830AugD RA 0.2 6 0.1 0.13 0.64 <0.5 <05 8.15 0.84 2,300 <0.2
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued
[ug/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or M S, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

initalics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Ag Al As B Ba Be Ca Cd Co Cr
Units pg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
Replicate samples

PKHL-10-2 FA <1 8,420 <100 <5 15 <10 77.8 11 185 <10
PKHL-10-2 D FA <1l 8,310 <100 <5 15 <10 80.8 13 196 <10
PKHL-10-2 RA <1 8,360 <100 <5 15 <10 81 13 174 <10
PKHL-10-2D RA <1 8,440 <100 <5 15 <10 80.3 11 161 <10
01139830Aug FA <1 6,620 <100 <5 24 <10 77.1 7 184 <10
01139830AugD FA <1 6,340 <100 <5 24 <10 73.8 6.8 176 <10
01139830Aug RA <1 6,580 <100 <5 25 <10 73.7 7.2 181 <10
01139830AugD RA <1 6,420 <100 <5 24 <10 73.8 6.6 180 <10
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill
study.—Continued

[Mg/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Cu Fe K Li Mg Mn Mo Na Ni
Units ng/L ng/L mg/L pg/L mg/L ng/L pg/L mg/L pg/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
Replicate samples

PKHL-10-2 FA 2,570 9,590 4.4 <1 9.2 1,020 <20 3.8 28
PKHL-10-2 D FA 2,530 9,270 4.3 <1 9.6 1,000 <20 4.8 37
PKHL-10-2 RA 2,540 10,100 4.4 <1 9.6 1,010 <20 4 28
PKHL-10-2 D RA 2,580 10,300 4.5 <1 9.6 1,020 <20 4.1 32
01139830Aug FA 1,890 10,600 5.8 13 9.6 921 <20 2.1 27
01139830AugD FA 1,880 10,200 5.9 14 9.2 912 <20 2 23
01139830Aug RA 1,930 15,800 6 14 9.1 922 <20 2 23
01139830AugD RA 1,880 11,000 5.7 13 9.1 914 <20 2 22
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Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[ug/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductivel
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results

in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element P Pb Sh Sio, Sr Ti Vv Zn
Units mg/L ng/L ng/L mg/L ng/L ng/L ng/L po/L
Methods ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES ICP-AES
Replicate samples

PKHL-10-2 FA <0.1 <50 <50 36.8 193 <50 <10 2,390
PKHL-10-2 D FA <0.1 <50 <50 37 199 <50 <10 2,450
PKHL-10-2 RA <0.1 <50 <50 36.8 200 <50 <10 2,360
PKHL-10-2 D RA <0.1 <50 <50 37.4 200 <50 <10 2,430
01139830Aug FA <0.1 <50 <50 40 219 <50 <10 1,980
01139830AugD FA <0.1 <50 <50 39.6 210 <50 <10 1,950
01139830Aug RA <0.1 <50 <50 40.7 208 <50 <10 1,950
01139830AugD RA <0.1 <50 <50 39.7 208 <50 <10 2,080

8

yuouwnap ‘Ayunoq abueiq ‘ayug punpadng aulp 19ddo?) ||IH 314 @Y} Jo uonezIId)aRIRYY) |RIIWAYI03)


http://bqs.usgs.gov/srs

Appendix 3. Standard reference-water, field-blank, and replicate samples submitted with
water and leachate chemistry as quality assurance/quality control for the Pike Hill

study.—Continued

[1g/L, micrograms per liter; mg/L, milligrams per liter; n.d., not determined; <, less than; -, not applicable; IC, ion chromatography; ICP-AES or AES, inductively
coupled plasma-atomic emission spectrometry; ICP-MS or MS, inductively coupled plasma-mass spectrometry; D, field replicate sample; round robin results
in italics from http://bgs.usgs.gov/srs/; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; erroneous values from previous jobs are red]

Element Cl F NO; S0,
Units mg/L mg/L mg/L mg/L
Methods IC IC IC IC IC IC
Replicate samples

PKHL-10-2 FU MRP-05633  C-245075 4.2 1.6 <.08 298 (512)
PKHL-10-2 D FU MRP-05633  C-245074 4.2 1.6 <.08 295 (507)
01139830Aug FU MRP-06205 C-260148 2.7 0.3 0.4 342
01139830AugD FU MRP-06205 C-260149 2.7 0.3 <.08 351

'REE reran for MRP-05621 by ICP-MS and sulfate greater than 200 mg/L reran for MRP-05633 by IC because original results anomalous (shown in red and parentheses).
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or MS,
inductively coupled plasma-mass spectrometry; D, field replicate sample; A, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Oxidation-  Dissolved

e Site Collection Collection Specific Dissolved .. . .
Characteristic . . pH Temperature Alkalinity reduction organic
location date time conductance oxygen .
potential carbon
Units pS/cm degrees Celsius mg/L mg/L CaCO, mV mg C/L
Methods
CKBK-1-2 FA CKBK-1 10/19/2004 15:31 169.8 7.97 7.6 8 1104 487.9 n.d.
CKBK-1-2 RA CKBK-1  10/19/2004 15:31 169.8 7.97 7.6 8 1104 487.9 n.d.
CKBK-2-2 FA CKBK-2  10/19/2004 16:18 394 4.40 9.5 6 n.d. 504.3 n.d.
CKBK-2-2 RA CKBK-2  10/19/2004 16:18 394 4.40 95 6 n.d. 504.3 n.d.
CKBK-3-2 FA CKBK-3  10/19/2004 16:33 143 7.60 9.2 9 84.5 521.2 n.d.
CKBK-3-2 RA CKBK-3  10/19/2004 16:33 143 7.60 9.2 9 84.5 521.2 n.d.
CKBK-4-2 FA CKBK-4 10/19/2004 16:48 1119 6.71 6.6 0 56.0 336.9 n.d.
CKBK-4-2 RA CKBK-4  10/19/2004 16:48 111.9 6.71 6.6 0 56.0 336.9 n.d.
CKBK-5-2 FA CKBK-5 10/19/2004 17.06 449 342 7.6 5 n.d. 585.4 n.d.
CKBK-5-2 RA CKBK-5  10/19/2004 17:06 449 3.42 7.6 5 n.d. 585.4 n.d.
PKHL-1-2 FA PKHL-1 10/20/2004 9:26 1336 2.89 4.6 10 n.d. 642.6 n.d.
PKHL-1-2 RA PKHL-1 10/20/2004 9:26 1336 2.89 4.6 10 n.d. 642.6 n.d.
PKHL-2-2 FA PKHL-2 10/20/2004 12:43 635 3.29 8.8 10 n.d. 684.6 n.d.
PKHL-2-2 RA PKHL-2 10/20/2004 12:43 635 3.29 8.8 10 n.d. 684.6 n.d.
PKHL-4-2 FA PKHL-4 10/20/2004 9:45 294 5.85 7.5 8 0.0 642.7 n.d.
PKHL-4-2 RA PKHL-4 10/20/2004 9:45 294 5.85 75 8 0.0 642.7 n.d.
PKHL-5-2 FA PKHL-5 10/20/2004 10:26 268 6.97 7.2 8 n.d. 538.2 n.d.
PKHL-5-2 RA PKHL-5 10/20/2004 10:26 268 6.97 7.2 8 n.d. 538.2 n.d.
PKHL-6-2 FA PKHL-6 10/20/2004 10:52 219 7.59 75 8 64.2 606.7 n.d.
PKHL-6-2 RA PKHL-6 10/20/2004 10:52 219 7.59 75 8 64.2 606.7 n.d.
PKHL-7-2 FA PKHL-7 10/20/2004 12:14 615 344 115 0 n.d. 566.7 n.d.
PKHL-7-2 RA PKHL-7 10/20/2004 12:14 615 344 115 0 n.d. 566.7 n.d.
PKHL-8-2 FA PKHL-8 10/20/2004 12:06 685 3.20 10.7 0 n.d. 603.6 n.d.
PKHL-8-2 RA PKHL-8 10/20/2004 12:06 685 3.20 10.7 0 n.d. 603.6 n.d.
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

A on b Number LabNo. Ag  Ag Al Al As  As B Ba Ba
information speciation

Units Fe?/Fe ol po/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods Hach (MS & AES) (MS & AES) ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES
CKBK-1-2 FA n.d. MRP-05620 C-244744 <3 <1 185 12 <1 <100 <5 18.9 19
CKBK-1-2RA n.d. MRP-05620 C-244745 <3 <1 221 16 <1 <100 <5 19.1 20
CKBK-2-2 FA n.d. MRP-05621 C-244797 <3 <1l 15,900 18,200 <1 <100 <5 19 18
CKBK-2-2 RA n.d. MRP-05621 C-244798 <3 <1 18,800 20,200 <1 <100 <5 21.1 18
CKBK-3-2 FA n.d. MRP-05620 C-244740 <3 <1 29 <10 <1l <100 <5 34.3 35
CKBK-3-2RA n.d. MRP-05620 C-244741 <3 <1 9 18 <1 <100 <5 34.5 34
CKBK-4-2 FA 0.81 MRP-05620 C-244730 <3 <1 914 75 <1 <100 19 18.9 19
CKBK-4-2 RA 0.81 MRP-05620 C-244731 <3 <1 113 85 <1 <100 18 28.1 27
CKBK-5-2 FA 0.13 MRP-05621 C-244799 <3 <1 5,370 5,700 <1l <100 <5 7.59 6.7
CKBK-5-2RA 0.13 MRP-05621 C-244800 <3 <1 5,630 6,560 <1 <100 <5 8.07 7.6
PKHL-1-2 FA 0.13 MRP-05621 C-244819 <3 <1 34,600 39,700 2 <100 <5 5.52 5.2
PKHL-1-2 RA 0.13 MRP-05621 C-244820 <3 <1 34,500 40,000 3 <100 <5 5.97 53
PKHL-2-2 FA 0.47 MRP-05621 C-244811 <3 <1 11,000 11,400 <1 <100 <5 15.3 14
PKHL-2-2 RA 0.47 MRP-05621 C-244812 <3 <1 10,400 11,500 <1 <100 <5 15 14
PKHL-4-2 FA 0.14 MRP-05621 C-244780 <3 <1 1,110 1,170 2 <100 <5 23.2 19
PKHL-4-2 RA 0.14 MRP-05621 C-244781 <3 <1 2,920 3,280 2 <100 <5 22.7 20
PKHL-5-2 FA n.d. MRP-05620 C-244764 <3 <1 4 18 <1 <100 <5 27.1 28
PKHL-5-2 RA n.d. MRP-05620 C-244765 <3 <1 106 79 <1 <100 <5 28.9 28
PKHL-6-2 FA n.d. MRP-05620 C-244754 <3 <1 8 11 <1 <100 <5 312 32
PKHL-6-2 RA n.d. MRP-05620 C-244755 <3 <1 20.1 <10 <1 <100 <5 32 32
PKHL-7-2 FA 0.96 MRP-05621 C-244809 <3 <1 7,030 8,060 <1l <100 <5 15.2 14
PKHL-7-2 RA 0.96 MRP-05621 C-244810 <3 <1 7,220 8,540 <1 <100 <5 15.6 14
PKHL-8-2 FA 0.95 MRP-05621 C-244813 <3 <1 9,240 10,600 <1 <100 <5 11.9 11
PKHL-8-2 RA 0.95 MRP-05621 C-244814 <3 <1 9,220 10,500 <1 <100 <5 12.7 12
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Be Be Bi Ca Ca Cd Cd Ce Co Co Cr Cr Cs Cu Cu
Units pg/L pg/L pg/lL  mg/L  mg/L ng/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
CKBK-1-2 FA <0.05 <10 <02 435 49.9 0.11 <5 0.02 0.21 <10 <1 <10 0.26 52 <10
CKBK-1-2 RA <0.05 <10 <02 43.6 49.6 0.11 <5 0.05 0.2 <10 <1 <10 0.25 5.6 <10
CKBK-2-2 FA 1 <10 <02 47.9 51.6 16.2 20 110 186 197 38 <10 2.32 5,030 5,890
CKBK-2-2 RA 1.1 <10 <0.2 46.3 48 15.4 19 120 181 178 115 10 2.36 4,900 5,370
CKBK-3-2FA <0.05 <10 <02 36.5 40.6 <0.02 <5 <0.01 0.03 <10 <1 <10 0.31 <05 <10
CKBK-3-2 RA <0.05 <10 <0.2 36.1 38.6 <0.02 <5 0.03 0.03 <10 <1 <10 0.31 0.85 <10
CKBK-4-2 FA <0.05 <10 <0.2 15.3 189 <0.02 <5 1.38 0.64 <10 <1 <10 0.11 29 <10
CKBK-4-2 RA <0.05 <10 <0.2 154 176 0.06 <5 1.67 0.65 <10 <1 <10 0.11 9.3 <10
CKBK-5-2 FA 0.2 <10 <0.2 555 54.6 4.36 5.9 32 97.3 98 2.9 <10 0.94 992 1,010
CKBK-5-2 RA 0.3 <10 <02 56.1 61.9 45 6 34.4 102 115 3.2 <10 0.97 1,030 1,130
PKHL-1-2 FA 25 <10 <02 231 259 10.5 11 340 218 232 2.4 <10 1.09 1,980 2,150
PKHL-1-2 RA 2.8 <10 <0.2 225 253 10.6 12 353 217 230 2.2 <10 1.12 1,970 2,180
PKHL-2-2 FA 0.7 <10 <02 88 90.4 11.7 14 48 226 210 2.6 <10 1.08 2,910 3,070
PKHL-2-2 RA 0.7 <10 <0.2 80.4 88.7 11.6 14 46.6 218 214 2.7 <10 1.09 2,900 3,160
PKHL-4-2 FA 0.4 <10 <0.2 57.3 57.3 6.95 8.1 411 95.2 98 <1 <10 0.8 4,950 5,170
PKHL-4-2 RA 0.5 <10 <02 56 59.2 6.84 8.2 41.3 92.9 87 <1 <10 0.77 4,980 5,420
PKHL-5-2 FA <0.05 <10 <02 50.1 67.1 4.15 6.9 16.6 55.9 47 <1 <10 0.55 1,800 1,960
PKHL-5-2 RA <0.05 <10 <0.2 61 67.3 433 6.2 17 57.7 43 <1 <10 0.61 1,970 2,040
PKHL-6-2 FA <0.05 <10 <02 52.2 62.3 0.8 <5 0.04 1.22 <10 <1 <10 0.31 4.1 46
PKHL-6-2 RA <0.05 <10 <02 52.6 60.5 0.84 <5 0.14 1.28 <10 <1 <10 0.3 55.7 57
PKHL-7-2 FA 0.5 <10 <0.2 83.6 92.8 3.08 <5 29.2 135 159 2.3 <10 1 107 107
PKHL-7-2 RA 0.5 <10 <0.2 81.9 93 31 <5 31.6 131 154 3 <10 0.99 200 227
PKHL-8-2 FA 0.6 <10 <0.2 82 90.9 573 7.4 39.2 181 200 2.9 <10 1.16 205 202

PKHL-8-2 RA 0.6 <10 <02 815 90 5.59 7.1 37.7 178 200 29 <10 124 208 204
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued
[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon

per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values; erroneous values from previous jobs are red]

Element Dy Er Eu Fe Fe Ga Gd Ge Ho K K La Li Li
Units po/L Hg/L po/L Hg/L Hg/L po/L po/L po/L po/L mg/L mg/L /L po/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES  ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
CKBK-1-2 FA <0.005 <0.005 <0.005 <50 <20 <0.05 <0005 <005 <0005 196 2.2 0.03 <0.1 <1
CKBK-1-2RA 0.007 <0.005 0.005 <50 <20 <005 0007 <005 <0.005 19 2.2 0.04 <01 <1
CKBK-2-2 FA 7.94 4.28 2.03 <50 <20 0.41 10.7 0.2 1.37 3.28 3.8 54.6 19.6 9.7
CKBK-2-2 RA 9.18 4.84 2.47 667 708 0.7 124 0.2 153 3.26 35 56.2 20.3 11
CKBK-3-2FA <0.005 <0.005 <0.005 <50 <20 <005 <0.005 <0.05 <0.005 2.3 2.6 <0.01 0.8 <1
CKBK-3-2RA <0.005 <0.005 <0.005 <50 <20 <0.05 <0005 <0.05 <0.005 229 2.4 0.02 <01 <1
CKBK-4-2 FA 0.075 0.03 0.02 13,300 13,200 <005 01 0.05 0.01 6.63 7.8 0.6 1.2 <1
CKBK-4-2 RA 0.074 0.03 0.02 14,500 14,000 <005 0.12 0.06 0.01 6.57 7.5 0.74 0.9 14
CKBK-5-2 FA 1.84 0.82 0.55 6,300 6,390 0.2 279 <005 0.29 3.34 34 13.6 11.3 5.8
CKBK-5-2 RA 1.93 0.85 0.57 8,140 9,040 0.2 2.95 0.05 0.31 3.32 3.7 14.6 12 <1
PKHL-1-2 FA 16 7.98 4.25 90,300 99,300 1.3 21.8 0.22 2.94 3.74 4.6 147 39.2 21
PKHL-1-2 RA 16.1 8.02 4.39 90,200 98,200 14 22.2 0.3 2.92 3.76 4.7 149 384 26
PKHL-2-2 FA 3.02 1.67 0.77 22,200 23,200 0.31 382 <005 056 44 4.7 22 16 6
PKHL-2-2 RA 2.96 1.59 0.73 21,900 23,900 0.31 371 <005 0.56 4.1 4.8 21.3 144 4
PKHL-4-2 FA 2.99 1.77 0.61 <50 20 0.22 3.75 0.06 0.54 3.26 3.6 29.6 1 <1
PKHL-4-2 RA 3.23 1.88 0.66 <50 34 0.2 411 0.07 0.57 3.24 3.7 29.5 0.6 <1
PKHL-5-2 FA 0.73 04 0.17 <50 <20 0.1 1.16 <005 0.14 33 3.7 15.2 0.3 <1
PKHL-5-2 RA 0.85 0.48 0.19 <50 <20 0.1 1.3 <005 0.16 3.48 3.8 154 0.5 <1
PKHL-6-2 FA <0.005 <0.005 <0.005 <50 <20 <005 <0005 <005 <0005 312 3.6 0.05 0.3 <1
PKHL-6-2 RA 0.007 0.005 0.005 <50 56 <005 001 <005 <0.005 314 3.6 0.12 <01 <1
PKHL-7-2 FA 1.74 0.94 0.47 45,400 53,800 0.24 2.29 0.07 0.32 4.25 4.8 13 12.4 34
PKHL-7-2 RA 1.92 1.02 0.48 47,000 57,300 0.73 2.49 0.1 0.35 431 5 14.1 12.8 6.8
PKHL-8-2 FA 2.43 1.26 0.64 33,800 38,500 0.27 315 <005 045 4.13 4.8 17.8 15.3 <1
PKHL-8-2 RA 2.26 1.22 0.62 35,500 40,600 0.27 3.05 0.05 0.41 4.19 49 17.2 15.7 <1
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Lu Mg Mg Mn Mn Mo Mo Na Na Nb Nd Ni Ni P
Units pg/L  mg/L  mg/L po/L po/L po/L pg/l mg/l mg/L ng/L po/L Hg/L Hg/L mg/L
Methods ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-1-2 FA <0.1 1.93 2.2 125 12 <2 <20 0.74 0.89 <0.2 0.02 0.8 <10 <0.01
CKBK-1-2 RA 0.1 1.97 2.3 13 13 <2 <20 0.73 0.42 <0.2 0.04 0.8 <10 <0.01
CKBK-2-2 FA 34.8 10.9 12.3 1,870 2,010 <2 <20 2.8 4 <0.2 60.5 61.8 69 <0.01
CKBK-2-2 RA 40.9 10.8 11.5 1,900 1,920 <2 <20 2.68 35 <0.2 70.2 59.5 65 0.05
CKBK-3-2 FA <0.1 145 1.7 4.3 <10 <2 <20 0.73 0.55 <0.2 <0.01 <04 <10 <0.01
CKBK-3-2RA <0.1 1.44 1.6 6.6 <10 <2 <20 0.73 0.48 <0.2 0.01 0.4 <10 <0.01
CKBK-4-2 FA 0.2 2.02 24 871 921 <2 <20 0.66 0.41 <0.2 0.58 0.5 <10 <0.01
CKBK-4-2 RA 0.2 1.98 2.3 880 883 <2 <20 0.63 0.26 <0.2 0.65 0.5 <10 0.02
CKBK-5-2 FA 4.2 7.17 7.6 1,320 1,300 <2 <20 1.18 25 <0.2 14.7 259 30 <0.01
CKBK-5-2 RA 4.3 7.37 8.3 1,370 1,480 <2 <20 1.2 31 <0.2 15.2 27 39 <0.01
PKHL-1-2 FA 55.8 27.2 319 6,980 7,170 <2 <20 3.9 7 <0.2 131 38.3 50 <0.01
PKHL-1-2 RA 55.7 27.6 31.7 7,010 7,200 <2 <20 3.96 6.5 <0.2 136 38.6 41 <0.01
PKHL-2-2 FA 13.6 114 12.3 1,400 1,380 <2 <20 21 45 <0.2 21.7 311 35 <0.01
PKHL-2-2 RA 13.3 10.7 12.1 1,340 1,380 <2 <20 1.96 4.2 <0.2 214 304 37 <0.01
PKHL-4-2 FA 135 8.81 9.3 629 634 <2 <20 1.73 2.7 <0.2 22 22.6 26 <0.01
PKHL-4-2 RA 16.2 8.72 9.6 608 650 <2 <20 1.73 31 <0.2 22.6 224 26 <0.01
PKHL-5-2 FA 1.7 6.53 8.2 383 384 <2 <20 1.49 2.9 <0.2 7.89 15.9 22 <0.01
PKHL-5-2 RA 2.7 6.83 8 394 373 <2 <20 1.56 3 <0.2 8.27 16.7 19 <0.01
PKHL-6-2 FA <0.1 2.83 35 42.4 45 <2 <20 0.99 1.6 <0.2 0.03 2 <10 <0.01
PKHL-6-2 RA <01 2.83 3.4 44.9 46 <2 <20 1.01 1.7 <0.2 0.07 2.2 <10 <0.01
PKHL-7-2 FA 7.4 9.32 11 1,080 1,150 <2 <20 1.82 35 <0.2 13.2 16.8 24 <0.01
PKHL-7-2 RA 7 9.33 11.2 1,060 1,190 <2 <20 1.85 3.6 <0.2 14.2 16.6 24 0.02
PKHL-8-2 FA 9 9.85 11.7 1,170 1,220 <2 <20 1.89 4.8 <0.2 18.9 23.2 33 <0.01

PKHL-8-2 RA 9.2 9.73 116 1,170 1,220 <2 <20 1.9 4.6 <0.2 17.8 22.7 35 <0.01
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or MS,
inductively coupled plasma-mass spectrometry; D, field replicate sample; A, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element P Pb Pb Pr Rb Sh Sh Sc Se Sio, Si0, Sm S0, Sr Sr Ta
Units mg/L pg/L pg/L pg/L pg/L pg/L pg/L  pg/L pg/L  mg/lL mg/L ng/L mg/L g/l pg/L pg/L
Methods ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-1-2 FA <0.1 <0.05 <50 <0.01 9.54 <0.3 <50 0.7 2.2 6.3 7 <0.01 12 159 174 <0.02
CKBK-1-2RA <0.1 <0.05 <50 0.01 951 <0.3 <50 0.9 <1 6.3 71 <0.01 12 160 178 <0.02
CKBK-2-2 FA <0.1 0.1 <50 14.6 21.8 <0.3 <50 6.6 <1l 65 73.5 10.7 245 262 256 0.1
CKBK-2-2 RA <0.1 0.91 <50 16.3 21.8 <0.3 <50 6.2 1.2 65.5 69.5 13.2 230 255 236 0.06
CKBK-3-2FA <0.1 <0.05 <50 <0.01 11 <0.3 <50 0.6 <1 6 6.6 <0.01 10 107 115 <0.02
CKBK-3-2RA <0.1 <0.05 <50 <0.01 10.8 <0.3 <50 0.6 1.2 5.9 6.4 <0.01 10 107 112 <0.02
CKBK-4-2 FA <0.1 <0.05 <50 0.13 24.7 <0.3 <50 2 2.4 15 17.8 0.1 <2 32.2 36 <0.02
CKBK-4-2 RA <0.1 <0.05 <50 0.16 24.5 <0.3 <50 2 2.6 15 17.1 0.12 <2 32.6 35 <0.02
CKBK-5-2 FA <0.1 0.67 <50 3.39 16.8 <0.3 <50 25 1.2 17.1 18.6 2.84 220 94 82 0.03
CKBK-5-2 RA <0.1 0.8 <50 3.6 16.9 <0.3 <50 25 1.1 175 20.8 3 224 93.8 86 0.02
PKHL-1-2 FA <0.1 34 <50 33.3 36.9 <0.3 <50 5.2 2 58.7 73.4 235 1090 297 286 0.03
PKHL-1-2 RA <0.1 35 <50 34.4 36.5 <0.3 <50 4.7 1.9 50.8 73.3 24 1080 294 283 0.02
PKHL-2-2 FA <0.1 2.2 <50 5.56 25 <0.3 <50 4 <1 415 46.6 4.09 398 210 201 0.02
PKHL-2-2 RA <0.1 2.4 <50 5.43 24.2 <0.3 <50 4 1.1 394 46.8 3.84 359 204 197 <0.02
PKHL-4-2 FA <0.1 0.1 <50 591 18.7 <0.3 <50 2.8 <1 20.5 22.6 331 183 162 144 <0.02
PKHL-4-2 RA <0.1 0.2 <50 6.04 18.7 <0.3 <50 3 <1 20.7 238 3.45 179 160 148 0.02
PKHL-5-2 FA <0.1 <0.05 <50 2.19 17.2 <0.3 <50 1.7 1.2 14.2 16.1 0.94 146 140 157 <0.02
PKHL-5-2 RA <0.1 0.06 <50 2.3 18 <0.3 <50 1.7 <1 14.6 15.7 1.05 147 143 153 <0.02
PKHL-6-2 FA <0.1 <0.05 <50 <0.01 16 <0.3 <50 0.9 2.9 7.2 8.8 <0.01 75 99.7 113 <0.02
PKHL-6-2 RA <0.1 <0.05 <50 0.02 16.3 <0.3 <50 1 1.8 7.4 85 <0.01 78 102 111 <0.02
PKHL-7-2 FA <0.1 0.4 <50 3.3 23 <0.3 <50 34 <1l 32.1 37.8 2.42 362 179 169 <0.02
PKHL-7-2 RA <0.1 1.2 <50 3.56 229 <0.3 <50 4 1.3 325 39.8 25 360 174 169 <0.02
PKHL-8-2 FA <0.1 0.82 <50 4.65 25 <0.3 <50 39 <1l 37.8 46.1 3.27 367 188 182 0.03
PKHL-8-2 RA <0.1 15 <50 4.4 24.5 <0.3 <50 3.6 1.3 37.7 459 3.23 360 184 180 0.03
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon

per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values; erroneous values from previous jobs are red]

Element Tb Th Ti Ti Tl Tm U '} '} w Y Yb Zn Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-1-2 FA <0005 <0.2 <05 <50 <0.1 <0.005 0.18 <05 <10 <05 0.03 <0.005 16 11 <0.2
CKBK-1-2RA <0.005 <0.2 <05 <50 <0.1 <0.005 0.18 <0.5 <10 <05 0.04 <0.005 159 11 <0.2
CKBK-2-2 FA 1.34 0.44 32 <50 0.58 0.54 314 <05 <10 <05 36.7 3.92 3,030 3,610 <0.2
CKBK-2-2 RA 153 1.96 29.2 <50 0.58 0.64 5.37 0.9 <10 <05 39.6 471 2,870 3,140 <0.2
CKBK-3-2FA <0005 <0.2 0.8 <50 <0.1 <0.005 <01 <05 <10 <05 <0.01 <0.005 1.3 <10 <0.2
CKBK-3-2RA <0.005 <0.2 0.6 <50 <0.1 <0.005 <01 <0.5 <10 <05 0.02 <0.005 0.5 <10 <02
CKBK-4-2 FA 0.01 2.82 <05 <50 <0.1 <0.005 <01 0.5 <10 <05 0.29 0.02 35 <10 <0.2
CKBK-4-2 RA 0.01 2.47 <05 <50 <01 <0.005 <01 0.5 <10 <05 0.32 0.02 14 14 <0.2
CKBK-5-2 FA 0.34 12.3 25 <50 <0.1 0.09 0.61 <05 <10 <05 8.51 0.57 1,550 1,680 <0.2
CKBK-5-2 RA 0.36 154 4.4 <50 <0.1 0.087 0.62 <0.5 <10 <05 8.84 0.6 1,620 1,920 <0.2
PKHL-1-2 FA 2.95 130 11 <50 <0.1 1.08 3.66 <05 <10 <05 80.4 6.94 6,240 7,770 <0.2
PKHL-1-2 RA 2.95 132 12.7 <50 <0.1 1.08 3.64 <0.5 <10 <05 78.2 6.94 6,400 7,700 <0.2
PKHL-2-2 FA 0.52 22.9 5 <50 0.1 0.23 0.92 <05 <10 <05 151 1.54 2,890 3,180 <0.2
PKHL-2-2 RA 0.52 23.9 9.6 <50 0.1 0.22 0.94 <0.5 <10 <05 155 1.55 2,790 3,150 <0.2
PKHL-4-2 FA 0.48 <02 2.2 <50 0.2 0.21 0.65 <05 <10 <05 18.1 15 684 714 <0.2
PKHL-4-2 RA 0.51 <0.2 2.7 <50 0.2 0.23 0.83 <0.5 <10 <05 18.8 1.69 678 691 <0.2
PKHL-5-2 FA 0.13 <02 1.4 <50 0.1 0.04 <0.1 <05 <10 <05 6.15 0.25 418 496 <0.2
PKHL-5-2 RA 0.15 <0.2 2 <50 0.1 0052 <01 <0.5 <10 <05 6.64 0.31 432 480 <0.2
PKHL-6-2 FA <0.005 <0.2 0.6 <50 <0.1 <0.005 <01 <05 <10 <05 0.03 <0.005 81.6 92 <0.2
PKHL-6-2 RA <0.005 <0.2 0.8 <50 <01 <0.005 <01 <0.5 <10 <05 0.07 0.006 85.3 91 <0.2
PKHL-7-2 FA 0.31 17.1 4.8 <50 <0.1 0.13 0.42 <05 <10 <05 8.92 0.87 2,080 2,440 <0.2
PKHL-7-2 RA 0.34 38.8 50.1 <50 <0.1 0.14 0.41 15 <10 <05 9.77 0.95 2,070 2,550 <0.2
PKHL-8-2 FA 0.43 14.6 4.6 <50 <0.1 0.18 0.56 <05 <10 <05 11.9 1.16 2,530 2,960 <0.2
PKHL-8-2 RA 0.42 16.8 9.6 <50 <0.1 0.16 0.58 1 <10 <05 11.2 1.14 2,510 2,910 <02
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

A Job Number  LabNo. Field No. ¢ F NO; SO,
information

Units mg/L mg/L mg/L mg/L
Methods (IC) (IC) IC IC IC IC
CKBK-1-2 FA MRP-05633 C-245053 CKBK-1-2 FU 1.8 <08 0.2 14.7
CKBK-1-2 RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-2-2 FA MRP-05633 C-245072 CKBK-2-2 FU 4.4 18 42 260 (440)1
CKBK-2-2 RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-3-2 FA MRP-05633 C-245051 CKBK-3-2 FU 16 <.08 <.08 11.7
CKBK-3-2RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-4-2 FA MRP-05633 C-245046 CKBK-4-2 FU 19 008 0.2 17
CKBK-4-2 RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-5-2 FA MRP-05633 C-245073 CKBK-5-2 FU 43 18 1.3  233(425)
CKBK-5-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-1-2 FA MRP-05633 C-245082 PKHL-1-2 FU 136 53 <.08 1200 (2074)
PKHL-1-2 RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-2-2 FA MRP-05633 C-245078 PKHL-2-2 FU 6.7 27 <08 394 (717)
PKHL-2-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-4-2 FA MRP-05779 C-248529 PKHL-4-2 FU 2.6 0.5 2.2 231
PKHL-4-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-5-2 FA MRP-05633 C-245063 PKHL-5-2 FU 2.7 0.2 18 190
PKHL-5-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-6-2 FA MRP-05633 C-245058 PKHL-6-2 FU 15 <08 0.2 100
PKHL-6-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-7-2 FA MRP-05633 C-245077 PKHL-7-2 FU 7 28 <08 396 (723)
PKHL-7-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-8-2 FA MRP-05633 C-245079 PKHL-8-2 FU 6.7 3 <.08 407 (740)
PKHL-8-2 RA n.d. n.d. n.d. nd. nd nd n.d.
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Oxidation- Dissolved

Characteristic Site . Collection Coll_ectlon Specific pH Temperature Dissolved Alkalinity reduction organic
location date time conductance oxygen .

potential carbon
Units pS/cm degrees Celsius mg/L mg/L CaCO, mV mg C/L
Methods
PKHL-9-2 FA PKHL-9 10/20/2004 12:20 466 3.50 6.8 8 n.d. 597.5 n.d.
PKHL-9-2 RA PKHL-9 10/20/2004 12:20 466 3.50 6.8 8 n.d. 597.5 n.d.
PKHL-10-2 FA PKHL-10  10/20/2004 14:45 465 3.84 7.8 8 n.d. 678.7 n.d.
PKHL-10-2 RA PKHL-10 10/20/2004 14:45 465 3.84 7.8 8 n.d. 678.7 n.d.
PKHL-10-2D FA PKHL-10  10/20/2004 14:47 465 3.84 7.8 8 n.d. 678.7 n.d.
PKHL-10-2 D RA PKHL-10 10/20/2004 14:47 465 3.84 7.8 8 n.d. 678.7 n.d.
PKHL-11-2 FA PKHL-11  10/20/2004 14:38 1394 8.39 8.6 10 935 2317 n.d.
PKHL-11-2 RA PKHL-11  10/20/2004 14:38 139.4 8.39 8.6 10 935 231.7 n.d.
PKHL-12-2 FA PKHL-12  10/20/2004 15:45 152.9 7.68 7.2 10 61.1 505.7 n.d.
PKHL-12-2 RA PKHL-12  10/20/2004 15:45 152.9 7.68 7.2 10 61.1 505.7 n.d.
PKHL-13-2 FA PKHL-13  10/20/2004 16:00 133.7 7.97 6.9 10 71.1 476.4 n.d.
PKHL-13-2 RA PKHL-13  10/20/2004 16:00 133.7 797 6.9 10 711 476.4 n.d.
PKHL-14-2 FA PKHL-14  10/20/2004 16:16 136.5 7.71 6.7 10 66.2 465.6 n.d.
PKHL-14-2 RA PKHL-14  10/20/2004 16:16 136.5 7.71 6.7 10 66.2 465.6 n.d.
PKHL-15-2 FA PKHL-15 10/20/2004 16:30 132.2 8.61 7 8 835 445.3 n.d.
PKHL-15-2 RA PKHL-15 10/20/2004 16:30 132.2 8.61 7 8 83.5 445.3 n.d.
01139940Aug FA CKBK-1 8/2/2005 9:42 214 7.94 14.9 7 124 527.3 n.d.
01139940Aug RA CKBK-1 8/2/2005 9:42 214 7.94 14.9 7 124 527.3 n.d.
CKBK-2-3FA CKBK-2 8/2/2005 10:57 215 6.598 14.7 8 33.6 370.2 n.d.
CKBK-2-3RA CKBK-2 8/2/2005 10:57 215 6.598 14.7 8 33.6 370.2 n.d.
CKBK-3-3FA CKBK-3 8/2/2005 11:.04 166.2 7.191 16.8 8 96 368.2 n.d.
CKBK-3-3RA CKBK-3 8/2/2005 11:04 166.2 7.191 16.8 8 96 368.2 n.d.
CKBK-4-3 FA CKBK-4 8/2/2005 10:38 263 6.483 17.7 2 50 196 n.d.
CKBK-4-3RA CKBK-4 8/2/2005 10:38 263 6.483 17.7 2 50 196 n.d.
CKBK-5-3 FA CKBK-5 8/2/2005 10:27 340 3.63 114 8 n.d. 595.9 n.d.
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

A on b Number LabNo. Ag  Ag Al Al As  As B Ba Ba
information speciation

Units Fe?/Fe ol po/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods Hach (MS & AES) (MS & AES) ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES
PKHL-9-2 FA 0.42 MRP-05621 C-244807 <3 <1 9,580 11,100 1 <100 <5 16 14
PKHL-9-2 RA 0.42 MRP-05621 C-244808 <3 <1 9,660 11,000 <1 <100 <5 16.6 15
PKHL-10-2 FA 0.45 MRP-05621 C-244805 <3 <1 7,500 8,420 1 <100 <5 174 15
PKHL-10-2 RA 0.45 MRP-05621 C-244806 <3 <1 7,170 8,360 1 <100 <5 16.7 15
PKHL-10-2 D FA 0.44 MRP-05621 C-244803 <3 <1 7,440 8,310 <1 <100 <5 17 15
PKHL-10-2 D RA 0.44 MRP-05621 C-244804 <3 <1 7,170 8,440 1 <100 <5 16.7 15
PKHL-11-2 FA n.d. MRP-05620 C-244738 <3 <1 41.2 43 <1 <100 <5 20.8 22
PKHL-11-2 RA n.d. MRP-05620 C-244739 <3 <1 4 16 <1 <100 <5 20.7 20
PKHL-12-2 FA n.d. MRP-05620 C-244742 <3 <1 8.9 <10 <1 <100 <5 16.7 16
PKHL-12-2 RA n.d. MRP-05620 C-244743 <3 <1 60 47 <1 <100 <5 155 17
PKHL-13-2 FA n.d. MRP-05620 C-244734 <3 <1 5.6 <10 <1 <100 <5 14.9 15
PKHL-13-2 RA n.d. MRP-05620 C-244735 <3 <1 10.8 <10 <1l <100 <5 14.7 16
PKHL-14-2 FA n.d. MRP-05620 C-244736 <3 <1 4.7 <10 <1 <100 <5 15.8 15
PKHL-14-2 RA n.d. MRP-05620 C-244737 <3 <1 8.4 16 <1 <100 <5 15.8 16
PKHL-15-2 FA n.d. MRP-05620 C-244732 <3 <1 5.6 <10 <1 <100 <5 9.97 9.8
PKHL-15-2 RA n.d. MRP-05620 C-244733 <3 <1 14.2 23 <1 <100 <5 9.9 10
01139940Aug FA n.d. MRP-06206 C-260171 <3 <1 30.1 11 <1 <100 <5 21.2 21
01139940Aug RA n.d. MRP-06206 C-260172 <3 <1 324 14 <1 <100 <5 215 21
CKBK-2-3FA n.d. MRP-06206 C-260173 <3 <1 17.8 <10 <1l <100 <5 23.2 24
CKBK-2-3RA n.d. MRP-06206 C-260174 <3 <1 3,660 3,140 <1 <100 <5 23 23
CKBK-3-3FA n.d. MRP-06206 C-260163 <3 <1 52 <10 <1l <100 <5 33.8 34
CKBK-3-3RA n.d. MRP-06206 C-260164 <3 <1 42.2 28 <1 <100 <5 34.7 35
CKBK-4-3 FA n.d. MRP-06206 C-260191 <3 <1 45.9 37 <1 <100 12 28 28
CKBK-4-3 RA n.d. MRP-06206 C-260192 <3 <1 75.3 64 <1 <100 11 294 28
CKBK-5-3 FA 0.08 MRP-06206 C-260202 <3 <1 2,390 2,330 <1 <100 <5 5.88 6
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element Be Be Bi Ca Ca Cd Cd Ce Co Co Cr Cr Cs Cu Cu
Units pg/L pg/L pg/L  mg/L  mg/L ng/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
PKHL-9-2 FA 0.8 <10 <0.2 90.6 93.9 22.2 31 54.2 190 216 <1 <10 1.11 6,470 7,480
PKHL-9-2 RA 0.8 <10 <0.2 90.8 98.6 22.3 28 55.8 189 194 <1 <10 1.12 6,480 7,350
PKHL-10-2 FA 0.4 <10 <0.2 76.6 77.8 9.61 11 32.7 170 185 1.6 <10 1.04 2,400 2,570
PKHL-10-2 RA 0.5 <10 <0.2 73.5 81 9.26 13 34.5 166 174 1.5 <10 1.04 2,310 2,540

PKHL-10-2D FA 0.5 <10 <02 769 80.8 9.48 13 39 172 196 1.6 <10 1.04 2,250 2,530
PKHL-10-2D RA 04 <10 <02 733 80.3 9.17 11 34.9 163 161 15 <10 1.03 2,300 2,580

PKHL-11-2 FA <0.05 <10 <02 379 42.5 <0.02 <5 0.12 0.07 <10 <1 <10 0.15 1 <10
PKHL-11-2 RA <0.05 <10 <0.2 37 415 <0.02 <5 <0.01 0.03 <10 <1 <10 0.16 0.55 <10
PKHL-12-2 FA <0.05 <10 <02 378 42.8 0.76 <5 0.04 10.6 <10 <1 <10 0.2 13.7 11
PKHL-12-2 RA <0.05 <10 <02 344 42 0.72 <5 0.35 9.96 <10 <1 <10 0.17 34.6 38
PKHL-13-2 FA <0.05 <10 <02 299 37.3 0.14 <5 0.03 1.08 <10 <1 <10 0.07 9.7 <10
PKHL-13-2 RA <0.05 <10 <02 297 37.2 0.14 <5 0.05 117 <10 <1 <10 0.07 11.8 10
PKHL-14-2 FA <0.05 <10 <02 306 36.6 0.11 <5 0.03 1.04 <10 <1 <10 0.08 7 <10
PKHL-14-2 RA <0.05 <10 <02 327 37 011 <5 0.04 1.15 <10 <1 <10 0.07 94 <10
PKHL-15-2 FA <0.05 <10 <02 322 39.2 <0.02 <5 <0.01 0.03 <10 <1 <10 0.26 <0.5 <10
PKHL-15-2 RA <0.05 <10 <02 316 39.7 <0.02 <5 0.03 0.04 <10 <1 <10 0.26 14 <10
01139940Aug FA <0.05 <10 <02 538 511 0.1 <5 <001 012 <10 1 <10 0.3 3.6 <10
01139940Aug RA <0.05 <10 <02 528 51.7 0.1 <5 0.01 0.13 <10 <1 <10 0.3 4.1 <10
CKBK-2-3FA <0.05 <10 <02 407 395 3.61 <5 5.79 39 40 <1 <10 0.69 608 588
CKBK-2-3RA 0.2 <10 <02 408 39.5 3.79 <5 18 39.5 40 <1 <10 0.69 1,150 1,080
CKBK-3-3FA <0.05 <10 <02 372 36.2 <0.02 <5 <0.01 0.06 <10 <1 <10 0.32 <0.5 <10
CKBK-3-3RA <0.05 <10 <02 381 37.8 <0.02 <5 0.1 0.04 <10 11 <10 0.35 0.92 <10
CKBK-4-3FA <0.05 <10 <0.2 16 174  <0.02 <5 0.45 4.93 <10 <1 <10 0.06 12 <10
CKBK-4-3RA <0.05 <10 <0.2 16.1 16.6 <0.02 <5 0.63 0.29 <10 <1 <10 0.06 3.2 <10

CKBK-5-3FA 01 <10 <02 50.7 53.2 2.25 <5 11.9 49 52 <1 <10 0.56 597 588
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Dy Er Eu Fe Fe Ga Gd Ge Ho K K La Li Li
Units po/L Hg/L po/L Hg/L Hg/L po/L po/L po/L po/L mg/L mg/L /L po/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES  ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
PKHL-9-2 FA 3.79 2.13 0.93 1,230 1,480 0.24 4.82 0.1 0.75 4.68 5.3 27.9 8.8 <1
PKHL-9-2 RA 3.99 2.21 0.92 1,210 1,300 0.26 4.97 0.1 0.74 4.7 53 28.7 8.6 <1
PKHL-10-2 FA 2.08 1.18 0.51 8,860 9,590 0.21 2.56 0.07 0.39 411 44 15 10.6 <1
PKHL-10-2 RA 2.14 1.16 0.54 9,240 10,100 0.21 2.66 0.07 0.4 3.9 4.4 15.7 10.2 <1
PKHL-10-2 D FA 2.03 1.12 0.52 8,830 9,270 0.2 2.78 0.09 0.36 4.09 4.3 17.2 10.3 <1
PKHL-10-2 D RA 2.21 1.2 0.55 9,180 10,300 0.22 2.78 0.06 0.43 3.98 45 15.9 9.7 <1
PKHL-11-2 FA 0.008 0.005 <0.005 <50 43 <0.05 0.009 <0.05 <0.005 179 2 0.06 <01 <1
PKHL-11-2 RA <0.005 <0.005 <0.005 <50 <20 <005 <0005 <005 <0.005 177 1.9 <0.01 0.2 <1
PKHL-12-2 FA <0.005 <0.005 <0.005 <50 31 <005 <0.005 <0.05 <0005 264 29 0.03 1.2 <1
PKHL-12-2 RA 0.02 0.01 0.009 173 209 <005 002 <005 <0.005 246 2.9 0.19 15 <1
PKHL-13-2 FA <0.005 <0.005 <0.005 189 233 <0.05 0.007 0.05 <0.005 235 2.8 0.02 0.3 <1
PKHL-13-2 RA 0.006 <0.005 <0.005 248 295 <005 <0005 0.07 <0005 231 2.9 0.03 0.3 <1
PKHL-14-2 FA <0.005 <0.005 <0.005 282 311 <0.05 <0.005 006 <0005 235 2.7 0.02 0.2 <1
PKHL-14-2 RA 0.006 <0.005 <0.005 461 476 <005 0006 <0.05 <0.005 25 2.7 0.03 1.2 <1
PKHL-15-2 FA <0.005 <0.005 <0.005 <50 28 <0.05 <0.005 0.08 <0.005 1.3 1.6 <0.01 1.7 1
PKHL-15-2 RA <0.005 <0.005 <0.005 <50 35 <005 <0.005 <005 <0.005 129 1.6 0.02 1.9 <1
01139940Aug FA <0.005 <0.005 <0.005 <50 <20 <005 <0.005 <005 <0.005 2.03 2.1 0.02 0.7 <1
01139940AugRA  <0.005 <0.005 0.005 <50 <20 <005 <0005 <005 <0.005 205 2.1 0.02 1.8 1
CKBK-2-3FA 0.21 0.13 0.05 <50 <20 0.07 035 <005 0.04 2.08 2.2 4,78 4.8 5
CKBK-2-3RA 1.84 1.06 0.39 <50 21 0.24 241 0.06 0.35 1.8 1.8 9.53 4.8 4.9
CKBK-3-3FA <0.005 <0.005 0.006 <50 26 <005 <0005 <005 <0.005 233 2.3 <0.01 0.4 <1
CKBK-3-3RA 0.01 0.006 0.006 <50 30 <0.05 0.007 <0.05 <0005 23 2.4 0.05 0.4 <1
CKBK-4-3 FA 0.02 0.01 0.01 9,380 8,970 <0.05 004 <0.05 0.005 572 6.1 0.18 1.2 1.7
CKBK-4-3RA 0.03 0.02 0.01 12,900 11,800 <0.05 0058 <0.05 0.006 591 6.1 0.26 0.9 1.7
CKBK-5-3FA 0.82 0.37 0.23 732 750 0.2 123 <005 014 2.85 31 5.29 59 6.4
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element Lu Mg Mg Mn Mn Mo Mo Na Na Nb Nd Ni Ni P
Units pg/L  mg/L  mg/L pg/L pg/L pg/L pg/L mg/l mg/L ng/L po/L Hg/L Hg/L mg/L
Methods ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
PKHL-9-2 FA 18 10.9 12.2 1,360 1,480 <2 <20 2.3 55 <0.2 26.9 35 52 <0.01
PKHL-9-2 RA 17.6 10.9 125 1,350 1,470 <2 <20 2.32 4.7 <0.2 27.8 34.8 43 <0.01
PKHL-10-2 FA 9.7 8.42 9.2 958 1,020 <2 <20 1.75 38 <0.2 14.7 23 28 <0.01
PKHL-10-2 RA 9.2 8.11 9.6 930 1,010 <2 <20 1.69 4 <0.2 154 22.2 28 <0.01
PKHL-10-2 D FA 9.5 8.43 9.6 953 1,000 <2 <20 1.75 4.8 <0.2 16.8 229 37 <0.01
PKHL-10-2D RA 9.5 8.1 9.6 911 1,020 <2 <20 1.68 4.1 <0.2 15.6 22.6 32 <0.01
PKHL-11-2 FA 0.2 1.33 15 21.6 22 <2 <20 1.16 1 <0.2 0.05 0.4 <10 <0.01
PKHL-11-2 RA <0.1 1.32 15 114 11 <2 <20 1.15 0.92 <0.2 <0.01 <04 <10 <0.01
PKHL-12-2 FA <0.1 2.55 2.9 118 120 <2 <20 1.64 1.6 <0.2 0.02 25 <10 <0.01
PKHL-12-2 RA 0.1 2.32 2.9 112 119 <2 <20 15 15 <0.2 0.16 2.3 <10 <0.01
PKHL-13-2 FA 0.1 173 21 67.6 72 <2 <20 4.23 4.8 <0.2 0.02 0.6 <10 <0.01
PKHL-13-2 RA <01 1.69 2.1 69 74 <2 <20 421 4.8 <0.2 0.03 0.6 <10 <0.01
PKHL-14-2 FA <01 1.76 2.1 120 121 <2 <20 4.82 52 <0.2 0.02 05 <10 <0.01
PKHL-14-2 RA <01 1.86 2.1 128 128 <2 <20 5.01 5.3 <0.2 0.02 0.6 <10 <0.01
PKHL-15-2 FA 0.1 1.28 15 4.8 <10 <2 <20 4.24 4.5 <0.2 <0.01 <04 <10 <0.01
PKHL-15-2 RA <01 1.27 15 6.7 <10 <2 <20 4.23 4.6 <0.2 0.02 0.4 <10 <0.01
01139940Aug FA <0.1 2.03 2 20.6 22 <2 <20 0.86 0.75 <0.2 0.02 14 <10 <0.01
01139940Aug RA <01 2.08 2 21.2 23 <2 <20 0.86 0.8 <0.2 0.02 1.2 <10 <0.01
CKBK-2-3FA <0.1 4.09 4.1 411 417 <2 <20 1.1 1 <0.2 2.52 17.8 16 <0.01
CKBK-2-3RA 0.1 4.04 4 420 415 <2 <20 1.07 1 <0.2 11.8 18.2 14 <0.01
CKBK-3-3FA <01 1.28 14 20 22 <2 <20 0.8 0.69 <0.2 <0.01 0.8 <10 <0.01
CKBK-3-3RA <0.1 1.35 14 22.2 26 <2 <20 0.85 0.74 <0.2 0.04 0.8 <10 <0.01
CKBK-4-3 FA <0.1 1.69 18 699 720 <2 <20 0.61 0.63 <0.2 0.19 1.7 <10 <0.01
CKBK-4-3RA <0.1 1.66 1.8 707 682 <2 <20 0.58 0.52 <0.2 0.28 0.7 <10 <0.01

CKBK-5-3FA <01 469 51 849 906 <2 <20 0.81 0.83 <0.2 5.74 154 15 <0.01
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or MS,
inductively coupled plasma-mass spectrometry; D, field replicate sample; A, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element P Pb Pb Pr Rb Sh Sh Sc Se Si0, Si0, Sm S0, Sr Sr Ta
Units mg/L pg/L pg/L pg/L pg/L pg/L pg/L  pg/L  pg/L  mg/L mg/L pg/lL  mg/L  pg/L pg/L pg/L
Methods ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
PKHL-9-2 FA <0.1 15 <50 6.94 26.7 <0.3 <50 38 1.3 454 53.6 481 317 259 226 <0.02
PKHL-9-2 RA <0.1 15 <50 7.16 26.7 <0.3 <50 3.8 1.3 45.5 53.2 4.95 317 260 236 <0.02
PKHL-10-2 FA <0.1 1.9 <50 3.76 225 <0.3 <50 31 <1 32.3 36.8 2.61 282 219 193 <0.02
PKHL-10-2 RA <0.1 1.9 <50 3.9 21.9 <0.3 <50 2.9 <1 30.9 36.8 2.87 270 213 200 <0.02

PKHL-10-2D FA <0.1 19 <50 41 223 <0.3 <50 3.3 <1 32.2 37 2.93 281 218 199 <0.02
PKHL-10-2 D RA <0.1 19 <50 4.01 21.7 <0.3 <50 35 <1 31.2 374 29 266 210 200 <0.02

PKHL-11-2 FA <0.1 0.06 <50 0.01 8.34 <0.3 <50 0.7 <1 6.3 7 0.01 6 120 137 0.02

PKHL-11-2 RA <01 <0.05 <50 <0.01 841 <0.3 <50 0.7 <1 6.2 6.7 <0.01 6 120 135 <0.02
PKHL-12-2 FA <0.1 <0.05 <50 <0.01 9.66 <0.3 <50 0.9 14 8.3 9.4 <0.01 44 127 144 <0.02
PKHL-12-2 RA <01 <0.05 <50 0.04 9.12 <0.3 <50 0.9 14 7.7 9.2 0.03 40 120 142 <0.02
PKHL-13-2 FA <01 <0.05 <50 <0.01 546 <0.3 <50 0.8 2.8 7 8.3 <0.01 15 124 146 <0.02
PKHL-13-2 RA <0.1 <0.05 <50 <0.01 528 <0.3 <50 0.8 2.7 6.8 8.3 <0.01 15 123 145 <0.02
PKHL-14-2 FA <01 <0.05 <50 <001 572 <0.3 <50 0.8 21 6.6 7.7 <0.01 14 132 145 <0.02
PKHL-14-2 RA <01 <0.05 <50 <001 564 <0.3 <50 0.8 <1 7.2 7.8 <0.01 12 129 147 0.02

PKHL-15-2 FA <01 <0.05 <50 <0.01 556 <0.3 <50 0.8 2 6.3 7.4 <0.01 7 126 144 <0.02
PKHL-15-2 RA <01 <0.05 <50 <0.01 547 <0.3 <50 0.8 24 6.3 74 <0.01 7 125 148 <0.02

01139940Aug FA <0.1 <0.05 <50 <0.01 9.78 <0.3 <50 1 <1 7.3 6.5 <0.01 12 172 183 <0.02
01139940Aug RA <01 <0.05 <50 <0.01 996 <0.3 <50 0.9 <1 7.6 6.7 <0.01 12 173 191 <0.02

CKBK-2-3FA <0.1 <0.05 <50 0.74 10 <0.3 <50 22 <1 18.8 17 0.25 79 150 164 <0.02
CKBK-2-3RA <0.1 0.1 <50 3 10.2 <0.3 <50 2.5 <1 20.9 18.1 197 81 152 164 <0.02
CKBK-3-3FA <0.1 <0.05 <60 <0.01 11 <0.3 <50 0.9 <1 6.2 57 <0.01 8 104 108 <0.02
CKBK-3-3RA <0.1 0.07 <50 0.01 111 <0.3 <50 0.9 <1 58 59 0.01 7 104 114  <0.02
CKBK-4-3FA <0.1 0.08 <50 0.04 22 0.31 <50 26 <1 174 16.5 0.04 <2 37.2 37 <0.02
CKBK-4-3RA <0.1 0.09 <50 0.06 224 <0.3 <50 2.6 <1 18.1 16 0.04 <2 37.9 36 <0.02

CKBK-5-3FA <0.1 0.3 <50 1.36 144 <0.3 <50 17 11 12.6 12.6 1.16 159 78.8 80 0.05
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon

per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
approximate values; erroneous values from previous jobs are red]

Element Tb Th Ti Ti Tl Tm U '} '} w Y Yb Zn Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
PKHL-9-2 FA 0.68 3.65 37 <50 0.3 0.3 1.2 <05 <10 <05 19.6 2.01 3,080 3,740 <0.2
PKHL-9-2 RA 0.7 3.44 4.3 <50 0.3 0.3 1.21 <0.5 <10 <05 204 1.97 3,080 3,650 <02
PKHL-10-2 FA 0.36 154 3.8 <50 0.1 0.16 0.67 <05 <10 <05 10.2 1.08 2,100 2,390 <0.2
PKHL-10-2 RA 0.37 14.4 3.6 <50 0.1 0.16 0.67 <0.5 <10 <05 10.8 1.07 2,020 2,360 <0.2
PKHL-10-2 D FA 0.34 14.3 3.6 <50 0.1 0.14 0.69 <05 <10 <05 10.7 1.02 2,060 2,450 <02
PKHL-10-2D RA 0.4 155 41 <50 0.1 0.17 0.69 <0.5 <10 <05 111 1.16 2,020 2,430 <0.2
PKHL-11-2 FA <0.005 0.22 1.6 <50 <0.1 <0.005 0.14 <05 <10 <05 0.04 <0.005 <05 <10 <0.2
PKHL-11-2 RA <0.005 <0.2 <05 <50 <0.1 <0005 0.14 <0.5 <10 <05 <0.01 <0.005 0.6 <10 <0.2
PKHL-12-2 FA <0.005 <0.2 0.5 <50 <0.1 <0.005 0.16 <05 <10 <05 0.02 <0.005 128 145 <0.2
PKHL-12-2 RA <0.005 <0.2 0.7 <50 <0.1 <0.005 0.18 <0.5 <10 <05 0.12 0.01 129 156 <0.2
PKHL-13-2 FA <0.005 0.21 <05 <50 <0.1 <0.005 0.2 0.6 <10 <05 0.04 <0.005 194 18 <0.2
PKHL-13-2 RA <0.005 <0.2 <05 <50 <01 <0.005 0.22 0.6 <10 <05 0.03 <0.005 19.5 17 <0.2
PKHL-14-2 FA <0.005 <02 <05 <50 <0.1 <0.005 0.22 0.5 <10 <05 0.02 <0.005 134 <10 <0.2
PKHL-14-2 RA <0.005 <0.2 0.6 <50 <0.1 <0.005 0.2 <0.5 <10 <05 0.03 <0.005 14.3 <10 <0.2
PKHL-15-2 FA <0005 <02 <05 <50 <0.1 <0.005 0.83 <05 <10 <05 0.01 <0.005 <05 <10 <0.2
PKHL-15-2 RA <0.005 <0.2 <05 <50 <01 <0.005 0.86 0.5 <10 <05 0.02 <0.005 0.7 <10 <0.2
01139940Aug FA <0005 <02 <05 <50 <01 <0.005 0.22 <05 <10 <05 0.02 <0.005 13.2 <10 <0.2
01139940Aug RA <0.005 <0.2 <05 <50 <0.1 <0.005 0.21 <0.5 <10 <05 0.02 <0.005 13.3 10 <0.2
CKBK-2-3FA 0.04 <0.2 1 <50 0.1 0.02 <0.1 <05 <10 <05 1.72 0.08 772 687 <0.2
CKBK-2-3RA 0.31 <0.2 2.3 <50 0.1 0.14 0.75 <0.5 <10 <05 7.85 0.94 821 717 <0.2
CKBK-3-3FA <0005 <02 <05 <50 <01 <0005 <01 0.8 <10 <05 <0.01 <0.005 1 <10 <0.2
CKBK-3-3RA <0.005 <0.2 14 <50 <01 <0005 <01 0.6 <10 <05 0.04 0.005 0.7 <10 <0.2
CKBK-4-3 FA 0.006 <0.2 <05 <50 <01 <0005 <01 <05 <10 <05 0.11 0.008 6.1 <10 <0.2
CKBK-4-3 RA 0.007 <0.2 1 <50 <01 <0005 <01 <0.5 <10 <05 0.15 0.01 2.6 <10 <0.2
CKBK-5-3FA 0.17 <0.2 2.6 <50 <0.1 0.04 0.31 <05 <10 <05 3.52 0.26 945 854 <0.2

111]}
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are

approximate values, erroneous values from previous jobs are red]

A Job Number  LabNo. Field No. ¢ F NO; SO,
information

Units mg/L mg/L mg/L mg/L
Methods (IC) (IC) IC IC IC IC
PKHL-9-2 FA MRP-05633 C-245076 PKHL-9-2 FU 4.2 15 0.8 333(588)
PKHL-9-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-10-2 FA MRP-05633 C-245075 PKHL-10-2 FU 4.2 16 <08 298(512)
PKHL-10-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-10-2 D FA MRP-05633 C-245074 PKHL-10-2D FU 4.2 16 <08 295(507)
PKHL-10-2 D RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-11-2 FA MRP-05633 C-245050 PKHL-11-2 FU 1.8 <08 0.2 8.7
PKHL-11-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-12-2 FA MRP-05633 C-245052 PKHL-12-2 FU 25 <08 03 50.7
PKHL-12-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-13-2 FA MRP-05633 C-245048 PKHL-13-2 FU 76 <08 0.7 16.8
PKHL-13-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-14-2 FA MRP-05633 C-245049 PKHL-14-2 FU 88 <08 05 15
PKHL-14-2 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-15-2 FA MRP-05633 C-245047 PKHL-15-2 FU 58 <08 04 7.5
PKHL-15-2 RA n.d. n.d. n.d. nd. nd nd n.d.
01139940Aug FA MRP-06205 C-260125 01139940Aug FU 15 0.08 03 11.6
01139940Aug RA n.d. n.d. n.d. nd. nd. nd n.d.
CKBK-2-3FA MRP-06205 C-260126 CKBK-2-3FU 16 013 11 88
CKBK-2-3RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-3-3FA MRP-06205 C-260121 CKBK-3-3FU 14 <08 <.08 75
CKBK-3-3RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-4-3FA MRP-06205 C-260135 CKBK-4-3FU 2.6 0.3 <.08 3.8
CKBK-4-3RA n.d. n.d. n.d. nd. nd nd n.d.
CKBK-5-3FA MRP-06205 C-260141 CKBK-5-3FU 2.7 02 08 180
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Oxidation- Dissolved

_r Site Collection Collection Specific Dissolved .. . .

Characteristic . . pH Temperature Alkalinity reduction organic
location date time conductance oxygen .
potential carbon

Units pS/cm degrees Celsius mg/L mg/L CaCO, mV mg C/L
Methods
CKBK-5-3RA CKBK-5 8/2/2005 10:27 340 3.63 114 8 n.d. 595.9 n.d.
PKHL-1-3 FA PKHL-1 8/2/2005 12:51 1357 2.936 9.5 10 n.d. 714.8 n.d.
PKHL-1-3 RA PKHL-1 8/2/2005 12:51 1357 2.936 9.5 10 n.d. 714.8 n.d.
PKHL-2-3 FA PKHL-2 8/2/2005 14:20 1062 3.109 271.7 8 n.d. 639.1 n.d.
PKHL-2-3 RA PKHL-2 8/2/2005 14:20 1062 3.109 27.7 8 n.d. 639.1 n.d.
PKHL-4-3 FA PKHL-4 8/2/2005 10:34 300 5.458 114 8 0 452.1 n.d.
PKHL-4-3 RA PKHL-4 8/2/2005 10:34 300 5.458 114 8 0 452.1 n.d.
PKHL-5-3 FA PKHL-5 8/2/2005 13:38 217 6.797 79 8 29 434.5 n.d.
PKHL-5-3 RA PKHL-5 8/2/2005 13:38 217 6.797 7.9 8 29 434.5 n.d.
PKHL-6-3 FA PKHL-6 8/2/2005 13:54 286 6.864 16.2 7 57.2 433.4 n.d.
PKHL-6-3 RA PKHL-6 8/2/2005 13:54 286 6.864 16.2 7 57.2 433.4 n.d.
PKHL-7-3 FA PKHL-7 8/2/2005 14:05 571 6.292 114 0 0 455.3 n.d.
PKHL-7-3 RA PKHL-7 8/2/2005 14.05 571 6.292 114 0 0 455.3 n.d.
PKHL-9-3 FA PKHL-9 8/2/2005 14:11 650 4.157 22 7 n.d. 457.4 n.d.
PKHL-9-3 RA PKHL-9 8/2/2005 14:11 650 4.157 22 7 n.d. 4574 n.d.
01139830Aug FA PKHL-10 8/2/2005 15:04 739 3.212 20.2 8 n.d. 620.3 n.d.
01139830Aug RA PKHL-10 8/2/2005 15:04 739 3.212 20.2 8 n.d. 620.3 n.d.
01139830Aug D FA PKHL-10 8/2/2005 15:05 739 3.212 20.2 8 n.d. 620.3 0.76
01139830Aug D RA PKHL-10 8/2/2005 15:05 739 3.212 20.2 8 n.d. 620.3 0.76
011398302Aug FA PKHL-11 8/2/2005 14:56 182.6 6.847 15.8 5 108 381.8 n.d.
011398302Aug RA PKHL-11 8/2/2005 14:56 182.6 6.847 15.8 5 108 381.8 n.d.
01139832Aug FA 01139832 8/3/2005 8:41 247 6.765 16.4 8 45.3 597.2 0.71
01139832Aug RA 01139832  8/3/2005 8:41 247 6.765 16.4 8 45.3 597.2 0.71
01139833Aug FA PKHL-12 8/3/2005 8:49 211 6.862 16.4 8 72 590.3 n.d.
01139833Aug RA PKHL-12 8/3/2005 8:49 211 6.862 16.4 8 72 590.3 n.d.
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued
[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values; erroneous values from previous jobs are red]

A on b Number LabNo. Ag  Ag Al Al As  As B Ba Ba
information speciation

Units Fe?/Fe ol po/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods Hach (MS & AES) (MS & AES) ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES
CKBK-5-3RA 0.08 MRP-06206 C-260203 <3 <1l 2,420 2,430 <1 <100 <5 6.64 6.7
PKHL-1-3 FA 0.05 MRP-06207 C-260227 <3 <1 35,100 36,100 <1 <100 <5 4.35 4.2
PKHL-1-3RA 0.05 MRP-06207 C-260228 <3 <1 34,800 35,500 <1 <100 <5 4.34 3.8
PKHL-2-3 FA 0.66 MRP-06207 C-260225 <3 <1 8,930 9,200 <1 <100 <5 18 18
PKHL-2-3 RA 0.66 MRP-06207 C-260226 <3 <1 9,070 9,150 <1 <100 <5 18.6 18
PKHL-4-3 FA 0.60 MRP-06206 C-260197 <3 <1 659 670 <1 <100 <5 22 23
PKHL-4-3 RA 0.60 MRP-06206 C-260198 <3 <1 1,810 1,830 <1 <100 <5 22 23
PKHL-5-3 FA 0.75 MRP-06206 C-260175 <3 <1 6.6 <10 <1 <100 <5 23.2 24
PKHL-5-3 RA 0.75 MRP-06206 C-260176 <3 <1 138 132 <1l <100 <5 23.8 23
PKHL-6-3 FA n.d. MRP-06206 C-260195 <3 <1 138 <10 <1l <100 <5 33.6 36
PKHL-6-3 RA n.d. MRP-06206 C-260196 <3 <1 233 <10 <1 <100 <5 34.3 36
PKHL-7-3 FA 0.99 MRP-06206 C-260205 <3 <1 6,360 6,250 <1 <100 <5 14.2 15
PKHL-7-3 RA 0.99 MRP-06206 C-260206 <3 <1 6,110 6,360 <1 <100 <5 14.3 15
PKHL-9-3 FA 0.4 MRP-06206 C-260207 <3 <1 6,250 6,920 <1 <100 <5 171 18
PKHL-9-3 RA 0.4 MRP-06206 C-260208 <3 12 6,670 6,960 <1 <100 <5 17 18
01139830Aug FA 0.59 MRP-06207 C-260215 <3 <1 6,030 6,620 <1 <100 <5 234 24
01139830Aug RA 0.59 MRP-06207 C-260216 <3 <1 6,200 6,580 <1 <100 <5 24.8 25
01139830AugD FA 0.59 MRP-06207 C-260217 <3 <1 5,950 6,340 <1 <100 <5 235 24
01139830AugD RA 0.59 MRP-06207 C-260218 <3 <1 5,800 6,420 <1 <100 <5 23.6 24
011398302Aug FA n.d. MRP-06206 C-260165 <3 <1 25 <10 <1 <100 <5 25.5 26
011398302Aug RA n.d. MRP-06206 C-260166 <3 <1 972 864 <1 <100 <5 319 33
01139832Aug FA 0.5 MRP-06206 C-260187 <3 <1 14.8 <10 <1 <100 <5 18.7 20
01139832Aug RA 0.5 MRP-06206 C-260188 <3 <1 55.8 54 <1l <100 <5 184 20
01139833Aug FA 0 MRP-06206 C-260169 <3 <1 15.2 <10 <1 <100 <5 19.2 19
01139833Aug RA 0 MRP-06206 C-260170 <3 <1 31 14 <1 <100 <5 195 18
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Be Be Bi Ca Ca Cd Cd Ce Co Co Cr Cr Cs Cu Cu
Units ng/L ng/L pg/L  mg/L mg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
CKBK-5-3RA 0.1 <10 <02 49.1 54 2.27 <5 12 49.1 51 <1 <10 0.58 590 575
PKHL-1-3 FA 2.4 <10 <0.2 247 244 12 10 236 240 204 25 <10 0.83 2,310 2,300
PKHL-1-3RA 25 <10 <0.2 248 250 11.8 9.5 234 239 197 2.6 <10 0.84 2,200 2,100
PKHL-2-3 FA 0.8 <10 <0.2 775 80.6 9.3 7.4 39.2 233 228 1.8 <10 1.43 1,980 1,980
PKHL-2-3RA 0.7 <10 <0.2 78.6 83.1 9.34 8.6 40.2 236 226 1.7 <10 144 2,020 1,960
PKHL-4-3 FA 0.3 <10 <0.2 50.8 54.6 6.51 5.2 27.6 88.2 94 <1 <10 0.66 4,870 4,740
PKHL-4-3 RA 0.4 <10 <02 514 55.7 6.84 54 27.6 90.4 99 <1 <10 0.66 4,970 4,820
PKHL-5-3FA <0.05 <10 <02 52.9 515 2.93 <5 5.68 39.3 40 <1 <10 0.41 1,120 1,070
PKHL-5-3RA <0.05 <10 <02 525 47.8 3.07 <5 6.45 39.7 38 <1 <10 0.42 1,200 1,100
PKHL-6-3 FA <0.05 <10 <0.2 54.1 59 0.95 <5 0.04 0.48 <10 <1 <10 0.3 64.2 65
PKHL-6-3 RA <0.05 <10 <02 554 57.6 1.02 <5 0.1 0.57 <10 <1 <10 0.32 69.8 68
PKHL-7-3 FA 0.5 <10 <0.2 72.4 74.9 33 <5 21.9 191 164 2.4 <10 1.02 29 <10
PKHL-7-3 RA 0.5 <10 <0.2 72.6 74.3 331 <5 21.2 190 157 2.8 <10 1.04 20 18
PKHL-9-3 FA 0.7 <10 <0.2 94.2 914 22.9 21 43.8 188 188 <1 <10 1.06 6,790 6,490
PKHL-9-3 RA 0.7 <10 <0.2 95.7 90.6 23 21 44.3 188 190 <1 <10 1.06 6,790 6,490

01139830Aug FA 05 <10 <02 70.7 77.1 8.11 7 28.2 186 184 12 <10 142 1,940 1,890
01139830Aug RA 05 <10 <02 718 73.7 7.95 7.2 28.8 186 181 16 <10 1.46 1,990 1,930
01139830AugD FA 05 <10 <02 721 73.8 8.01 6.8 29.1 187 176 12 <10 142 1,990 1,880

01139830AugD RA 0.5 <10 <02 727 73.8 8 6.6 29.6 189 180 12 <10 1.44 2,010 1,880
011398302Aug FA  <0.05 <10 <02 409 426  <0.02 <5 <001 0.03 <10 <1 <10 0.16 15 <10
011398302Aug RA  0.06 <10 <02 428 42 0.13 <5 2.16 1.04 <10 2.7 <10 0.34 17.7 17
01139832Aug FA <0.05 <10 <02 449 48.5 161 <5 0.04 21.6 24 <1 <10 0.46 26 26
01139832Aug RA <0.05 <10 <02 454 50.7 1.65 <5 0.46 21.5 25 <1 <10 0.45 64.3 65
01139833Aug FA <0.05 <10 <02 451 43.5 0.83 <5 0.02 5.26 <10 <1 <10 0.27 155 14

01139833Aug RA <0.05 <10 <02 451 40.2 0.86 <5 0.1 5.45 <10 <1 <10 0.28 21.7 24
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued
[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon

per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values; erroneous values from previous jobs are red]

Element Dy Er Eu Fe Fe Ga Gd Ge Ho K K La Li Li
Units po/L Hg/L po/L Hg/L Hg/L po/L po/L po/L po/L mg/L mg/L /L po/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES  ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
CKBK-5-3RA 0.83 0.37 0.24 2630 2600 0.21 123 <005 014 2.94 3.3 5.37 6.3 6.5
PKHL-1-3 FA 12 6.08 3.14 71,000 68,200 2 16.9 0.39 2.07 35 3.8 96 32.6 33
PKHL-1-3RA 11.9 6.07 3.13 72,200 70,200 2 16.8 0.38 2.06 34 3.7 95.7 33.6 32
PKHL-2-3 FA 2.43 1.35 0.62 23,100 23,300 0.42 3.3 0.1 0.44 4.49 51 159 16.5 17
PKHL-2-3 RA 251 1.36 0.65 23,700 23,800 0.44 3.39 0.1 0.44 452 51 16.7 16.4 17
PKHL-4-3 FA 2.09 1.25 0.46 <50 34 0.3 2.79 0.08 0.42 3.09 3.6 20.9 0.5 14
PKHL-4-3 RA 2.2 1.31 0.45 <50 70 0.31 2.84 0.08 0.44 3.18 35 20.7 <01 1
PKHL-5-3FA 0.28 0.16 0.065 <50 <20 0.07 044 <005 0.056 3.03 31 5 1.3 1.2
PKHL-5-3 RA 0.37 0.2 0.081 <50 65 0.1 054 <005 0.075 3.15 31 5.39 1.2 1.1
PKHL-6-3 FA <0.005 <0.005 <0.005 <50 <20 <005 <0005 <005 <0.005 345 3.9 0.05 0.5 <1
PKHL-6-3 RA 0.005 0.005 0.008 <50 30 <0.05 0007 <005 <0.005 324 3.8 0.08 <0.1 <1
PKHL-7-3 FA 1.26 0.7 0.36 34,400 32,400 0.33 1.85 0.08 0.24 4.04 4.4 9.58 14.9 15
PKHL-7-3 RA 1.22 0.69 0.37 39,500 37,400 0.35 1.87 0.09 0.24 4.07 4.7 9.23 16.3 16
PKHL-9-3 FA 3.08 1.75 0.79 625 717 0.5 4.24 0.1 0.6 4.7 5.3 21.7 7.2 7.8
PKHL-9-3 RA 3.2 1.79 0.84 666 733 0.48 4.39 0.1 0.63 4.68 54 22 7 8.3
01139830Aug FA 1.73 0.95 0.44 10,400 10,600 0.32 2.32 0.07 0.31 5.02 5.8 119 13.2 13
01139830Aug RA 1.72 0.94 0.45 15,800 15,800 0.43 2.38 0.08 0.31 517 6 12.2 13 14
01139830AugD FA 1.7 0.93 0.46 10,800 10,200 0.35 2.4 0.08 0.31 5.18 5.9 12.3 12.6 14
01139830AugD RA  1.77 0.98 0.46 11,400 11,000 0.35 2.37 0.09 0.32 5.21 57 12.4 12.3 13
011398302Aug FA < 0.005 <0.005 <0.005 <50 <20 <005 <0005 <005 <0005 234 25 <0.01 <01 <1
011398302Aug RA 0.15 0.079 0.04 848 797 0.26 019 <005 0.03 29 3 1.06 2.2 2.4
01139832Aug FA <0.005 <0.005 <0.005 <50 <20 <005 <0005 <005 <0005 335 4.1 0.04 2.7 31
01139832Aug RA 0.02 0.01 0.009 147 208 <0.05 004 <0.05 0.005 3.39 4 0.24 2.2 3
01139833Aug FA <0.005 <0.005 <0.005 <50 59 <005 <0005 <005 <0005 293 3 0.02 1.9 2.2
01139833Aug RA 0.009 <0.005 0.005 144 155 <005 001 <005 <0.005 291 2.8 0.06 25 2.1
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element Lu Mg Mg Mn Mn Mo Mo Na Na Nb Nd Ni Ni P
Units pg/L  mg/L  mg/L pg/L pg/L pg/L pg/L mg/l mg/L ng/L po/L Hg/L Hg/L mg/L
Methods ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-5-3RA <0.1 4.64 5.2 840 902 <2 <20 0.86 0.98 <0.2 581 16 18 <0.01
PKHL-1-3 FA 0.8 221 25.9 6,350 6,150 <2 <20 3.18 3.6 <0.2 91.9 43.3 40 <0.01
PKHL-1-3RA 0.8 22.1 25.9 6,350 6,200 <2 <20 3.18 3.6 <0.2 93.1 42.6 41 <0.01
PKHL-2-3 FA 0.2 10.3 11.3 1,230 1,270 <2 <20 1.88 2 <0.2 18.1 30.5 33 <0.01
PKHL-2-3RA 0.2 104 115 1,250 1,280 <2 <20 1.86 2 <0.2 184 31 28 <0.01
PKHL-4-3 FA 0.2 7.57 8.6 616 667 <2 <20 1.38 1.6 <0.2 15.6 24.3 24 <0.01
PKHL-4-3 RA 0.2 7.54 8.6 626 677 <2 <20 1.39 1.7 <0.2 15.6 24.7 25 <0.01
PKHL-5-3 FA <0.1 4.58 49 273 289 <2 <20 1.14 1.2 <0.2 2.76 12.7 11 <0.01
PKHL-5-3 RA <0.1 4.88 4.7 287 273 <2 <20 13 1.3 <0.2 334 13.2 10 <0.01
PKHL-6-3 FA <0.1 2.62 3.2 28.9 35 <2 <20 0.95 11 <0.2 0.02 3 <10 <0.01
PKHL-6-3 RA <01 2.73 31 33.2 37 <2 <20 0.99 1.2 <0.2 0.04 3.2 <10 <0.01
PKHL-7-3 FA <0.1 8.03 9.1 977 1010 <2 <20 1.55 1.9 0.43 10 23.2 24 <0.01
PKHL-7-3 RA <01 7.66 9.2 972 1020 <2 <20 151 19 0.22 9.9 234 22 0.02
PKHL-9-3 FA 0.3 8.87 11.6 1320 1410 <2 <20 1.74 2.3 <0.2 22.6 34.3 34 <0.01
PKHL-9-3 RA 0.2 9.48 11.9 1340 1410 <2 <20 1.76 2.4 <0.2 23.2 34.6 34 <0.01
01139830Aug FA 0.1 7.7 9.6 888 921 <2 <20 1.67 2.1 <0.2 12.6 24.4 27 <0.01
01139830Aug RA 0.1 7.68 9.1 890 922 <2 <20 1.68 2 <0.2 12.9 24.8 23 <0.01
01139830AugD FA 0.1 7.57 9.2 903 912 <2 <20 1.66 2 <0.2 13.2 25 23 <0.01
01139830Augb RA 0.1 7.59 9.1 902 914 <2 <20 1.67 2 <0.2 13.3 25.2 22 <0.01
011398302AugFA <0.1 1.39 14 31 <10 <2 <20 2.71 2.8 <0.2 <0.01 0.9 <10 <0.01
011398302AugRA <01 1.79 1.9 221 225 <2 <20 2.73 2.8 <0.2 1.01 2.4 <10 0.01
01139832Aug FA <01 3.39 3.8 233 245 <2 <20 1.68 2 <0.2 0.02 5.2 <10 <0.01
01139832Aug RA <01 31 3.9 230 252 <2 <20 1.63 2.1 <0.2 0.18 51 <10 <0.01
01139833Aug FA <01 2.85 2.9 94 94 <2 <20 2.05 2.1 <0.2 0.01 2.8 <10 <0.01

01139833Aug RA <01 278 2.7 95.6 91 <2 <20 201 19 <0.2 0.05 3 <10 <0.01
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or MS,
inductively coupled plasma-mass spectrometry; D, field replicate sample; A, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element P Pb Pb Pr Rb Sh Sh Sc Se Si0, Si0, Sm S0, Sr Sr Ta
Units mg/L pg/L pg/L pg/L pg/L pg/L pg/L  pg/L  pg/L  mg/L mg/L pg/lL  mg/L  pg/L pg/L pg/L
Methods ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-5-3RA <0.1 0.53 <50 1.39 14.7 <0.3 <50 1.8 1.2 12.6 13.1 1.18 154 78.2 79 <0.02
PKHL-1-3FA <0.1 4.2 <50 225 31.1 <0.3 <50 7.8 2.7 504 57.8 171 952 285 274 <0.02
PKHL-1-3RA <0.1 4.2 <50 22.8 31.1 <0.3 <50 7.7 2.9 59.3 58.2 17.2 935 283 264 <0.02
PKHL-2-3 FA <0.1 2.8 <50 4.35 28.2 <0.3 <50 6.5 1.9 48.3 48.1 3.37 339 201 201 <0.02
PKHL-2-3 RA <0.1 29 <50 4.48 28.9 <0.3 <50 6.3 1.7 49.1 48.8 3.43 343 204 202 <0.02
PKHL-4-3 FA <0.1 0.2 <50 4.22 18.1 <0.3 <50 2.9 <1 21.8 234 2.32 157 138 140 <0.02
PKHL-4-3 RA <0.1 0.3 <50 4.24 185 <0.3 <50 2.9 <1 225 23.7 241 161 140 148 <0.02
PKHL-5-3 FA <0.1 <0.05 <50 0.8 14 <0.3 <50 17 1.2 134 12.8 0.34 112 100 112 <0.02
PKHL-5-3 RA <0.1 0.09 <50 0.92 14.3 <0.3 <50 1.8 1 134 12 0.43 118 102 107 <0.02
PKHL-6-3 FA <0.1 <0.05 <50 <0.01 17 <0.3 <50 1.2 1.2 85 9.2 <0.01 80 106 114 <0.02
PKHL-6-3 RA <0.1 <0.05 <50 0.01 174 <0.3 <50 1.2 1.2 8.8 9 <0.01 81 108 113 <0.02
PKHL-7-3 FA <0.1 0.3 <50 2.4 24.1 <0.3 <50 55 <1 40.6 41.1 1.88 303 174 173 0.21
PKHL-7-3 RA <0.1 0.5 <50 2.38 24.8 <0.3 <50 54 <1 41.1 415 1.83 297 175 176 0.1
PKHL-9-3 FA <0.1 17 <50 5.62 29 <0.3 <50 5.6 1.6 45.2 47.7 4.2 292 234 243 0.03
PKHL-9-3 RA <0.1 1.8 <50 5.69 28.6 <0.3 <50 55 1.8 46.5 47.8 4.17 296 234 250 0.03
01139830Aug FA <0.1 2.7 <50 3.12 30.3 <0.3 <50 51 2 38 40 2.35 268 210 219 <0.02

01139830Aug RA <0.1 35 <50 3.13 311 <0.3 <50 52 24 39.3 40.7 242 264 210 208 <0.02
01139830AugD FA  <0.1 2.7 <50 3.18 30.8 <0.3 <50 4.8 14 384 39.6 242 270 212 210 <0.02
01139830AugD RA  <0.1 2.8 <50 3.29 31 <0.3 <50 49 16 37.5 39.7 2.45 267 214 208 <0.02
011398302Aug FA <0.1 <0.05 <50 <0.01 117 <0.3 <50 0.9 <1 7.3 7.1 <0.01 8 125 141 <0.02
011398302Aug RA <0.1 15 <50 0.25 13 <0.3 <50 13 <1 9.7 89 0.18 7 128 140 <0.02
01139832Aug FA <01 <0.05 <50 <001 171 <0.3 <50 15 <1 115 11.7 <0.01 81 150 159 <0.02
01139832Aug RA <0.1 <0.05 <50 0.05 16.9 <0.3 <50 15 <1 11.2 121 0.04 81 148 163 <0.02
01139833Aug FA <01 <0.05 <50 <001 114 <0.3 <50 13 <1 10.9 9.7 <0.01 49 142 153 <0.02
01139833Aug RA <0.1 <0.05 <50 0.01 114 <0.3 <50 13 <1 104 9 0.01 51 138 141 <0.02
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Tb Th Ti Ti Tl Tm U ' ' w Y Yb Zn Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
CKBK-5-3RA 0.17 <02 85 <50 <0.1 0.04 0.3 <0.5 <10 <05 3.55 0.26 953 880 <0.2
PKHL-1-3 FA 2.08 1.86 14.5 <50 <0.1 0.74 3.66 <05 <10 <05 56 5.08 7,360 6,510 <02
PKHL-1-3RA 2.05 184 15.9 <50 <0.1 0.75 3.63 <0.5 <10 <05 55.5 4.98 7,250 6,730 <0.2
PKHL-2-3 FA 0.41 0.24 58 <50 0.1 0.17 0.92 <05 <10 <05 11.3 1.23 2,940 2,590 <02
PKHL-2-3 RA 0.43 0.24 6.2 <50 0.1 0.18 0.95 <0.5 <10 <05 11.6 124 2,960 2,650 <0.2
PKHL-4-3 FA 0.39 <0.2 2.6 <50 0.2 0.15 0.59 <05 <10 <05 12.2 1.05 712 665 <0.2
PKHL-4-3 RA 0.4 <0.2 33 <50 0.2 0.16 0.66 <0.5 <10 <05 12.6 1.15 724 736 <0.2
PKHL-5-3FA 0.052 <0.2 1.6 <50 <0.1 0.02 <01 <05 <10 <05 2.21 0.1 314 289 <0.2
PKHL-5-3 RA 0.067 <0.2 4.7 <50 <0.1 0.02 <0.1 <0.5 <10 <05 2.56 0.17 321 269 <0.2
PKHL-6-3 FA <0005 <02 1.2 <50 <01 <0005 <01 <05 <10 <05 0.03 <0.005 96.1 93 <0.2
PKHL-6-3 RA <0005 <02 15 <50 <0.1 <0005 <01 <0.5 <10 <05 0.04 <0.005 97.8 89 <0.2
PKHL-7-3 FA 0.25 0.22 5.6 <50 <0.1 0.087 0.29 <05 <10 <05 6.21 0.61 2,030 1,690 <0.2
PKHL-7-3 RA 0.25 0.42 104 <50 <0.1 0.085 0.31 0.8 <10 <05 6.33 0.61 2,030 1,710 <0.2
PKHL-9-3 FA 0.59 <02 4.6 <50 0.3 0.23 1.35 <05 <10 <05 14.6 1.59 3,570 3,160 <02
PKHL-9-3 RA 0.62 <02 5 <50 0.3 0.23 141 <0.5 <10 <05 14.7 1.61 3,560 3,260 <0.2
01139830Aug FA 0.28 0.3 4.6 <50 0.1 0.12 0.64 <05 <10 <05 8.1 0.84 2,230 1,980 <02
01139830Aug RA 0.29 0.32 21.3 <50 0.1 0.12 0.66 0.7 <10 <05 8.12 0.84 2,220 1,950 <0.2
01139830AugD FA 0.3 0.2 4.5 <50 0.1 0.12 0.65 <05 <10 <05 8.1 0.88 2,290 1,950 <02
01139830AugD RA 0.3 0.2 6 <50 0.1 0.13 0.64 <0.5 <10 <05 8.15 0.84 2,300 2,080 <0.2
011398302Aug FA <0.005 <02 <05 <50 <0.1 <0005 <01 <0.5 <10 <05 <001 <0.005 18 <10 <0.2
011398302Aug RA 0.02 <0.2 39.3 <50 <0.1 0.01 0.17 2.2 <10 <05 0.72 0.07 16.7 13 <0.2
01139832Aug FA <0.005 <02 1.2 <50 <01 <0.005 <0.1 <0.5 <10 <05 0.03 <0.005 247 223 <0.2
01139832Aug RA <0005 <02 1.3 <50 <0.1 <0005 <01 <0.5 <10 <05 0.14 0.01 257 240 <0.2
01139833Aug FA <0005 <02 0.6 <50 <01 <0.005 0.23 <05 <10 <05 0.02 <0.005 99.9 86 <0.2

01139833Aug RA <0.005 <02 0.7 <50 <0.1 <0005 02 <0.5 <10 <05 0.04 <0.005 108 89 <0.2
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values, erroneous values from previous jobs are red]

A Job Number  LabNo. Field No. ¢ F NO, SO,
information

Units mg/L mg/L mg/L mg/L
Methods (IC) (IC) IC IC IC IC
CKBK-5-3RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-1-3FA MRP-06205 C-260154 PKHL-1-3FU 122 14 <.08 1142
PKHL-1-3 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-2-3FA MRP-06205 C-260153 PKHL-2-3FU 6 0.6 <.08 418
PKHL-2-3 RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-4-3FA MRP-06205 C-260138 PKHL-4-3FU 25 03 1.3 200
PKHL-4-3 RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-5-3FA MRP-06205 C-260127 PKHL-5-3FU 14 014 09 128
PKHL-5-3 RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-6-3 FA MRP-06205 C-260137 PKHL-6-3 FU 27 016 04 90
PKHL-6-3 RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-7-3FA MRP-06205 C-260143 PKHL-7-3FU 2.6 0.3 <.08 598
PKHL-7-3 RA n.d. n.d. n.d. nd. nd. nd n.d.
PKHL-9-3FA MRP-06205 C-260144 PKHL-9-3FU 2.7 0.3 0.6 373
PKHL-9-3 RA n.d. n.d. n.d. nd. nd. nd n.d.
01139830Aug FA MRP-06205 C-260148 01139830Aug FU 2.7 0.3 0.4 342
01139830Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139830AugD FA MRP-06205 C-260149 01139830AugD FU 2.7 0.3 <.08 351
01139830AugD RA n.d. n.d. n.d. nd. nd nd n.d.
011398302Aug FA MRP-06205 C-260122 011398302Aug FU 17 <08 02 8.3
011398302Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139832Aug FA MRP-06205 C-260133 01139832Aug FU 16 01 04 95
01139832Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139833Aug FA MRP-06205 C-260134 01139833Aug FU 2 01 05 50
01139833Aug RA n.d. n.d. n.d. nd. nd nd n.d.
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Oxidation- Dissolved

_r Site Collection Collection Specific Dissolved .. . .

Characteristic . . pH Temperature Alkalinity reduction organic
location date time conductance oxygen .
potential carbon

Units pS/cm degrees Celsius mg/L mg/L CaCO, mV mg C/L
Methods
01139838Aug FA PKHL-13 8/3/2005 9:09 236 7.25 20.3 8 105.6 569.2 3.00
01139838Aug RA PKHL-13 8/3/2005 9:09 236 7.25 20.3 8 105.6 569.2 3.00
01139839Aug FA PKHL-14 8/3/2005 10:30 240 7.436 227 8 103.2 521.1 3.18
01139839Aug RA PKHL-14 8/3/2005 10:30 240 7.436 227 8 103.2 521.1 3.18
01139826Aug FA PKHL-15 8/3/2005 11:15 203 8.451 21.2 8 92 384 1.58
01139826Aug RA PKHL-15 8/3/2005 11:15 203 8.451 21.2 8 92 384 1.58
01139840Aug FA 01139840  8/3/2005 11:38 238 8.297 20.1 8 108.8 391 n.d.
01139840Aug RA 01139840  8/3/2005 11:38 238 8.297 20.1 8 108.8 391 n.d.
01139841Aug FA 01139841  8/3/2005 11:56 221 8.506 23 8 96.8 391.6 1.60
01139841Aug RA 01139841  8/3/2005 11:56 221 8.506 23 8 96.8 391.6 1.60
PKHL-16-3 FA PKHL-16 8/3/2005 8:19 285 6.769 16.5 8 33 592.1 n.d.
PKHL-16-3 RA PKHL-16 8/3/2005 8:19 285 6.769 16.5 8 33 592.1 n.d.
PKHL-17-3 FA PKHL-17 8/3/2005 9:51 337 8.179 16 8 138 549.9 2.80
PKHL-17-3 RA PKHL-17 8/3/2005 9:51 337 8.179 16 8 138 549.9 2.80
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued
[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,

approximate values; erroneous values from previous jobs are red]

A on b Number LabNo. Ag  Ag Al Al As  As B Ba Ba
information speciation

Units Fe?/Fe ol po/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods Hach (MS & AES) (MS & AES) ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-AES ICP-MS ICP-AES
01139838Aug FA 0 MRP-06206 C-260181 <3 <1 12.6 <10 <1 <100 <5 19.2 20
01139838Aug RA 0 MRP-06206 C-260182 <3 <1 18.3 <10 <1 <100 <5 19.6 20
01139839Aug FA 0.05 MRP-06206 C-260185 <3 <1l 4 <10 <1l <100 <5 19.9 21
01139839Aug RA 0.05 MRP-06206 C-260186 <3 <1 7.8 <10 <1 <100 <5 19.9 21
01139826Aug FA n.d. MRP-06206 C-260167 <3 <1 16.3 <10 <1l <100 <5 104 10
01139826Aug RA n.d. MRP-06206 C-260168 <3 <1 254 <10 <1 <100 <5 104 10
01139840Aug FA 0 MRP-06206 C-260183 <3 <1 5.9 <10 <1l <100 <5 16.1 17
01139840Aug RA 0 MRP-06206 C-260184 <3 <1 155 <10 <1 <100 <5 16.1 17
01139841Aug FA n.d. MRP-06206 C-260177 <3 <1 16.6 <10 <1 <100 <5 12 12
01139841Aug RA n.d. MRP-06206 C-260178 <3 <1 21.6 <10 <1 <100 <5 11.8 11
PKHL-16-3 FA n.d. MRP-06206 C-260193 <3 1 149 <10 <1l <100 <5 22.2 23
PKHL-16-3 RA n.d. MRP-06206 C-260194 <3 <1 805 840 <1 <100 <5 22.3 24
PKHL-17-3 FA n.d. MRP-06206 C-260200 <3 <1 6.7 <10 <1 <100 <5 32.1 33
PKHL-17-3 RA n.d. MRP-06206 C-260201 <3 <1 15 <10 <1 <100 <5 32.2 33

 xipuaddy

LLL



Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; I1C, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or MS,
inductively coupled plasma-mass spectrometry; D, field replicate sample; A, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element Be Be Bi Ca Ca Cd Cd Ce Co Co Cr Cr Cs Cu Cu
Units pg/L pg/L pg/L  mg/L  mg/L ng/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
01139838Aug FA <0.05 <10 <0.2 39.8 43 0.13 <5 0.01 0.89 <10 <1 <10 0.1 8.2 <10
01139838Aug RA <0.05 <10 <0.2 40.5 40.2 0.17 <5 0.05 1.06 <10 <1 <10 0.1 12.5 12
01139839Aug FA <0.05 <10 <0.2 39 42.7 0.14 <5 0.02 0.94 <10 <1 <10 0.11 7.2 <10
01139839Aug RA <0.05 <10 <0.2 39.4 42 0.18 <5 0.04 1.2 <10 <1 <10 0.11 9 <10
01139826Aug FA <0.05 <10 <0.2 395 38.7 <0.02 <5 <001 0.03 <10 1 <10 0.35 0.5 <10
01139826Aug RA <0.05 <10 <0.2 38.6 38 <0.02 <5 0.03 0.04 <10 1 <10 0.35 1.1 <10
01139840Aug FA <0.05 <10 <0.2 394 42.1 0.04 <5 <0.01 0.05 <10 <1 <10 0.11 5.8 <10
01139840Aug RA <0.05 <10 <0.2 39.1 41.2 0.07 <5 0.03 0.27 <10 <1 <10 0.11 71 <10
01139841Aug FA <0.05 <10 <0.2 37.9 384 <0.02 <5 <001 0.03 <10 <1 <10 0.32 0.97 <10
01139841Aug RA <0.05 <10 <0.2 38.7 37.3 <0.02 <5 0.02 0.06 <10 1 <10 0.31 0.71 <10
PKHL-16-3 FA <0.05 <10 <0.2 525 55.4 2.6 <5 0.11 44.8 50 <1 <10 0.58 43.9 44
PKHL-16-3 RA 0.08 <10 <0.2 51.5 55.8 2.76 <5 3.99 45.2 49 <1 <10 0.58 391 400
PKHL-17-3 FA <0.05 <10 <0.2 57.9 50.8 <0.02 <5 <001 0.03 <10 <1 <10 <0.02 <0.5 <10
PKHL-17-3 RA <0.05 <10 <0.2 58.1 59.5 <0.02 <5 0.02 0.03 <10 <1 <10 <0.02 <0.5 <10
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

Element Dy Er Eu Fe Fe Ga Gd Ge Ho K K La Li Li
Units po/L Hg/L po/L Hg/L Hg/L po/L po/L po/L po/L mg/L mg/L /L po/L ng/L
Methods ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES  ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-AES
01139838Aug FA <0.005 <0.005 <0.005 <50 130 <005 <0.005 <005 <0.005 237 2.8 0.01 1.1 2
01139838Aug RA 0.005 <0.005 0.005 266 300 <005 0005 <0.05 <0.005 25 2.6 0.03 1.3 18
01139839Aug FA <0.005 <0.005 0.005 109 163 <005 <0.005 <0.05 <0.005 2.3 29 0.01 1 1.9
01139839AugRA  <0.005 0.005 0.006 336 393 <0.05 0.006 <0.05 <0005 236 2.7 0.03 1.1 17
01139826Aug FA <0.005 <0.005 <0.005 <50 <20 <005 <0.005 <005 <0.005 147 15 <0.01 4.7 4
01139826Aug RA  <0.005 <0.005 <0.005 <50 27 <0.05 <0005 <0.05 <0005 146 14 0.02 4.3 3.8
01139840Aug FA <0.005 <0.005 <0.005 <50 52 <005 <0.005 <005 <0.005 244 2.7 <0.01 1.6 2.1
01139840Aug RA 0.005 <0.005 <0.005 65 112 <005 <0.005 <0.05 <0.005 25 2.8 0.02 14 2
01139841Aug FA <0.005 <0.005 <0.005 <50 <20 <005 <0.005 <0.05 <0.005 1.6 1.7 <0.01 3.9 3.6
01139841Aug RA  <0.005 <0.005 <0.005 <50 <20 <0.05 <0005 <0.05 <0005 161 1.6 0.02 4.3 34
PKHL-16-3 FA <0.005 <0.005 <0.005 <50 <20 <0.05 0.005 <0.05 <0.005 3.9 4.3 0.12 3.7 39
PKHL-16-3 RA 0.25 0.14 0.064 1,780 1,780 0.05 034 <005 004 4 4.4 1.79 3.2 4
PKHL-17-3 FA <0.005 <0.005 0.007 <50 <20 <005 <0.005 <005 <0.005 346 39 <0.01 2.6 29
PKHL-17-3RA <0.005 <0.005 0.006 <50 254 <0.05 0.007 <0.05 <0.005 35 3.8 0.02 2.6 2.7
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values; erroneous values from previous jobs are red]

141}

Element Lu Mg Mg Mn Mn Mo Mo Na Na Nb Nd Ni Ni P
Units pg/L  mg/L  mg/lL po/L po/L po/L pg/L mg/l mg/L ng/L po/L Hg/L Hg/L mg/L
Methods ICP-MS ICP-MS ICP-AES ICP-MS ICP-AES  ICP-MS ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
01139838Aug FA <0.1 1.73 2.1 98.2 106 <2 <20 6.44 8.2 <0.2 0.02 1.2 <10 <0.01
01139838Aug RA <0.1 1.8 2 103 106 <2 <20 6.55 7.6 <0.2 0.02 1.2 <10 <0.01
01139839Aug FA <0.1 1.83 2.2 240 260 <2 <20 6.33 7.7 <0.2 0.01 1.2 <10 <0.01
01139839Aug RA <0.1 1.77 2.1 260 279 <2 <20 6.14 7.5 <0.2 0.02 1.2 <10 <0.01
01139826Aug FA <0.1 1.31 14 4 <10 <2 <20 6.19 6.4 <0.2 <0.01 0.8 <10 <0.01
01139826Aug RA <0.1 1.29 14 8.8 10 <2 <20 6.2 6.3 <0.2 0.02 11 <10 <0.01
01139840Aug FA <0.1 1.9 2.3 0.7 <10 <2 <20 8.22 10.3 <0.2 <0.01 1.1 <10 <0.01
01139840Aug RA <01 1.9 2.3 175 20 <2 <20 8.46 9.9 <0.2 0.02 1 <10 <0.01
01139841Aug FA <01 1.58 16 7.1 <10 <2 <20 741 7.3 <0.2 <0.01 0.9 <10 <0.01
01139841Aug RA <01 1.6 15 11 12 <2 <20 7.24 7.4 <0.2 0.02 0.9 <10 <0.01
PKHL-16-3 FA <0.1 4.03 4.6 410 440 <2 <20 1.63 2 <0.2 0.04 8.3 <10 <0.01
PKHL-16-3 RA <01 391 4.6 415 444 <2 <20 1.64 2 <0.2 1.72 85 <10 <0.01
PKHL-17-3 FA <0.1 2.44 2.8 16 18 <2 <20 18.8 204 0.25 0.01 1.3 <10 <0.01
PKHL-17-3 RA <01 2.44 2.8 331 42 <2 <20 18.8 21.1 <0.2 0.02 14 <10 <0.01
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are
approximate values, erroneous values from previous jobs are red]

Element P Pb Pb Pr Rb Sh Sh Sc Se Si0, Si0, Sm S0, Sr Sr Ta
Units mg/L pg/L pg/L pg/L pg/L pg/L pg/L  pg/L  pg/L  mg/L  mg/L pg/L  mg/L  pg/l  pg/ll pg/L
Methods ICP-AES ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
01139838Aug FA <0.1 <0.05 <50 <001 6.03 0.3 <50 1.1 <1 7.5 8.3 <0.01 4 173 184 <0.02
01139838Aug RA <0.1 0.06 <50 <0.01 6.09 <0.3 <50 1.2 <1 7.5 8 <0.01 4 175 172 <0.02
01139839Aug FA <0.1 <0.05 <50 <0.01 6.65 <0.3 <50 0.9 <1 6.1 6.9 <0.01 2 171 182 <0.02
01139839Aug RA <0.1 <0.05 <50 <0.01 6.52 <0.3 <50 0.9 <1 59 6.8 <0.01 3 166 179 <0.02
01139826Aug FA <0.1 <0.05 <50 <001 591 <0.3 <50 1 <1 8 7.4 <0.01 6 135 146 <0.02
01139826Aug RA <0.1 0.1 <50 <0.01 5.92 <0.3 <50 1 <1 8.1 7.4 <0.01 6 133 144 <0.02
01139840Aug FA <0.1 <0.05 <50 <001 697 <0.3 <50 0.9 <1 6.3 6.8 <0.01 4 171 178 <0.02
01139840Aug RA <0.1 <0.05 <50 <001 704 <0.3 <50 0.9 <1 6.2 6.9 <0.01 4 170 174 <0.02
01139841Aug FA <0.1 <0.05 <50 <0.01 6.18 <0.3 <50 1 <1 8.2 7.2 <0.01 7 138 150 <0.02
01139841Aug RA <0.1 <0.05 <50 <001 6.12 <0.3 <50 1 <1 8.3 6.9 <0.01 7 136 145 <0.02
PKHL-16-3 FA <0.1 <0.05 <50 <0.01 203 <0.3 <50 2 <1 14.3 15 <0.01 104 171 183 <0.02
PKHL-16-3 RA <0.1 0.3 <50 0.44 204 <0.3 <50 2 <1 15.2 16.1 0.31 112 171 182 <0.02
PKHL-17-3 FA <0.1 <0.05 <50 <0.01 273 <0.3 <50 14 <1l 10.1 10.1 <0.01 7 307 307 0.2
PKHL-17-3 RA <0.1 <0.05 <50 <001 273 <0.3 <50 14 <1 10.6 104 <0.01 7 306 315 0.03
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Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon

per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
approximate values, erroneous values from previous jobs are red]

Element Tb Th Ti Ti Tl Tm U '} '} w Y Yb Zn Zn Zr
Units pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L
Methods ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS ICP-MS ICP-MS ICP-MS ICP-AES ICP-MS
01139838Aug FA <0005 <02 <05 <50 <0.1 <0.005 0.38 <05 <10 <05 0.02 <0.005 8.8 <10 <0.2
01139838Aug RA <0005 <02 <05 <50 <0.1 <0.005 0.37 <0.5 <10 <05 0.03 <0.005 125 <10 <0.2
01139839Aug FA <0005 <02 <05 <50 <01 <0.005 03 <05 <10 <05 0.02 <0.005 10.1 <10 <0.2
01139839Aug RA <0005 <02 <05 <50 <0.1 <0.005 0.32 <0.5 <10 <05 0.02 <0.005 138 21 <0.2
01139826Aug FA <0005 <02 <05 <50 <01 <0.005 1.38 <05 <10 <05 0.01 <0.005 3 <10 <0.2
01139826Aug RA <0.005 <0.2 <05 <50 <01 <0.005 132 <0.5 <10 <05 0.02 <0.005 6.1 <10 <02
01139840Aug FA <0005 <02 <05 <50 <01 <0.005 044 <05 <10 <05 <001 <0.005 4.6 <10 <02
01139840Aug RA <0005 <02 <05 <50 <0.1 <0.005 0.45 <0.5 <10 <05 0.02 <0.005 7.2 <10 <0.2
01139841Aug FA <0005 <02 <05 <50 <0.1 <0.005 1.05 <05 <10 <05 0.01 <0.005 1 <10 <02
01139841Aug RA <0005 <02 <05 <50 <0.1 <0.005 1.08 <0.5 <10 <05 0.02 <0.005 2.6 <10 <0.2
PKHL-16-3 FA <0.005 <02 1.6 <50 <01 <0.005 <01 <05 <10 <05 0.06 <0.005 451 424 <0.2
PKHL-16-3 RA 0.04 <0.2 1.9 <50 <0.1 0.02 0.13 <0.5 <10 <05 1.16 0.11 522 504 <02
PKHL-17-3 FA <0.005 <02 0.5 <50 <01 <0.005 0.7 <05 <10 <05 0.02 <0.005 1.9 <10 <0.2
PKHL-17-3 RA <0.005 <0.2 0.6 <50 <0.1 <0.005 0.66 <0.5 <10 <05 0.02 <0.005 2.7 <10 <02

9Ll

Juounap ‘Ayunoq abueiq ‘ayg punyadng auipy Jaddod |14 @)id 8y} Jo uonezIIB)IRIRYY |RIIWAYI0SE)



Appendix 4. Field measurements and concentrations of elements in water samples from the

Pike Hill mines study area.—Continued

[uS/em, microsiemens per centimeter at 25 degrees Celsius; mV, millivolts; pg/L micrograms per liter; mg/L, milligrams per liter; mg C/L, milligrams of carbon
per liter; n.d., not determined; <, less than; IC, ion chromatography; ICP-AES or AES, inductively coupled plasma-atomic emission spectrometry; ICP-MS or M S,
inductively coupled plasma-mass spectrometry; D, field replicate sample; FA, filtered acidified; RA, raw acidified; FU, filtered unacidified; italics text are

approximate values, erroneous values from previous jobs are red]

ACIDIT L Job Number  Lab No. Field No. ¢ F NO, SO,
information

Units mg/L mg/L mg/L mg/L
Methods (IC) (IC) IC IC IC IC
01139838Aug FA MRP-06205 C-260130 01139838Aug FU 114 009 09 8
01139838Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139839Aug FA MRP-06205 C-260132 01139839Aug FU 103 009 04 5.7
01139839Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139826Aug FA MRP-06205 C-260123 01139826Aug FU 8 008 0.7 6.7
01139826Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139840Aug FA MRP-06205 C-260131 01139840Aug FU 125 0.09 0.6 6.7
01139840Aug RA n.d. n.d. n.d. nd. nd nd n.d.
01139841Aug FA MRP-06205 C-260128 01139841Aug FU 95 0.08 062 7
01139841Aug RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-16-3 FA MRP-06205 C-260136 PKHL-16-3 FU 26 02 05 125
PKHL-16-3RA n.d. n.d. n.d. nd. nd nd n.d.
PKHL-17-3 FA MRP-06205 C-260140 PKHL-17-3FU 324 <08 48 11
PKHL-17-3RA n.d. n.d. n.d. nd. nd nd. n.d.

! Sulfate reran by 1C in January 2006 because original values high for sulfate less than 200 mg/L. Corrected values given in black and original *high' values shown in red and parentheses.
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Appendix 5. Concentrations of elements in stream sediment from the Pike Hill mines study

area.

[mg/kg, milligrams per kilogram; %, percent; n.d., not determined; <, less than; ICP, combination of inductively coupled plasma-atomic emission
spectrometry and inductively coupled plasma-mass spectrometry except chemistry replicate sample analyzed by inductively coupled plasma-mass
spectrometry; HG, continuous-flow hydride-generation atomic absorption spectrophotometry; R, chemistry replicate sample; Dup, field replicate sample]

Information/Element Location description Job number Lab number Al Ag As Ba Be Bi Ca Cd Ce

Units % mg/kg mg/kg mg/kg mg/kg mg/kg % mg/kg mg/kg

Methods ICP&HG ICP&HG ICP ICP ICP ICP ICP ICP ICP ICP ICP

01139826-SD Waits River upstream of Pike Hill Brook a8 MRP-06687 C-271433 38 <1 <1 184 25 014 215 01 318
Rt. 25.

011398302-SD Pike Hill tributary at Richardson Road. MRP-06687 C-271425 5.76 <1 2 270 28 028 242 05 348

01139830-SD Pike Hill Brook above Richardson Road. MRP-06687 C-271426 3.03 5 8 123 13 279 102 58 111
Orange precipitate on rocks.

01139830-SD-R Pike Hill Brook above Richardson Road. MRP-06686 C-271420 2.67 5.58 23 147 11 284 03853 5 11.3
Orange precipitate on rocks. Replicate for
chemistry.

01139830-SD-BC Downstream of Pike Hill Brook and clean MRP-06687 C-271427 3.51 6 9 158 14 287 108 54 144
tributary confluence where white and orange
floc precipitates.

01139832-SD Pike Hill Brook at Carpenter Place MRP-06687 C-271428 5.08 1 7 195 29 08 202 32 38

01139833-SD Pike Hill Brook at Pike Hill Road, West MRP-06687 C-271429 4.96 1 22 184 29 064 228 48 374
Crossing, culvert under bridae.

01139833-SD Dup Pike Hill Brook at Pike Hill Road, West MRP-06687 C-271430 4.93 1 3 176 28 071 227 56 352
Crossing, culvert under bridge. Replicate.

01139838-SD Pike Hill Brook at Pike Hill Road between ~ MRP-06687 C-271431 536 <1 <1 217 34 021 239 16 334
wetlands.

01139839-SD Pike Hill Brook at Miller Road downstream MRP-06687 C-271432 4.62 <1 <1 186 3 014 219 09 213
of wetlands.

01139840-SD Pike Hill Brook at mouth. MRP-06687 C-271434 429 <1 <1 210 32 018 21 14 196

01139841-SD Waits River at Village Road. MRP-06687 C-271435 4.06 1 1 224 26 023 208 01 176

01139940-SD Cookville Brook tributary downstream of MRP-06687 C-271424 474 <1 <1 171 22 013 25 15 285

Smith mine.

8Ll
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Appendix 5. Concentrations of elements in stream sediment from the Pike Hill mines study

area.—Continued

[ma/kg, milligrams per kilogram; %, percent; n.d., not determined; <, less than; ICP, combination of inductively coupled plasma-atomic emission
spectrometry and inductively coupled plasma-mass spectrometry except chemistry replicate sample analyzed by inductively coupled plasma-mass
spectrometry; HG, continuous-flow hydride-generation atomic absorption spectrophotometry; R, chemistry replicate sample; Dup, field replicate sample]

Element Co Cr Cs Cu Fe Ga In K La Li Mg Mn Mo Na Nb Ni P

Units mg/kg mg/kg mg/kg mg/kg % mg/kg mg/kg % mg/kg mg/kg % mg/kg mg/kg % mg/kg mg/kg mg/kg
Methods ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP
01139826-SD 4.4 40 308 7.7 204 846 002 099 161 49 098 920 021 118 123 135 480
011398302-SD 19 75 526 262 336 133 005 105 176 60 175 2530 08 129 85 323 820
01139830-SD 432 31 126 8,070 215 878 063 09 51 11 062 686 227 0.7 6.3 79 840
01139830-SD-R 51.1 288 1 6200 20 8.6 nd. 0.788 54 72 056 613 116 0545 7.2 9.8 350
01139830-SD-BC 46.6 36 165 6550 208 966 06 099 66 17 074 574 138 075 59 9.7 800
01139832-SD 744 48 342 3530 764 104 022 103 19 4 119 1100 471 115 73 205 860
01139833-SD 147 51 316 3540 6.67 104 0.17 1 18.4 44 114 1830 243 124 97 241 920
01139833-SD Dup 138 50 315 349 673 103 018 099 177 45 116 1,750 318 12 105 239 890
01139838-SD 495 49 35 208 272 112 004 12 167 45 095 1540 05 165 121 195 690
01139839-SD 233 34 261 119 184 942 002 12 109 37 079 1300 022 159 91 138 480
01139840-SD 221 27 287 981 14 929 <002 122 99 36 071 1,380 019 155 73 122 390
01139841-SD 4.6 32 306 8 135 848 <002 111 91 47 09 667 016 132 89 112 440
01139940-SD 3bB5 53 255 539 243 915 003 071 167 39 142 1650 045 098 81 314 870
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Appendix 5. Concentrations of elements in stream sediment from the Pike Hill mines study

area.—Continued

[ma/kg, milligrams per kilogram; %, percent; n.d., not determined; <, less than; ICP, combination of inductively coupled plasma-atomic emission
spectrometry and inductively coupled plasma-mass spectrometry except chemistry replicate sample analyzed by inductively coupled plasma-mass
spectrometry; HG, continuous-flow hydride-generation atomic absorption spectrophotometry; R, chemistry replicate sample; Dup, field replicate sample]

Element Pb Rb S Sb Sc Se Sn Sr Te Th Ti Tl u v w Y Zn
Units mg/kg mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Methods ICP ICP ICP ICP ICP HG ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP
01139826-SD 165 447 001 008 56 <02 25 259 <01 55 06 03 16 47 05 154 44
011398302-SD 256 516 006 013 115 05 45 286 <01 49 034 05 18 91 06 193 134
01139830-SD 50 327 212 128 48 498 82 971 07 32 022 05 09 61 06 9 1,070
01139830-SD-R 61 30 nd 13 5 51 nd 84 nd 32 02 05 08 519 nd 98 981

01139830-SD-BC 619 354 161 134 56 52 104 112 0.7 33 021 06 11 67 0.5 96 1,010

01139832-SD 311 478 041 039 69 8.7 4.2 262 0.1 4 029 04 2.3 60 0.6 199 675
01139833-SD 255 474 041 035 7.2 6.8 29 288 <01 39 041 04 21 61 09 223 834

01139833-SD Dup 255 464 046 028 7.3 6 3.3 283 01 41 046 04 21 59 0.6 22 907

01139838-SD 21.3 568 004 007 73 0.3 2.6 336 <01 52 062 04 24 57 06 205 283
01139839-SD 189 507 002 005 52 <02 16 280 <01 35 049 04 11 42 0.3 16 191
01139840-SD 218 561 002 006 44 <02 29 258 <01 31 029 04 15 34 0.3 14 224
01139841-SD 182 484 0.01 007 45 0.2 24 26 <01 26 027 03 11 36 05 113 43

01139940-SD 131 314 004 006 74 <02 21 346 <01 36 04 02 13 60 06 201 685
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