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R645-301-600 GEOLOGY

R645-301-610 INTRODUCTION

This section describes the geologic conditions in the proposed Coal Hollow Mine permit and
adjacent areas.

611 GENERAL REQUIREMENTS

A characterization of the geology within and adjacent to the proposed Coal Hollow Mine permit
area is given in sections R645-301-621 and R645-301-627. A description of the proposed operating
plan for the casing and sealing of exploration holes and boreholes is presented in R645-301-630.

612 CERTIFICATION OF CROSS SECTIONS, MAPS, AND PLANS

All cross sections, maps and plans as required by R645-301-622 have been prepared and certified as
described under R645-301-512.100. The cross sections and maps that are included in this permit
application and are required to be certified have been prepared by or under the direction ofa
qualified, registered, professional engineer or a professional geologist, with assistance from experts
in related fields such as hydrology, geology and landscape architecture.

R645-301-620 ENVIRONMENTAL DESCRIPTION

R645-301-621 GENERAL REQUIREMENTS

Description ofRegional Geology

The coal to be mined at the proposed Coal Hollow Mine permit area is of Cretaceous age and
resides in the Alton Coal Field of southwestern Utah. The Alton Coal Field is a roughly horseshoe
shaped region that is situated between the Kaiparowits Coal Field to the east, and the Kolob Coal
Field to the west.

The topography in the Alton Coal Field is marked by bench and slope topography. Topographic
relief in the region is approximately 2,800 feet, with elevations ranging from about 9,300 feet on top
of the Paunsaugunt Plateau, to about 6,500 feet in the valley bottoms. The economic coal seams are
located primarily along the western and southern flanks of the Paunsaugunt Plateau.

The geologic history, geology, stratigraphy, and structure of the Alton Coal Field have been
described by Doelling (1972) and Tilton (Appendix 6-3; 2001) and are summarized below. ~lB'8'HPOF1ATED
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of geologic formations exposed at the surface in the proposed Coal Hollow Mine permit area is
shown in Drawing 6-1. A cross-section showing the regional geologic conditions in the Alton Coal
Field is presented in Drawing 6-2.

Geologic History

During the Jurassic, sediment deposition into a slowly subsiding basin occurred, mostly by fluvial
or eolian mechanisms. Later, during the Upper Jurassic, the area was intermittently inundated by a
shallow, restrictive sea, with the accompanying deposition of sediments eroded from Mesozoic
rocks to the south and west. Subsequently, prior to the end of the Lower Cretaceous, a broad uplift
centered west of the Paunsaugunt area occurred, resulting in the erosion of the uplifted areas.
Subsequently, to the east, the rock sequence down to the Entrada Formation was eroded away. To
the west, the rock sequence down to the Carmel was eroded away. After additional erosion of the
region occurred, during the latest Cretaceous or earliest Upper Cretaceous, the land subsided and the
region was covered with sediments. The source of these sediments lay mostly to the west and
perhaps also to the south. As the Cretaceous Interior Seaway migrated westward, rock deposition
occurred in fluvial, paludal, lagoonal and perhaps nearshore marine environments during
transgressions and regressions of the seaway. This deposition resulted in the formation of the rocks
of the Dakota Formation, which include the economic coal seams of the Alton Coal Field. The two
principal coal seams of the Dakota Formation were formed during this period, one near the
beginning and the other near the end of Dakota time. After the deposition of the Dakota Formation,
the area experienced marine conditions as the Cretaceous Interior Seaway encroached westward
toward eastern Iron County, resulting in the deposition of the marine shales of the Tropic Shale.
After the subsequent eastward regression of the seaway, nearshore sand deposition occurred,
resulting in the deposition of the Straight Cliffs Formation. Deposition of the Wahweap and
Formation occurred as floodplains developed and an alternating sequence of sandstones and shales
was deposited. Subsidence then ceased for a time and uneven erosion of the region occurred.
Subsequent fluvial deposition resulted in the deposition of the Kaiparowits Formation on the
erosional surface. Later, in the early Tertiary period, the area subsided and was filled with a lake in
which the carbonate sediments of the Claron Formation were deposited. Thereafter, volcanism
became active to the west and spread to the margins of the Paunsaugunt. Various agglomerates and
volcanic breccias were deposited along the western margin of the plateau. Late in the Tertiary
period, the Sevier and Paunsaugunt Fault systems became active. During the Pleistocene, several
cinder cones developed which extruded olivine basalts. These include Bald Knoll, Buck Knoll, and
others.

Stratigraphy

Stratigraphic units present in the Alton Coal Field area are described in ascending order below. A
stratigraphic column showing these geologic formations is shown in Drawing 6-3. A diagrammatic
correlation of Cretaceous units in southern and south-central Utah is shown in Drawing 6-4.
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Navajo Sandstone (Lower Jurassic)

The Navajo Sandstone is a light gray to tan, locally cross-bedded massive eolian sandstone that
underlies the region. Where exposed south of the Alton area, it forms the regionally prominent
White Cliffs topographic feature. The Thousand Pockets Tongue of the Navajo Sandstone
intertongues with the overlying Carmel Formation. Thickness of the Navajo Sandstone exceeds
1,000 feet in the Paunsaugunt Plateau region. The Navajo Sandstone does not crop out in the
proposed Coal Hollow Mine permit area.

Carmel Formation (Upper Jurassic)

The Carmel Formation unconformably overlies the Navajo Sandstone in the region. The Carmel
Formation is heterogeneous and consists of limestone, siltstone, sandstone, and gypsum beds. The
formation has been subdivided into several members by previous researchers. These include the
Wiggler Wash Member, the Winsor Member, the Paria River Member, the Crystal Peak Member,
and the Kolob Limestone Member. The thickness of the Carmel Formation ranges from about 650
to 800 feet in the Alton Coal Field area and the formation thickens to the west. The Winsor
Member of the Carmel Formation crops out in the bottom of the Kanab Creek drainage about one
mile south of the proposed Coal Hollow Mine permit area.

Entrada Sandstone (Upper Jurassic)

The Entrada Sandstone, which may be as thick as 500 feet regionally, is present above the Carmel
Formation in the eastern portion ofthe Alton Coal Field. The formation consists predominantly of
siltstone and cross-bedded or fine-grained massive sandstone. The formation is not present in the
proposed Coal Hollow Mine permit area.

Dakota Formation (Cretaceous)

The Dakota Formation contains the economic coal seams in the Alton Coal Field. The formation
consists of fine- to medium-grained sandstone with interbedded gray shale, carbonaceous shale, and
coal. In most locations, shaley strata dominate the formation, comprising about 60 to 75 percent of
the formation. The unit characteristically forms ledge and slope topography. In the proposed Coal
Hollow Mine permit and adjacent area the Dakota Formation directly overlies the Carmel
Formation. Regionally, the outcrop of the Dakota Formation forms the Gray Cliffs topographic
feature. The economic coal seams in the Alton Coal Field are present near the base (Bald Knoll
coal zone) and near the top of the formation (Smirl coal zone). Local thinner coal seams that are not
of economic importance are present in the center of the formation. The thickness in the western
portion of the Alton Coal Field is about 450 feet. In the eastern portion of the Alton Coal Field, the
Dakota Formation is about 150 feet thick and rests on the Entrada Sandstone.
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Tropic Shale (Cretaceous)

The Tropic Shale consists predominantly of gray and carbonaceous silty shale and claystone with a
few marine sandstone beds located mostly in its upper part. The formation typically weathers at the
surface to a clayey soil that typically forms gentle, vegetated slopes. The Tropic Shale is present (in
some locations covered with shallow alluvial or colluvial deposits) at the land surface over most of
the proposed Coal Hollow Mine permit area. The formation was deposited in an open-marine
offshore environment during the maximum westward transgression of the Cretaceous Western
Interior Seaway in the Late Cretaceous (Tilton, 2001). Near the top of the formation, more sandy
horizons are interbedded with the mudstone units of the formation. These sandy units together with
the sandstone at the base of the overlying Straight Cliffs Formation reflect the initial sand influx
onto the marine environment of the Tropic Shale. The thickness of the Tropic Shale in the Alton
Quadrangle is about 700 feet. In areas planned for mining at the proposed Coal Hollow Mine
permit area, only the lower 200 to 250 feet of the Tropic Shale is present. The middle and upper
portions of the formation having been removed from proposed mining areas by erosion in Sink
Valley.

Information obtained from continuous core drilling in the Tropic Shale in planned mining areas in
the proposed Coal Hollow Mine permit area indicates that the lower 200 to 250 feet of the
formation consists of a fairly uniform sequence of soft, dark gray silty shale or thinly bedded
claystone with occasional thin lenses of siltstone and occasional layers of bentonite-like clay being
present. Strong, competent rock strata that could be of consequence to surface mining operations
were not encountered in any of the boreholes. Drilling information obtained from the Tropic Shale
during the 2005 drilling program is presented in Appendix 6-4. Physical and chemical information
from the Tropic Shale are presented in Appendix 6-2. The locations of the 2005 boreholes are
shown in Appendix 6-4 and also on Drawing 6-5.

Straight Cliffs Formation (Cretaceous)

The Straight Cliffs Formation is approximately 1,200 feet thick in the Alton Quadrangle. The
formation is comprised predominantly of calcite-cemented sandstone and mudstone, with sandstone
composing about 75 percent of the total composition. The sandstones of the Straight Cliffs
Formation make up the lower two-thirds of the ledges radiating out from the southern Paunsaugunt
Plateau. Four members of the Straight Cliffs Formation have been identified in the Alton
Quadrangle by Tilton (2001). These include the Tibbet Canyon Member (orange-gray weathering
fine- to medium grained sandstone), the Smoky Hollow Member (interbedded sandstone, mudstone,
and thin coal), the John Henry Member (interbedded mudstone and fluvial sandstone), and Drip
Tank Member (light-gray cliff forming sandstone). The Straight Cliffs Formation outcrops on the
hillsides east and north of the proposed Coal Hollow Mine permit area.

Wahweap and Kaiparowits Formations (Cretaceous)

The Wahweap Formation is composed of alternating sandy shales and thin- to thick-bedded 1.-. ... 1

sandstones. The unit contains carbonaceous shale and thin coal beds that are not of economid r'4,""" C fi
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importance in its lower part. The unit forms step-like topography. Regionally, the Wahweap
Formation is separated from the overlying Kaiparowits Formation by an unconformity. Erosion of
both the Wahweap and Straight Cliffs Formations prior to the deposition of the Kaiparowits
Formation may have locally reduced the thicknesses of these formations in the vicinity of the
Paunsaugunt Plateau. The Kaiparowits Formation is composed of irregular beds of arkosic
sandstone. The sandstone is weakly cemented by calcite cement. Because of difficulties identifying
mappable boundaries between the Wahweap and Kaiparowits Formations in the Alton Quadrangle,
the formations were mapped as an undivided unit (Tilton, 2001). The total thickness of the
Wahweap and Kaiparowits Formations in the Alton Quadrangle ranges from about 600 to 800 feet.

Claron Formation (Tertiary)

The Claron Formation (also sometimes known as the Wasatch Formation, although the Utah
Geological Survey uses the name Claron Formation) forms the cap rock over much of the
Paunsaugunt Plateau. The formation is also present west of the Sevier Fault Zone west and north of
the town of Alton. The unit is subdivided into a lower pink (also known as red) member and an
upper white member, both consisting mostly ofmassive, fine-grained crystalline limestone of
fluvial and lacustrine origin. Resistance to erosion varies both vertically and horizontally in the
Claron Formation, resulting in a series of cliffs and steep joints. This condition, together with the
presence ofclosely spaced joints, produces the unique topography associated with the Claron
Formation. The Claron Formation is about 800 thick in the Alton Quadrangle. Also mapped
together with the Claron Formation in the Alton Quadrangle is the Cretaceous Canaan Peak
Formation. The Canaan Peak is a thin, discontinuous formation consisting primarily of
conglomerate and conglomeratic sandstone with some mudstone interbeds sometimes present at the
base of the Claron Formation. Thickness of the Canaan Peak Formation locally ranges from 0 to 30
feet.

Brian Head Formation (Tertiary)

The Brian Head Formation consists of interbedded pink and purplish-gray very fine-grained
sandstone, friable sandstone, conglomerate, siltstone, mudstone, and limey mudstone in its lower
part, and gray to white, fine- to medium-grained sandstone and calcarenite, in part with a
volcanically derived clay matrix. The formation includes rocks present above the underlying white
member of the Claron Formation and the overlying ash-flow tuff of the Needles Range Group. The
unit is not resistant to erosion and has been eroded away from the top of the Paunsaugunt Plateau in
the Alton Quadrangle. The formation is present in the rugged hills west of the Sevier Fault Zone
near the to~n of Alton. The unit is about 200 feet thick in the Alton Quadrangle.

Quaternary Deposits

Quaternary deposits present in the proposed Coal Hollow Mine permit area include pediment
alluvium, lm:dslide deposits,. mass-:vasting ~ebris, and alluvial fan deposits. Narrow depositKl?-fnriF)ORP,TED
stream allUVium are present Immediately adjacent to some stream channels. L, <>.- "
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• The pediment alluvium deposits in the region consist of poorly sorted alluvial and colluvial silt,
sand, and gravel deposited on broad pediments. After deposition, the pediment surfaces were
abandoned as streams have cut down to lower levels.

Landslide deposits in the area are primarily gravity-transported hummocky deposits of mud, sand,
and occasional blocks of sandstone. Most of the landslide deposits originated from the lower
portion of the Straight Cliffs Formation and slid onto the underlying Tropic Shale, although
movement within the Tropic Shale has also occurred. A conspicuous series of progressively built
landslide deposits is present east of the Alton Amphitheater as a broad, rolling apron below the
lowest cliffs of the Straight Cliffs Formation. The thickness of the landslide deposits locally ranges
from a few feet to more than 100 feet.

Alluvium deposits in the region consist of unconsolidated clay, silt, sand, and gravel in and near
existing drainages. These deposits exist as stream and fan alluvium and terrace deposits. In the
headwaters of the mountain streams, the alluvial material consists predominantly of sand and gravel.
In downstream areas, the alluvial material consists mostly of mud derived from the Tropic Shale.
Alluvial thickness in the Alton Quadrangle typically ranges from a thin covering to about 10 feet or
more.

•

•

In the Sink Valley and Lower Robinson Creek drainages near the proposed Coal Hollow Mine
permit area, drilling information indicates that alluvial thicknesses are in some locations
considerably greater. Alluvial thicknesses measured in the permit and adjacent area range from a
thin veneer overlying bedrock formation in many areas to at least 140 feet in thickness along the
eastern margins of Sink Valley (see Drawing 6-3). Much of the land surface in the proposed Coal
Hollow Mine permit area consists of fan alluvium (mostly composed of clays, silts, and fine-grained
sands) derived largely from the highly erodable Tropic Shale in adjacent highland areas east of the
proposed permit area. Field investigations suggest that these fan deposits are associated with
sheetfloods, debris flows and mud flows. Additional geologic information on alluvial deposition in
the proposed Coal Hollow Mine permit and adjacent area is presented in Appendix 7-1.

An igneous dike consisting of black, fine-grained porphyritic olivine basalt is present northeast of
Alton near Kanab Creek.

Structure

Rock strata in the region dip gently toward the north and north-east, generally from 1 to 5 degrees.
The Alton Coal Field is bounded on the east by the Paunsaugunt Fault and on the west by the Sevier
Fault. Regional displacements on these two faults are about 1,000 to 2,000 feet, and 100 to 800
feet, respectively. Additionally, several faults with lesser displacements have been mapped in the
region, including the Sand Pass Fault zone (about 400 feet of offset), the Bald Knoll Fault (about
650 feet of offset), and the Sink Valley Fault (likely a few tens of feet of offset). Most local faults
in the Alton Quadrangle trend in a northerly or north-westerly direction, are several miles long, and
are near vertical. A premine.nt north- ~o northwest-~rending vertic~ljoint set is present in the Uffit::DRPOFif,TEO
Cretaceous sandstone rocks In the regIon. Stratal dIpS vary appreCiably near the fault zones. -
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Description of Coal Seam Geology

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Formation. Doelling (1972) reported that the Smirl coal
zone is 14 to 18 feet thick without splits, while the Bald Knoll coal zone contains several coal seams
separated by thin splits, with the thickest seam being 4.8 feet thick. Doelling (1972) reports that
coal in the Alton area is a high-volatile Bituminous coal. Additional information on coal quality is
presented in Appendix 6-1 (confidential binder).

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Formation.

Within the Alton Quadrangle, five small mines and two prospects have been worked. Production
from these mines was small, with a total production from all mines of 35,000 and 50,000 tons from
the late 1920s to 1969, when the last mine closed. The last operating mine in the Alton Coal Field
was the Smirl Mine, which was located about 1.5 miles south of the town ofAlton. In its last year
of operation, a total of 1,597 tons of coal was produced. The Smirl Mine portal was sealed by the
Utah Division of Oil, Gas and Mining in 1992.

622 CROSS-SECTIONS, MAPS AND PLANS

622.100
Elevations of the coal seam to be mined and locations of drill holes are listed in Table 6-1 and
shown in Drawing 6-5. Drill hole collar elevations and intervals cored and plugged are shown in
Table 6-1.

622.200
The depth and thickness of surrounding strata are shown on geologic cross-sections in Drawing 6-3.
Additional information regarding thicknesses of strata in the proposed Coal Hollow Mine permit
area from drilling information is given in Appendix 6-4. Information on the thickness of the Smirl
coal zone is listed in Table 6-1. A Smirl coal zone thickness isopach map is presented in Drawing
5-14. Two cross-sections through the proposed Coal Hollow Mine permit area, showing
stratigraphic relationships, approximate overburden thickness, and coal seam thickness, together
with a cross-section location map are presented in Drawings 6-6, 6..7, and 6-8. Two additional
cross-sections showing stratigraphic relationships and approximate overburden thicknesses
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shown in Drawing 6-9. A geologic cross-section depicting regional stratigraphic relationships is
shown in Drawing 6-2. An overburden isopach map is provided in Drawing 5-15.

Representative drill hole logs depicting the nature, depth and thickness of the coal seam to be mined
and rider seams in the overlying strata and the nature of the Dakota Formation strata immediately
below the coal seam to be mined are presented in Appendix 6-4. No rider seams are present in the
overburden strata in the proposed coal mining area.

622.300
The outcrop line of the seam to be mined (Smirl coal zone) is shown on the geologic map in
Drawing 6-1 .The strike and dip of the Smirl coal zone in the permit area is also shown on Drawings
6-1 and 6-6.

622.400
No oil and gas wells exist within the proposed Coal Hollow Mine permit area.

623 GEOLOGIC INFORMATION

623.100 Acid or Toxic-Forming Strata

No acid-forming or toxic-forming strata are present in strata overlying or in the stratum immediately
below the Smirl coal seam in planned mining areas in the proposed Coal Hollow Mine permit area.

Chemical information on the acid- and toxic-forming potential of earth materials naturally
present in the proposed permit area are presented in Appendix 6-2. Chemical information on the
low-sulfur Smirl coal zone proposed for mining is presented in Appendix 6-1 (confidential
binder). Based on laboratory analytical data, it is apparent that acid-forming and toxic-forming
materials that could result in the contamination of surface-water or groundwater supplies in the
proposed Coal Hollow Mine permit and adjacent area are generally not present.

Selenium was not detected in any of the samples from the proposed Coal Hollow Mine permit
area. Likewise, concentrations of water-extractable boron were also low, being less than 3
mg/kg in all samples analyzed. The pH of groundwaters in and around the proposed Coal
Hollow Mine permit area are moderately alkaline. Data in Appendix 6-2 likewise indicate
moderately alkaline conditions in sediments in the proposed permit area. The solubility of
dissolved trace metals is limited in waters with alkaline pH conditions. Consequently, high
concentrations of these metal constituents in groundwaters and surface waters with elevated pH
levels are not anticipated.

•
The neutralization potential greatly exceeded the acid potential in all samples analyzed, with the
neutralization potential commonly exceeding the acid potential by many times, suggesting that
acid-mine-drainage will not be a concern at the proposed Coal Hollow Mine. Acid-forming
materials in western coal mine environments often consist of sulfide minerals, commonly
including pyrite and marcasite, w'hich, w'hen exposed to air and water, are oxidized causing th~

liberation ofH+ ions (acid) into the water. Oxidation of sulfide minerals may occur in limited' POHATE[
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• amounts in the mine pits where oxygenated water encounters sulfide minerals. However, the acid
produced by pyrite oxidation is quickly consumed by dissolution of abundant, naturally
occurring carbonate minerals (Appendix 6-2). Dissolved iron is readily precipitated as iron
hydroxide in well aerated waters, and consequently excess iron is not anticipated in mine
discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in significant
concentrations nor are such suspected to exist in materials to be disturbed by mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the mine
workings (primarily the shales and claystones of the lower Tropic Shale), the potential for
seepage of mine water into adjacent stratigraphic horizons is low. Additionally, because the
floors of the mine pits need to be accessible in order to extract the coal, the mining operations
will be carried out in such a manner that the accumulation of large amounts of water in the mine
pits will be avoided.

Based on the information in Appendix 6-2 there is no indication that appreciable potential for acid
or toxic fonnation is present.

It is anticipated that coal produced from the proposed Coal Hollow Mine will be shipped as a mine
run product. Thus, no coal processing wastes are anticipated.

• 623.200 Reclamation Feasibility

Based on the proposed mine plan and the existing geologic and hydrogeologic conditions
encountered at the propose Coal Hollow Mine pennit and adjacent area, it is anticipated that
successful reclamation of the site will be feasible. Additional infonnation on the feasibility of
reclamation at the proposed Coal Hollow Mine permit area is given in Chapter 2 (soils) and Chapter
3 (biology) of this MRP. There are no special categories or circumstances associated with mining at
the proposed Coal Hollow Mine permit area that would render reclamation unfeasible.

•

Most of the materials that will be handled as part of mining and reclamation activities in the
proposed Coal Hollow Mine area are of low hydraulic conductivity (i.e. clays, shales, siltstones,
claystones, etc.). Consequently, it is anticipated that groundwater seepage volumes through
backfilled and reclaimed land surfaces in reclaimed mine pit areas and excess spoils storage
areas will not be large. Additionally, reclaimed areas will be regraded, sloped, and otherwise
managed to minimize the potential for land erosion, to restore approximate surface-water
drainage patterns, and also to minimize the potential for ponding of surface waters on reclaimed
areas (other than "'roughening" or ""gouging" of some areas to enhance reclamation). Thus, the
potential for interactions between large amounts of disturbed earth materials and groundwaters
and surface waters, which could result in leaching of chemical constituents into groundwater and
surface-water resources, will be minimized.

Additionally, the mining plan calls for the emplacement of 40 inches of suitable cover material
over backfilled areas made up of material types which could negatively impact vegetationPOfi,t\TED
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(materials with elevated SAR ratios or other physical or chemical characteristics that could cause
appreciable adverse impacts on vegetation).

Several investigations involving reclamation of surface disturbed areas in the vicinity have been
performed by other entities. These included the use of test plots to measure reclamation feasibility
and success. The results of these investigations have been presented in published documents
(Ferguson and Frischknecht 1985; USDr 1975). These investigations have demonstrated the
feasibility of successful reclamation in the area.

623-300 Subsidence Control Plan

The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.

624 GEOLOGIC DESCRIPTION

624.100 Regional and Structural Geology

The coal to be mined in the proposed Coal Hollow Mine permit area is of Cretaceous age and
resides in the Alton Coal Field of southwestern Utah. The Alton Coal Field is a roughly horseshoe
shaped region that is situated between the Kaiparowits Coal Field to the east, and the Kolob Coal
Field to the west.

The topography in the Alton Coal Field is marked by bench and slope topography. Topographic
relief in the region is approximately 2,800 feet, with elevations ranging from about 9,300 feet on top
of the Paunsaugunt Plateau, to about 6,500 feet in the valley bottoms. The economic coal seams are
located primarily along the western and southern flanks of the Paunsaugunt Plateau.

The geologic history, geology, stratigraphy, and structure of the Alton Coal Field have been
described by Doelling (1972) and Tilton (Appendix 6-3; 2001) and are summarized below. A map
of geologic formations exposed at the surface in the proposed Coal Hollow Mine permit area is
shown in Drawing 6-1. Cross-sections showing the regional geologic conditions in the Alton Coal
Field are presented in Drawings 6-3 and 6-9.

Stratigraphy

Stratigraphic units present in the Alton Coal Field area are described in ascending order below. A
stratigraphic column showing these geologic fonnations is show·n in Drawing 6-3. A diagrammatic
correlation of Cretaceous units in southern and south-central Utah is shown in Drawing 6-4.

OCT 15 2009

Chapter 6 6-10 8/27/20Qa1\l. of Gas &Mining



•

•

•

Navajo Sandstone (Lower Jurassic)

The Navajo Sandstone is a light gray to tan, locally cross-bedded, massive eolian sandstone that
underlies the region. Where exposed south of the Alton area, it forms the regionally prominent
White Cliffs topographic feature. The Thousand Pockets Tongue of the Navajo Sandstone
intertongues with the overlying Carmel Formation. Thickness of the Navajo Sandstone exceeds
1,000 feet in the Paunsaugunt Plateau region. The Navajo Sandstone does not crop out in the
proposed Coal Hollow Mine permit and adjacent area.

Carmel Formation (Uvper Jurassic)

The Carmel Formation unconformably overlies the Navajo Sandstone in the region. The Carmel
Formation is heterogeneous and consists of limestone, siltstone, sandstone, and gypsum beds. The
formation has been subdivided into several members by previous researchers. These include the
Wiggler Wash Member, the Winsor Member, the Paria River Member, the Crystal Peak Member,
and the Kolob Limestone Member. The thickness of the Carmel Formation ranges from about 650
to 800 feet in the Alton Coal Field area and the formation thickens to the west. The Winsor
Member of the Carmel Formation crops out in the bottom of the Kanab Creek drainage about one
mile south of the proposed Coal Hollow Mine permit area.

Entrada Sandstone (Upper Jurassic)

The Entrada Sandstone, which may be as thick as 500 feet regionally, is present above the Carmel
Formation in the eastern portion of the Alton Coal Field. The formation consists predominantly of
siltstone and cross-bedded or fine-grained massive sandstone. The formation is not present in the
proposed Coal Hollow Mine permit and adjacent area.

Dakota Formation (Cretaceous)

The Dakota Formation contains the economic coal seams in the Alton Coal Field. The formation
consists of fine- to medium-grained sandstone with interbedded gray shale, carbonaceous shale, and
coal. In most locations, shaley strata dominate the formation, comprising about 60 to 75 percent of
the formation. The unit characteristically forms ledge and slope topography. In the proposed Coal
Hollow Mine permit area the Dakota Formation directly overlies the Carmel Formation.
Regionally, the outcrop of the Dakota Formation forms the Gray Cliffs topographic feature. The
economic coal seams in the Alton Coal Field are present near the base (Bald Knoll coal zone) and
near the top of the formation (Smirl coal zone). Local thinner coal seams that are not of economic
importance are present in the center of the formation. The thickness in the western portion of the
Alton Coal Field is about 450 feet. In the eastern portion of the Alton Coal Field, the Dakota
Formation is about 150 feet thick and rests on the Entrada Sandstone.
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Tropic Shale (Cretaceous)

The Tropic Shale consists predominantly of gray and carbonaceous silty shale and claystone with a
few marine sandstone beds located mostly in its upper part. The formation typically weathers at the
surface to a clayey soil that typically forms gentle, vegetated slopes. The Tropic Shale is present (in
some locations covered with shallow alluvial or colluvial deposits) at the land surface over most of
the proposed Coal Hollow Mine permit area. The formation was deposited in an open-marine
offshore environment during the maximum westward transgression ofthe Cretaceous Western
Interior Seaway in the Late Cretaceous (Tilton, 2001). Near the top of the formation, more sandy
horizons are interbedded with the mudstone units of the formation. These sandy units together with
the sandstone at the base of the overlying Straight Cliffs Formation reflect the initial sand influx
onto the marine environment of the Tropic Shale. The thickness of the Tropic Shale in the Alton
Quadrangle is about 700 feet. In areas planned for mining at the proposed Coal Hollow Mine
permit area, only the lower 200 to 250 feet of the Tropic Shale is present. The middle and upper
portions of the formation having been removed from proposed mining areas by erosion in Sink
Valley.

Information obtained from continuous core drilling in the Tropic Shale in planned mining areas in
the proposed Coal Hollow Mine permit area indicates that the lower 200 to 250 feet of the
formation consists of a fairly uniform sequence of soft, dark gray silty shale or thinly bedded
claystone with occasional thin lenses of siltstone and occasional layers ofbentonite-like clay being
present. Strong, competent rock strata that could be of consequence to surface mining operations
were not encountered in any of the boreholes. Drilling information obtained from the Tropic Shale
during the 2005 drilling program is presented in Appendix 6-4. Physical and chemical information
from the Tropic Shale are presented in Appendix 6-2. The locations of the 2005 boreholes are
shown in Appendix 6-4 and also on Drawing 6-5.

Straight Cliffs Formation (Cretaceous)

The Straight Cliffs Formation is approximately 1,200 feet thick in the Alton Quadrangle. The
formation is comprised predominantly of calcite-cemented sandstone and mudstone, with sandstone
composing about 75 percent of the total composition. The sandstones of the Straight Cliffs
Formation make up the lower two-thirds of the ledges radiating out from the southern Paunsaugunt
Plateau. Four members of the Straight Cliffs Formation have been identified in the Alton
Quadrangle by Tilton (2001). These include the Tibbet Canyon Member (orange-gray weathering
fine- to medium grained sandstone), the Smoky Hollow Member (interbedded sandstone, mudstone,
and thin coal), the John Henry Member (interbedded mudstone and fluvial sandstone), and Drip
Tank Member (light-gray cliff forming sandstone). The Straight Cliffs Formation outcrops on the
hillsides east and north of the proposed Coal Hollow Mine permit area.

Wahweap and Kaiparowits Formations (Cretaceous)

The Wahweap Formation is composed of alternating sandy shales and thin- to thick-bedded
sandstones. The unit contains carbonaceous shale and thin coal beds that are not of economiy~,j ( __ r'i P n n Pi":Teo
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importance in its lower part. The unit forms step-like topography. Regionally, the Wahweap
Formation is separated from the overlying Kaiparowits Formation by an unconformity. Erosion of
both the Wahweap and Straight Cliffs Formations prior to the deposition of the Kaiparowits
Formation may have locally reduced the thicknesses of these formations in the vicinity of the
Paunsaugunt Plateau. The Kaiparowits Formation is composed of irregular beds of arkosic
sandstone. The sandstone is weakly cemented by calcite cement. Because of difficulties identifying
mappable boundaries between the Wahweap and Kaiparowits Formations in the Alton Quadrangle,
the formations were mapped as an undivided unit (Tilton, 2001). The total thickness of the
Wahweap and Kaiparowits Formations in the Alton Quadrangle ranges from about 600 to 800 feet.

Claron Formation (Tertiary)

The Claron Formation (also sometimes known as the Wasatch Formation, although the Utah
Geological Survey uses the name Claron Formation) forms the cap rock over much of the
Paunsaugunt Plateau. The formation is also present west of the Sevier Fault Zone west and north of
the town of Alton. The unit is subdivided into a lower pink (also known as red) member and an
upper white member, both consisting mostly of massive, fine-grained crystalline limestone of
fluvial and lacustrine origin. Resistance to erosion varies both vertically and horizontally in the
Claron Formation, resulting in a series of cliffs and steep joints. This condition, together with the
presence of closely spaced joints, produces the unique topography associated with the Claron
Formation. The Claron Formation is about 800 thick in the Alton Quadrangle. Also mapped
together with the Claron Formation in the Alton Quadrangle is the Cretaceous Canaan Peak
Formation. The Canaan Peak is a thin, discontinuous formation consisting primarily of
conglomerate and conglomeratic sandstone with some mudstone interbeds sometimes present at the
base of the Claron Formation. Thickness ofthe Canaan Peak Formation locally ranges from 0 to 30
feet.

Brian Head Formation (Tertiary)

The Brian Head Formation consists of interbedded pink and purplish-gray very fine-grained
sandstone, friable sandstone, conglomerate, siltstone, mudstone, and limey mudstone in its lower
part, and gray to white, fine- to medium-grained sandstone and calcarenite, in part with a
volcanically derived clay matrix. The formation includes rocks present above the underlying white
member of the Claron Formation and the overlying ash-flow tuff of the Needles Range Group. The
unit is not resistant to erosion and has been eroded away from the top of the Paunsaugunt Plateau in
the Alton Quadrangle. The formation is present in the rugged hills west of the Sevier Fault zone
near the town of Alton. The unit is about 200 feet thick in the Alton Quadrangle.

Quaternary Deposits

Quaternary deposits present in the area include pediment alluvium, landslide deposits, mass-wasting
debris, and alluvium.
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The pediment alluvium deposits in the region consist ofpoorly sorted alluvial and colluvial silt,
sand, and gravel deposited on broad pediments. After deposition, the pediment surfaces were
abandoned as streams have cut down to lower levels.

Landslide deposits in the area are primarily gravity-transported hummocky deposits ofmud, sand,
and occasional blocks of sandstone. Most of the landslide deposits originated from the lower
portion of the Straight Cliffs Formation and slid onto the underlying Tropic Shale, although
movement within the Tropic Shale has also occurred. A conspicuous series of progressively built
landslide deposits is present east of the Alton Amphitheater as a broad, rolling apron below the
lowest cliffs of the Straight Cliffs Formation. The thickness of the landslide deposits locally ranges
from a few feet to more than 100 feet.

Alluvium deposits in the region consist of unconsolidated clay, silt, sand, and gravel in and near
existing drainages. These deposits exist as stream and fan alluvium and terrace deposits. In the
headwaters of the mountain streams, the alluvial material consists predominantly of sand and gravel.
In downstream areas, the alluvial material consists mostly of mud derived from the Tropic Shale.
Alluvial thickness in the Alton Quadrangle typically ranges from a thin covering to about 10 feet or
more.

In the Sink Valley and Lower Robinson Creek drainages near the proposed Coal Hollow Mine
permit area, drilling information indicates that alluvial thicknesses are in some locations
considerably greater. Alluvial thicknesses measured in the permit and adjacent area range from a
thin veneer overlying bedrock formation in many areas to at least 140 feet in thickness along the
eastern margins of Sink Valley (see Drawing 6-3). Much of the land surface in the proposed Coal
Hollow Mine permit area consists of fan alluvium (mostly composed of clays, silts, and fine-grained
sands) derived largely from the highly erodable Tropic Shale in adjacent highland areas east of the
proposed permit area. Field investigations suggest that these fan deposits are associated with
sheetfloods, debris flows and mud flows. Additional geologic information on alluvial deposition in
the proposed Coal Hollow Mine permit and adjacent area is presented in Appendix 7-1.

An igneous dike consisting of black, fine-grained porphyritic olivine basalt is present northeast of
Alton near Kanab Creek.

Structure

Rock strata in the region dip gently toward the north and north-east, generally from 1 to 5 degrees.
The Alton Coal Field is bounded on the east by the Paunsaugunt Fault and on the west by the Sevier
Fault. Regional displacements on these two faults are about 1,000 to 2,000 feet, and 100 to 800
feet, respectively. Additionally, several faults with lesser displacements have been mapped in the
region, including the Sand Pass Fault zone (about 400 feet of offset), the Bald Knoll Fault (about
650 feet of offset), and the Sink Valley Fault (likely a few tens of feet of offset). Most local faults
in the Alton Quadrangle trend in a northerly or north-westerly direction, are several miles long, and
are near vertical. A prominent north- to northwest-trending vertical joint set is present in the Upper
Cretaceous sandstone rocks in the region. Stratal dips vary appreciably near the fault zones.
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The Sink Valley Fault extends in a roughly north-south direction through the proposed Coal Hollow
Mine pennit area from upland areas north of the pennit area southward through the central part of
the proposed pennit area subsequently further south near the eastern edge of the proposed pennit
area (Drawing 6-1; Appendix 6-3; Drawing 6-2). The fault has down-dropped the strata on the west
side of the fault (Appendix 6-3). The offset on the Sink Valley Fault is not known precisely,
however based on drilling infonnation from the proposed pennit and adjacent area it is apparent that
offset on the fault in the vicinity of the proposed Coal Hollow Mine pennit area is a few lOs of feet
or less.

Description of Coal Seam Geology

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Fonnation, and in the Dakota Fonnation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Fonnation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper fonnational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Fonnation. Doelling (1972) reported that the Smirl coal
zone is 14 to 18 feet thick without splits, while the Bald Knoll coal zone contains several coal seams
separated by thin splits, with the thickest seam being 4.8 feet thick. Doelling (1972) reports that
coal in the Alton area is a high-volatile Bituminous coal. Additional infonnation on coal quality is
presented in Appendix 6-1 (confidential binder).

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Fonnation, and in the Dakota Fonnation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Fonnation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper fonnational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Formation.

Within the Alton Quadrangle, five small mines and two prospects have been worked. Production
from these mines was small, with a total production from all mines of 35,000 and 50,000 tons from
the late 1920s to 1969, when the last mine closed. The last operating mine in the Alton Coal Field
was the Smirl Mine, which was located about 1.5 miles south of the town of Alton. In its last year
of operation, a total of 1,597 tons of coal was produced. The Smirl Mine portal was sealed by the
Utah Division of Oil, Gas and Mining in 1992.

Groundwater

The depositional history of geologic fonnations in the proposed pennit and adjacent area has
resulted in a heterogeneous sequence of rocks that have a profound effect on the movement and
availability of groundwater. The stratigraphic package located in the upland regions along the
Paunsaugunt Plateau lies well beyond the zone that could potentially be impacted by mining
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operations in the proposed Coal Hollow Mine permit area. With the exception of the Navajo
Sandstone, the rock formations present along the flanks of the Paunsaugunt Plateau area are
typically lenticular in nature. Although aquifer-quality rocks may be present in lenses within
individual geologic formations, the fact that the lenses are discontinuous in their extent and are
typically encased in a surrounding low-permeability matrix, regional type groundwater flow
regimes typically do not form. Additionally, because the geologic formations in the Paunsaugunt
Plateau overlying the Tropic Shale are truncated by the plateau escarpment, long, regional type
groundwater flow paths typically cannot exist in the proposed permit area. In the immediate
vicinity of the proposed Coal Hollow Mine permit and adjacent area, the only bedrock formations
that crop out are the Tropic Shale and underlying Dakota Formation. The Windsor Member of the
Carmel Formation also crops out at the surface about one mile southwest of the proposed permit
area. The water-transmitting properties of the lower portion of the marine Tropic Shale unit that
overlies the Smirl coal seam in areas proposed for mining are poor.

Lithologic data collected during continuous core drilling in the Tropic Shale indicate that the rocks
of the Tropic Shale in the proposed mining area are composed almost entirely of a fairly uniform
sequence of dark gray shale, silty shale, and claystone with high clay content. No appreciable water
was encountered during drilling activities in the Tropic Shale in the proposed mining areas and no
appreciable spring discharge from formation has been observed. The Tropic Shale in the proposed
permit area is underlain by the Dakota Formation, which crops out in the western portion of the
proposed permit area and in the bottoms of the Kanab Creek drainage (Drawing 6-1; Appendix 6-3).
Vertical recharge to the Dakota Formation through the overlying Tropic Shale is likely negligible
due to the poor groundwater transmitting properties of the Tropic Shale discussed above. In
addition to the lack of vertical recharge to the Dakota Formation, vertical and horizontal
groundwater flow in the formation is impeded because of the abundant presence of low
permeability shaley strata that encase potentially permeable lenticular sandstone strata both
vertically and horizontally. Consequently, the potential for the transmission of appreciable
quantities of groundwater through the formation is limited (i.e., it is not a good aquifer).
Consequently, groundwater discharge from the rocks of the Dakota Formation in the proposed
permit area is not appreciable. Because vertical recharge to the Dakota Formation from the Tropic
Shale is minimal, the removal of the Tropic Shale from above the Dakota Formation during mining
operations followed shortly thereafter by the backfilling and reclamation of mine pits with low
permeability materials would likely not detrimentally impact groundwater systems in the Dakota
Formation (i.e., the post-mining conditions will be similar to the pre-mining conditions) .

Shallow groundwater systems have been identified in alluvial sediments in the proposed Coal
Hollow Mine permit and adjacent area, most notably in Sink Valley. These shallow alluvial
groundwater systems exist in much of Sink Valley and in some locations in the Lower Robinson
Creek drainage. The alluvial groundwater systems are likely recharged along the flanks of the
Paunsaugunt Plateau through mountain-front-recharge processes. Groundwater flow directions in
these alluvial groundwater systems is generally from recharge areas east of the proposed permit area
toward lower elevation areas to the west and south. In most locations near the proposed Coal
Hollow Mine permit area, the alluvial groundw·ater systems are directly underlain by the low
permeability Tropic Shale bedrock, which likely prevents appreciable downward migration of the
alluvial groundwater into deeper formations. Additional information on groundwater resources in
the proposed Coal Hollow Mine permit and adjacent area is provided in Chapter 7 of this MRP and
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624.110

624.120

624.130

Cross Sections, Maps, Plans.

Information for this section is found in R645-301-624.200, R645-301-624.300 and
R645-301-625.

Geologic Literature and Practices

No acid-forming or toxic-forming strata are present in strata overlying or in the stratum immediately
below the Smirl coal seam in planned mining areas in the proposed Coal Hollow Mine permit area.

•

•

The geologic literature utilized in preparing R645-30 1-600 is listed in the reference list presented at
the end of this chapter.

Additional geologic data were collected during field investigations conducted by qualified
personnel. Geologic analysis and geologic interpretations were performed by a registered
professional geologist in the State ofUtah. All practices and procedures for obtaining geologic
information have been standard for the industry.

624.200
Samples have been collected and analyzed from test borings in the proposed permit area. The
samples were collected from fresh, unweathered, uncontaminated drill cores. The samples were
collected and analyzed from the ground surface down to and including the first stratum immediately
below the Smirl coal zone to be mined. The laboratory analytical parameters analyzed were
comprehensive and as recommended by the Division of Oil, Gas and Mining. Results of the
analyses are presented in Appendix 6-2. Additional information regarding the physical and
chemical characteristics of the Smirl coal zone to be mined are presented in Appendix 6-1
(confidential binder).

624.210
Geologic logs were prepared that show the lithologic characteristics including physical properties
and thickness of each stratum and locations of groundwater where occurring. The well logs are
presented in Appendix 6-1. Cross-sections prepared from geologic logs of drillholes in the
proposed permit and adjacent area are provided in Drawing 6-3. Additional geologic logs are
presented in Appendix 5-1 and Appendix 7-4. Additional lithologic characterization is provided in
Appendix 7-1.

624.220
Chemical analyses of strata overlying and immediately below the Smirl coal zone for acid- or toxic
forming materials are presented in Appendix 6-2.

Chemical information on the acid- and toxic-forming potential of earth materials naturally
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present in the proposed permit area are presented in Appendix 6-2. Chemical information on the
low-sulfur Snlirl coal zone proposed for mining is presented in Appendix 6-1 (confidential
binder). Based on laboratory analytical data, it is apparent that acid-forming and toxic-forming
materials that could result in the contamination of surface-water or groundwater supplies in the
proposed Coal Hollow Mine permit and adjacent area are generally not present.

Selenium was not detected in any of the samples from the proposed Coal Hollow Mine permit
area. Likewise, concentrations of water-extractable boron were also low, being less than 3
mglkg in all samples analyzed. The pH of groundwaters in and around the proposed Coal
Hollow Mine permit area are moderately alkaline. Data in Appendix 6-2 likewise indicate
moderately alkaline conditions in sediments in the proposed permit area. The solubility of
dissolved trace metals is usually limited in waters with alkaline pH conditions. Consequently,
high concentrations of these metal constituents in groundwaters and surface waters with elevated
pH levels are not anticipated.

The neutralization potential greatly exceeded the acid potential in all samples analyzed, with the
neutralization potential commonly exceeding the acid potential by many times, suggesting that
acid-mine-drainage will not be a concern at the proposed Coal Hollow Mine. Acid-forming
materials in western coal mine environments often consist of sulfide minerals, commonly
including pyrite and marcasite, which, when exposed to air and water, are oxidized causing the
liberation ofH+ ions (acid) into the water. Oxidation of sulfide minerals may occur in limited
amounts in the mine pits where oxygenated water encounters sulfide minerals. However, the acid
produced by pyrite oxidation is quickly consumed by dissolution of abundant, naturally
occurring carbonate minerals (Appendix 6-2). Dissolved iron is readily precipitated as iron
hydroxide in well aerated waters, and consequently excess iron is not anticipated in mine
discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in significant
concentrations nor are such suspected to exist in materials to be disturbed by mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the mine
workings (primarily the shales and claystones of the lower Tropic Shale), the potential for
seepage of mine water into adjacent stratigraphic horizons is low. Additionally, because the
floors of the mine pits need to be accessible in order to extract the coal, the mining operations
will be carried out in such a manner that the accumulation of large amounts of water in the mine
pits will be avoided.

Based on the information in Appendix 6-2 there is no indication that appreciable potential for acid
or toxic formation is present.

It is anticipated that coal produced from the proposed Coal Hollow Mine permit area will be
shipped as a mine-run product. Thus, no coal processing wastes are anticipated.

624.230
Chemical analyses of the Smirl coal seam for acid- or toxic-fonning materials including total sulfur

!

Chapter 6 6-18 8/27/2009
OCT 15 2009

of OiL Gas & Mining



•

•

•

and pyritic sulfur are presented in Appendix 6-1 (confidential binder).

624.300
The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.

627 OVERBURDEN THICKNESS AND LITHOLOGY

The planned mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities.

Overburden in planned mining areas in the proposed Coal Hollow Mine permit area consists of the
following.

Alluvium

Alluvial sediments are present at the surface in most areas proposed for mining. These sediments
consist primarily of clays, silts, and fine-grained sands. The thickness of the alluvium in proposed
mining areas ranges from a thin veneer to about 50 feet. The alluvial sediments in most areas are
not well sorted and are derived largely from weathering of the Tropic Shale in adjacent upland
areas.

Tropic Shale

In all proposed mining areas, the lower portion of the Tropic Shale overlies the Dakota Formation
Smirl coal zone to be mined. The thickness of the Tropic Shale overlying the coal seam in proposed
mining areas ranges from a few feet up to about 200 feet. The lower Tropic Shale consists
predominantly of soft shales, silty shales, and claystones, with occasional thin layers of siltstone and
bentonite-like clay layers up to about 1 foot in thickness. Strong, competent rock strata were not
encountered in exploration boreholes drilled during 2005 in the proposed Coal Hollow Mine permit
area. Well logs graphically depicting this information are presented in Appendix 6-1. Cross
sections prepared from geologic logs of drillholes in the proposed permit and adjacent area are
provided in Drawing 6-3. Additional geologic logs are presented in Appendix 5-1 and Appendix 7
4. Additional lithologic characterization is provided in Appendix 7-1.

630 OPERATION PLAN

631 PLAN FOR CASING AND SEALING EXPLORATION HOLES
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• Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If any exploration boreholes are to be used as monitoring wells or water wells, these will meet the
provisions ofR645-301-731

•

•

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow Mine
permit and adjacent area, including exploration holes and boreholes used for water wells or
monitoring wells, will be designed to prevent contamination of groundwater and surface-water
resources and to protect the hydrologic balance. A diagram depicting typical monitoring well
construction methods is shown in Drawing 7-11. Monitoring wells will include a protective
hydraulic seal immediately above the screened interval, an annular seal plugging the borehole
above the hydraulic seal to near the ground surface, and a concrete surface seal extending from
the top of the hydraulic seal to the ground surface which is sloped away from the well casing to
prevent the entrance of surface flows into the borehole area. Well casings will protrude above the
ground surface a sufficient height so as to minimize the potential for the entrance of surface water or
other material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential for
damage to monitoring wells, the wells will be protected through the use of barricades, fences, or
other protective devices. These protective devices will be periodically inspected and maintained
in good operating conditions. Monitoring wells will be locked in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding of no
adverse environmental or health and safety effects, or unless approved for transfer as a water well
under R645-301-731.100 through R645-301-731.522 and R645-301-73 1.800, each well will be
capped, sealed, backfilled, or otherwise properly managed, as required by the Division in
accordance with R645-301-529.400, R645-301-631.100, and R645-301-748. Permanent closure
measures will be designed to prevent access to the mine workings by people, livestock, fish and
wildlife, machinery and to keep acid or other toxic drainage from entering ground or surface waters.

Permanent closure and abandonment ofwater wells greater than 30 feet in depth will be in
accordance with the requirements of "Administrative Rules for Water Well Drillers", State ofUtah,
Division of Water Rights or other applicable state regulations. Abandonment ofwells will be
performed by a licensed water well driller. The wells to be abandoned will be completely filled
using neat cement grout, sand cement grout, unhydrated bentonite, or bentonite grout, or other
materials approved by the Utah State Engineer's office. Alternatively, the well may be abandoned
using a different procedure upon approval from the Utah State Engineer's office.

Abandonment materials will be introduced at the bottom of the well or required sealing interval and
placed progressively upward to the top of the well. The casing will be severed a minimum of 2 feet
below the ground surface. A minimum of2 feet ofcompacted native material w'ill be placed above
the abandoned well upon completion.
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Within 30 days of the completion of well abandonnlent procedures, a report will be submitted to the
State Engineer by the responsible licensed driller giving data related to the abandonment of the well.
This shall include the name of the licensed driller or other person(s) performing abandonment
procedures, name of well owner at the time of abandonment, the address or location of the well by
section, township, and range, abandonment materials and equipment used, water right or file
number covering the w'ell, the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination ofwater resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety ofpeople, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently closed
unless otherwise managed in a manner approved by the Division.

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other materials
approved by the Division as necessary to prevent contamination of groundwater or surface-water
resources or to protect the prevailing hydrologic balance. The upper approximately 1 foot will be
backfilled with native materials to facilitate reclamation (see Drawing 6-11). Exploration holes and
boreholes that may be uncovered during mining and reclamation activities will be permanently
closed unless approved for water monitoring or otherwise managed in a manner approved by the
Division.

632 SUBSIDENCE MONITORING

The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.
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640 PERFORMANCE STANDARDS

641 ALL EXPLORATION HOLES AND BOREHOLES

All exploration holes and boreholes will be permanently cased and sealed according to the
requirements of R645-301-631.1 00 and R645-30 1-631.200.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If any exploration boreholes are to be used as monitoring wells or water wells, these will meet the
provisions ofR645-301-731

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow Mine
permit and adjacent area, including exploration holes and boreholes used for water wells or
monitoring wells, will be designed to prevent contamination of groundwater and surface-water
resources and to protect the hydrologic balance. A diagram depicting typical monitoring well
construction methods is shown in Drawing 7-11. Monitoring wells will include a protective
hydraulic seal immediately above the screened interval, an annular seal plugging the borehole
above the hydraulic seal to near the ground surface, and a concrete surface seal extending from
the top of the hydraulic seal to the ground surface which is sloped away from the well casing to
prevent the entrance of surface flows into the borehole area. Well casings will protrude above the
ground surface a sufficient height so as to minimize the potential for the entrance of surface water or
other material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential for
damage to monitoring wells, the wells will be protected through the use of barricades, fences, or
other protective devices. These protective devices will be periodically inspected and maintained
in good operating conditions. Monitoring wells will be locked in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding of no
adverse environmental or health and safety effects, or unless approved for transfer as a water well
under R645-301-731.100 through R645-301-731.522 and R645-301-731.800, each well will be
capped, sealed, backfilled, or otherwise properly managed, as required by the Division in
accordance with R645-301-529.400, R645-301-631.100, and R645-301-748. Permanent closure
measures will be designed to prevent access to the mine workings by people, livestock, fish and
wildlife, machinery and to keep acid or other toxic drainage from entering ground or surface waters.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance "vith the requirements of ""Administrative Rules for Water Well Drillers", State ofUtah,
Division of Water Rights or other applicable state regulations. Abandonment of wells will be
performed by a licensed water well driller. The wells to be abandoned will be completely filled
using neat cement grout, sand cement grout, unhydrated bentonite, or bentonite grout, or other
materials approved by the Utah State Engineer's office. Alternatively, the well may be abandol1f:l\:l(;CFPC;Fl;ATED
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using a different procedure upon approval from the Utah State Engineer's office.

Abandonment materials will be introduced at the bottom of the well or required sealing interval and
placed progressively upward to the top of the well. The casing will be severed a minimum of2 feet
below the ground surface. A minimum of 2 feet of compacted native material will be placed above
the abandoned well upon completion.

Within 30 days of the completion ofwell abandonment procedures, a report will be submitted to the
State Engineer by the responsible licensed driller giving data related to the abandonment of the well.
This shall include the name of the licensed driller or other person(s) performing abandonment
procedures, name of well owner at the time of abandonment, the address or location of the well by
section, township, and range, abandonment nlaterials and equipment used, water right or file
number covering the well, the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination ofwater resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently closed
unless otherwise managed in a manner approved by the Division.

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other materials
approved by the Division as necessary to prevent contamination of groundwater or surface-water
resources or to protect the prevailing hydrologic balance. The upper approximately 1 foot will be
backfilled with native materials to facilitate reclamation (see Drawing 6-11). Exploration holes and
boreholes that may be uncovered during mining and reclamation activities will be permanently
closed unless approved for water monitoring or otherwise managed in a manner approved by the
Division.

642 MONUMENTS AND SURFACE MARKERS

All monuments and surface markers used as subsidence monitoring points and identified under
R645-301-632.200 will be reclaimed in accordance with R645-301-521.210.
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Table 6-1 Drill hole
information.

• •
Drill hole number Land coordinates Collar elevation Total depth of Overburden Elevation of Coal seam Cored interval Plugged

hole thickness top of coal thickness, (feet) interval
UTM Z12 NAD 27 (feet) (feet) (feet) seam (feet) Smirl zone (feet)
(easting, northing) (feet)

CH-OI-05 4139959,371167 6863 80 59.2 6803.8 13.8 40-80 0-80
CH-03-05 4139608, 370977 6855 63.5 46 6809 15 41-63.5 0-63.5
CH-05-05 4139608,371651 6927 175 154.7 6772.3 16.8 40-175 0-175
CH-06-05 4138401,371434 6853 83.5 62.3 6790.7 17.2 40-83.5 0-83.5
CH-7 4139552,371358 6881.4 46 --- --- --- --- 0-46
CH-8 4139015,371348 6860.2 103 83.8 6776.4 17.2 --- 0-103
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APPENDIX 6-2

Acid- and Toxic-Forming Information

and

Preliminary Radiation Assessment

OCT 15 2009

Dlv, of Oll, Gas & Mining



•

•

•

Appendix 6-2
Data Gathering Summary

This appendix contains the results ofphysical and chemical laboratory acid- and toxic
forming analysis of samples collected in the Coal Hollow Project area. The laboratory
analyses were performed by Energy Laboratories, Inc. of Billings, Montana. The
comprehensive list of laboratory analytical parameters was developed in consultation
with the Utah Division of Oil, Gas and Mining. Sample identifications, laboratory
sample numbers, sample intervals and types, and lithologic descriptions of samples are
presented in the summary table in this appendix. Sample locations are shown in the
location map in this appendix.

Sediment, bedrock, and coal samples were collected from several locations within the
project area for analysis of acid- and toxic-forming potential. A sample of coal from the
Smirl Coal Zone was collected from an outcrop in the Lower Robinson Creek drainage.
The other samples were collected from the drill hole locations shown on the location map
in this appendix. Samples at the drill hole locations were collected using various
techniques (as detailed in the summary table in this appendix) including core composite
samples, drill cutting grab samples, and grab samples from track-hoe pit excavations.

Drill holes CH-OI-05, CH-03-05, CH-05-05, and CH-06-05 were drilled during the 2005
drilling program. Drill hole CH-02-05 was a planned coal exploration hole located outside
the proposed mining areas that was drilled at a later time. Due to drilling complications,
drill hole CH-02-05 could not be advanced to the coal seam and, subsequently, was
abandoned. Drill hole CH-04-05 was permitted in 2005, but was not drilled. This
exploration drilling program was designed primarily for the purposes of determining coal
thicknesses and for obtaining samples for coal quality and geotechnical analysis. As a
secondary purpose, samples were collected for acid- and toxic-forming chemical analysis.
In these holes, the upper approximately 40 feet of the hole was drilled using auger
drilling techniques. Representative grab samples of the shallow sediments were collected
from the strata encountered in the holes and selected samples were sent for physical and
chemical acid- and toxic-forming analysis. Composite samples of the cored intervals
were prepared from 10-foot depth intervals and selected composite samples were sent to
the laboratory for physical and chemical acid- and toxic-forming analysis.

In December 2007, a drilling program was implemented for the purpose of obtaining
additional samples for acid- and toxic-forming laboratory analysis and for obtaining
additional geologic information from the overburden strata. The December 2007 holes
included CH-07 and CH-08. Drill hole CH-07, which was drilled using auger and air
rotary drilling techniques, was drilled to a depth of 46 feet within the Tropic Shale.
Limitations in the drilling technique combined with geologic conditions prohibited
drilling to deeper depths in CH-07. Drill Hole CH-08 was drilled using auger, air-rotary,
and core drilling techniques. CH-08 was drilled through the overburden and Smirl Zone
coal seam and into the Dakota Formation underburden to a depth of 103 feet. Composite
samples from both of these drill holes were prepared and sent to the laboratory for
physical and chemical acid-and toxic-forming analysis. !NCOHPORATED
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Appendix 6-2
Sample identification table for acid and toxic forming laboratory analyses (Energy Laboratories laboratory reports)

Sample 10 Lab 10
~1t~5-15E~re eOmtJOSa._mpl
Box 1 CH-5 Overburden B06030458-001
Box 2 CH-5 Overburden B06030458-002
Box 3 CH-5 Overburden B06030458-003
Box 4 CH-5 Overburden B06030458-004
Box 5 CH-5 Overburden B06030458-005
Box 6 CH-5 Overburden B06030458-006
Box 7 CH-5 Overburden B06030458-007
Box 8 CH-5 Overburden B06030458-008
Box 9 CH-5 Overburden B06030458-009
Box 10 CH-5 Overburden B06030458-010
Box 13 CH-5 Below B06030458-011

CH 3 Below Underburden B06030458-012

CH-01-05 6 ft B07041015-002
CH-01-05, 9-10 ft B07041 015-003
CH-01-05, 12 ft B07041 015-004
CH-01-05, 12-13 ft B07041 015-005
CH-01-05, 16 ft B07041015-006
CH-01-05, 30 ft B07041 015-007
CH-01-05, 50 ft B07041 015-023

l.I·!9·:....:.::.•1
CH-03-05, 0-3 ft B07041 015-008
CH-03-05, 3-6 ft B07041 015-009
CH-03-05, 9 ft B07041 015-01 0

CH-05-05, 3 ft B07041015-013
CH-05-05, 9-10 ft B07041015-014
CH-05-05, 14 ft B07041015-015

CH-06-05, 5-10 ft B07041015-018
CH-06-05, 10ft B07041015-019
CH-06-05, 20 ft B07041015-020
CH-06-05, 35-40 ft B07041015-021

a CHdJ6-05, 42-49 ft B07041 015-022
?2: CHa-05, 49.5-59.5 ft B07110830-001

8. o CHqj~-05, 59.5-62.3 ft B07110830-002
(""") r B07110830-003C) -t CH~~-05, 79.5-83.5 ft

G) - ''\i
s:~ c..n c:)
(J) JJI'.>Qo c:::> 'y","

s: c:::> ::;
<.0 m5'

S' CJ
to

Sample location and type

CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core composite sample
CH-05-05 core comoosite sample

CH-03-05 core composite sample
CH-03-05 core composite sample

CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttings grab sample
CH-01-05 cuttinas grab sample

CH-03-05 cuttings grab sample
CH-03-05 cuttings grab sample
CH-03-05 cuttings grab sample
CH-03-05 cuttinas arab samole

CH-05-05 excavation grab sample
CH-05-05 excavation grab sample
CH-05-05 excavation grab sample
CH-05-05 excavation grab sample
CH-05-05 excavation arab samole

CH-06-05 cuttings grab sample
CH-06-05 cuttings grab sample
CH-06-05 cuttings grab sample
CH-06-05 cuttings grab sample
CH-06-05 cuttings grab sample
CH-06-05 cuttings grab sample

CH-06-05 core composite sample
CH-06-05 core composite sample
CH-06-05 core composite sample

Stratinraphic interval of sample

Tropic shale; 94.3 to 104.3 feet above base
Tropic Shale; 84.3 to 94.3 feet above base
Tropic Shale; 74.3 to 84.3 feet above base
Tropic Shale; 68.3 to 74.3 feet above base
Tropic Shale; 54.3 to 63.8 feet above base
Tropic Shale; 44.3 to 54.3 feet above base
Tropic Shale; 34.3 to 44.3 feet above base
Tropic 21.8 to 34.3 feet above base
Tropic Shale; 10.9 to 21.8 feet above base
Tropic Shale; base to 10.9 feet above base
Dakota Formation, beneath smirl coal seam

Dakota Formation, beneath smirl coal seam
Tropic Shale; Base to 4.5 feet above base

Lower Robinson Creek Alluvium, 3 ft. bgs
Lower Robinson Creek Alluvium, 6 ft. bgs
Lower Robinson Creek Alluvium, 9-10 ft. bgs
Lower Robinson Creek Alluvium, 12 ft. bgs
Lower Robinson Creek Alluvium, 12-13 ft. bgs
Lower Robinson Creek Alluvium, 3 ft. bgs
Lower Robinson Creek Alluvium, 30 ft. bgs
Lower Robinson Creek Alluvium, 50 ft. bgs

Lower Robinson Creek Alluvium, 0-3 ft. bgs
Lower Robinson Creek Alluvium, 3-6 ft. bgs
Lower Robinson Creek Alluvium, 9 ft. bgs
Lower Robinson Creek Alluvium, 16 ft. bas

Sink Valley Alluvium, W of fault, 0-1 ft. bgs
Sink Valley Alluvium, 3 ft. bgs
Sink Valley Alluvium, 9-10 ft. bgs
Sink Valley Alluvium, 14 ft. bgs
Sink Vallev Alluvium, 19 ft. bas

Sink Valley Alluvium, 0-3 ft. bgs
Sink Valley Alluvium, 5-10 ft. bgs
Sink Valley Alluvium, 10ft. bgs
Sink Valley Alluvium, 20 ft. bgs
Sink Valley Alluvium, 35-40 ft. bgs
Sink Valley Alluvium, 42-49 ft. bgs
Tropic Shale, 2.8 ft. above base
Tropic Shale, base to 2.8 ft above base
Dakota Formation, beneath smirl coal seam

Carbonaceous shale/clayst., minor shaley siltst.
Carbonaceous shale/claystone
Carbonaceous shale/claystone
Carbonaceous shale/claystone
Siltstone, bentonite, carbonaceous shale/clayst.
Carbonaceous shale/claystone, siltstone
Carbonaceous shale/claystone, siltstone
Carbonaceous shale/clayst., bentonite, minor 1st.
Carbonaceous shale/claystone, bentonite
Carbonaceous shale/claystone, minor siltstone
Siltstone, carbonaceous shale

Silty shale (immediately below coal)
Carbonaceous shale

Brown clayey soil
Brown clayey soil
grayish brown silty clay alluvium
grayish brown silty clay alluvium
grayish brown silty clay alluvium
grayish brown silty clay alluvium
grayish brown silty clay alluvium
Dark gray clay alluvium

silty, clayey soil, brown
silty, clayey soil, brown
Silty sand and cobbles, alluvium, reddish
Clay, silt, alluvium
Tiaht clay, alluvium

Hard, clayey soil
Silty, sandy clay alluvium
Silty, sandy clay alluvium
Clay, grayish green to grayish brown, alluvium
Clay, grayish green to grayish brown, alluvium
Silty clay, bluish gray, alluvium
Carbanaceous shale
Clayey siltstone, dark gray, mottled
Clayey siltstone, Organic siltstone/shale
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CH-08 Coal Composite B07120636-001
CH-01-05 Coal Grab Sample B07120524-001
CH-03-05 Coal Composite B07120636-003
Robinson Creek Outcrop Coal B07120636-004

Clayey silt and clayey, silty soil, brown/reddish brown
Clayey silt, brown and brownish gray
Clayey silt, brownish gray
Silty clay, dark gray and greenish gray
Silty claystone, dark gray
Silty Claystone, dark gray

Clayey silt and very-fine-grained sand, brown
Silty fine-grained sand, sandstone cobble, yellowish brown
Clayey silt and silty fine-grained sand, grayish brown
Silty clay, minor fine-grained sand,bluish gray
Silty clay, minor fine-grained sand, yellowish brown
Claystone and silty claystone, brownish gray
Claystone and silty claystone, gray and greenish gray
Claystone and silty claystone, gray and greenish gray
Claystone and silty claystone, gray and greenish gray
Clayey siltstone, dark gray to black
Organic-rich siltstone/very-fine-grained sandstone, gray
Silty claystone/siltstone, gray

Black bituminous coal
Black bituminous coal
Black bituminous coal
Black bituminous coal

SoillWeathered Tropic Shale, 0-6 ft. bgs
Weathered Tropic Shale, 6-15 ft. bgs
Weathered Tropic Shale, 15-19 ft. bgs
Weathered Tropic Shale, 19-27 ft bgs
Tropic Shale, 65-74 feet above base
Trooic Shale, 55-65 feet above base

Sink Valley Alluvium, 0' to 6'
Sink Valley Alluvium, 6' to 11'
Sink Valley Alluvium, 11' to 20'
Sink Valley Alluvium, 20' to 30'
Sink Valley Alluvium, 30' to 40'
Tropic Shale, 33.8-43.8 feet above base
Tropic Shale, 23.8-33.8 feet above base
Tropic Shale, 13.8-23.8 feet above base
Tropic Shale, 4.6-13.8 feet above base
Tropic Shale 0.6-4.6 feet above base
Tropic Shale, 0-0.6 feet above base
Dakota Formation, 0-2 feet below upper contact

CH-07 cuttings composite sample
CH-07 cuttings composite sample
CH-07 cuttings composite sample
CH-07 cuttings composite sample
CH-07 cuttings composite sample
CH-07 cuttinqs composite samole

CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample
CH-08 cuttings composite sample

CH-08 composite core sample
CH-08 composite core sample

CH-08 cuttinqs comoosite samole

CH-08 core/cuttings composite sample Smirl Coal Zone sample
CH-01-05 coal grab sample Smirl Coal Zone sample
CH-03-05 core grab sample Smirl Coal Zone sample

Outcrop sample in Robinson Creek drainage Smirl Coal Zone sample

B07120398-005
B07120398-006
B07120398-007
B07120398-008
B07120398-009

1
B07120398-012
B07120398-013
B07120398-014
B07120398-015
B07120398-016
B07120398-017
B07120398-018
B07120398-001
B07120398-002
B07120398-003
B07120398-004

CH-07 0 - 6 ft
CH-076 - 15 ft
CH-07 15 - 19 ft
CH-07 19 - 27 ft
CH-07 27 - 36 ft

CH-086 - 11 ft
CH-08 11 - 20 ft
CH-08 20 - 30 ft
CH-08 30 - 40 ft
CH-08 40 - 50 ft
CH-08 50 - 60 ft
CH-08 60 - 70 ft
CH-08 70 - 79 ft
CH-08 79.2 - 82.3 ft
CH-08 82.3 - 83.8 ft
CH-08 101 -103 ft
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ENERGY LASORA TORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample ID: Box I CH-5 Overburden

\ • Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

806030458-00 I

LAHORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

~Iatrix: Soil

~(CLI

Analyses Result Units Qual RL QCL ~Iethod Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 12 % ASA15-5 03/16/0608:321 srm
Silt 53 % ASA15-5 03/16/0608:321 srm
Clay 35 % ASA15-5 03/16/06 08:321 srm
Very Fine Sand 3 wt% ASA15-5 03/30/0609:231 srm
Texture SiCl ASA15-5 03/16/06 08:32 I srm

• C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.60 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13 1srm
Conductivity, sat. paste 3.50 mmhos/cm 0.01 ASA10-3 03/15/06 11 :131 srm
Saturation 99.1 % 0.1 USDA27a 03/15/06 11 :13 1srm
Calcium. sat. paste 1.01 meq/l 0.05 SW6010B 03/15/06 18:151 rlh
Magnesium, sat. paste 0.58 meq/l 0.08 SW6010B 03/15/0618:15/rlh
Potassium, sat. paste 0.32 meq/l 0.03 SW6010B 03/1510618:15/r1h
Sodium, sat. paste 32.9 meq/l 0 0.07 SW6010B 03/15/06 18:151 rth

• Sodium Adsorption Ratio (SAR) 36.9 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID·BASE ACCOUNTING
Neutralization Potential 220 Ukt 1.0 Sobek Modified 03/16/06 16:04 1srm
Acid Potential 12 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid/Base Potential 210 Ukt Sobek Modified 03/16/06 16:041 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 22.0 % 0.1 USDA23c 03/16/06 10:051 srm
Organic Carbon 1.32 wt% 0.02 ASA29-3 03/14/06 14:521 srm
Nitrate as N. KCl Extract ND mg/kg 1 ASA33-8.1 03/15/0613:591 srm

METALS. WATER EXTRACTABLE
Boron 0.8 mg/kg 0.1 SW6010B 03/17/06 03:20 1rlh

METALS. TOTAL· EPA SW846
Arsenic NO mg/kg 5 SW6010B 03/13/06 22:23 1r1h
Barium 53 mg/kg 5 SW6010B 03/13106 22:23 1rlh
Cadmium NO mg/kg 1 SW6010B 03/13/06 22:23 1r1h
Chromium 8 mg/kg 5 SW6010B 03/13/06 22:23 1r1h
Copper 16 mg/kg 5 SW6010B 03/13106 22:23 1r1h
Iron 9820 mg/kg 5 SW6010B 03113106 22:23 1r1h
lead 8 mg/kg 5 SW6010B 03/13106 22:23 1 r1h
Manganese 195 mg/kg 5 SW6010B 03/13106 22:231 r1h
Mercury NO mglkg 1 SW7471A 03115/06 17:22 1jkc
Molybdenum NO mg/kg 5 SW6010B 03/13/06 22:23 1r1h.,port Rl - Analyte reporting limit. MCl - Maximum contaminant level. I"H'oqpnp~TED

iol .~ 't4~J -/-1 ~ 'J..}. ',~,,", ~ ~- r
efinitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

o -Rl increased due to sample matrix interference. OCT 152009

Div. ot' Oi\~ Gas &Mining



ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample ID: Box I CH-5 Overburden

• Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

B06030458-00 1

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

~lCL/

Analyses Result Units Qual RL QCL l\lethod Analysis Date I By

METALS, TOTAL· EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 22:23 / r1h
Silver NO mg/kg 5 SW6010B 03113/06 22:23 1 r1h
Zinc 41 mglkg 5 SW6010B 03/13/06 22:23 1 r1h

•

_ Report
efinitions:

Rl - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCT 15 2009
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ENERGYLABORATORIE~INC. • Po. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com

•Client:

Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development LLC

B07110148-001

Box 1, CH-5 94.3 to 104.3

Report Date: 11/14/07
Collection Date: Not Provided

DateReceived: 11/02/07

Matrix: Solid

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

METALS, WATER EXTRACTABLE
Selenium

•

0.01 mg/kg 0.01 SW6020 11/12/0714:12/sas

Report
.finitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCT 15 2009

Dlv, 01 Oil, Gas &Mining



ENERGY LABORATORIES, INC. ·1120 S 27th Sf· PO Box 30916· Billings, MT 59107-0916
Toll Free 800.735.4489 • 406.252.6325 • FAX 406.252.6069 • eli@energylab.com

Client Sample ID: Box 2 CH-5 Overburden

•Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

B06030458-002

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

MCLI
Analyses Result Units Qual RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 14 % ASA15-5 03/16/0608:321 srm
Silt 56 % ASA15-5 03/16/0608:32/ srm
Clay 30 % ASA15-5 03116/0608:32/ srm
Very Fine Sand 11 wt% ASA15-5 03/30/0609:23/ srm
Texture SiCL ASA15-5 03/16/06 08:321 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.80 S.u. 0.10 ASAM10-3.2 03/15/06 11 :131 srm
Conductivity, sat. paste 2.58 mmhos/cm 0.01 ASA10-3 03115/06 11 :131 srm
Saturation 101 % 0.1 USOA27a 03115/06 11 :13/ srm
Calcium, sat. paste 0.37 meq/L 0.05 SW6010B 03115/06 18:201 r1h
Magnesium, sat. paste 0.11 meq/L 0.08 SW6010B 03/15/06 18:201 r1h
Potassium, sat. paste 0.18 meqll 0.03 SW6010B 03115/06 18:201 r1h
Sodium, sat. paste 23.6 meqll 0 0.07 SW6010B 03/15/06 18:20 1 r1h

• Sodium Adsorption Ratio (SAR) 48.1 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID-BASE ACCOUNTING
Neutralization Potential 210 Ukt 1.0 Sobek Modified 03116/06 16:04/ srm
Acid Potential 13 Ukt 1.0 Sobek Modified 03116/06 16:041 srm
Acid/Base Potential 200 Ukt Sobek Modified 03/16/06 16:04/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
lime as CaC03 21.2 %
Organic Carbon 1.10 wt%
Nitrate as N, KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 1.0 mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mglkg
Barium 52 mg/kg
Cadmium NO mglkg
Chromium 6 mglkg
Copper 12 mglkg
Iron 9000 mg/kg
Lead 9 mg/kg
Manganese 143 mg/kg
Mercury NO mg/kg
Molybdenum NO mglkg

0.1 USDA23c

0.02 ASA29-3

1 ASA33-8.1

0.1 SW6010B

5 SW6010B

5 SW6010B

1 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

1 SIN7471 A

5 SW6010B

03/16/06 10:05/ srm

03/14/06 14:52/ srm

03/15/06 14:00/ srm

03/17/06 03:29/ r1h

03113/06 22:34 1r1h

03/13/06 22:341 r1h

03/13/0622:34/ r1h

03/13106 22:341 r1h

03/13/06 22:34 / r1h

03/13/0622:34/ r1h

03/13/06 22:34/ rlh

03113106 22:341 r1h

03/15/06 17:281 jke

03/13/06 22:34 1 r1h

.-~-:-~:-~-:io-n-s.-. -~-~-~A-_n-;-~:-~~-ty-r:-~-~rt-t:o-7-1i-~-i:-.t.-------------~-~-~-~-~-ta-:-~~-eu-c~-e-:-~n-/ta-h:-i-~e-a;-;rt-I~-:g-el-I~m-i-t.-----;;, ...t"1i':!~·~i'""·~"'t"'rJ"'!""i'";.,FOR,l'{fED

0- RL increased due to sample matrix interference. OCl 15 2009



ENERGY LABORA TORIES, INC. *1120 S 27th St * PO Box 30916· Billings, MT 59107·0916
Toll Free 800.735.4489· 406.252.6325 * FAX 406.252.6069· eli@energylab.com

Client Sample ID: Box 2 CH-5 Overburden

• Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

806030458-002

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

l\'ICL/
Analyses Result Units Qual RL QCL l\'lethod Analysis Date / By

METALS, TOTAL· EPA SW846
Selenium NO mglkg 5 SW6010B 03/13/06 22:34 1rlh
Silver NO mglkg 5 SW6010B 03/13/06 22:34 1rlh
Zinc 38 mg/kg 5 SW6010B 03/13/06 22:341 rlh

•

•

Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO· Not detected at the reporting limit.

OCT 15 2009

of 0\\: Gas & Mining



ENERGYLABORATORIES, INC. • AD. Box 30916 • 1120 South 27th Street. Billings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax • eli@energylab.com

•Client:
Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development LLC

B07110148-002

Box 2, CH-5 84.3 to 94.3

Report Date: 11/14/07

Collection Date: Not Provided
DateReceived: 11/02/07

Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.03 mg/kg

Qualifiers Rl

0.01

MCU
QCl Method

SW6020

Analysis Date I By

11/12/0714:54/5a5

Report
eefinitions:

RL - Analyte reporting limit.

QCl - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

oe11 5 2009



ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916· Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 • FAX 406.252.6069 • eli@energylab.com

Client Sample ID: Box 3 CH-5 Overburden

•Client:

Project:

Lab 10:

Patrick Collins

Coal Hollow

B06030458-003

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

MCL/
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 6 % ASA15-5 03/16/0608:321 srm

Silt 61 % ASA15-5 03/16/0608:321 srm

Clay 33 % ASA15-5 03/16/0608:321 srm

Very Fine Sand 6 wt% ASA15·5 03/30/06 09:23 1srm

Texture SiCL ASA15-5 03/1610608:321 srm
- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 9.30 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13 1srm

Conductivity, sat. paste 1.74 mmhos/cm 0.01 ASA10-3 03/1510611:13/srm

Saturation 144 % 0.1 USOA27a 03/15106 11 :131 srm

Calcium. sat. paste 0.21 meq/L 0.05 SW6010B 03/15/0618:241 rlh

Magnesium, sat. paste NO meq/L 0.08 Swe010B 03115106 18:24/ rlh

Potassium, sat. paste 0.10 meqlL 0.03 SW6010B 03/15/0618:24 I rlh

Sodium. sat. paste 15.9 meq/L 0.04 Swe010B 03/15/06 18:241 rlh

• Sodium Adsorption Ratio (SAR) 43.1 unitless 0.01 Calculation 03/16/06 10:44/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 89 t/kt 1.0 Sobek Modified 03/16/0616:041 srm

Acid Potential 13 t/kt 1.0 Sobek Modified 03/16/06 16:041 srm

Acid/Base Potential 76 t/kt Sobek Modified 03/16/06 16:04 I srm
- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Ume as CaC03

Organic Carbon

Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL· EPA SW846
Arsenic

Barium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Mercury

Molybdenum

8.9

1.18

1

1.4

NO

53

NO

NO

9
8040

9
83
NO

NO

%

wt%
mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.1

0.02

1

0.1

5
5
1
5
5
5
5
5
1
5

US0A23c

ASA29-3

ASA33-8.1

Swe010B

Swe010B

Swe010B

Swe010B

Swe010B

Swe010B

SW6010B

SW6010B

Swe010B

SW7471 A

Swe010B

03/16/06 10:05 / srm

03/14/06 14:52/ srm

03/15/06 14:01/ srm

03/17/06 03:38 1rlh

03113106 22:42 1r1h

03/13/06 22:42 1 r1h

03/13/06 22:42 / r1h

03/1310622:42 I r1h

03/13/06 22:42 I r1h

03113/06 22:42 1r1h

03/13/06 22:42 I r1h

03113/06 22:421 r1h

03/15/06 17:30 I jkc

03/13/06 22:42/ r1h

•

Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCT 15 2009

Div. ot 0\\, Gas ,& Mining'



ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
To" Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eJi@energylab.com

Client Sample ID: Box 3 CH-5 Overburden

•Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

806030458-003

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

~ICU

Analyses Result Units Qual RL QCL Method Analysis Date / By

METALS, TOTAL· EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 22:421 rlh
Silver NO mg/kg 5 SW6010B 03/13/06 22:42 1rth
Zinc 42 mg/kg 5 SW6010B 03/13/0622:421 rth

•

•

Report
, Definitions:

Rl - Analyte reporting limit.

aCl - Quality control limit.
MCl - Maximum contaminant level.

NO· Not detected at the reporting limit.

OCT 15 2009
..., '\ &Ui r 'lf1nn:" ""f On Gas ' l'iillli l~",.,,\{. VI ,



ENERGY LABORATORIES, INC. ·1120 S 27th St· PO Box 30916· Billings, MT 59107.0916
Toll Free 800.735.4489· 406.252.6325· FAX 406.252.6069· eli@energylab.com

• LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-004

Client Sample 10: Box 4 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

~Iatrix: Soil

MCV
Analyses Result Units Qual RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 03/16/06 08:32 I srm
Silt 53 % ASA15-5 03/16/0608:321 srm
Clay 39 % ASA15-5 03/16/06 08:32 I srm
Very Fine Sand 6 wt% ASA15-5 03130/06 09:23 I srm
Texture SiCL ASA15-5 03/16/0608:321 srm

- C = Clay. S = Sand(y). Si = Silt(y). L = Loam(y)

SATURATED PASTE
pH, sat. paste 9.50 S.u. 0.10 ASAM10-3.2 03115/06 11 :131 srm
Conductivity. sat. paste 0.91 mmhos/cm 0.01 ASA10-3 03115/06 11 :13 I srm
Saturation 162 % 0.1 USDA27a 03115/06 11 :131 srm
Calcium, sat. paste 0.10 meq/L 0.05 SW6010B 03/15/0619:051 rth
Magnesium, sat. paste NO meq/L 0.08 SWS010B 03/15/06 19:05 1 rfh
Potassium, sat. paste 0.05 meqll 0.03 SW6010B 03/15/06 19:05 1 rfh
Sodium, sat. paste 8.20 meqll 0.04 SWS010B 03/15/06 19:051 rfh

• Sodium Adsorption Ratio (SAR) 33.4 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID-BASE ACCOUNTING
Neutralization Potential 100 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid Potential 10 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid/Base Potential 95 Ukt Sobek Modified 03/16/06 16:041 srm

- The acid base potential was calculated from non-sulfate sulfur.

0.1 USDA23c 03116/06 10:05 1 srm
0.02 ASA29-3 03114/06 14:521 srm

1 ASA33-8.1 03/15/06 14:01 I srm

0.1 SWS010B 03/17/06 04:15/ r1h

5 SWS010B 03/13/06 22:45 / r1h
5 SWS010B 03/13/06 22:45/ r1h
1 SWS010B 03/13/0622:45/ r1h
5 SWS010B 03113/06 22:45 / rfh
5 Swe010B 03113/06 22:451 r1h
5 SW6010B 03/13/06 22:45 / r1h
5 SWS010B 03/1310622:45/ r1h
5 Swe010B 03/13/06 22:45 / rth
1 SW7471A 03115106 17:331 jke
5 Swe010B 03113/06 22:451 rfh

CHEMICAL CHARACTERISTICS
Lime as CaC03 10.5 %
Organic Carbon 0.96 wt%
Nitrate as N. KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 1.4 mg/kg

METALS, TOTAL· EPA SW846
Arsenic NO mg/kg
Barium 46 mg/kg
Cadmium NO mg/kg
Chromium NO mg/kg
Copper 7 mg/kg
Iron 6480 mglkg
Lead 10 mglkg
Manganese 74 mglkg
Mercury NO mg/kg
Molybdenum NO mglkg

.eport RL - Analyte reporting limit.
efinitions: QCL - Quality control limit.

MeL - Maximum contaminant level.

NO - Not detected at the reporting limit.

oel1 5 2009



ENERGY LABORA TORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

ie LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-004

Client Sample ID: Box 4 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

~(atrix: Soil

•

~(CL/

Analyses Result Units Qual RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Selenium ND mg/kg 5 SW6010B 03113/06 22:45/ r1h
Silver ND mglkg 5 SW6010B 03/13/0622:45/ r1h
Zinc 32 mg/kg 5 SW6010B 03/13/06 22:45/ r1h

•
Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

MCL - Maximum contaminant level.
ND- Not detected at the reporting limit.

OCT 15 2009

,I. ('iI'I' G~·.a5 (~Mining
uIV"



ENERGY LABORATORIES, INC. • AD. Box 30916. 1120 South 27th Street. Billings, MT59107-0916M~!I({fA?
1.::lL..__ ....=1t61 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com'etpAlt'.UII,.

LASaRATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal Development LLC

B07110148-003

Box 4, CH-5 68.3 to 74.3

Report Date: 11/14/07
Collection Date: Not Provided

DateReceived: 11/02/07
Matrix: Solid

Analyses Result Units Qualifiers Rl
MCU
QCL Method Analysis Date I By

METALS, WATER EXTRACTABLE
Selenium

•

0.01 mg/kg 0.01 SW6020 11/12/0715:02/5a5

.port

.finitions:
Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



ENERGY LASORA TORIES, INC. * 1120 S 27th St *PO Sox 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 • 406.252.6325 * FAX 406.252.6069 * eli@energytab.com

LABORATORY ANALYTICAL REPORT•Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-005

Client Sample ID: Box 5 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

l\ICU
Analyses Result Units Qual RL QCL l\lethod Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 18 % ASA15-5 03/16/0608:32/ srm

Silt 47 % ASA15-5 03/16/0608:32/ srm

Clay 35 % ASA15-5 03/16/06 08:32 1srm

Very Fine Sand 8 wt% ASA15-5 03/30/06 09:23 / srm

Texture SiCl ASA15-5 03/16/06 08:32 / srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 9.30 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13/ srm

Conductivity, sat. paste 1.28 mmhos/cm 0.01 ASA10-3 03/15/06 11 :13/ srm

Saturation 144 % 0.1 USOA27a 03/15/06 11:13 / srm

Calcium, sat. paste 0.18 meq/l 0.05 SW6010B 03/15/06 19:09 1 r1h

Magnesium. sat. paste NO meq/l 0.08 SW6010B 03/15/0619:091 r1h

Potassium. sat. paste 0.08 meq/l 0.03 SW6010B 03/15/0619:091 rlh

Sodium. sat. paste 11.6 meq/l 0.04 SW6010B 03/15/06 19:091 r1h•Sodium Adsorption Ratio (SAR) 35.8 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID-BASE ACCOUNTING
Neutralization Potential 160 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm

Acid Potential 9.0 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm

Acid/Base Potential 140 Ukt Sobek Modified 03/16/0616:041 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 15.5 % 0.1 USOA23c 03/16/06 10:051 srm

Organic Carbon 0.86 wt% 0.02 ASA29-3 03/14/06 14:521 srm

Nitrate as N. KCl Extract 1 mg/kg 1 ASA33-8.1 03/15/06 14:021 srm

METALS, WATER EXTRACTABLE
Boron 1.4 mg/kg 0.1 SW6010B 03/17/0604:201 r1h

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 03/13/0622:491 r1h

Barium 55 mg/kg 5 SW6010B 03/13/0622:491 rlh

Cadmium NO mg/kg 1 SW6010B 03/13/06 22:49 1rlh

Chromium NO mg/kg 5 SW6010B 03/13/06 22:49 1 r1h

Copper 7 mglkg 5 SW6010B 03/13/0622:491 r1h

Iron 5730 mg/kg 5 SW6010B 03/13/06 22:49 1 rlh

lead 12 mg/kg 5 SW6010B 03/13/0622:491 r1h

Manganese 825 mg/kg 5 SW6010B 03/13/0622:491 r1h

Mercury NO mglkg 1 SW7471A 03/15/06 17:351 jke

Molybdenum NO mg/kg 5 SW6010B 03/13/06 22:491 rlh

• Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCl - Quality eontrollimit. NO - Not detected at the reporting limit.

Gel' 5 2009

0"; Gas 8l MIning



LABORATORY ANALYTICAL REPORT

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\'latrix: Soil

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-005

Client Sample ID: Box 5 CH-5 Overburden

l\'ICU
Analyses Result Units Qual RL QCL l\'lethod Analysis Date 1By

METALS, TOTAL - EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 22:49 / r1h

Silver NO mg/kg 5 SW6010B 03/13/0622:49/ r1h

Zinc 41 mg/kg 5 SW6010B 03/13/06 22:49/ r1h

•j

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

Mel - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel' 5 2009

or



l ?'."iirMq ENERGYLABORATORIES, INC. -po. Box 30916 • 1120 South 27th Street -Billings, MT59107-0916--=----_.JII 800-735-4489· 406-252-6325 • 406-252-6069 fax - eli@energylab.com'WtBiUa'liUA,

LASORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal Development LLC

B07110148-004

Box 5, CH-5 54.3 to 63.8

Report Date: 11/14/07

Collection Date: Not Provided

DateReceived: 11/02/07

Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.03 mg/kg

Qualifiers RL

0.01

MCU
QCL Method

SW6020

Analysis Date I By

11/12/07 15:09 I sas

.t:port

.finitions:
Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

ND - Not detected at the reporting limit.

OC1 , 5 2009



ENERGY LASORA TORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample ID: Box 6 CH-5 Overburden

•Client:

Project:

Lab 10:

Patrick Collins

Coal Hollow

806030458-006

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

l\ICU
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 03116/06 08:32 / srm

Silt 63 % ASA15-5 03/16/06 08:32/ srm

Clay 29 % ASA15-5 03116/06 08:32/ srm

Very Fine Sand 8 wt% ASA15-5 03/30/06 09:23/ srm

Texture SiCL ASA15-5 03/16/0608:32/ srm

• C =Clay, S =Sand(y). Si =Silt(y), l =Loam(y)

SATURATED PASTE
pH. sat. paste 8.80 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13/ srm

Conductivity, sat. paste 2.87 mmhos/cm 0.01 ASA10-3 03/15/06 11 :13/ srm

Saturation 85.0 % 0.1 USOA27a 03/15/0611:13/ srm

Calcium. sat. paste 0.42 meq/L 0.05 SW6010B 03/15/0619:13/ r1h

Magnesium, sat. paste 0.19 meq/L 0.08 SW6010B 03/15/0619:13/ rlh

Potassium. sat. paste 0.24 meq/L 0.03 SW6010B 03/15/0619:13/ r1h

Sodium. sat. paste 26.8 meq/L 0 0.07 SW6010B 03/15/06 19:13/ rlh

• Sodium Adsorption Ratio (SAR) 48.6 unitless 0.01 Calculation 03/16/06 10:44/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 100 Ukt 1.0 Sobek Modified 03/16/06 16:04/ srm

Acid Potential 11 Ukt 1.0 Sobek Modified 03/16/06 16:04/ srm

Acid/Base Potential 91 Ukt Sobek Modified 03116/0616:04/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Ume as CaC03 10.2 %
Organic Carbon 1.28 wt%
Nitrate as N, KCL Extract NO mg/kg

METALS, WATER EXTRACTABLE
Boron 1.3 mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg
Barium 76 mg/kg
Cadmium NO mglkg
Chromium 11 mg/kg
Copper 14 mg/kg

Iron 7990 mg/kg

Lead 7 mg/kg
Manganese 64 mg/kg
Mercury NO mglkg
Molybdenum NO mg/kg

0.1

0.02

1

0.1

5
5
1

5
5
5
5
5
1
5

USDA23c

ASA29-3

ASA33-8.1

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW7471 A

SW6010B

03/16/06 10:05/ srm

03/14/06 14:52 / srm

03/15/06 14:06/ srm

03/17/0604:24/ r1h

03113/0622:52/ r1h

03/13/06 22:52/ r1h

03/13/0622:52/ r1h

03113/06 22:52 / r1h

0311310622:52/ r1h

03/1310622:52/ r1h

03/13/0622:52/ r1h

03/13/0622:52/ r1h

03/15/0617:41/ jkc

03/13/0622:52/ r1h

•

Report
Definitions:

RL - Analyte reporting limit.

aCL - Quality control limit.

o-RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel' 5 2009
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ENERGY LABORA TORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069· eli@energylab.com

LABOR<\TORY ANALYTICAL REPORT•Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-006

Client Sample ID: Box 6 CH-S Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\tlatrix: Soil

~ICU

Analyses Result Units Qual RL QCL ~lethod Analysis Date / By

METALS, TOTAL - EPA SW846
Selenium NO mg/kg 5 SW6010B 03/1310622:521 rlh

Silver NO mg/kg 5 SW6010B 03/1310622:521 rlh

Zinc 43 mg/kg 5 SW6010B 03/13/06 22:52 1rlh

•

•

Report
Definitions:

RL - Analyte reporting limit.

aCL - Quality control limit.

MCL - Maximum contaminant level.

NO • Not detected at the reporting limit.

OC1 , 5 2009



l~j#fte! ENERGYLABORATORIE5, INC. • PO. Box30916· 1120Soufh27fhSfreef- Billings, MT59107-0916
.....:k. ..:L_.....:6 800-735-4489 - 406-252-6325 - 406-252-6069 fax _ eli@energylab.com'emMltt-klli-

LABORATORY ANALYTICAL REPORT

• Client:
Project:

Lab 10:

Client Sample 10:

Alton Coal Development LLC

B07110148-011

Box 6, CH-5 Overburden

Report Date: 11/14/07

Collection Date: Not Provided

DateReceived: 11/06/07

Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.03 mg/kg

Qualifiers RL

0.01

MCU
QCL Method

SW6020

Analysis Date I By

11/12/0716:34/5a5

Meport
.,efinitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. ·1120 S 27th St· PO Box 30916· Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample 10: Box 7 CH-5 Overburden

•Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

B06030458-007

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

MCLI
Analyses Result Units Qual RL QCL .Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 18 % ASA15-S 03/16/06 08:32/ srm
Silt 57 % ASA15-5 03/16/06 08:32 / srm
Clay 25 % ASA15-5 03116/0608:32/ srm
Very Fine Sand 16 wt% ASA15-5 03/30/06 09:23 / srm
Texture SiL ASA15-5 03116/0608:32/ srm

- C =Clay S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.60 S.u. 0.10 ASAM1Q-3.2 03115/06 11 :13/ srm
Conductivity, sat. paste 3.39 mmhos/cm 0.01 ASA10-3 03/15/06 11:13/ srm
Saturation 72.9 % 0.1 USOA27a 03/15/06 11 :13/ srm
Calcium, sat. paste 0.65 meqlL 0 0,07 SWS010B 03/15/0619:22/ rth
Magnesium, sat. paste 0.34 meq/L 0.08 SWS010B 03/15/06 19:22/ rth
Potassium, sat. paste 0.29 meq/L 0.03 SWS010B 03/15/06 19:22/ rth
Sodium, sat. paste 31.8 meq/L 0 0.07 SW6010B 03/15/06 19:22/ rth

• Sodium Adsorption Ratio (SAR) 45.3 unitless 0.01 Calculation 03116/06 10:44/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 130 Ukt 1.0 Sobek Modified 03/16/06 16:04/ srm
Acid Potential 11 Ukt 1.0 Sobek Modified 03/16/06 16:04/ srm
Acid/Base Potential 120 Ukt Sobek Modified 03116/06 16:04/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 13.4 %
Organic Carbon 0.89 wt%
Nitrate as N, KCL Extract NO mglkg

METALS, WATER EXTRACTABLE
Boron 1.1 mg/kg

METALS, TOTAL· EPA SW846
Arsenic NO mglkg
Barium 61 mgikg
Cadmium NO mglkg
Chromium 8 mglkg
Copper 10 mglkg
Iron 9060 mglkg
Lead 6 mg/kg
Manganese 319 mg/kg
Mercury NO mglkg
Molybdenum NO mg/kg

0.1

0.02

1

0.1

5
5
1
5
5
5
5
5
1
5

US0A23c

ASA29-3

ASA33-8.1

SW6010B

SWS010B

SWS010B

SWS010B

SW6010B

SWS010B

SWS010B

SW6010B

SWS010B

SW7471A

SWS010B

03/16/06 10:05/ srm

03/14/06 14:52/ srm

03/15/06 14:06/ srm

03/17/06 04:29/ rth

03/13/06 23:04 1rth

03/13/0623:041 rth

03/13/0623:04/ rth

03/13106 23:04 1rth

03113/06 23:04 1rth

03113/06 23:04 / rth

03/13/06 23:04 1rth

03113106 23:04 / rth

03/15/06 17:44 / jkc

03/13/06 23:04 1rth

•

Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

o - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 1.009
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ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample to: Box 7 CH-5 Overburden

(.
Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

B06030458-007

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

l\'ICU
Analyses Result Units Qual RL QCL Method Analysis Date 1By

METALS, TOTAL - EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 23:04/ r1h

Silver NO mglkg 5 SW6010B 03/13/0623:04/ r1h

Zinc 33 mglkg 5 SW6010B 03/13/0623:04/ r1h

•

Gas &Minin



m ENERGYLABORATORIE~ INC• • AD. Box30916. 1120 South 27th Street- Billings, MT59107-0916Lq~!If{fI!!'.?
-- ..;::./6 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com'-'diUI'@ill.

LABORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal Development LLC

807110148-005

Box 7, CH-5 34.3 to 44.3

Report Date: 11/14/07

Collection Date: Not Provided
DateReceived: 11/02/07

Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.02 mg/kg

Qualifiers Rl

0.01

MCU
QCl Method

SW6020

Analysis Date I By

11/12/0715:16/sas

.M:.port

.finitions:
RL - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

0(:1 , 5 2009



LABORATORY ANALYTICAL REPORT

ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 *406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

Client: Patrick Collins

Project: Coal Hollow

Lab 10: 806030458-008

Client Sample ID: Box 8 CH-5 Overburden

MCLI
Analyses Result Units Qual RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 12 % ASA15-5 03/16/06 08:321 srm

Silt 59 % ASA15-5 03/16/06 08:32 I srm

Clay 29 % ASA15-5 03/16/0608:321 srm

Very Fine Sand 12 wt% ASA15-5 03/30/06 09:23 I srm

Texture SiCL ASA15-5 03/16/06 08:321 srm

- C =Clay, S =Sand(y). Si =Silt(y). L =Loam(y)

SATURATED PASTE
pH, sat. paste 9.30 S.u. 0.10 ASAM10-3.2 03/15/06 11 :131 srm

Conductivity, sat. paste 1.81 mmhos/cm 0.01 ASA10-3 03/15/06 11 :131 srm

Saturation 142 % 0.1 USOA27a 03115/0611 :131 srm

Calcium, sat. paste 0.15 meq/L 0.05 SW6010B 03/15/06 19:261 rlh

Magnesium. sat. paste NO meq/L 0.08 SW6010B 03/15/06 19:26 I r1h

Potassium, sat. paste 0.11 meq/L 0.03 SW6010B 03/15/0619:261 r1h

Sodium, sat. paste 16.5 meq/L 0.04 SW6010B 03/15/0619:261 r1h

• Sodium Adsorption Ratio (SAR) 52.4 unitless 0.01 Calculation 03/16/06 10:44 I srm

!

ACID·BASE ACCOUNTING
Neutralization Potential 60 tlkt 1.0 Sobek Modified 03/16/06 16:041 srm

Acid Potential 23 tlkt 1.0 Sobek Modified 03/16/06 16:041 srm

Acid/Base Potential 37 tlkt Sobek Modified 03/16/06 16:041 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 6.0 % 0.1 USOA23c 03/16/06 10:051 srm

Organic Carbon 0.96 wt% 0.02 ASA29-3 03/14/06 14:521 srm

Nitrate as N. KCL Extract NO mg/kg 1 ASA33-8.1 03/15/06 14:20 I srm

METALS, WATER EXTRACTABLE
Boron 2.2 mg/kg 0.1 SW6010B 03/17/06 04:331 r1h

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 03113106 23:08 I r1h

Barium 106 mg/kg 5 SW6010B 03/13/06 23:08 I r1h

Cadmium NO mg/kg 1 SW6010B 03/13/0623:081 rlh

Chromium 15 mg/kg 5 SW6010B 03/13/06 23:08 1 r1h

Copper 17 mglkg 5 SW6010B 03/13106 23:08 1r1h

Iron 11800 mglkg 5 SW6010B 03113/06 23:081 r1h

Lead 8 mg/kg 5 SW6010B 03/13/06 23:08 I r1h

Manganese 94 mg/kg 5 SW6010B 03/13106 23:08 1 r1h

Mercury NO mglkg 1 SW7471A 03/15/06 17:46 I jkc

Molybdenum NO mglkg 5 SW6010B 03/13/0623:081 r1h

• Report RL - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCL - Quality control timit. NO - Not detected at the reporting limit.

eel' 5 2009
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ENERGY LABORATORIES, INC. * 1120 S 27th St· PO Box 30916 • Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 • FAX 406.252.6069 • eli@energylab.com

LABORATORY ANALYTICAL REPORT•Client: Patrick Collins

Project: Coal Hollow

Lab 10: 806030458-008

Client Sample 10: Box 8 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

i\ICLI
Analyses Result Units Qual RL QCL i\lethod Analysis Date / By

METALS, TOTAL· EPA SW846
Selenium NO mg/kg 5 SW6010B 03113/06 23:08 / rlh

Silver NO mglkg 5 SW6010B 03113/06 23:08 / rlh

Zinc 38 mg/kg 5 SW6010B 03/13/06 23:08 / rlh

•

•

Report
. Definitions:

Rl - Analyte reporting limit.

Qel - Quality control limit.

Mel - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 1009



.!dillrJ:I ENERGY LABORATORIES, INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
&L--- - -..16 800-735-4489· 406-252-6325 • 406-252-6069 fax • eli@energy/ab.com

" UzliU6tt·ttU4·

LABORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal Development LLC

B07110148-006

Box 8, CH-5 21.8 to 34.3

Report Date: 11/14/07
Collection Date: Not Provided

DateReceived: 11/02107
Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.03 mg/kg

Qualifiers RL

0.01

MCU
QCL Method

SW6020

Analysis Date I By

11/12/07 15:301 sas

.eport

.efinitions:
Rl - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

ND - Not detected at the reporting limit.

QC1 , 5 2009
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ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energyfab.com

Client Sample ID: Box 9 CH-5 Overburden

• Client:

Project:

Lab ID:

Patrick Collins

Coal Hollow

B06030458-009

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

MCL!
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 12 % ASA15-5 03/16/0608:321 srm
Silt 53 % ASA15-5 03116/0608:32/ srm
Clay 35 % ASA15-5 03/16/0608:32/ srm
Very Fine Sand 10 wt% ASA15-5 03/30/06 09:23 / srm
Texture SiCL ASA15-5 03/16/0608:32/ srm

- C =Clay. S =Sand(y). Si =Silt{y), l =loam(y)

SATURATED PASTE
pH. sat. paste 9.30 S.u. 0.10 ASAM1Q-3.2 03/15/06 11 :13 / srm
Conductivity. sat. paste 1.30 mmhos/cm 0.01 ASA10-3 03/15/06 11 :13/ srm
Saturation 163 % 0.1 USDA27a 03/15/0611:13/srm
Calcium, sat. paste 0.11 meq/L 0.05 SW6010B 03/15/0619:31/ rlh
Magnesium. sat. paste NO meq/L 0.08 SW6010B 03/15/06 19:31/ rlh
Potassium, sat. paste 0.09 meq/L 0.03 SW6010B 03/15/0619:31/ rlh
Sodium, sat. paste 12.3 meqIL 0.04 SW6010B 03/15/06 19:31/ rlh

• Sodium Adsorption Ratio (SAR) 46.9 unitless 0.01 Calculation 03/16/06 10:44/ srm

ACID·BASE ACCOUNTING
Neutralization Potential 34 tlkt 1.0 Sobek Modified 03116/06 16:04/ srm
Acid Potential 21 tlkt 1.0 Sobek Modified 03116106 16:04/ srm
Acid/Base Potential 13 tlkt Sobek Modified 03/16/06 16:04/ srm

- The acid base potential was calculated from non-sulfate sulfur.

MeL - Maximum contaminant level.

NO - Not detected at the reporting limit.

CHEMICAL CHARACTERISTICS
Lime as CaC03 3.4 %
Organic Carbon 0.86 wt%
Nitrate as N, KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 1.9 mg/kg

METALS, TOTAL· EPA SW846
Arsenic NO mg/kg
Barium 118 mg/kg
Cadmium NO mg/kg
Chromium 11 mglkg
Copper 12 mg/kg
Iron 10700 mg/kg
Lead 10 mg/kg
Manganese 73 mg/kg
Mercury NO mg/kg
Molybdenum NO mg/kg

.Report RL - Analyte reporting limit.
Definitions: QCL - Quality control limit.

0.1

0.02

1

0.1

5
5
1
5
5
5
5
5
1
5

USDA23c

ASA29-3

ASA33-8.1

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW7471A

SW6010B

03116/06 10:05 / srm

03/14/06 14:52/ srm

03/15/06 14:08/ srm

03/17/0604:38/ rlh

03/13/0623:11/ rlh

03/13/06 23: 11 / rlh

03113/06 23:11 / rlh

03/13/06 23: 11 / rlh

03/13106 23:11 / r1h

03/13106 23: 11 / r1h

03113/06 23: 11 / r1h

03/13/0623:11/ r1h

03/15/06 17:48/ jkc

03/13/06 23:11 I r1h

0..(",1' , 5 2009
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ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

• Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-009

Client Sample ID: Box 9 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

~latrix: Soil

.MeL/
Analyses Result Units Qual RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 23:11/ rth

Silver NO mg/kg 5 SW6010B 03/13/0623:11/ rth

Zinc 41 mg/kg 5 SW6010B 03/13/0623:11/ rth

•



,;....."'..!!fter? ENERGYLABORATORIE5, INC. • AO. Box30916· 1120Soufh27fhSfreef. Billings, MT59107-0916
~---I 800-735-4489" 406-252-6325. 406-252-6069 fax. e/i@energy/ab.comAttl-PAR.kD-

LABORATORY ANALYTICAL REPORT

•
Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal Development LLC

807110148-007

Box 9, CH-5 10.9 to 21.8

Report Date: 11/14/07

Collection Date: Not Provided

OateReceived: 11/02/07

Matrix: Solid

Analyses

METALS, WATER EXTRACTABLE
Selenium

•

Result Units

0.03 mg/kg

Qualifiers RL

0.01

MCU
QCL Method

SW6020

Analysis Date I By

11/12/07 15:371 sas

·:port
w:finitions;

RL - Analyte reporting limit

QCL - Quality control limit
MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.

oel , 5 2009



ENERGY LABORATORIES, INC. *1120 S 27th St· PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 • 406.252.6325 * FAX 406.252.6069· e/i@energylab.com

,e LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab 10: B06030458-0 10

Client Sample ID: Box 10 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

~Iatrix: Soil

~ICLI

Analyses Result Units Qual RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 32 % ASA15-5 03/16/0608:32/ srm

Silt 43 % ASA15-5 03/16/0608:32/ srm

Clay 25 % ASA15-5 03/16/06 08:32 / srm

Very Fine Sand 27 wt% ASA15-5 03/30/06 09:23 / srm

Texture L ASA15-5 03/16/0608:32/ srm
- C = Clay, S = Sand(y), Si =Silt(y). L = Loam(y)

SATURATED PASTE
pH. sat. paste 8.30 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13/ srm

Conductivity. sat. paste 5.42 mmhos/cm 0.01 ASA10-3 03/15/06 11:13/ srm

Saturation 76.7 % 0.1 USOA27a 03115/06 11:13/ srm

Calcium, sat. paste 2.24 meq/L 0.05 SW6010B 03115/06 19:35 / r1h

Magnesium, sat. paste 1.14 meq/L 0.08 SW6010B 03/15/06 19:35 / r1h

Potassium. sat. paste 0.46 meq/L 0.03 SW6010B 03115/06 19:35 / r1h

Sodium, sat. paste 54.2 meq/L 0 0.1 SW6010B 03/15/06 19:35 I rlh•Sodium Adsorption Ratio (SAR) 41.7 unitless 0.01 Calculation 03/16/06 10:44/ srm

ACID·BASE ACCOUNTING
Neutralization Potential 23 Ukt 1.0 Sobek Modified 03/16/06 16:04 I srm

Acid Potential 15 Ukt 1.0 Sobek Modified 03116/06 16:04/ srm

Acid/Base Potential 8 Ukt Sobek Modified 03/16/06 16:04/ srm
- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 2.3 % 0.1 USOA23c 03/16/06 10:05/ srm

Organic Carbon 2.92 wt% 0.02 ASA29-3 03/14/06 14:52/ srm

Nitrate as N. KCL Extract NO mg/kg 1 ASA33-8.1 03/15/06 14:08/ srm

METALS, WATER EXTRACTABLE
Boron 1.5 mg/kg 0.1 SW6010B 03/17f06 04:42/ r1h

METALS, TOTAL· EPA SW846
Arsenic NO mg/kg 5 SW6010B 03/13/0623:15/ r1h

Barium 70 mg/kg 5 SW6010B 03113/0623:15/ r1h

Cadmium NO mg/kg 1 SW6010B 03/13/0623:15/ r1h

Chromium 6 mg/kg 5 SW6010B 03/13/0623:15 f r1h

Copper 7 mg/kg 5 SW6010B 03113106 23:15 / rlh

Iron 6720 mg/kg 5 SW6010B 03/13/0623:15/ r1h

Lead 8 mglkg 5 SW6010B 03/13/06 23:15/ rlh

Manganese 68 mg/kg 5 SW6010B 03113/0623:15/ r1h

Mercury NO mglkg 1 SW7471A 03/15/06 17:50 / jkc

Molybdenum NO mg/kg 5 SW6010B 03/13/06 23:15/ r1h

e Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

o-RL increased due to sample matrix interference. r;r1 , 5 2009
L~y .
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LABORATORY ANALYTICAL REPORT

ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT59107-0916
Toll Free 800.735.44B9 * 406.252.6325 * FAX 406.252.6069 * efi@energylab.com

•
lili:t!b,

Rf:t.k'du.1iU::Lf

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-010

Client Sample ID: Box 10 CH-5 Overburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

•

l\'ICL/
Analyses Result Units Qual RL QCL l\'lethod Analysis Date / By

METALS, TOTAL· EPA SW846
Selenium NO mglkg 5 SW6010B 03/13/0623:151 r1h

Silver NO mglkg 5 SW6010B 03113106 23:15 1 r1h

Zinc 29 mg/kg 5 SW6010B 03113/06 23:15 I rlh

•

Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel' 5 2009



ENERGYLABORATORIE~ INC. • AO. Box 30916. 1120 South 27th Street • Billings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax • eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development LLC

B07110148-008

Box 10, CH-5 Base to 10.9

Report Date:
Collection Date:

DateReceived:
Matrix:

11114/07

Not Provided
11/02/07
Solid

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

METALS, WATER EXTRACTABLE
Selenium

•

0.04 mg/kg 0.01 SW6020 11/12/07 15:44/ sas

Report
eefinitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.
OC,1 , 5 2\)09

0\



ENERGY LABORA TORIES, INC. • 1120 S 27th St· PO Box 30916 • Billings, MT 59107·0916
Tol/ Free 800.735.4489 • 406.252.6325· FAX 406.252.6069 • e/i@energylab.com

LABORATORY ANALYTICAL REPORT

• Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-0 11

Client Sample ID: Box 13 CH-5 Below

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

MCL!
Analyses Result Units Qual RL QCL ~Iethod Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 6 % ASA15-5 03/16/0608:321 srm

Silt 56 % ASA15-5 03/16/0608:321 srm

Clay 38 % ASA15-5 03/16f06 08:321 srm

Very Fine Sand 6 wt% ASA15-5 03130/06 09:23 / srm

Texture SiCL ASA15-5 03/16/0608:32/ srm
- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 9.00 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13/ srm

Conductivity. sat. paste 1.66 mmhos/cm 0.01 ASA10-3 03115/06 11 :13/ srm

Saturation 49.0 % 0.1 USOA27a 03115/06 11 :13/ srm

Calcium, sat. paste 0.23 meq/L 0.05 SW6010B 03115/06 19:39/ rlh

Magnesium, sat. paste NO meq/L 0.08 SW6010B 03/15/06 19:39/ rth

Potassium, sat. paste 0.18 meqll 0.03 SW6010B 03/15/06 19:39/ rth

Sodium, sat. paste 18.1 meq/L 0.04 SW6010B 03115/06 19:39 f rth

• Sodium Adsorption Ratio (SAR) 46.3 unitless 0.01 Calculation 03/16/06 10:44/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 51 Ukt 1.0 Sobek Modified 03116/06 16:04/ srm

Acid Potential 2.0 Ukt 1.0 Sobek Modified 03/16/06 16:04/ srm

Acid/Base Potential 49 Ukt Sobek Modified 03/16/06 16:04/ srm
- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as GaG03 5.1 % 0.1 USOA23c 03/16/06 10:05/ srm

Organic Carbon 0.75 wt% 0.02 ASA29-3 03/14/06 14:52/ srm

Nitrate as N, KGL Extract NO mg/kg 1 ASA33-8.1 03/15/06 14:09/ srm

METALS, WATER EXTRACTABLE
Boron 1.8 mg/kg 0.1 SW6010B 03/17/06 04:47/ rth

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 03f13106 23:19/ rth

Barium 21 mg/kg 5 SW6010B 03/13/0623:19/ rth

Cadmium NO mg/kg 1 SW6010B 03/13/06 23:19/ rth

Chromium 18 mglkg 5 SW6010B 03/13/0623:19/ r1h

Copper 24 mg/kg 5 SW6010B 03/13/0623:19/ rth

Iron 5700 mg/kg 5 SW6010B 03/13/0623:19/ rlh

Lead 19 mg/kg 5 SW6010B 03/13/0623:19/ rlh

Manganese 59 mg/kg 5 SW6010B 03/13/0623:19/ rlh

Mercury NO mgfkg 1 SVV7471A 03115/06 17:52/ jkc

Molybdenum NO mglkg 5 SW6010B 03/13/0623:19 f rlh

• Report RL - Analyte reporting limit. MGl • Maximum contaminant level.
.,", 11'" r 'C! 0C:~ l\JEDl t~,;;~ t,,..1 \,.,,:.:.'"'~;' > ~4.,A ,: "'~

Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit. , 5 2009OC1
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ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LAHORATORY ANALYTICAL REPORT

• Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-0 II

Client Sample ID: Box 13 CH-5 Below

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

MCL/
Analyses Result Units Qual RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 23:19/ rlh
Silver NO mg/kg 5 SWS010B 03113/0623:19/ rlh
Zinc 75 mg/kg 5 SWS010B 03/13/06 23:19/ rlh

•

,-'," ->" &l'~ining
r ... · 0" 'ull Ga;:, :>J,LJ\V. - I .,



ENERGY LABORATORIES, INC. • AD. Box 30916. 1120 South 27th Street· Billings, MT59107-0916
!!!I~#tl~rt&.:L..__ _ __ 800-735-4489 • 406-252-6325· 406-252-6069 fax. eli@energylab.com·em·uAUiTtU4'

•Client:

Project:

Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development LLC

B07110148-009

Box 13, CH-5 Below Coal

Report Date: 11/14/07

Collection Date: Not Provided

DateReceived: 11/02/07

Matrix: Solid

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date I By

METALS, WATER EXTRACTABLE
Selenium

•

0.15 mg/kg 0.01 SW6020 11/12/07 15:52/ sas

Report
.efinitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit. OC11 5 2009
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ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

Client Sample to: CH 3 Below Underburden

- Client:
Project:

Lab to:

Patrick Collins

Coal Hollow

B06030458-0 12

LABORATORY ANALYTICAL REPORT

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

l\'ICLI
Analyses Result Units Qual RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 03/16/06 08:32 1srm
Silt 45 % ASA15-5 03/16/06 08:32 1srm
Clay 47 % ASA15-5 03/16/06 08:32 1srm
Very Fine Sand 5 wt% ASA15-5 03/30/06 09:23 1srm
Texture SiC ASA15-5 03/16/06 08:32 1srm

- C =Clay, S =Sand(Yl, Si =Silt(y). L =Loam(y)

SATURATED PASTE
pH. sat. paste 8.20 S.u. 0.10 ASAM10-3.2 03115/06 11 :131 srm
Conductivity. sat. paste 1.88 mmhos/cm 0.01 ASA10-3 03115/0611:131 srm
Saturation 60.0 % 0.1 USOA27a 03l15/0611:13/srm
Calcium. sat. paste 1.80 meq/l 0.05 SWG010B 03/15/0619:441 rlh
Magnesium. sat. paste 1.20 meqll 0.08 SWG010B 03/15/06 19:44 1r1h
Potassium, sat. paste 0.46 meqll 0.03 SWG010B 03/15/06 19:441 rlh
Sodium, sat. paste 15.3 meq/l 0.04 SWG010B 03/15/06 19:441 rlh

•Sodium Adsorption Ratio (SAR) 12.5 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID-BASE ACCOUNTING
Neutralization Potential 78 tlkt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid Potential 2.0 tlkt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid/Base Potential 75 tlkt Sobek Modified 03/16/06 16:041 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
lime as CaC03 7.8 % 0.1 USOA23c 03/16/06 10:051 srm
Organic Carbon 0.78 wt% 0.02 ASA29-3 03/14106 14:521 srm
Nitrate as N, KCl Extract NO mg/kg 1 ASA33-8.1 03/15/06 14:101 srm

METALS, WATER EXTRACTABLE
Boron 3.0 mg/kg 0.1 SW6010B 03/17/06 04:561 rlh

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 03/13/06 23:22 1rlh
Barium 21 mg/kg 5 SWG010B 03/13/06 23:22 1rlh
Cadmium NO mg/kg 1 SWG010B 03/13/06 23:22 1rlh
Chromium 19 mg/kg 5 SWG010B 03/13/0623:221 rlh
Copper 27 mg/kg 5 SW6010B 03/13/06 23:22 I rlh
Iron 6820 mglkg 5 SW6010B 03113106 23:22 1rlh
lead 20 mglkg 5 SW6010B 03/13/06 23:22 1rlh
Manganese 89 mglkg 5 SW6010B 03/13/06 23:22 1rlh
Mercury NO mglkg 1 SW7471A 03/15/06 17:541 jkc
Molybdenum NO mg/kg 5 SW6010B 03/13/0623:221 rlh

~
Report Rl- Analyte reporting limit. MCl- Maximum contaminant level.
Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

GCl 15 2009
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ENERGY LABORATORIES, INC. ·1120 S 27th St· PO Box 30916· Billings, MT 59107·0916
Toll Free 800.735.4489 • 406.252.6325· FAX 406.252.6069 • eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-0 12

Client Sample ID: CH 3 Below Underburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

l\'ICLI
Analyses Result Units Qual RL QCL l\lethod Analysis Date / By

METALS, TOTAL· EPA SW846
Selenium NO mg/kg 5 SW6010B 03/13/06 23:22/ r1h
Silver NO mg/kg 5 SW6010B 03/13/06 23:22/ rlh
Zinc 122 mg/kg 5 SW6010B 03/13/0623:22/ r1h

OC1 , 5 2009
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

Rl - Analyte reporting limit.

QCl - Quality control limit.

Report
Definitions:

--------------------------------------.-:-~~"'""'~)P<:·),~iPi,JEDHJ,CI•
Gas &Mining



ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT 59107·0916
Toll Free 800.735.4489· 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LAHORATORY ANALYTICAL REPORT

• Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-013

Client Sample ID: CH 3 Above {verburden

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

l\latrix: Soil

MCLI
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 03/16/0608:32/ srm
Silt 59 % ASA15-5 03/16/0608:321 srm
Clay 33 % ASA15-5 03/16/06 08:32 1srm
Very Fine Sand 8 wt% ASA15-5 03/30/06 09:23 1srm
Texture SiCL ASA15-5 03/16/06 08:32 1srm

- C =Clay, S =Sand(y), Si =Silt(y). L =Loam(y)

SATURATED PASTE
pH. sat. paste 7.80 S.u. 0.10 ASAM10-3.2 03/15/06 11 :13 1srm
Conductivity. sat. paste 3.25 mmhos/cm 0.01 ASA10-3 03/15/06 11 :131 srm
Saturation 88.5 % 0.1 USDA27a 03/15/06 11 :131 srm
Calcium, sat. paste 9.16 meq/L 0 0.07 SW6010B 03/15/06 20:00 1r1h
Magnesium, sat. paste 10.3 meq/L 0.08 SW6010B 03/15/06 20:00 1r1h
Potassium, sat. paste 0.86 meq/L 0.03 SW6010B 03/15/06 20:00 1rlh
Sodium, sat. paste 16.0 meq/L 0 0.07 SW6010B 03/15/06 20:00 1r1h

• Sodium Adsorption Ratio (SAR) 5.14 unitless 0.01 Calculation 03/16/06 10:441 srm

ACID-BASE ACCOUNTING
Neutralization Potential 100 Ukt 1.0 Sobek Modified 03/16106 16:041 srm
Acid Potential 10 Ukt 1.0 Sobek Modified 03/16/06 16:041 srm
Acid/Base Potential 90 Ukt Sobek Modified 03/16/06 16:041 srm

• The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 10 %
Organic Carbon 0.95 wt%
Nitrate as N. KCL Extract ND mglkg

METALS, WATER EXTRACTABLE
Boron 1.6 mg/kg

METALS, TOTAL· EPA SW846
Arsenic 12 mg/kg
Barium 41 mg/kg
Cadmium ND mg/kg
Chromium 6 mg/kg
Copper 10 mg/kg
Iron 11600 mglkg
Lead 8 mglkg
Manganese 124 mg/kg
Mercury ND mg/kg
Molybdenum ND mg/kg

0.1 USDA23c

0.02 ASA29-3

1 ASA33-8.1

0.1 SW6010B

5 SW6010B

5 SW6010B

1 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

5 SW6010B

1 SV\f7471 A

5 SW6010B

03/16/06 10:05/ srm
03/14/06 14:52/ srm

03115/0614:11 / srm

03/17/0605:131 r1h

03/13/06 23:26 1r1h

03113/06 23:26 1rlh

03/13/06 23:26 1r1h

03/13/06 23:26 1r1h

03113/06 23:26 1r1h

03113/06 23:26 1rlh

03113/06 23:26 1rlh

03113/06 23:26 1r1h

03/15/06 17:56 1jkc

03/1 ~~~,~~ ?~~.,EH ~,~, r<TE0Ir.,': ,'LA' "',' "j'

•

Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit. OC1 , 5 2009
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LABORATORY ANALYTICAL REPORT

ENERGY LABORATORIES, INC. ·1120 S 27th St· PO Box 30916· Billings, MT 59107·0916
Toll Free 800.735.4489 • 406.252.6325 • FAX 406.252.6069 • eli@energylab.com(.

Report Date: 03/30/06

Collection Date: Not Provided

Date Received: 03/07/06

Matrix: Soil

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-013
\J

Client Sample ID: CH 3 Above 0verburden

MCLI
Analyses Result Units Qual RL QCL ~Iethod Analysis Date I By

METALS, TOTAL - EPA SW846
Selenium NO mglkg 5 SW6010B 03/13/06 23:26 1r1h
Silver NO mg/kg 5 SW6010B 03/13/06 23:26/ r1h
Zinc 41 mg/kg 5 SW6010B 03/13/06 23:26 f rlh

•

ac', \5 2009
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

Rl - Analyte reporting limit.

QCl - Quality control limit.

----------------------------------------~7""""'~"-"7"_':•..'O:~:p·J'ED
'~ ~t'.,~!.:;:~~,~~ (',.,

•

Report
Definitions:

& Mining



l aWMq ENERGYLABORATORIES, INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
-- --=.L - -l-!!! 800-735-4489· 406-252-6325 • 406-252-6069 fax • eli@energylab.com

Rf".Jl&tIijlI4.
LASaRATORY ANALYTICAL REPORT

•
Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal Development LLC

807110148-010
CH-03, Above Underburden

Report Date: 11/14/07
Collection Date: Not Provided

DateReceived: 11/06/07
Matrix: Solid

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

METALS, WATER EXTRACTABLE
Selenium

•

0.08 mg/kg 0.01 SW6020 11/12/07 16:27 I sas

Report
eefinitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCl 15 2009
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lil#tli? ENERG Y LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'*':1_°&4_1;1/4' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-001

CH-01-05, 3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand NO % ASA15-5 04/19/07 08:291 srm

Silt 49 % ASA15-5 04/19/07 08:291 srm

Clay 51 % ASA15-5 04/19/07 08:29 1srm

Very Fine Sand 0 wt% ASA15-5 04/19/07 08:291 srm

Texture SiC ASA15-5 04/19/07 08:29 1srm
- C = Clay, S = Sand(y), Si = SiIt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 04/18/0714:451 srm

Conductivity, sat. paste 0.33 mmhos/cm 0.01 ASA10-3 04/19/0708:291 srm

Saturation 78.4 0/0 0.1 USOA27a 04/19/0708:291 srm

Calcium, sat. paste 1.42 meqll 0.05 SW6010B 04/20/07 11 :13 1 rlh

Magnesium, sat. paste 1.63 meqll 0.08 SW6010B 04/20/07 11 :13 1 rlh

Potassium, sat. paste 0.37 meqll 0.03 SW6010B 04/20/07 11 :13 1 rlh

Sodium, sat. paste 0.14 meqll 0.04 SW6010B 04/20/07 11 :131 r1h

Sodium Adsorption Ratio (SAR) 0.12 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 280 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm

Acid Potential 1.1 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1 srm

Acid/Base Potential 280 tlkt Sobek Modifie 04/23/0700:001 srm
- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 28.3 0/0 0.1 USOA23c 04/23/07 00:00 1srm

Organic Carbon 1.05 wt% 0.02 ASA29-3 04/18/07 14:45 1srm

Nitrate as N, KCl Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:141 srm

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg 0.1 SW6010B 04/20107 13:37 1 rlh

Selenium NO mg/kg 0.01 SW6020 10/17/0700:211 sas

METALS, TOTAL· EPA SW846
Arsenic 9 mg/kg 5 SW6010B 04/18/0722:031 r1h

Barium 99 mg/kg 5 SW6010B 04/18/0722:031 r1h

Cadmium NO mg/kg 1 SW6010B 04/18/07 22:031 rlh

Chromium 24 mg/kg 5 SW6010B 04/18/07 22:031 rlh

Copper 17 mg/kg 5 SW6010B 04/18/0722:031 r1h

Iron 17300 mg/kg 0 8 SW6010B 04/18/07 22:03 1 rlh

lead 13 mg/kg 5 SW6010B 04/18/07 22:03 1 r1h

Manganese 272 mg/kg 5 SW6010B 04/18/07 22:03 1 r1h

Mercury NO mg/kg 1 SW7471A 04/19/07 13:101 jjw

-~------_ ..•"-~._--~---_._----_ •._---------~---_ .._---~-
-----~-_._-----._~--------~-------

-_._----_•._-~._--_ .•_-- ----~._----,._----------~-_._----~--------------_."--~--

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

o -Rl increased due to sample matrix interference.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit. '""' (-.q p,.1"t=~O
r... r,Q).··""''';·' '
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I#j#flij, ENERGY LABORATORIES, INC. II- 1120 S 27th St II- PO Box 30916 II- Billings, MT 59107-0916
RU:l.U&".#U,t Toll Free 800.735.4489 1t 406.252.6325 1t FAX 406.252.6069 II- eli@energylab.com

• Client: Alton Coal
Project:
Lab 10: 807041015-001
Client Sample 10: CH-01-05,3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0722:031 rlh

Selenium NO mg/kg 5 SW6010B 04/18/07 22:031 rlh

Silver NO mg/kg 5 SW6010B 04/18/07 22:031 rlh

Zinc 63 mg/kg 5 SW6010B 04/18/07 22:03 1 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



I#l#;i.ij? ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'tU:l-U&U-t;Ui' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

807041015-002

CH-01-05, 6 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

Analyses

PHYSICAL CHARACTERISTICS
Sand
Silt
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

MCL!
Result Units Qualifiers RL aCl Method Analysis Date 1By

NO % ASA15-5 04/19/07 08:291 srm

49 % ASA15-5 04/19/07 08:291 srm

51 0/0 ASA15-5 04/19/0708:29/ srm

0 wt% ASA15-5 04/19/0708:291 srm

SiC ASA15-5 04/19/07 08:29 1srm

ACID-BASE ACCOUNTING
Neutralization Potential 300 Ukt

Acid Potential 0 Ukt
Acid/Base Potential 300 Ukt

- The acid base potential was calculated from non-sulfate sulfur.

Sobek Modifie 04/23/07 00:00 1srm

Sobek Modifie 04/23/0700:00/ srm
Sobek Modifie 04/23/07 00:00 1srm

•

SATURATED PASTE
pH, sat. paste
Conductivity I sat. paste
Saturation
Calcium, sat. paste

Magnesium I sat. paste
Potassium I sat. paste
Sodium I sat. paste
Sodium Adsorption Ratio (SAR)

8.20 S.u.
0.34 mmhos/cm
82.9 %

0.69 meqlL
2.19 meqll
0.35 meqll
0.40 meqlL

0.33 unitless

0.10
0.01
0.1

0.05

0.08
0.03
0.04

0.01

1.0

1.0

ASAM10-3.2
ASA10-3
USOA27a
SW6010B
SW6010B
SW6010B
SW6010B

Calculation

04/18/07 14:45/ srm
04/19/07 08:29/ srm
04/19/07 08:29 1srm
04/20/07 11 :17 1rlh

04/20/07 11 :17 / r1h
04/20/07 11 :17 1rlh
04/20/07 11 :17 1r1h
04/23/07 13:22 1srm

CHEMICAL CHARACTERISTICS
Lime as CaC03 30.0 0/0

Organic Carbon 0.77 wt%

Nitrate as N, KCL Extract NO mg/kg

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg

Selenium NO mg/kg

METALS, TOTAL· EPA SW846
Arsenic 6 mg/kg

Barium 91 mglkg

Cadmium NO mg/kg

Chromium 20 mg/kg

Copper 16 mg/kg

Iron 16100 mg/kg 0
lead 12 mg/kg

Manganese 222 mg/kg

Mercury NO mg/kg

Report RL - Analyte reporting limit.

• Definitions: QCL - Quality control limit.

o -RL increased due to sample matrix interference.

0.1 USOA23c 04/23/0700:001 srm

0.02 ASA29-3 04/18/07 14:451 srm

1 ASA33-8.1 04/18/07 12:14/ srm

0.1 SW6010B 04/20/07 13:41 1 r1h

0.01 SW6020 10/17/0700:351 sas

5 SW6010B 04/18/0722:14/ rlh

5 SW6010B 04/18/0722:14/ rlh

1 SW6010B 04/18/0722:14/ rlh

5 SW6010B 04/18/0722:14/ rlh

5 SW6010B 04/18/0722:14/ rlh

8 SW6010B 04/18/0722:14/ r1h

5 SW6010B 04/18/0722:14/ r1h

5 SW6010B 04/18/0722:141 rlh

1 SW7471A 04/19/0713:14/ jjw

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.
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IR#riitj ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'et.:1.zr&fl.mli' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client: Alton Coal
Project:
Lab 10: 807041015-002

Client Sample 10: CH-01-05, 6 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:141 rlh

Selenium NO mg/kg 5 SW6010B 04/18/0722:141 r1h

Silver NO mg/kg 5 SW6010B 04/18/0722:141 rlh

Zinc 61 mg/kg 5 SW6010B 04/18/07 22:141 r1h

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



lilittij, ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT 59107-0916
'b':t.U&U.uUi' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-003

CH-01-05, 9-10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCL!
Analyses Result Units Qualifiers Rl aCl Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 10 0/0 ASA15-5 04/19/07 08:29/ srm

Silt 61 0/0 ASA15-5 04/19/07 08:29/ srm

Clay 29 0/0 ASA15-5 04/19/0708:291 srm

Very Fine Sand 3 wt% ASA15-5 04/19/07 08:29 / srm

Texture SiCL ASA15-5 04/19/07 08:29/ srm

- C =Clay, S =Sand(y), Si = Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.40 S.u. 0.10 ASAM10-3.2 04/18/07 14:45 / srm

Conductivity, sat. paste 0.52 mmhos/cm 0.01 ASA10-3 04/19/07 08:29 / srm

Saturation 52.2 0/0 0.1 USOA27a 04/19/0708:291 srm

Calcium, sat. paste 0.57 meq/L 0.05 SW6010B 04/20/07 11 :22 1rlh

Magnesium, sat. paste 3.40 meq/L 0.08 SW6010B 04/20107 11 :22 1rlh

Potassium, sat. paste 0.28 meqlL 0.03 SW6010B 04/20/07 11 :22 1rlh

Sodium, sat. paste 1.36 meq/L 0.04 SW6010B 04/20/07 11 :22 1rlh

Sodium Adsorption Ratio (SAR) 0.96 unitless 0.01 Calculation 04/23/07 13:22/ srm

• ACID-BASE ACCOUNTING
Neutralization Potential 350 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm

Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm

Acid/Base Potential 350 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 35.3 0/0 0.1 USOA23c 04/23/07 00 :00 1srm

Organic Carbon 0.40 wt% 0.02 ASA29-3 04/18/07 14:45/ srm

Nitrate as N, KCL Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:15 / srm

METALS, WATER EXTRACTABLE
Boron 0.3 mg/kg 0.1 SW6010B 04/20/07 13:45 1rlh

Selenium NO mg/kg 0.01 SW6020 10/17/0701 :02 1sas

METALS, TOTAL - EPA SW846
Arsenic 6 mg/kg 5 SW6010B 04/18/07 22:29/ rlh

Barium 104 mg/kg 5 SW6010B 04/18/0722:29/ rlh

Cadmium NO mg/kg 1 SW6010B 04/18/07 22:29 / rlh

Chromium 16 mg/kg 5 SW6010B 04/18/07 22:29 / rlh

Copper 11 mg/kg 5 SW6010B 04/18/07 22:29/ rlh

Iron 12800 mg/kg 0 8 SW6010B 04/18/0722:29/ rlh

Lead 11 mg/kg 5 SW6010B 04/18/07 22:29/ rth

Manganese 225 mg/kg 5 SW6010B 04/18/0722:29/ rfh

Mercury NO mg/kg 1 SW7471A 04/19/07 13:17 I jjw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

0- RL increased due to sample matrix interference.
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l:fl#rt§? ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT 59107-0916
.tE':leU&flekU4' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client: Alton Coal
Project:
Lab 10: 807041015-003
Client Sample 10: CH-01-05, 9-10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0722:291 rlh

Selenium NO mg/kg 5 SW6010B 04/18/0722:291 rlh

Silver NO mg/kg 5 SW6010B 04/18/0722:291 r1h

Zinc 43 mg/kg 5 SW6010B 04/18/07 22:291 r1h

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 51U~9



/ilillifl ENERGY LABORATORIES, INC. 1t1120 S 27th St 1t PO Box 30916 1t Billings, MT59107-0916"":i_k IN_1m" Toll Free 800.735.4489 1t 406.252.6325 1t FAX 406.252.6069 1t eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-004

CH-01-5, 12 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand ND 0/0 ASA15-5 04/19/0708:291 srm
Silt 53 % ASA15-5 04/19/07 08:291 srm
Clay 47 0/0 ASA15-5 04/19/07 08:29 1 srm
Very Fine Sand 0 wt% ASA15-5 04/19/0708:291 srm
Texture SiC ASA15-5 04/19/0708:291 srm

- C =Clay, S =Sand(y), Si = Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.78 mmhos/cm 0.01 ASA10-3 04/19/0708:291 srm
Saturation 84.6 % 0.1 USDA27a 04/19/0708:291 srm
Calcium, sat. paste 1.48 meq/L 0.05 SW6010B 04/20/07 11 :26 1 rlh
Magnesium, sat. paste 5.36 meqlL 0.08 SW6010B 04/20/07 11 :26 1 rlh
Potassium, sat. paste 0.31 meqlL 0.03 SW6010B 04/20/07 11 :26 1 rlh
Sodium I sat. paste 1.49 meqlL 0.04 SW6010B 04/20/07 11 :26 / rlh
Sodium Adsorption Ratio (SAR) 0.80 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 300 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 300 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 30.3 0/0 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.48 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 04/18/07 12:161 srm

METALS, WATER EXTRACTABLE
Boron 0.2 mg/kg 0.1 SW6010B 04/20/07 13:541 rlh
Selenium 0.02 mg/kg 0.01 SW6020 10/17/0701 :09 1 sas

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg 5 SW6010B 04/18/0722:331 rlh
Barium 87 mg/kg 5 SW6010B 04/18/07 22:331 r1h
Cadmium NO mg/kg 1 SW6010B 04/18/07 22:331 rlh
Chromium 18 mg/kg 5 SW6010B 04/18/0722:33/ rlh
Copper 14 mg/kg 5 SW6010B 04/18/0722:331 rlh
Iron 14400 mg/kg D 8 SW6010B 04/18/0722:331 r1h
Lead 11 mg/kg 5 SW6010B 04/18/07 22:331 rlh
Manganese 283 mg/kg 5 SW6010B 04/18/07 22:331 rlh
Mercury ND mg/kg 1 SW7471A 04/19/0713:19/ jjw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.• Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit.
D - RL increased due to sample matrix interference.
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IR#rl#ftl ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT 59107·0916
4,:(.1;&'1.1;"4' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client: Alton Coal
Project:

Lab 10: 807041015-004

Client Sample 10: CH-01-5, 12 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:33 / rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 22:33 / rlh
Silver NO mg/kg 5 SW6010B 04/18/0722:33/ r1h
Zinc 54 mg/kg 5 SW6010B 04/18/07 22:33 1 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



l#Iiriiti ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT59107-0916
gf:t.tr&"iel;Ui' Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

• Client: Alton Coal Report Date: 10/23/07
Project: Collection Date: Not Provided
Lab 10: 807041015-005 DateReceived: 04/12/07
Client Sample 10: CH-01-05, 12-13 Feet Matrix: Soil

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 44 % ASA15-5 04/19/07 08:291 srm
Silt 39 010 ASA15-5 04/19/07 08:291 srm
Clay 17 010 ASA15-5 04/19/0708:291 srm
Very Fine Sand 11 wt% ASA15-5 04/19/0708:291 srm
Texture L ASA15-5 04/19/07 08:291 srm

- C =Clay, S =Sand(y), Si = Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 04/18/0714:451 srm
Conductivity, sat. paste 0.73 mmhos/cm 0.01 ASA10-3 04/19/0708:291 srm
Saturation 35.9 % 0.1 USOA27a 04/19/0708:291 srm
Calcium, sat. paste 1.71 meq/L 0.05 SW6010B 04/20/07 11 :35 1 r1h
Magnesium. sat. paste 4.69 meq/L 0.08 SW6010B 04/20/07 11 :351 rlh
Potassium, sat. paste 0.26 meq/L 0.03 SW6010B 04/20107 11 :35 1 rlh
Sodium, sat. paste 1.25 meq/L 0.04 SW6010B 04/20107 11 :35 1 r1h
Sodium Adsorption Ratio (SAR) 0.70 unitless 0.01 Calculation 04/23/07 13:22 1srm

• ACID-BASE ACCOUNTING
Neutralization Potential 260 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 250 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 25.5 °10 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.30 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCl Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:181 srm

METALS, WATER EXTRACTABLE
Boron NO mg/kg 0.1 SW6010B 04/20107 14:021 r1h
Selenium NO mg/kg 0.01 SW6020 10/17/0701 :161 sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/07 22:36 1 r1h
Barium 124 mg/kg 5 SW6010B 04/18/0722:361 r1h
Cadmium NO mg/kg 1 SW6010B 04/18/07 22:36 1 r1h
Chromium 11 mg/kg 5 SW6010B 04/18/0722:361 rlh
Copper 8 mg/kg 5 SW6010B 04/18/07 22:36 1 r1h
Iron 9780 mg/kg 0 8 SW6010B 04/18/07 22:361 rlh
Lead 9 mg/kg 5 SW6010B 04/18/07 22:361 rlh
Manganese 191 mg/kg 5 SW6010B 04/18/07 22:36 1 r1h
Mercury NO mg/kg 1 SW7471A 04/19/0713:21/jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.
0- Rl increased due to sample matrix interference.
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liIikii'tl ENERGY LABORATORIES, INC. It 1120 S 27th SI It PO Box 30916 It Billings, MT 59107-0916
Rt:l-U&U_];Y', Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-005

CH-O1-05, 12-13 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

•

MeL!
Analyses Result Units Qualifiers Rl Qel Method Analysis Date / By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:361 rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 22:361 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 22:361 rlh
Zinc 33 mg/kg 5 SW6010B 04/18/0722:361 rlh

0\

•
Report
Definilions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.
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/#I#(titi ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT59107-0916
Rt:teU&fieljl'i' Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client:

Project:
LablD:

Client Sample 10:

Alton Coal

807041015-006

CH-01-05, 16 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 20 0/0 ASA15-5 04/19/07 08:29 1srm
Silt 55 0/0 ASA15-5 04/19/0708:291 srm
Clay 25 % ASA15-5 04/19/0708:291 srm
Very Fine Sand 6 wt% ASA15-5 04/19/07 08:291 srm
Texture Sil ASA15-5 04/19/07 08:291 srm

- C =Clay, S =Sand(y), Si =Silt(y). L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.65 mmhos/cm 0.01 ASA10-3 04/19/07 08:29 1srm
Saturation 50.5 0/0 0.1 USOA27a 04/19/07 08:29 1srm
Calcium. sat. paste 1.58 meqll 0.05 SW6010B 04/20/07 11:47 1 rlh
Magnesium, sat. paste 4.05 meqll 0.08 SW6010B 04/20/07 11:47 1 rlh
Potassium, sat. paste 0.27 meqll 0.03 SW6010B 04/20/07 11 :47 1 rlh
Sodium, sat. paste 1.11 meq/l 0.04 SW6010B 04/20/07 11 :47 1 rlh
Sodium Adsorption Ratio (SAR) 0.66 unit/ess 0.01 Calculation 04/23/07 13:22 1srm

• ACID-BASE ACCOUNTING
Neutralization Potential 300 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 300 tlkt Sobek Modifie 04/23/0700:001 srm

• The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 30.3 0/0 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.35 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N. KCl Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:191 srm

METALS, WATER EXTRACTABLE
Boron 0.1 mg/kg 0.1 SW6010B 04/20/07 14:061 rlh
Selenium NO mg/kg 0.01 SW6020 10/17/0701:511 sas

METALS, TOTAL - EPA SW846
Arsenic 5 mg/kg 5 SW6010B 04/18/07 22:40 1 rlh
Barium 89 mg/kg 5 SW6010B 04/18/0722:401 rlh
Cadmium NO mg/kg 1 SW6010B 04/18/07 22:40 1 rlh
Chromium 13 mg/kg 5 SW6010B 04/18/07 22:40 1 rlh
Copper 10 mg/kg 5 SW6010B 04/18/07 22:40 1 rlh
Iron 11300 mg/kg 0 8 SW6010B 04/18/07 22:40 1 r1h
lead 10 mg/kg 5 SW6010B 04/18/0722:401 rlh
Manganese 159 mg/kg 5 SW6010B 04/18/0722:401 rlh
Mercury NO mg/kg 1 SW7471A 04/19/07 13:231 jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.
o -RL increased due to sample matrix interference.
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IRifli'tl ENERGY LABORATORIES, INC. ... 1120 S 27th St ... PO Box 30916'" Billings, MT 59107·0916
Rf:t.UaU.t;U4' Toll Free 800.735.4489'" 406.252.6325 It FAX 406.252.6069'" eli@energylab.com

• Client: Alton Coal

Project:

Lab 10: 807041015-006

Client Sample 10: CH-01-05, 16 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
DateReceived: 04/12/07

Matrix: Soil

•

MClI
Analyses Result Units Qualifiers RL QCl Method Analysis Date JBy

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:40/ rth
Selenium NO mg/kg 5 SW6010B 04/18/0722:40/ rth
Silver NO mg/kg 5 SW6010B 04/18/0722:40/ rth
Zinc 40 mg/kg 5 SW6010B 04/18/0722:40/ rth

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



Idiri?J7 ENERGY LABORATORIES, INC. *1120 S 27th St'" PO Box 30916 * Billings, MT59107-0916
'Mt:l.t;e;U.li'ti' Tofl Free 800.735.4489 ... 406.252.6325 ... FAX 406.252.6069 ... eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-007

CH-01-05, 30 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
DateReceived: 04/12/07

Matrix: Soil

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 04/19/0708:291 srm
Silt 47 % ASA15-5 04/19/0708:291 srm
Clay 45 0/0 ASA15-5 04/19/07 08:291 srm
Very Fine Sand 0 wt% ASA15-5 04/19/0708:291 srm
Texture SiC ASA15-5 04/19/0708:291 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 04/18/07 14:45 1srm
Conductivity, sat. paste 3.13 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 81.9 % 0.1 USOA27a 04/19/0708:291 srm
Calcium, sat. paste 16.9 meqll 0.05 SW6010B 04/20/07 11 :51 1 rlh
Magnesium, sat. paste 25.8 meq/L 0.08 SW6010B 04/20/07 11 :51 1 rlh
Potassium, sat. paste 1.11 meq/l 0.03 SW6010B 04/20/07 11 :51 1 rlh
Sodium, sat. paste 3.65 meqlL 0.04 SW6010B 04/20/07 11 :51 1 rlh
Sodium Adsorption Ratio (SAR) 0.79 unit/ess 0.01 Calculation 04/23/0713:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 260 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid/Base Potential 260 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 26.1 0/0 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.45 wt% 0.02 ASA29-3 04/18/0714:451 srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 04/18/07 12:20 1srm

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg 0.1 SW6010B 04/20/07 14:181 r1h
Selenium NO mg/kg 0.01 SW6020 10/17/0701 :581 sas

METALS, TOTAL - EPA SW846
Arsenic 6 mg/kg 5 SW6010B 04/18/07 22:431 r1h
Barium 99 mg/kg 5 SW6010B 04/18/07 22:43 1 rlh
Cadmium NO mg/kg 1 SW6010B 04/18/07 22:431 rlh
Chromium 19 mg/kg 5 SW6010B 04/18/07 22:431 rlh
Copper 14 mg/kg 5 SW6010B 04/18/07 22:43 1 rlh
Iron 14100 mg/kg 0 8 SW6010B 04/18/07 22:431 r1h
Lead 11 mg/kg 5 SW6010B 04/18/07 22:431 r1h
Manganese 202 mg/kg 5 SW6010B 04/18/07 22:43 1 r1h
Mercury NO mg/kg 1 SW7471A 04/19/0713:25/llw

Report RL - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit. """rr-O
t C

0- RL increased due to sample matrix interference.
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i:t1#rliti ENERGY LABORATORIES, INC. .. 1120 S 27th St .. PO Box 30916" Billings, MT59107-0916
U.!:le0l!fie];lGi' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069" eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-007
CH-01-05, 30 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
DateReceived : 04/12/07

Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL aCL Method Analysis Date I By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0722:431 rlh
Selenium NO mg/kg 5 SW6010B 04/18/0722:431 rlh
Silver NO mg/kg 5 SW6010B 04/18/0722:431 rlh
Zinc 49 mg/kg 5 SW6010B 04/18/07 22:431 rlh

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.



&~lfiftj ENERGY LABORATORIES, INC• ... 1120 S 27th St It PO Box 30916 It Billings, MT 59107-0916
'ti,:t.i;&U.1jlJi' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal

807041015-023

CH-01-05, 50 Feet, Dark Grey Clay

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MClI
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 1 % ASA15-5 04/20/07 08:30 1srm

Silt 34 % ASA15-5 04/20/0708:301 srm

Clay 65 % ASA15-5 04/20/0708:301 srm

Very Fine Sand 0 wt% ASA15-5 04/20/0708:301 srm

Texture C ASA15-5 04/20/0708:301 srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH I sat. paste 8.60 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm

Conductivity, sat. paste 2.78 mmhos/cm 0.01 ASA10-3 04/19/07 08:29 1srm

Saturation 234 % 0.1 USDA27a 04/19/0708:291 srm

Calcium, sat. paste 1.73 meqlL 0.05 SW6010B 04/20/07 13:161 rlh

Magnesium, sat. paste 1.03 meqlL 0.08 SW6010B 04/20/07 13:161 rlh

Potassium, sat. paste 0.43 meqlL 0.03 SW6010B 04/20/07 13:16 1 rlh

Sodium, sat. paste 26.0 meqlL 0.04 SW6010B 04/20/07 13:161 rlh

Sodium Adsorption Ratio (SAR) 22.2 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 41 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm

Acid Potential 12 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm

Acid/Base Potential 29 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 4.1 %
Organic Carbon 0.77 wt%
Nitrate as N, KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 4.1 mg/kg
Selenium 0.03 mg/kg

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg
Barium 134 mg/kg
Cadmium ND mg/kg
Chromium 15 mg/kg
Copper 10 mg/kg
Iron 10600 mg/kg D
Lead 13 mg/kg
Manganese 80 mg/kg
Mercury ND mg/kg

Report RL - Analyte reporting limit.

• Definitions: QCL - Quality control limit.

D - RL increased due to sample matrix interference.

0.1 USDA23c 04/23/07 00:00 1srm

0.02 ASA29-3 04/18/07 14:451 srm

1 ASA33-B.1 04/18/07 12:34 1srm

0.1 SW6010B 04/20/07 16:11 1 rlh

0.01 SW6020 10/17/07 04:57 1sas

5 SW6010B 04/19/07 00:101 r1h

5 SW6010B 04/19/07 00:101 r1h

1 SW6010B 04/19/07 00:101 rlh

5 SW6010B 04/19/0700:101 rlh

5 SW6010B 04/19/0700:10/ rlh

8 SW6010B 04/24/07 23:581 rlh

5 SW6010B 04/19/07 00:10/ rlh

5 SW6010B 04/19/0700:10/ rlh

1 SW7471A 04/19/07 14:28/ jjw

MCl - Maximum contaminant I~vel.. . ~,..,"T" 0
ND - Not detected at the reporting h~It., r (''\P r)0(" I"'"~ I t

\N"-"~';
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1#1#(Zij? ENERGY LABORATORIES, INC. '" 1120 S 27th St '" PO Box 30916'" Billings, MT59107·0916
'C':l_U&U-1jQ¥' Toll Free 800.735.4489'" 406.252.6325'" FAX 406.252.6069 '" eli@energylab.com

•
LABORATORY ANALYTICAL REPORT

Client: Alton Coal

Project:
Lab 10: 807041015-023
Client Sample 10: CH-01-05, 50 Feet, Dark Grey Clay

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date / By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/19/07 00:101 rlh

Selenium NO mg/kg 5 SW6010B 04/19/07 00:101 rlh

Silver NO mg/kg 5 SW6010B 04/19/07 00:10/ rlh

Zinc 43 mg/kg 5 SW6010B 04/19/0700:101 rlh

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

0(:1 , 5 1009



lililtli? ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT 59107-0916
'tEf:t•Z'1U.t;ui' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-008

CH-03-05, 0-3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 70 % ASA15-5 04/19/07 08:291 srm
Silt 21 % ASA15-5 04/19/07 08:291 srm
Clay 9 % ASA15-5 04/19/07 08:29 I srm
Very Fine Sand 11 wt% ASA15-5 04/19/07 08:291 srm
Texture Sl ASA15-5 04/19/07 08:29 I srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 7.80 S.u. 0.10 ASAM10-3.2 04/18/0714:45 I srm
Conductivity, sat. paste 0.42 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 25.7 % 0.1 USDA27a 04/19/0708:291 srm
Calcium. sat. paste 2.98 meqll 0.05 SW6010B 04/20/07 11 :59 I rlh
Magnesium, sat. paste 1.26 meq/l 0.08 SW6010B 04/20/07 11 :59 1 rlh
Potassium, sat. paste 0.30 meqll 0.03 SW6010B 04/20/07 11 :59 I rlh
Sodium I sat. paste 0.07 meqll 0.04 SW6010B 04/20/07 11 :59 / rlh
Sodium Adsorption Ratio (SAR) 0.05 unitless 0.01 Calculation 04/23/07 13:22/ srm

• ACID-BASE ACCOUNTING
Neutralization Potential 160 Ukt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 Ukt 1.0 Sobek Modifie 04/23/07 00:00 1 srm
Acid/Base Potential 160 Ukt Sobek Modifie 04/23/07 00:00 1srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 15.6 % 0.1 USDA23c 04/23/07 00:00 1 srm
Organic Carbon 0.62 wt% 0.02 ASA29-3 04/18/07 14:45 I srm
Nitrate as N, KCl Extract 2 mg/kg 1 ASA33-8.1 04/18/0712:21 1srm

METALS, WATER EXTRACTABLE
Boron ND mg/kg 0.1 SW6010B 04/20107 14:22 I r1h
Selenium ND mg/kg 0.01 SW6020 10/17/0702:04 I sas

METALS, TOTAL· EPA SW846
Arsenic ND mg/kg 5 SW6010B 04/18/0722:471 rlh
Barium 56 mg/kg 5 SW6010B 04/18/0722:47 I rlh
Cadmium ND mg/kg 1 SW6010B 04118/07 22:471 r1h
Chromium 7 mg/kg 5 SW6010B 04/1 8/07 22:47 1 rlh
Copper 6 mg/kg 5 SW6010B 04/18/0722:471 rlh
Iron 8620 mg/kg D 8 SW6010B 04/18/0722:471 rlh
lead 7 mg/kg 5 SW6010B 04/18/07 22:471 rlh
Manganese 152 mg/kg 5 SW6010B 04/18/0722:471 rlh
Mercury ND mg/kg 1 SW7471A 04/19/07 13:321 jjw

Report RL - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit.
D - RL increased due to sample matrix interference.

Oel 15 2009
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I#/#,iij, ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 It Billings, MT59107·0916
'et:I.t;&ti.tiAA' Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

807041 01 5-008

CH-03-05, 0-3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:471 rlh
Selenium NO mg/kg 5 SW6010B 04/18/0722:471 r1h
Silver NO mg/kg 5 SW6010B 04/18/0722:471 rlh
Zinc 28 mg/kg 5 SW6010B 04/18/0722:471 rlh

•
Report
Definitions:

RL . Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO· Not detected at the reporting limit.

Gel' 5 2009



I#I#tliitl' ENERGY LABORATORIES, INC. W 1120 S 27th St W PO Box 30916 W Billings, MT59107-0916
'tEt:1eh&U!J;@' Toll Free 800.735.4489 W 406.252.6325 W FAX 406.252.6069 weli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-009

CH-03-05, 3-6 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 77 % ASA15-5 04/19/07 08:291 srm
Silt 17 % ASA15-5 04/19/07 08:291 srm
Clay 6 % ASA15-5 04/19/0708:291 srm
Very Fine Sand 9 wt% ASA15-5 04/19/0708:291 srm
Texture lS ASA15-5 04/19/07 08:29 1srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.27 mmhoslcm 0.01 ASA10-3 04/19/0708:291 srm
Saturation 21.8 0/0 0.1 USOA27a 04/19/07 08:291 srm
Calcium, sat. paste 1.73 meq/L 0.05 SW6010B 04/20/07 12:04 1 rlh
Magnesium, sat. paste 0.87 meq/L 0.08 SW6010B 04/20/07 12:041 r1h
Potassium, sat. paste 0.12 meq/l 0.03 SW6010B 04/20/07 12:041 rlh
Sodium, sat. paste 0.10 meq/l 0.04 SW6010B 04/20107 12:04 I rth
Sodium Adsorption Ratio (SAR) 0.09 unitless 0.01 Calculation 04/23/07 13:221 srm• ACID-BASE ACCOUNTING
Neutralization Potential 280 tlkt 1.0 Sobek Modifie 04/23/0700:00 I srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:00 I srm
Acid/Base Potential 280 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 27.7 % 0.1 USOA23c 04/23/0700:00 I srm
Organic Carbon 0.23 wt% 0.02 ASA29-3 04/18/07 14:45 I srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 04/18/07 12:21 1srm

METALS, WATER EXTRACTABLE
Boron ND mg/kg 0.1 SW6010B 04/20/07 14:27 I r1h
Selenium ND mg/kg 0.01 SW6020 10/17/0702:11 1sas

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg 5 SW6010B 04/18/0722:51 I r1h
Barium 96 mg/kg 5 SW6010B 04/18/0722:51 / rlh
Cadmium ND mg/kg 1 SW6010B 04/18/07 22:51 1 r1h
Chromium 7 mg/kg 5 SW6010B 04/18/07 22:51 I r1h
Copper NO mg/kg 5 SW6010B 04/18/07 22:51 1 rlh
Iron 7000 mglkg D 8 SW6010B 04/18/0722:51 I r1h
lead 5 mg/kg 5 SW6010B 04/18/0722:511 rlh
Manganese 141 mg/kg 5 SW6010B 04/18/0722:51 I rlh
Mercury NO mg/kg 1 SW7471A 04/19/07 13:341 jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level. -r..crroqATEDIf\~· f .I. ):~"\ .~.J' 1t"cj 'j,~ <'Definitions: ~~ '\..-• QCl - Quality control limit. NO - Not detected at the reporting limit.
D - RL increased due to sample matrix interference. OCl 15 2009

of Gas 81. Mining



l:fj;fftit/ ENERGY LABORATORIES, INC. .. 1120 S 27th St" PO Box 30916" Billings, MT59107·0916
Rf:t.1;&U.#lJi' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069" eli@energylab.com

• Client: Alton Coal

Project:

lab 10: 807041015-009

Client Sample 10: CH-03-05, 3-6 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers Rt Qct Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:51 1 r1h
Selenium NO mg/kg 5 SW6010B 04/18/0722:51 1 rlh
Silver NO mg/kg 5 SW6010B 04/18/0722:511 r1h
Zinc 19 mg/kg 5 SW6010B 04/18/0722:511 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



1#I#fi& ENERG Y LABORATORIES, INC. ... 11205 27th 5t ... PO Box 30916 ... Billings, MT59107-0916
g':l.Ue;fi.m/¥, Toll Free 800.735.4489 ... 406.252.6325 ... FAX 406.252.6069 ... eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-010

CH-03-05, 9 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
DateReceived: 04/12/07

Matrix: Soil

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 82 0/0 ASA15-5 04/19/0708:291 srm
Silt 13 % ASA15-5 04/19/07 08:291 srm
Clay 5 0/0 ASA15-5 04/19/07 08:29 1srm
Very Fine Sand 7 wt% ASA15-5 04/19/0708:291 srm
Texture lS ASA15-5 04/19/0708:291 srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.40 S.u. 0.10 ASAM10-3.2 04/18/07 14:45 1srm
Conductivity, sat. paste 0.25 mmhos/cm 0.01 ASA10-3 04/19/0708:291 srm
Saturation 20.4 0/0 0.1 USOA27a 04/19/0708:291 srm
Calcium I sat. paste 1.10 meqll 0.05 SW6010B 04/20/07 12:08 1 r1h
Magnesium. sat. paste 1.32 meqll 0.08 SW6010B 04/20/07 12:08 1 rlh
Potassium, sat. paste 0.09 meqll 0.03 SW6010B 04/20/07 12:081 r1h
Sodium I sat. paste 0.13 meqll 0.04 SW6010B 04/20/07 12:08 1rlh
Sodium Adsorption Ratio (SAR) 0.11 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 460 tlkt 1.0 Sobek Modifie 04/23107 00:00 1srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid/Base Potential 460 tlkt Sobek Modifie 04/23/07 00 :00 1srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
lime as CaC03 46.2 % 0.1 USOA23c 04/23/07 00 :00 1srm
Organic Carbon 0.15 wt% 0.02 ASA29-3 04/18/0714:451 srm
Nitrate as NI KCl Extract NO mg/kg 1 ASA33-8.1 04/18/0712:221 srm

METALS, WATER EXTRACTABLE
Boron NO mg/kg 0.1 SW6010B 04/20/0714:31 1 rlh
Selenium NO mglkg 0.01 SW6020 10/17/0702:181 sas

METALS, TOTAL - EPA SW846
Arsenic 8 mg/kg 5 SW6010B 04/18/07 22:541 r1h
Barium 202 mg/kg 5 SW6010B 04/18/0722:541 rlh
Cadmium NO mg/kg 1 SW6010B 04/18/0722:541 r1h
Chromium 8 mg/kg 5 SW6010B 04/18/0722:541 rth
Copper NO mg/kg 5 SW6010B 04/18/07 22:541 rlh
Iron 8100 mg/kg 0 8 SW6010B 04/18/0722:541 rlh
lead NO mg/kg 5 SW6010B 04/18/07 22:54/ r1h
Manganese 217 mg/kg 5 SW6010B 04/18/07 22:54/ rlh
Mercury NO mg/kg 1 SW7471 A 04/19/07 13:36/ jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.

• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

0- Rl increased due to sample matrix interference. , 5 2009rV'1u\"
G &t~in\ngi~1 i~:\ "'~"S· ';U UI'l ....



/#l.#rtrtl ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'tit:l."&fi.m14' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

807041015-010

CH-03-05, 9 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
OateReceived: 04/12/07

Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:541 rlh
Selenium NO mg/kg 5 SW6010B 04/18/0722:541 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 22:541 rlh
Zinc 14 mg/kg 5 SW6010B 04/18/07 22:541 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

oel , 5 2009



liI#tti7 ENERGY LABORATORIES, INC. .. 1120 S 27th Sf .. PO Box 30916 .. Billings, MT 59107-0916
Uml.h&tl.#Ui' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069" eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

807041015-011

CH-03-05, 16 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04112/07
Matrix: Soil

MCU
Analyses Result Units Qualifiers RL aCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 80 % ASA15-5 04/19/07 08:291 srm
Silt 14 0/0 ASA15-5 04/19/0708:291 srm
Clay 6 0/0 ASA15-5 04/19/0708:291 srm
Very Fine Sand 5 wt% ASA15-5 04/19/07 08:291 srm
Texture LS ASA15-5 04/19/07 08:291 srm

- C = Clay, S = Sand(y). Si = Silt(y). L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.40 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.40 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 20.2 % 0.1 USOA27a 04/19/07 08:291 srm
Calcium, sat. paste 1.22 meqlL 0.05 SW6010B 04/20107 12:121 rlh
Magnesium, sat. paste 2.24 meqlL 0.08 SW6010B 04/20107 12:12 1 rlh
Potassium, sat. paste 0.16 meqlL 0.03 SW6010B 04/20107 12:121 rlh
Sodium, sat. paste 0.40 meqlL 0.04 SW6010B 04/2010712:121 rlh
Sodium Adsorption Ratio (SAR) 0.31 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 650 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:00/ srm
Acid/Base Potential 650 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 64.7 0/0 0.1 USOA23c 04/23/07 00:00 1srm
Organic Carbon 0.11 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCL Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:23 1srm

METALS, WATER EXTRACTABLE
Boron NO mg/kg 0.1 SW6010B 04/20/07 14:35 1 r1h
Selenium NO mg/kg 0.01 SW6020 10/17/07 02:251 sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0722:581 rlh
Barium 234 mg/kg 5 SW6010B 04/18/0722:581 r1h
Cadmium NO mg/kg 1 SW6010B 04/18/0722:581 r1h
Chromium 7 mg/kg 5 SW6010B 04/18/07 22:581 rlh
Copper NO mg/kg 5 SW6010B 04/18/07 22:581 r1h
Iron 11400 mg/kg 0 8 SW6010B 04/18/07 22:58 1 rlh
Lead NO mg/kg 5 SW6010B 04/18/0722:581 rlh
Manganese 276 mg/kg 5 SW6010B 04/18/07 22:581 rlh
Mercury NO mg/kg 1 SW7471A 04/19/0713:381 jjw

Report RL - Analy1e reporting limit. MCL - Maximum contaminant level.• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

D - RL increased due to sample matrix interference.
, ,:\1roU?'
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IitRfi!!'i1 ENERG Y LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107·0916
'tif:l.t;&u.J;lli' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client: Alton Coal
Project:
Lab 10: 807041015-011
Client Sample 10: CH-03-05, 16 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 22:581 r1h
Selenium ND mg/kg 5 SW6010B 04/18/07 22:581 rlh
Silver ND mg/kg 5 SW6010B 04/1 8/07 22:58 1 r1h
Zinc 23 mg/kg 5 SW6010B 04/18/07 22:581 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



/#I#lii't/ ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 ... Billings, MT 59107-0916
'tat:1eu&fiet;lALt Toll Free 800.735.4489 It 406.252.6325 ... FAX 406.252.6069 It eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-012

CH-05-05, 0-1 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCll
Analyses Result Units Qualifiers Rl eCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 30 % ASA15-5 04/19/07 08:291 srm
Silt 41 % ASA15-5 04/19/07 08:291 srm
Clay 29 % ASA15-5 04/19/07 08:291 srm
Very Fine Sand 3 wt% ASA15-5 04/19/0708:291 srm
Texture Cl ASA15-5 04/19/0708:291 srm

- C = Clay, S = Sand(y), Si = Silt(y). L = Loam(y)

SATURATED PASTE

pH I sat. paste 7.90 S.u. 0.10 ASAM10-3.2 04/18/0714:451 srm
Conductivity, sat. paste 0.43 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 44.5 0/0 0.1 USOA27a 04/19/07 08:291 srm
Calcium, sat. paste 2.22 meqll 0.05 SW6010B 04/20/07 12:17 1 rlh
Magnesium I sat. paste 2.21 meqll 0.08 SW6010B 04/20107 12:171 rlh
Potassium, sat. paste 0.19 meq/l 0.03 SW6010B 04/20107 12:171 rlh
Sodium. sat. paste 0.15 meqll 0.04 SW6010B 04/20107 12:171 rlh
Sodium Adsorption Ratio (SAR) 0.10 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING

Neutralization Potential 230 Ukt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid Potential 0 Ukt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 230 Ukt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 22.7 % 0.1 USOA23c 04/23/07 00:00 1srm
Organic Carbon 0.91 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCl Extract 3 mg/kg 1 ASA33-8.1 04/18/07 12:241 srm

METALS, WATER EXTRACTABLE
Boron 0.2 mg/kg 0.1 SW6010B 04/20/07 14:391 rlh
Selenium NO mg/kg 0.01 SW6020 10/17/07 02:391 sas

METALS, TOTAL· EPA SW846
Arsenic 7 mg/kg 5 SW6010B 04/18/07 23:01 1 rlh
Barium 67 mg/kg 5 SW6010B 04118/0723:011 rlh
Cadmium NO mg/kg 1 SW6010B 04/18/0723:011 rlh
Chromium 17 mg/kg 5 SW6010B 04/18/07 23:01 1 r1h
Copper 13 mg/kg 5 SW6010B 04/18/0723:01 1 rlh
Iron 13500 mg/kg 0 8 SW6010B 04/18/0723:011 rlh
lead 11 mg/kg 5 SW6010B 04/18/07 23:01 1 rlh
Manganese 264 mg/kg 5 SW6010B 04/18/0723:01 1 rlh
Mercury NO mg/kg 1 SW7471A 04119/07 13:40 1 jjw

Report Rl - Analyte reporting limit. Mel - Maximum contaminant level.

• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.
(le1 , '.l 1\jQ90- Rl increased due to sample matrix interference.
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/g&lf!ItI ENERGY LABORA TORIES, INC. ... 1120 S 27th St ... PO Box 30916 ... Billings, MT 59107·0916
Am.UeaR• uUI' Toll Free 800.735.4489'" 406.252.6325'" FAX 406.252.6069'" eli@energylab.com

• Client: Alton Coal
Project:
Lab 10: 807041015-012
Client Sample 10: CH-05-05, 0-1 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCl!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 23:01 1 rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 23:01 1 r1h
Silver NO mg/kg 5 SW6010B 04/18/0723:01 1 rlh
Zinc 47 mg/kg 5 SW6010B 04/18/0723:01 1 rlh

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



l#l#ftfttl ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT59107-0916
'e,:t.U&ti.l;lli' Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-013

CH-05-05, 3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 64 °/0 ASA15-5 04/19/07 08:29 1srm
Silt 23 °/0 ASA15-5 04/19/07 08:291 srm
Clay 13 % ASA15-5 04/19/07 08:291 srm
Very Fine Sand 12 wt% ASA15-5 04/19/0708:291 srm
Texture SL ASA15-5 04/19/0708:291 srm

- C =Clay, S =Sand(y). Si = Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity. sat. paste 0.43 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 27.0 °/0 0.1 USDA27a 04/19/07 08:291 srm
Calcium, sat. paste 1.28 meqlL 0.05 SW6010B 04/20/0712:21 1 rlh
Magnesium, sat. paste 3.02 meqlL 0.08 SW6010B 04/20/07 12:21 1 rlh
Potassium, sat. paste 0.15 meqlL 0.03 SW6010B 04/20/07 12:21 1 rlh
Sodium, sat. paste 0.28 meqlL 0.04 SW6010B 04/20/07 12:21 1 rlh
Sodium Adsorption Ratio (SAR) 0.19 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 250 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 250 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 24.9 % 0.1 USDA23c 04/23/07 00:00 1srm
Organic Carbon 0.39 wt% 0.02 ASA29-3 04/18/07 14:45 1srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 04/18/07 12:241 srm

METALS, WATER EXTRACTABLE
Boron ND mg/kg 0.1 SW6010B 04/20/07 14:441 rlh
Selenium ND mg/kg 0.01 SW6020 10/17107 02:461 sas

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg 5 SW6010B 04/18/07 23:13 1 rlh
Barium 61 mg/kg 5 SW6010B 04/18/0723:131 r1h
Cadmium ND mg/kg 1 SW6010B 04/18/0723:131 r1h
Chromium 8 mg/kg 5 SW6010B 04/18/07 23:131 rlh
Copper 6 mg/kg 5 SW6010B 04/18/07 23:131 rlh
Iron 8120 mg/kg D 8 SW6010B 04/18/0723:131 rlh
Lead 7 mg/kg 5 SW6010B 04/18/07 23:131 rlh
Manganese 152 mg/kg 5 SW6010B 04/18/0723:131 r1h
Mercury ND mg/kg 1 SW7471A 04/19/0713:421 jjw

Report RL . Analyte reporting limit. MCL - Maximum contaminant level.• Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit.
D - RL increased due to sample matrix interference. 0(,1 , 5 1009
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/ij#rlij? ENERGY LABORATORIES, INC." 1120 S 27th St" PO Box 30916" Billings, MT59107·0916
'et:1e1;&"e1;lli' Toll Free 800.735.4489 .. 406.252.6325" FAX 406.252.6069" eli@energylab.com

• Client: Alton Coal

Project:
Lab 10: 807041015-013

Client Sample 10: CH-05-05, 3 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL aCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0723:131 rlh
Selenium NO mg/kg 5 SW6010B 04/18/0723:131 rth
Silver NO mg/kg 5 SW6010B 04/18/0723:13/rth
Zinc 25 mg/kg 5 SW6010B 04/18/0723:131 rlh

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 2009
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l#Rrlit/ ENERGY LABORATORIES, INC. ... 1120 S 27th St'" PO Box 30916'" Billings, MT59107-0916
'et:l.n&'l.1;l14' Toll Free 800.735.4489 ... 406.252.6325 ... FAX 406.252.6069 ... eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-014

CH-05-05, 9-10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

MCUAnalyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 78 % ASA15-5 04/19/0708:291 srmSilt 17 010 ASA15-5 04/19/07 08:291 srmClay 5 010 ASA15-5 04/19/07 08:291 srm
Very Fine Sand 4 wt% ASA15-5 04/19/07 08:291 srm
Texture LS ASA15-5 04/19/0708:291 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.40 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.43 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 20.8 010 0.1 USOA27a 04/19/07 08:291 srm
Calcium, sat. paste 1.05 meq/L 0.05 SW6010B 04/20/07 12:251 rlh
Magnesium l sat. paste 3.01 meqlL 0.08 SW6010B 04/20/07 12:25 1rlh
Potassium, sat. paste 0.15 meqlL 0.03 SW6010B 04/20/07 12:25 1rlh
Sodium. sat. paste 0.36 meqlL 0.04 SW6010B 04/20/07 12:25 1 rlh
Sodium Adsorption Ratio (SAR) 0.26 unitless 0.01 Calculation 04/23/07 13:221 srm• ACID-BASE ACCOUNTING
Neutralization Potential 600 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 600 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 60.0 % 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.13 wt% 0.02 ASA29-3 04/18/0714:451 srm
Nitrate as N, KCl Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:251 srm

METALS, WATER EXTRACTABLE
Boron NO mg/kg 0.1 SW6010B 04/20/07 14:521 r1h
Selenium NO mg/kg 0.01 SW6020 10/17/0703:41 1sas

METALS, TOTAL· EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0723:171 r1h
Barium 107 mg/kg 5 SW6010B 04/18/07 23:171 r1h
Cadmium NO mg/kg 1 SW6010B 04/18/0723:171 r1h
Chromium 7 mg/kg 5 SW6010B 04/18/0723:171 r1h
Copper NO mg/kg 5 SW6010B 04/18/07 23:171 r1h
Iron 8140 mg/kg 0 8 SW6010B 04/18/0723:171 rlh
lead NO mg/kg 5 SW6010B 04/18/0723:171 rth
Manganese 233 mg/kg 5 SW6010B 04/18/0723:171 rth
Mercury NO mg/kg 1 SW7471A 04/19/0713:45/liw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.
o -RL increased due to sample matrix interference.

OC1 , 5 2009
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1#."'#fliti ENERGY LABORATORIES, INC. "'1120 S 27th St'" PO Box 30916'" Billings, MT 59107·0916
.t5f:l_U&U-Z;U¥' Toll Free 800.735.4489 ... 406.252.6325 ... FAX 406.252.6069 ... eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

807041015-014

CH-05-05, 9-10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07

Matrix: Soil

•

MCLI
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 23:171 rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 23:171 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 23:171 rlh
Zinc 16 mg/kg 5 SW6010B 04/18/0723:171 rlh

•
Report
Definitions:

Rl· Analyte reporting limit.

QCl - Quality control limit.
MCl· Maximum contaminant level.

NO· Not detected at the reporting limit.

OC1 152009



m:tlti? ENERGY LABORATORIES, INC. ,. 1120 S 27th St ,. PO Box 30916 ,. Billings, MT 59107-0916
leW-hearl-mIl' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069 ,. eli@energylab.com

• Client:

Project:

Lab 10:

Client Sample 10:

Alton Coal

807041015-015

CH-05-05, 14 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

Mel!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand NO % ASA15-5 04/19/0708:291 srm
Silt 39 010 ASA15-5 04/19/0708:291 srm
Clay 61 010 ASA15-5 04/19/07 08:29 1srm
Very Fine Sand 0 wt% ASA15-5 04/19/07 08:29 1srm
Texture C ASA15-5 04/19/07 08:291 srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 0.54 mmhos/cm 0.01 ASA10-3 04/19/07 08:29 1 srm
Saturation 97.3 % 0.1 USOA27a 04119/07 08:291 srm
Calcium, sat. paste 1.50 meqll 0.05 SW6010B 04/20/07 12:421 r1h
Magnesium, sat. paste 2.69 meq/l 0.08 SW6010B 04/20/07 12:42 1 r1h
Potassium I sat. paste 0.21 meqll 0.03 SW6010B 04/20/07 12:421 rlh
Sodium, sat. paste 1.51 meqll 0.04 SW6010B 04/20/07 12:421 rlh
Sodium Adsorption Ratio (SAR) 1.04 unitless 0.01 Calculation 04/23/07 13:22 1 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 190 tlkt 1.0 Sobek Modifie 04/23/07 00 :00 1 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 190 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 19.1 010 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.50 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCL Extract NO mg/kg 1 ASA33-8.1 04/18/07 12:271 srm

METALS, WATER EXTRACTABLE
Boron 0.2 mg/kg 0.1 SW6010B 04/20107 15:32 1 r1h
Selenium 0.04 mg/kg 0.01 SW6020 10/17/07 03:481 sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0723:201 rlh
Barium 106 mg/kg 5 SW6010B 04/18/07 23:20 1 rlh
Cadmium NO mg/kg 1 SW6010B 04/18/0723:201 rlh
Chromium 14 mg/kg 5 SW6010B 04/18/07 23:201 r1h
Copper 13 mg/kg 5 SW6010B 04/18/0723:201 rlh
Iron 14500 mg/kg 0 8 SW6010B 04/18/0723:201 rlh
Lead 11 mg/kg 5 SW6010B 04/18/0723:201 rlh
Manganese 87 mg/kg 5 SW6010B 04/18/0723:201 rlh
Mercury NO mg/kg 1 SW7471A 04/19/07 13:471 jjw

Report RL - Analyte reporting limit. MCl - Maximum contaminant level. r"JEO• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

0- Rl increased due to sample matrix interference.
OCl 1 5 2009
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la~li/1 ENERGY LABORATORIES, INC. '" 1120 S 27th St '" PO Box 30916'" Billings, MT59107·0916
'e':t-ul'i_m'i' Toll Free 800.735.4489'" 406.252.6325'" FAX 406.252.6069'" eli@energylab.com

• Client: Alton Coal

Project:
Lab 10: 807041015-015
Client Sample 10: CH-05-05, 14 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

OateReceived: 04/12/07
Matrix: Soil

•

MCLI
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0723:201 r1h

Selenium NO mg/kg 5 SW6010B 04/18/0723:201 rlh

Silver NO mg/kg 5 SW6010B 04/18/0723:201 r1h

Zinc 50 mg/kg 5 SW6010B 04/18/0723:201 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCL - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 2009



/#l#fi§7 ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'*':1.1;&".1'"4' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-016

CH-05-05, 19 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
OateReceived: 04/12/07

Matrix: Soil

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 2 % ASA15-5 04/19/07 08:291 srm
Silt 37 % ASA15-5 04/19/0708:291 srm
Clay 61 % ASA15-5 04/19/07 08:291 srm
Very Fine Sand 0 wt% ASA15-5 04/19/07 08:29 1srm
Texture C ASA15-5 04/19/07 08:291 srm

- C = Clay, S = Sand(y), Si = Silt(y). L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.10 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 1.04 mmhos/cm 0.01 ASA10-3 04/19/0708:291 srm
Saturation 97.6 % 0.1 USOA27a 04/19/0708:291 srm
Calcium, sat. paste 2.67 meqlL 0.05 SW6010B 04/20/07 12:46 1 rlh
Magnesium, sat. paste 2.71 meqll 0.08 SW6010B 04/20/07 12:461 rlh
Potassium, sat. paste 0.27 meqll 0.03 SW6010B 04/20/07 12:461 rlh
Sodium, sat. paste 5.85 meqlL 0.04 SW6010B 04/20/07 12:46 1rlh
Sodium Adsorption Ratio (SAR) 3.57 unitless 0.01 Calculation 04/23/07 13:22 1srm

• ACID-BASE ACCOU NTING
Neutralization Potential 180 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 180 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 18.2 %
Organic Carbon 0.44 wt%
Nitrate as N, KCl Extract NO mg/kg

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg
Selenium 0.03 mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg
Barium 85 mg/kg
Cadmium NO mg/kg
Chromium 15 mg/kg
Copper 14 mg/kg
Iron 14600 mg/kg 0
Lead 11 mg/kg
Manganese 144 mg/kg
Mercury NO mg/kg

Report Rl - Analyte reporting limit.

• Definitions: QCl - Quality control limit.

o -RL increased due to sample matrix interference.

0.1 USOA23c 04/23/0700:001 srm

0.02 ASA29-3 04/18/07 14:451 srm

1 ASA33-8.1 04/18/07 12:291 srm

0.1 SW6010B 04/20/07 15:361 rlh

0.01 SW6020 10/17/07 03:551 sas

5 SW6010B 04/18/07 23:24 1rlh

5 SW6010B 04/18/07 23:241 rlh

1 SW6010B 04/18/07 23:241 rlh

5 SW6010B 04/18/07 23:241 rlh

5 SW6010B 04/18/07 23:241 rlh

8 SW6010B 04/18/0723:241 rlh

5 SW6010B 04/18/0723:241 rlh

5 SW6010B 04/18/07 23:241 rlh

1 SW7471A 04/19/0713:49/ilw

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCT 1 5 2009



19l#kl?tj ENERG Y LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT 59107·0916
Rf:l.n&fl./;ui' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

B07041015-016

CH-05-05, 19 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCl!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 23:241 r1h
Selenium NO mg/kg 5 SW6010B 04/18/07 23:241 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 23:241 r1h
Zinc 54 mg/kg 5 SW6010B 04/18/07 23:241 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
Mel - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel' 5 2009
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1#I;tltm ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
gf:le1j&Uei;?l¥' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-017
CH-06-05, Soil

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

MCLI
Analyses Result Units Qualifiers Rl QCl Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 2 0/0 ASA15-5 04/19/07 08:29 / srm
Silt 45 % ASA15-5 04/19/07 08:29 / srm
Clay 53 % ASA15-5 04/19/07 08:29 / srm
Very Fine Sand 0 wt% ASA15-5 04/19/0708:29/ srm
Texture SiC ASA15-5 04/19/07 08:29 / srm

- C =Clay, S =Sand(y}, Si = Silt(y}, L =Loam(y}

SATURATED PASTE
pH, sat. paste 8.00 s.u. 0.10 ASAM10-3.2 04/18/07 14:45 / srm
Conductivity, sat. paste 0.54 mmhos/cm 0.01 ASA10-3 04/19/0708:29/ srm
Saturation 79.5 % 0.1 USOA27a 04/19/07 08:29 / srm
Calcium, sat. paste 1.33 meqlL 0.05 SW6010B 04/20/07 12:50 / rlh
Magnesium, sat. paste 1.51 meqlL 0.08 SW6010B 04/20/07 12:50/ r1h
Potassium, sat. paste 0.08 meqlL 0.03 SW6010B 04/20/07 12:50 / r1h
Sodium I sat. paste 3.17 meqlL 0.04 SW6010B 04/20107 12:50 1 rlh
Sodium Adsorption Ratio (SAR) 2.66 unitless 0.01 Calculation 04/23/07 13:221 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 21 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 20 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 2.1 010 0.1 USOA23c 04/23/07 00:00 / srm
Organic Carbon 0.73 wt% 0.02 ASA29-3 04/18/07 14:45/ srm
Nitrate as N, KCL Extract 6 mg/kg 1 ASA33-8.1 04/18/07 12:30 1 srm

METALS, WATER EXTRACTABLE
Boron 0.2 mg/kg 0.1 SW6010B 04/20107 15:40 / r1h
Selenium NO mg/kg 0.01 SW6020 10/17/07 04:02/ sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0723:27/ r1h
Barium 65 mg/kg 5 SW6010B 04/18/0723:27/ r1h
Cadmium NO mg/kg 1 SW6010B 04/18/0723:271 r1h
Chromium 18 mg/kg 5 SW6010B 04/18/07 23:27 1 r1h
Copper 14 mg/kg 5 SW6010B 04/18/07 23:27 / rlh
Iron 13800 mg/kg 0 8 SW6010B 04/18/0723:271 rlh
Lead 11 mg/kg 5 SW6010B 04/18/0723:271 rlh
Manganese 118 mg/kg 5 SW6010B 04/18/07 23:27 1 rlh
Mercury NO mg/kg 1 SW7471A 04/19/07 13:51 / jjw

Report RL - Analyte reporting limit. MCl - Maximum contaminant level. '-:}C)F~r:}JED• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

0- RL increased due to sample matrix interference. oel , 5 2009

r;.'j"J 01 Gas &
!..;Il.' "



I#l;fft§? ENERGY LABORATORIES, INC. .. 1120 S 27th Sf" PO Box 30916" Billings, MT59107·0916
Rf:t.h&fi.l;Ui' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069 .. eli@energylab.com

• Client: Alton Coal

Project:
lab 10: 807041015-017

Client Sample 10: CH-06-05, Soil

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/07 23:271 r1h
Selenium NO mg/kg 5 SW6010B 04/18/0723:271 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 23:271 r1h
Zinc 46 mg/kg 5 SW6010B 04/18/07 23:27/ rlh

• Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



Iilifrii!fl ENERGY LABORATORIES, INC. ,. 1120 S 27th St" PO Box 30916" Billings, MT59107-0916
't;r:l.Ue;U.i;l1i' Toll Free 800.735.4489" 406.252.6325" FAX 406.252.6069" eli@energylab.com

LABORATORY ANALYTICAL REPORT• Client: Alton Coal Report Date: 10/23/07
Project: Collection Date: Not Provided
Lab 10: 807041015-018 DateReceived: 04/12/07
Client Sample 10: CH-06-05, 5-10 Feet Matrix: Soil

MClI
Analyses Result Units Qualifiers RL QCl Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 20 % ASA15-5 04/19/07 08:29 I srm
Silt 39 0/0 ASA15-5 04/19/07 08:29 I srm
Clay 41 % ASA15-5 04/19/0708:29 I srm
Very Fine Sand 6 wt% ASA15-5 04/19/0708:29 I srm
Texture C ASA15-5 04/19/07 08:29 I srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.50 S.u. 0.10 ASAM10-3.2 04/18/07 14:45 I srm
Conductivity, sat. paste ISS mmhos/cm 0.01 ASA10-3 04/18/07 16:34 I srm
Saturation ISS 0/0 0.1 USOA27a 04/18/0716:34 I srm
Calcium, sat. paste ISS meqll 0.09 SW6010B 04/18/0716:34 I srm
Magnesium, sat. paste ISS meqll 0.09 SW6010B 04/18/0716:34 I srm
Potassium, sat. paste ISS meqll 0.09 SW6010B 04/18/07 16:34 I srm
Sodium, sat. paste ISS meqll 0.09 SW6010B 04/18/0716:34/srm
Sodium Adsorption Ratio (SAR) ISS unitless 0.01 Calculation 04/18/07 16:34 I srm• ISS = Insufficient sample for analysis

ACID-BASE ACCOUNTING
Neutralization Potential 130 tlkt 1.0 Sobek Modifie 04/23/0700:00 I srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:00 I srm
Acid/Base Potential 130 tlkt Sobek Modifie 04/23/0700:00 I srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 12.6 % 0.1 USOA23c 04/23/0700:00 I srm
Organic Carbon 0.37 wt% 0.02 ASA29-3 04/18/07 14:45 I srm
Nitrate as N, KCl Extract 1 mg/kg 1 ASA33-8.1 04/18/07 12:31 I srm

METALS, WATER EXTRACTABLE
Boron 0.6 mg/kg 0.1 SW6010B 04/20/07 15:44 I r1h
Selenium 0.02 mg/kg 0.01 SW6020 10/17/07 04:08 I sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0723:31 I r1h
Barium 63 mglkg 5 SW6010B 04/18/07 23:31 I rlh
Cadmium NO mg/kg 1 SW6010B 04/18/0723:31 I r1h
Chromium 12 mg/kg 5 SW6010B 04/18/07 23:31 I r1h
Copper 11 mg/kg 5 SW6010B 04/18/07 23:31 I rlh
Iron 10000 mg/kg 0 8 SW6010B 04/18/0723:31 I rlh
lead 10 mg/kg 5 SW6010B 04/18/07 23:31 I rlh
Manganese 114 mg/kg 5 SW6010B 04/18/0723:31 I rlh

Report RL . Analyte reporting limit. MCl· Maximum contaminant level.• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.
0- RL increased due to sample matrix interference.



IAiffti ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT59107-0916
Rt:l.U§fi!ljlA" Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client: Alton Coal
Project:

LabID: 807041015-018

Client Sample 10: CH-06-05, 5-10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCLI
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Mercury NO mg/kg 1 SW7471A 04/19/0713:581 jjw
Molybdenum NO mg/kg 5 SW6010B 04/18/0723:31 1 rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 23:31 1 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 23 :31 1 rlh
Zinc 35 mg/kg 5 SW6010B 04/18/0723:31 1 rlh

• Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel \ 5 2009

O\'J. 010\\, Gas {k Mining



l#lgrlgJ ENERGY LABORATORIES, INC. .. 1120 S 27th St .. PO Box 30916 .. Billings, MT59107.0916
leW-tmR_uY,_ Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069" eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-019

CH-06-05, 10 Feet

LABORATORY ANALVTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 12 % ASA15-5 04/19/0708:291 srm
Silt 41 % ASA15-5 04/19/07 08:29 1srm
Clay 47 0/0 ASA15-5 04/19/0708:291 srm
Very Fine Sand 9 wt% ASA15-5 04/19/0708:291 srm
Texture SiC ASA15-5 04/19/07 08:291 srm

- C =Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 04/18/0714:451 srm
Conductivity, sat. paste 7.95 mmhos/cm 0.01 ASA10-3 04/19/07 08:29 1srm
Saturation 90.9 % 0.1 USDA27a 04/19/07 08:29 1srm
Calcium I sat. paste 22.7 meq/L D 0.1 SW6010B 04/2010712:551 rlh
Magnesium, sat. paste 52.2 meqlL 0 0.1 SW6010B 04/20/07 12:55 1 rlh
Potassium, sat. paste 0.93 meq/L 0.03 SW6010B 04/20/07 12:55 1 r1h
Sodium, sat. paste 60.8 meqlL 0 0.08 SW6010B 04/20107 12:55 1 rlh
Sodium Adsorption Ratio (SAR) 9.93 unitless 0.01 Calculation 04/23/07 13:22 1srm• ACID-BASE ACCOUNTING
Neutralization Potential 69 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 68 tlkt Sobek Modifie 04/23/07 00:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 6.9 % 0.1 USDA23c 04/23/0700:001 srm
Organic Carbon 0.35 wt% 0.02 ASA29-3 04/18/07 14:45 1srm
Nitrate as N, KCl Extract 3 mg/kg 1 ASA33-8.1 04/18/0712:311 srm

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg 0.1 SW6010B 04/20/07 15:491 rlh
Selenium ND mg/kg 0.01 SW6020 10/17/0704:151 sas

METALS, TOTAL· EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/07 23:351 rlh
Barium 57 mg/kg 5 SW6010B 04/18/07 23:351 rlh
Cadmium ND mg/kg 1 SW6010B 04/18/07 23:351 rlh
Chromium 15 mg/kg 5 SW6010B 04/18/0723:351 rlh
Copper 13 mg/kg 5 SW6010B 04/18/0723:351 r1h
(ron 14200 mg/kg D 8 SW6010B 04/18/07 23:35 1 rlh
Lead 9 mg/kg 5 SW6010B 04/18/0723:351 rlh
Manganese 108 mg/kg 5 SW6010B 04/1810723:351 rlh
Mercury NO mg/kg 1 SW7471A 04/19/07 14:00 1 jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCl - Quality control limit. ND - Not detected at the reporting limit.

OC\ , 5 LG\}S0- Rl increased due to sample matrix interference.

~." G~\S &. M\n\ng
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Igj#rtr,'? ENERGY LABORATORIES, INC. .. 1120 S 27th St .. PO Box 30916" Billings, MT59107·0916
Rf:leU&UeUU4' Toll Free 800.735.4489 .. 406.252.6325 .. FAX 406.252.6069" eli@energylab.com

• Client: Alton Coal
Project:

Lab rD: 807041015-019
Client Sample 10: CH-06-05, 10 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07
Collection Date: Not Provided

DateReceived: 04/12/07
Matrix: Soil

•

MCll
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0723:351 rlh
Selenium NO mg/kg 5 SW6010B 04/18/0723:351 rlh
Silver NO mg/kg 5 SW6010B 04/18/07 23:35 1 rlh
Zinc 35 mg/kg 5 SW6010B 04/18/07 23:351 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCl , 5 2009



l#liitti'fl ENERGY LABORATORIES, INC. ... 1120 S 27th St ... PO Box 30916 ... Billings, MT 59107-0916
.t5t:1• tm;ti.#"¥, Toll Free 800.735.4489'" 406.252.6325'" FAX 406.252.6069 It eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-020

CH-06-05, 20 Feet

LABORATORY ANALYTICAL REPORT

Report Date:
Collection Date:

DateReceived:
Matrix:

10/23/07

Not Provided

04/12/07

Soil

MCL!Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 10 010 ASA15-5 04/19/07 08:291 srmSilt 31 % ASA15-5 04/19/07 08:291 srmClay 59 % ASA15-5 04/19/0708:291 srm
Very Fine Sand 6 wt% ASA15-5 04/19/0708:291 srmTexture C ASA15-5 04/19/07 08:291 srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 7.18 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srmSaturation 143 0/0 0.1 USOA27a 04/19/07 08:291 srm
Calcium. sat. paste 26.7 meqlL 0 0.1 SW6010B 04/20/07 13:031 rlh
Magnesium, sat. paste 23.3 meqlL 0 0.1 SW6010B 04/20/07 13:031 rlh
Potassium, sat. paste 1.07 meqlL 0.03 SW6010B 04/20/07 13:031 rlh
Sodium. sat. paste 61.7 meqlL 0 0.08 SW6010B 04/20/07 13:03 1 rlh
Sodium Adsorption Ratio (SAR) 12.3 unitless 0.01 Calculation 04/23/07 13:221 srm• ACID-BASE ACCOUNTING
Neutralization Potential 60 tlkt 1.0 Sobek Modifie 04/23/07 00:00 1srm
Acid Potential 1.6 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 58 tlkt Sobek Modifie 04/23/07 00:00 1srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 6.0 0/0 0.1 USOA23c 04/23/0700:001 srm
Organic Carbon 0.38 wt% 0.02 ASA29-3 04/18/0714:45/srm
Nitrate as N, KCL Extract 8 mg/kg 1 ASA33-8.1 04/18/07 12:321 srm

METALS, WATER EXTRACTABLE
Boron 0.4 mg/kg 0.1 SW6010B 04/20107 15:531 rlh
Selenium 0.05 mg/kg 0.01 SW6020 10/17/07 04:50 1sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/18/0723:381 rlh
Barium 94 mg/kg 5 SW6010B 04/18/0723:381 r1h
Cadmium NO mglkg 1 SW6010B 04/18/07 23:381 r1h
Chromium 25 mg/kg 5 SW6010B 04/18/0723:381 r1h
Copper 19 mglkg 5 SW6010B 04/18/07 23:381 rlhIron 16600 mg/kg 0 8 SW6010B 04/18/0723:381 r1h
Lead 11 mg/kg 5 SW6010B 04/18107 23:381 r1h
Manganese 121 mglkg 5 SW6010B 04/18/07 23:38 1 r1h
Mercury NO mg/kg 1 SW7471A 04/19/07 14:021 llw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.
o-RL increased due to sample matrix interference.

OCT 15 2009

ot Gas &Mining



/R:tf:rtl ENERG Y LABORATORIES, INC. ... 1120 S 27th St ... PO Box 30916 ... Billings, MT59107-0916
,tet:l.li&'J.1jlji' Toll Free 800.735.4489'" 406.252.6325'" FAX 406.252.6069'" eli@energylab.com

• Client: Alton Coal
Project:

Lab 10: 807041015-020

Client Sample 10: CH-06-05, 20 Feet

LABORATORY ANALVTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
OateReceived: 04/12/07

Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 04/18/0723:381 rlh
Selenium NO mg/kg 5 SW6010B 04/18/07 23:38 1 rlh
Silver NO mg/kg 5 SW6010B 04/18/0723:381 rlh
Zinc 45 mg/kg 5 SW6010B 04/18/0723:381 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



/#Il#flifl ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
RUl_U&tl-#/it Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

LABORATORY ANALYTICAL REPORT• Client: Alton Coal Report Date: 10/23/07
Project: Collection Date: Not Provided
Lab 10: 807041015-021 DateReceived: 04/12/07
Client Sample 10: CH-06-05, 35-40 Feet Matrix: Soil

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 7 % ASA15-5 04/20/07 08:301 srm
Silt 26 % ASA15-5 04/20/0708:301 srm
Clay 67 % ASA15-5 04/20/07 08:30 1srm
Very Fine Sand 4 wt% ASA15-5 04/20/0708:301 srm
Texture C ASA15-5 04/20/0708:301 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 6.33 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 275 % 0.1 USDA27a 04/19/0708:291 srm
Calcium, sat. paste 19.5 meq/L 0 0.1 SW6010B 04/20/0713:071 rlh
Magnesium, sat. paste 9.3 meqlL 0 0.1 SW6010B 04/20/07 13:071 rlh
Potassium, sat. paste 0.88 meqlL 0.03 SW6010B 04/20/07 13:07 1 rlh
Sodium, sat. paste 60.0 meqlL D 0.08 SW6010B 04/20/0713:071 r1h
Sodium Adsorption Ratio (SAR) 15.8 unitless 0.01 Calculation 04/23/07 13:221 srm• ACID-BASE ACCOUNTING
Neutralization Potential 90 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 3.6 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 87 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Umeas CaC03 9.0 0/0 0.1 USDA23c 04/23/0700:001 srm
Organic Carbon 0.33 wt% 0.02 ASA29-3 04/18/07 14:45 1srm
Nitrate as N, KCl Extract 5 mglkg 1 ASA33-8.1 04/18/07 12:33 1srm

METALS, WATER EXTRACTABLE
Boron 2.3 mg/kg 0.1 SW6010B 04/20/07 15:581 r1h
Selenium ISS mg/kg D 0.2 SW6010B 04/20/07 15:581 rlh

-Insufficient Sample for Analysis

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg 5 SW6010B 04/19/07 00:031 rlh
Barium 124 mg/kg 5 SW6010B 04/19/0700:031 rlh
Cadmium ND mg/kg 1 SW6010B 04/19/07 00:031 rlh
Chromium 11 mg/kg 5 SW6010B 04/19/07 00:031 r1h
Copper 11 mglkg 5 SW6010B 04/19/07 00:031 rlh
Iron 11500 mglkg D 8 SW6010B 04/24/0723:51 1rlh
lead 19 mg/kg 5 SW6010B 04/19/07 00:031 rlh
Manganese 322 mg/kg 5 SW6010B 04/19/07 00:03 1 r1h

Report RL - Analyte reporting limit. MCl - Maximum contaminant level.• Definitions: QCl - Quality control limit. ND - Not detected at the reporting limit.
D - RL increased due to sample matrix interference.



/#I#tlfftl ENERGY LABORATORIES, INC. *1120 S 27th St * PO Box 30916 * Billings, MT59107·0916
Ie;t:l.,£&f••];ll¥t Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-021

CH-06-05, 35-40 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided
OateReceived: 04/12/07

Matrix: Soil

•

MCL!
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Mercury NO mg/kg 1 SW7471A 04/19/0714:241 jjw
Molybdenum NO mg/kg 5 SW6010B 04/19/07 00:031 rlh
Selenium NO mg/kg 5 SW6010B 04/19/07 00:031 rlh
Silver NO mg/kg 5 SW6010B 04/19/07 00:031 rlh
Zinc 44 mg/kg 5 SW6010B 04/19/07 00:031 rlh

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 152009

01



IK"#riif ENERGY LABORATORIES, INC. It 1120 S 27th St It PO Box 30916 It Billings, MT59107-0916
'et:t.,,&u.mli' Toll Free 800.735.4489 It 406.252.6325 It FAX 406.252.6069 It eli@energylab.com

LABORATORY ANALYTICAL REPORT• Client: Alton Coal Report Date: 10/23/07
Project: Collection Date: Not Provided
Lab 10: 807041015-022 DateRecelved: 04/12/07
Client Sample 10: CH-06-05, 42-49 Feet Matrix: Soil

MCL!
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 6 010 ASA15-5 04/19/07 08:291 srm
Silt 44 % ASA15-5 04/19/0708:291 srm
Clay 50 010 ASA15-5 04/19/07 08:291 srm
Very Fine Sand 5 wt% ASA15-5 04/19/07 08:291 srm
Texture SiC ASA15-5 04/19/07 08:291 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 04/18/07 14:451 srm
Conductivity, sat. paste 6.47 mmhos/cm 0.01 ASA10-3 04/19/07 08:291 srm
Saturation 192 010 0.1 USOA27a 04/19/0708:29/ srm
Calcium. sat. paste 12.3 meqlL D 0.1 SW6010B 04/20/07 13:121 rlh
Magnesium. sat. paste 7.0 meqlL 0 0.1 SW6010B 04/20/07 13:121 r1h
Potassium, sat. paste 1.07 meq/L 0.03 SW6010B 04/20/07 13:121 r1h
Sodium, sat. paste 66.4 meqlL 0 0.08 SW6010B 04/20/0713:121 rlh
Sodium Adsorption Ratio (SAR) 21.4 unitless 0.01 Calculation 04/23/07 13:22 1srm• ACID-BASE ACCOUNTING
Neutralization Potential 51 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid Potential 17 tlkt 1.0 Sobek Modifie 04/23/0700:001 srm
Acid/Base Potential 34 tlkt Sobek Modifie 04/23/0700:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 5.1 % 0.1 USOA23c 04/23/07 00 :00 1srm
Organic Carbon 0.90 wt% 0.02 ASA29-3 04/18/07 14:451 srm
Nitrate as N, KCL Extract 17 mg/kg 1 ASA33-8.1 04/18/07 12:331 srm

METALS, WATER EXTRACTABLE
Boron 2.7 mg/kg 0.1 SW6010B 04/20/07 16:021 rlh
Selenium ISS mg/kg 0 0.2 SW6010B 04/20/07 16:021 r1h

-Insufficient Sample for Analysis

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 04/19/07 00:061 rlh
Barium 84 mg/kg 5 SW6010B 04/19/07 00:061 rlh
Cadmium NO mg/kg 1 SW6010B 04/19/0700:061 r1h
Chromium 15 mg/kg 5 SW6010B 04/19/07 00:061 r1h
Copper 10 mg/kg 5 SW6010B 04/19/07 00:061 r1h
Iron 13500 mg/kg 0 8 SW6010B 04/24/0723:551 rlh
Lead 12 mg/kg 5 SW6010B 04/19/0700:061 rlh
Manganese 148 mg/kg 5 SW6010B 04/19/07 00:061 r1h

•
Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

o -RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

oeI 15 2009
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lil#ri§, ENERGY LABORATORIES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT59107.0916
Af:l.h&fi.UUi' Toll Free 800.735.4489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

Alton Coal

807041015-022

CH-06-05, 42-49 Feet

LABORATORY ANALYTICAL REPORT

Report Date: 10/23/07

Collection Date: Not Provided

DateReceived: 04/12/07

Matrix: Soil

•

MCL!Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Mercury NO mg/kg 1 SW7471A 04/19/07 14:261 jjwMolybdenum NO mg/kg 5 SW6010B 04/19/07 00:06 1 rlhSelenium NO mg/kg 5 SW6010B 04/19/07 00:061 rlhSilver NO mg/kg 5 SW6010B 04/19/07 00:06 1 rlhZinc 39 mg/kg 5 SW6010B 04/19/07 00:061 rlh

•
Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



m'Tflf[jif.JY;# ENERGYLABORATORIES, INC. • Po. Box 30916 • 1120 South 27th Street. Billings, MT59107-0916
--- a __~ 800-735-4489. 406-252-6325.406-252-6069 fax. e/i@energylab.com'.'lI-U6k-#II&.

• Client:

Project:

Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development LLClTalon Resources

807110830-001

CH-06-05 49.5 to 59.5

Report Date: 11127/07

Collection Date: Not Provided

DateReceived: 11/12/07

Matrix: Soil

MCUAnalyses Result Units Qualifiers RL QCl Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 24 % ASA15-5 11/18/0715:17/srmSilt 49 % ASA15-5 11/18/0715:17/ srmClay 27 % ASA15-5 11/18/07 15:171 srm
Very Fine Sand 16 wt% ASA15-5 11/18/0715:20/ srmTexture Cl ASA15-S 11/18/0715:17/srm

- C = Clay, S = Sand(y), Si = SiIt(y) , L = Loam(y)

SATURATED PASTE

pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 11/18/07 15:171 srm
ConductiVity, sat. paste 5.63 mmhos/cm 0.01 ASA10-3 11/18/0715:17/srmSaturation 66.5 % 0.1 USOA27a 11/18/0715:17/srm
Calcium, sat. paste 3.37 meq/L 0.05 SW6010B 11/16/0705:06/ rlh
Magnesium, sat. paste 2.05 meq/L 0.08 SW6010B 11/16/0705:06/ rlh
Potassium, sat. paste 0.63 meq/L 0.03 SW6010B 11/16/07 05:06 / rlh
Sodium, sat. paste 55.8 meq/L 0.04 SW6010B 11/16/0705:06/ rlh
Sodium Adsorption Ratio (SAR) 33.9 unitless 0.01 Calculation 11/18/0715:17/ srm

• ACID-BASE ACCOUNTING

Sobek Modifie 11/18/0715:12/ srm
Neutralization Potential 39 Vkt 1.0
Acid Potential 13 Vkt 1.0 Sobek Modifie 11/18/0715:12/srm
Acid/Base Potential 26 Vkt Sobek Modifie 11/18/0715:12/srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 3.9 % 0.1 USOA23c 11/18/0715:12/srm
Organic Carbon 0.96 wt% 0.02 ASA29-3 11118/07 15:221 srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 11116/0720:32/srm

METALS, WATER EXTRACTABLE
Boron 1.7 mg/kg 0.1 SW6010B 11/2010708:39/ rlhSelenium NO mg/kg 0.1 SW6020 11/19/0723:361 sas

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 11/16/0701 :291 rlhBarium 91 mg/kg 5 SW6010B 11/16/0701 :291 rlhCadmium NO mg/kg 1 SW6010B 11/16/0701 :291 rlhChromium 8 mg/kg 5 SW6010B 11/16/0701 :291 rlhCopper 8 mg/kg 5 SW6010B 11/16/07 01 :29 / rlhIron 9210 mg/kg 0 20 SW6010B 11/16/0701 :291 rlhlead 10 mg/kg 5 SW6010B 11/16/07 01 :29 1 rlh
Manganese 59 mg/kg 5 SW6010B 11/16/0701:291 rlhMercury NO mg/kg 1 SW7471A 11/15/0714:071 jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant Jevel.
.Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

o - RL increased due to sample matrix interference.

r~I.'''T 15 2009Ul,
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l:!l#fli5'!! ENERGYLABORATORIES, INC. - AD. Box30916- 1120 South 27th Street- Billings, MT59107-0916
....:r.L..:L_ ---!6 800-735-4489· 406-252-6325.406-252-6069 fax. e/i@energy/ab.com.Mmi.UakikUi'

LABORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal Development LLClTalon Resources

807110830-001

CH-06-05 49.5 to 59.5

Report Date:
Collection Date:

DateReceived:
Matrix:

11/27/07

Not Provided

11/12/07

Soil

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 11/16/0701 :291 rlh
Selenium NO mg/kg 5 SW6010B 11/16/0701 :291 rlh
Silver NO mg/kg 5 SW6010B 11/16/0701 :291 rlh
Zinc 39 mg/kg 5 SW6010B 11/16/0701 :291 rlh

•

•

Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MeL - Maximum contaminant level.

NO - Not detected at the reporting limit. TED

OCl 15 2009
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!#l+q:.(te'i~ ENERGY LABORATORIES, INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
&:.L -~-' . t.tr 800-735-4489· 406-252-6325.406-252-6069 fax. eli@energylab.com,.rzi.ii6ft·till"

LABORATORY ANALYTICAL REPORT

•
Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal Development LLCfTalon Resources

807110830-002

CH-06-05 59.5 to 62.3

Report Date: 11/27/07
Collection Date: Not Provided

DateReceived: 11/12/07
Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 40 % ASA15-5 11/18/07 15:171 srm
Silt 41 % ASA15-5 11/18/0715:17/ srm
Clay 19 % ASA15-5 11/18/0715:171 srm
Very Fine Sand 29 wt% ASA15-5 11/18/07 15:201 srm
Texture L ASA15-5 11/18/0715:17/ srm

- C = Clay, S = Sand{y), Si = Silt{y}, L = Loam{y}

SATURATED PASTE
pH, sat. paste 6.90 S.u. 0.10 ASAM10-3.2 11/18/0715:171 srm
Conductivity, sat. paste 7.29 mmhos/cm 0.01 ASA10-3 11/18/0715:171 srm
Saturation 39.0 % 0.1 USOA27a 11/18/07 15:17/ srm
Calcium, sat. paste 18.2 meq/L 0 0.1 SW6010B 11/16/0705:141 rlh
Magnesium, sat. paste 13.2 meq/L 0 0.1 SW6010B 11/16/0705:141 rlh
Potassium, sat. paste 1.34 meq/L 0.03 SW6010B 11/16/0705:141 rlh
Sodium, sat. paste 65.8 meq/L 0 0.08 SW6010B 11/16/0705:141 rlh
Sodium Adsorption Ratio (SAR) 16.6 unitless 0.01 Calculation 11/18/0715:17/srm

.CID-BASE ACCOUNTING

Sobek Modifie 11118/0715:12/srmNeutralization Potential 43 Ukt 1.0
Acid Potential 10 Ukt 1.0 Sobek Modifie 11118/07 15:121 srm
Acid/Base Potential 34 Ukt Sobek Modifie 11/18/0715:121 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 4.3 %
Organic Carbon 1.30 wt%
Nitrate as N, KCL Extract NO mg/kg

METALS, WATER EXTRACTABLE
Boron 1.6 mg/kg
Selenium NO mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg
Barium 17 mg/kg
Cadmium NO mg/kg
Chromium 7 mg/kg
Copper 6 mg/kg
Iron 6000 mglkg
Lead 6 mg/kg
Manganese 36 mg/kg
Mercury NO mg/kg

0.1 USOA23c 11/18/07 15:121 srm

0.02 ASA29-3 11/18/07 15:221 srm

1 ASA33-8.1 11/16/0720:321 srm

0.1 SW6010B 11/2010708:47 1 rlh

0.1 SW6020 11/19/0723:501 sas

5 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

1 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

5 SW6010B 11/16/0701 :321 rlh

1 SW7471A 11/15/0714:09/jjw

Report
eefinitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

o - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 2009



ENERG YLABORATORIE~ INC. • AD. Box 30916. 1120 South 27th Street" Billings, MT59107-0916
800-735-4489" 406-252-6325 • 406-252-6069 fax • eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development LLCfTalon Resources

807110830-002

CH-06-05 59.5 to 62.3

Report Date: 11/27/07
Collection Date: Not Provided

DateReceived: 11/12/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 11/16/0701 :321 rlh
Selenium NO mg/kg 5 SW6010B 11/16/0701:321 rlh
Silver NO mg/kg 5 SW6010B 11/16/07 01 :32 1 rlh
Zinc 24 mg/kg 5 SW6010B 11/16/0701 :321 rlh

01

•Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.
TED

OCl \ 5 200~
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Iih..?#rtfili.t! ENERGYL4BORATORIE~INC. OJ AD. Box 30916 • 1120 South 27th Street. Billings, MT59107-0916
. -- .:L..:::.&II 800-135-4489· 406-252-6325- 406-252-6069 fax. eli@energylab.comRSflZ·U&ti!#Dt

• Client:

Project:
Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development LLCfTalon Resources

807110830-003

CH-06-05 79.5 to 83.5

Report Date: 11/27/07

Collection Date: Not Provided
DateReceived: 11/12/07

Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

PHYSICAL CHARACTERISTICS
Sand 6 % ASA15-5 11/18/0715:17/srm
Silt 52 % ASA15-5 11/18/07 15:171 srm
Clay 42 % ASA15-5 11/18/0715:17/srm
Very Fine Sand 4 wt% ASA15-5 11/18/07 15:201 srm
Texture SiC ASA15-5 11/18/07 15:171 srm

- C = Clay, S = Sand(y), Si = SiIt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 11/18/0715:171 srm
Conductivity, sat. paste 2.80 mmhos/cm 0.01 ASA10-3 11/18/07 15:171 srm
Saturation 46.0 % 0.1 USDA27a 11/18/07 15:171 srm
Calcium, sat. paste 0.35 meq/L 0.05 SW6010B 11/16/0705:211 rlh
Magnesium, sat. paste 0.23 meq/l 0.08 SW6010B 11/16/0705:211 rlh
Potassium, sat. paste 0.31 meq/l 0.03 SW6010B 11/16/07 05:21 1 rlh
Sodium, sat. paste 26.1 meq/l 0.04 SW6010B 11/16/0705:21 1rlh
Sodium Adsorption Ratio (SAR) 48.5 unitless 0.01 Calculation 11/18/07 15:171 srm

• ACID-BASE ACCOUNTING
Neutralization Potential 16 Ukt 1.0 Sobek Modifie 11/18/0715:121 srm
Acid Potential 3.0 Ukt 1.0 Sobek Modifie 11/18/07 15:121 srm
Acid/Base Potential 13 t/kt Sobek Modifie 11/18/0715:12/srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 1.6 % 0.1 USDA23c 11/18/0715:121 srm
Organic Carbon 1.67 wt% 0.02 ASA29-3 11/18/0715:22/srm
Nitrate as N, KCl Extract 1 mg/kg 1 ASA33-8.1 11/16/0720:331 srm

METALS, WATER EXTRACTABLE
Boron 2.0 mg/kg 0.1 SW6010B 11/20/0708:541 rlh
Selenium 0.2 mg/kg 0.1 SW6020 11/19/0723:57 1sas

METALS, TOTAL - EPA SW846
Arsenic NO mglkg 5 SW6010B 11/16/0701 :361 rlh
Barium 25 mg/kg 5 SW6010B 11/16/07 01 :361 rlh
Cadmium NO mg/kg 1 SW6010B 11/16/0701 :361 rlh
Chromium 23 mg/kg 5 SW6010B 11/16/0701 :361 rlh
Copper 30 mg/kg 5 SW6010B 11/16/0701 :361 rlh
Iron 8430 mg/kg 5 SW6010B 11/16/0701 :361 rlh
lead 25 mglkg 5 SW6010B 11/16/07 01 :361 rlh
Manganese 57 mg/kg 5 SW6010B 11/16/07 01 :361 rlh
Mercury NO mg/kg 1 SW7471A 11/15/0714:11/jjw

•Report RL - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

OC.1 , 5 1.~Q9
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!:,liltej-q ENERGYLABORATORIES, INC. • AD. Box 30916- 1120 South 21th Street. Billings, MT59101-0916
&:L- ,--tJ/I 800-135-4489 • 406-252-6325. 406-252-6069 fax. eli@energylab.com

I.'BiUi'M11I,

LASORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal Development LLCfTalon Resources

B07110830-003

CH-06-05 79.5 to 83.5

Report Date: 11/27/07
Collection Date: Not Provided

DateReceived: 11/12/07
Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1 By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 11/16/0701 :36/ rlh
Selenium NO mg/kg 5 SW6010B 11/16/0701:36/ rlh
Silver NO mglkg 5 SW6010B 11/16/07 01 :36/ rlh
Zinc 90 mg/kg 5 SW6010B 11/16/0701 :36/ rlh

•

Report
• Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

OCT 15 2009

of Gas &Mining



l~#w~ ENERGYLABORATORJES1 INC. • AD. Box 30916 II 1120 South 21th Street II Billings, MT59107-0916
--=.L._.~ 800-135-4489 II 406-252-6325" 406-252-6069 fax" e/i@energy/ab.com
Rt~t·U6k.l{U4'

• Client:

Project:

Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-005

CH-070 - 6 ft

Report Date:

Collection Date:

DateReceived:
Matrix:

12118/07
Not Provided

12106/07
Soil

--_._--------~----,-._--~. __ •.__._--,-- .__._---"-----~-_._----_.,_._--~ .._-

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 2 % ASA15-5 12/14/0712:59/ srm
Silt 45 % ASA15-5 12/14/07 12:59/ srm
Clay 53 % ASA15-5 12/14/07 12:59/ srm
Very Fine Sand 0 wt% ASA15-5 12/17/0713:35/ srm
Texture SiC ASA15-5 12/14/0712:591 srm

• C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 12/14/0712:51 1srm
Conductivity, sat. paste 4.27 mmhos/cm 0.01 ASA10-3 12/14/0712:51 1srm
Saturation 88.3 % 0.1 USOA27a 12/14/0712:51 1srm
Calcium, sat. paste 4.91 meq/l 0.05 SW6010B 12/14/0707:241 rlh
Magnesium, sat. paste 10.9 meq/l 0.08 SW6010B 12/14/0707:241 rlh
Potassium, sat. paste 0.34 meq/l 0.03 SW6010B 12/14/0707:24/ rlh
Sodium, sat. paste 36.5 meq/l 0.04 SW6010B 12/14/0707:24/ rlh
Sodium Adsorption Ratio (SAR) 13.0 unitless 0.01 Calculation 12/14/0712:51 1srm

• ACID-BASE ACCOUNTING
Neutralization Potential 190 tlkt 1.0 Sobek Modifie 12/14/07 12:00/ srm
Acid Potential 1.4 tlkt 1.0 Sobek Modifie 12/14/07 12:00 / srm
Acid/Base Potential 190 tlkt Sobek Modifie 12/14/0712:00/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 19.4 % 0.1 USOA23c 12/14/07 12:00 / srm
Organic Carbon 0.84 wt% 0.02 ASA29-3 12/14/07 12:51 1srm
Nitrate as N, KCl Extract 2 mg/kg 1 ASA33-8.1 12/14/0716:34/ srm

METALS, WATER EXTRACTABLE
Boron 0.6 mg/kg 0.1 SW6010B 12/14/0702:44/ rlh
Selenium 0.02 mg/kg 0.01 SW6020 12/13/0715:36/ jjw

METALS, TOTAL· EPA SW846
Arsenic 7 mg/kg 5 SW6010B 12/11/0721 :41 1rlh
Barium 130 mg/kg 5 SW6010B 12/11/0721 :41 1rlh
Cadmium NO mg/kg 1 SW6010B 12/11/0721:41/rlh
Chromium 21 mg/kg 5 SW6010B 12/11/0721:411 rlh
Copper 15 mg/kg 5 SW6010B 12/11/0721:41/rlh
Iron 16400 mg/kg D 20 SW6010B 12/11/07 21 :41 1rlh
lead 14 mg/kg 5 SW6010B 12/11/0721:41/ rlh
Manganese 255 mg/kg 5 SW6010B 12/11/0721:41/rlh
Mercury ND mg/kg 1 SW7471A 12/13/0708:141 jjw

• Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCl - Quality control limit. ND - Not detected at the reporting limit.

D - RL increased due to sample matrix interference.

OCT 15 2009
~ ') i',~iiling
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!~TiittfJi!l+.~ ENERGYLABORATORJE~ INC. -AD. Box 30916 • 1120South27thSfreef -Billings, MT59107-0916
&:L __ ...=1t6 800-735-4489· 406-252-6325 .406-252-6069 fax • eli@energylab.com«Wi-nali_nu-

• Client:
Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-005
CH-070 - 6 ft

Report Date: 12/18/07
Collection Date: Not Provided

OateReceived: 12106/07
Matrix: Soil

•

._-- -----_._--- _._--------_..__.--.._-_ .._-.. _---- . __ ._-_._--_ .. _.•. __..•........_...-.- ....•.__ .-"._'.'- .... _..-._--_._-

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date / By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721:41/rlh
Selenium NO mg/kg 5 SW6010B 12/11/0721:41/ rlh
Silver NO mg/kg 5 SW6010B 12/11/0721 :41 1rlh
Zinc 54 mg/kg 5 SW6010B 12111/0721:411 rlh

• Report
Definitions:

Rl - Analyte reporting limit.

QCl • Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit. OC1 , 5 2009



!iil;ttte;~ ENERGYLABORATORJES; INC. • AO. Box 30916· 1120 South 27th Street· Billings, MT59107-0916
~-_.- -6 800-735-4489 • 406-252-6325 • 406-252-6069 fax. eli@energylab.com••t:l'U6f,.trUj.

• Client:

Project:

Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

B07120398-006

CH-076 - 15 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07

Not Provided

12/06/07

Soil

Analyses Result Units Qualifiers RL
MCU
QCl Method Analysis Date I By

• ACID-BASE ACCOUNTING
Neutralization Potential 220 tlkt
Acid Potential 1.1 tlkt
Acid/Base Potential 220 tlkt

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 21.8 %
Organic Carbon 0.33 wt%
Nitrate as N, KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 0.8 mg/kg
Selenium 0.03 mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg
Barium 91 mg/kg
Cadmium NO mg/kg
Chromium 15 mg/kg
Copper 12 mg/kg
Iron 11800 mg/kg
Lead 11 mg/kg
Manganese 179 mg/kg
Mercury NO mg/kg

• Report RL - Analyte reporting limit.
Definitions: QCL - Quality control limit.

D - RL increased due to sample matrix interference.

0.10 ASAM10-3.2 12/14/0712:511 srm

0.01 ASA10-3 12114/07 12:51 1srm

0.1 USDA27a 12/14/0712:511 srm

0.1 SW6010B 12/14/0707:281 r1h

0.1 SW6010B 12114/0707:281 r1h

0.03 SW6010B 12/14/0707:281 rlh

0.08 SW6010B 12/14/0707:281 r1h

0.01 Calculation 12114/0712:511 srm

1.0 Sobek Modifie 12/14/0712:001 srm

1.0 Sobek Modifie 12/14/0712:001 srm

Sobek Modifie 12/14/0712:001 srm

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.

PHYSICAL CHARACTERISTICS
Sand

Silt

Clay

Very Fine Sand

Texture

- C = Clay, S =Sand(y), Si =SiIt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste

Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste

Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

10 %
41 %
49 %
3 wt%

SiC

8.50 S.u.
9.33 mmhos/cm
101 %
23.2 meq/L 0
33.0 meq/L 0
0.71 meq/L
84.2 meq/L 0
15.9 unitless

0.1

0.02

1

0.1

0.01

5
5
1
5
5
5
5
5
1

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASA15-5

USDA23c

ASA29-3

ASA33-8.1

SW6010B

SW6020

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW7471A

12/14/0712:591 srm

12/14/07 12:591 srm

12/14/07 12:59 1srm

12/17107 13:35/ srm

12/14/0712:591 srm

12/14/07 12:001 srm

12/14/0712:511 srm

12/14/0716:351 srm

12/14/0702:481 rlh

12/13/07 15:401 jjw

12111/0721 :45 1 r1h

12/11/0721 :45 1 r1h

12/11/0721 :45 1 r1h

12/11/0721 :45 1 r1h

12111/0721 :451 r1h

12111/0721 :451 rlh

12/11/0721 :451 rlh

12111/0721 :451 r1h

12113/07 0~)!6~r>J'ED
~, {.-,. r~- t~"'::,rl. \>....#~ '.

\~1V"'" .

0(,1 , 5 It)\)9
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L~mAtfl!!'q ENERGYLABORATORIES, INC. • AD. Box 30916 .. 1120 South 27th Street .. Bi/lings, MT59107-0916
-_.....:L~ 800-735-4489. 406-252-6325 • 406-252-6069 fax .. eli@energylab.com.Cit;ifjI6U -tiUA'

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-006
CH-07 6 - 15 ft

Report Date: 12/18/07

Collection Date: Not Provided

DateReceived: 12106/07
Matrix: Soil

•

MCUAnalyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721:451 rlh
Selenium NO mg/kg 5 SW6010B 12/11/07 21 :45 1rlh
Silver NO mg/kg 5 SW6010B 12/11/0721:451 rlh
Zinc 36 mg/kg 5 SW6010B 12111/0721 :451 r1h

Report

• Definitions:
Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



!?"J!i(lIf,Y ENERGY LABORATORIES, INC.. AD. Box 30916 II 1120 South 27th Street. Billings, MT59107-0916
-J:!L. ---- ---'" 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com

.'''@llJt'·UI'',

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-007

CH-07 15 - 19 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12118/07
Not Provided

12106/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 5 % ASA15-5 12/14/0712:591 srm
Silt 45 % ASA15-5 12/14/0712:591 srm
Clay 50 % ASA15-5 12/14/0712:59/ srm
Very Fine Sand 4 wt% ASA15·5 12/17/07 13:35/ srm
Texture SiC ASA15-5 12/14/0712:591 srm

- C =Clay, S =Sand(y), Si =SiIt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 12/14/0712:511 srm
Conductivity, sat. paste 10.0 mmhos/cm 0.01 ASA10·3 12/14/0712:511 srm
Saturation 89.4 % 0.1 USDA27a 12114/0712:511 srm
Calcium, sat. paste 22.8 meq/L 0 0.1 SW6010B 12/14/0707:321 rth
Magnesium, sat. paste 18.4 meq/L D 0.1 SW6010B 12114/0707:321 rth
Potassium, sat. paste 1.34 meq/L 0.03 SW6010B 12/14/0707:321 rlh
Sodium, sat. paste 106 meq/L D 0.08 SW6010B 12/14/0707:321 rth
Sodium Adsorption Ratio (SAR) 23.3 unitless 0.01 Calculation 12/14/0712:51/ srm

•ACID-BASE ACCOUNTING
Neutralization Potential 170 tlkt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 12/14/07 12:00 1srm
Acid/Base Potential 170 tlkt Sobek Modifie 12/14/0712:00/ srm

• The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 17.0 % 0.1 USDA23c 12/14/07 12:00 / srm
Organic Carbon 0.39 wt% 0.02 ASA29-3 12/14/0712:511 srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/07 16:36/ srm

METALS, WATER EXTRACTABLE
Boron 0.5 mg/kg 0.1 SW6010B 12/14/0702:59/ rth
Selenium 0.02 mg/kg 0.01 SW6020 12/13/0715:45/ jjw

METALS, TOTAL - EPA SW846
Arsenic 6 mg/kg 5 SW6010B 12111/0721 :48/ rlh
Barium 53 mg/kg 5 SW6010B 12/11/07 21 :48/ rlh
Cadmium ND mg/kg 1 SW6010B 12/11/0721 :481 rlh
Chromium 10 mg/kg 5 SW6010B 12111/0721:48/ rth
Copper 9 mg/kg 5 SW6010B 12111/0721 :481 r1h
Iron 9500 mg/kg 5 SW6010B 12/11/0721 :481 rlh
Lead 9 mg/kg 5 SW6010B 12111/0721:48/ r1h
Manganese 109 mg/kg 5 SW6010B 12/11/0721 :48/ rlh
Mercury ND mg/kg 1 SW7471A 12113/0708:221 jjw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
• Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit. Qel , 5 2009o - RL increased due to sample matrix interference.

" G",f' &M\n\ng• ! '\'" ... ::>rrl\! 01 v \~ :V.
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m9ftt..~ ENERGYLABORATORIES; INC. • po. Box 30916 • 1120 South 27th Street -Billings, MT59107-0916
--- --,~ 800-735-4489 - 406-252-6325 • 406-252-6069 fax. e/i@energy/ab.com, etriiU6tl!t,Ui'

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-007

CH-07 15 - 19 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07
Not Provided

12/06/07
Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721 :481 r1h
Selenium NO mg/kg 5 SW6010B 12/11/0721 :481 r1h
Silver NO mg/kg 5 SW6010B 12/11/0721 :481 r1h
Zinc 26 mg/kg 5 SW6010B 12/11/0721 :481 r1h

•

Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



&'flift~ ENERGYLABORATORIES, INC.· AD. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
- --_.~ 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com

H'll·U&,,-UUi.

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-008

CH-07 19 - 27 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12118/07
Not Provided

12106/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand NO % ASA15-5 12/14/0712:59/ srm
Silt 43 % ASA15-5 12/14/0712:59/ srm
Clay 57 % ASA15-5 12/14/0712:591 srm
Very Fine Sand 0 wt% ASA15-5 12/17/0713:351 srm
Texture SiC ASA15-5 12/14/07 12:59/ srm

- C = Clay. S =Sand(y), Si = Silt(y). L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 12/14/0712:51/ srm
Conductivity, sat. paste 8.71 mmhos/cm 0.01 ASA10-3 12/14/0712:511 srm
Saturation 134 % 0.1 USOA27a 12/14/0712:511 srm
Calcium, sat. paste 20.5 meq/L 0 0.1 SW6010B 12/14/0707:361 rlh
Magnesium. sat. paste 11.1 meq/L 0 0.1 SW6010B 12/14/0707:361 rlh
Potassium, sat. paste 1.01 meq/L 0.03 SW6010B 12114/0707:361 rlh
Sodium, sat. paste 90.5 meq/L 0 0.08 SW6010B 12114/0707:361 r1h
Sodium Adsorption Ratio (SAR) 22.8 unitless 0.01 Calculation 12/14/0712:51/ srm

• ACID-BASE ACCOUNTING
Neutralization Potential 110 tlkt 1.0 Sobek Modifie 12/14/07 12:00 I srm
Acid Potential 3.2 tlkt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid/Base Potential 100 tlkt Sobek Modifie 12/14/0712:001 srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 10.7 % 0.1 USOA23c 12/14/07 12:001 srm
Organic Carbon 0.66 wt% 0.02 ASA29-3 12/14/07 12:51 1srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:36/ srm

METALS, WATER EXTRACTABLE
Boron 0.8 mg/kg 0.1 SW6010B 12/14/0703:031 r1h
Selenium 0.01 mg/kg 0.01 SW6020 12/13/07 15:491 jjw

METALS, TOTAL - EPA SW846
Arsenic 7 mg/kg 5 SW6010B 12/1110721 :52/ rlh
Barium 56 mg/kg 5 SW6010B 12/11/0721:521 rlh
Cadmium NO mg/kg 1 SW6010B 12/11/0721:521 rlh
Chromium 11 mg/kg 5 SW6010B 12/11/0721 :521 rlh
Copper 9 mg/kg 5 SW6010B 12111/0721 :521 rlh
Iron 11300 mg/kg 0 20 SW6010B 12111/0721 :521 rlh
Lead 13 mg/kg 5 SW6010B 12/11/0721:52/ rlh
Manganese 93 mg/kg 5 SW6010B 12/11/0721 :52/ r1h
Mercury NO mg/kg 1 SW7471A 12/13/07 08:25 lliw

• Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

o - RL increased due to sample matrix interference.

oel , 5 2009
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!#l#ftilf.q ENERGYLABORATORIES, INC. • Po. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
&:L..:LL~ 800-735-4489· 406-252-6325 • 406-252-6069 fax • e/i@energy/ab.comR4f;1·UIU_kl1i,

• Client:

Project:
Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-008

CH-07 19 - 27 ft

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12/06/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721 :521 r1h
Selenium NO mg/kg 5 SW6010B 12/11/0721 :521 r1h
Silver NO mg/kg 5 SW6010B 12/11/0721 :521 r1h
Zinc 35 mg/kg 5 SW6010B 12/11/0721:521 r1h

Report
• Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MeL - Maximum contaminant level.

NO - Not detected at the reporting limit.



L:f4.~;{(lJ'I'..~ ENERGYLABORATORIES, INC. '" AD. Box 30916'" 1120 South 27th Street'" Billings, MT59107-0916
---~--~ 800-735-4489· 406-252-6325" 406-252-6069 fax. eli@energylab.com,,4fll.U&"·UtIi'

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-009

CH-07 27 - 36 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07
Not Provided

12106107
Soil

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand

Silt

Clay

Very Fine Sand

Texture

• C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

NO

39

61

o
C

%

%

%

wt%

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASA15-5

12/14/07 12:591 srm

12/14/07 12:591 srm

12/14/07 12:591 srm

12/17107 13:351 srm

12/14/07 12:59/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 110 tlkt

Acid Potential 8.0 tlkt

Acid/Base Potential 100 tlkt
• The acid base potential was calculated from non-sulfate sulfur.

•

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste

Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste

Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

8.70 S.u.

3.68 mmhos/cm
259 %

1.69 meq/L

0.83 meq/L

0.33 meq/L

35.6 meq/L

31.7 unitless

0.10 ASAM10-3.2 12/14/07 12:51/ srm

0.01 ASA10-3 12/14/0712:51/ srm

0.1 USOA27a 12/14/07 12:51/ srm

0.05 SW6010B 12/14/0707:401 rlh

0.08 SW6010B 12/14/0707:40/ rlh

0.03 SW6010B 12/14/07 07:40 1rlh

0.04 SW6010B 12/14/0707:40/ rlh

0.01 Calculation 12/14/0712:51/ srm

1.0 Sobek Modifie 12/14/07 12:00/ srm

1.0 Sobek Modifie 12/14/0712:001 srm

Sobek Modifie 12/14/0712:001 srm

CHEMICAL CHARACTERISTICS
Lime as CaC03

Organic Carbon

Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

Selenium

METALS, TOTAL - EPA SW846
Arsenic

Barium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Mercury

11.0

1.26

1

3.7

0.02

8
52

NO

8
8

9440

13

81

NO

%
wt%

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

0.1 USOA23c 12/14/0712:00/ srm

0.02 ASA29-3 12/14/0712:51 / srm

1 ASA33-8.1 12/14/0716:37/ srm

0.1 SW6010B 12/14/07 03:07 / rlh

0.01 SW6020 12/13/07 15:54/ jjw

5 SW6010B 12/11/0721 :56/ rlh

5 SW6010B 12111/07 21 :56 / rlh

1 SW6010B 12/11/0721:56/ rlh

5 SW6010B 12/11/0721 :561 r1h

5 SW6010B 12/11/0721 :56/ r1h

5 SW6010B 12111107 21 :56 / rlh

5 SW6010B 12/11/0721:561 rlh

5 SW6010B 12/11/0721 :561 rlh

1 SW7471A 12/13/07 08:27 / jjw

Report
• Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit. OC1 , 5 2009



ENERGYLABORATORIES, INC. It AD. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax • eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LASaRATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-009

CH-07 27 - 36 ft

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12/06/07
Matrix: Soil

•

~--~-----~-~--- ~--~---~-_._---_._._-- .._---------+-~._--"---_.- ----_..._~~~._--

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721 :561 rlh
Selenium NO mg/kg 5 SW6010B 12/11/0721:561 rlh
Silver NO mg/kg 5 SW6010B 12/11/0721 :561 r1h
Zinc 33 mg/kg 5 SW6010B 12/11/0721 :561 rlh

Report
• Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



L:tl#rtiJ!! ENERGYLABORATORIE~ INC. • AD. Box30916- 1120Soufh27fhSfreef. Billings, MT59107-0916- --:L_....... 800-735-4489· 406-252-6325 .. 406-252-6069 fax • eli@energylab.comMlml_UAIi_Utl"·

• Client:

Project:
Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
B07120398-010

CH-07 36 - 46 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07

Not Provided

12106/07
Soil

------ ~-~~_._--~----~--..._-~"_ •.~~-_._--_ ..__ .._---~_.-
----"-'------_.~_.~-------_._---- -- --_...,-_._----_.._--_.----._-,_•...,---_._--_._---~_ ...,.._-- --' _._--_•.~---~,-_ .._._-- - .._--_._-_._-----_._~-_ •._-

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand NO % ASA15-5 12/14/0712:591 srm
Silt 45 % ASA15-5 12/14/07 12:59 1srm
Clay 55 % ASA15-5 12/14/0712:591 srm
Very Fine Sand 0 wt% ASA15-5 12/17/0713:351 srm
Texture SiC ASA15-5 12/14/0712:591 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 9.40 S.u. 0.10 ASAM10-3.2 12/14/0712:51/ srm
Conductivity, sat. paste 0.90 mmhos/cm 0.01 ASA10-3 12/14/0712:51 1srm
Saturation 240 % 0.1 USOA27a 12/14/0712:51 / srm
Calcium, sat. paste NO meq/L 0.05 SW6010B 12/14/0707:441 rlh
Magnesium, sat. paste NO meq/L 0.08 SW6010B 12/14/0707:441 r1h
Potassium, sat. paste 0.06 meq/L 0.03 SW6010B 12114/0707:44/ rlh
Sodium, sat. paste 9.16 meq/L 0.04 SW6010B 12/14/0707:44/ rlh
Sodium Adsorption Ratio (SAR) 52.2 unitless 0.01 Calculation 12/14/0712:51/ srm

• ACID-BASE ACCOUNTING
Neutralization Potential 95 t/kt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid Potential 8.3 t/kt 1.0 Sobek Modifie 12/14/0712:00/ srm
Acid/Base Potential 87 t/kt Sobek Modifie 12/14/07 12:00 I srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
lime as CaC03 9.5 % 0.1 USOA23c 12/14/0712:001 srm
Organic Carbon 1.09 wt% 0.02 ASA29-3 12114/07 12:51 1srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:39/ srm

METALS, WATER EXTRACTABLE
Boron 3.2 mg/kg 0.1 SW6010B 12/14/07 03: 11 / rlh
Selenium 0.01 mg/kg 0.01 SW6020 12/13/0716:17/ jjw

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 12/11/0721 :591 rlh
Barium 49 mg/kg 5 SW6010B 12/11/0721 :59/ r1h
Cadmium NO mg/kg 1 SW6010B 12/11/0721 :59/ r1h
Chromium NO mg/kg 5 SW6010B 12/11/0721:59/ rth
Copper 10 mg/kg 5 SW6010B 12/11/0721 :59/ rlh
Iron 6820 mg/kg 5 SW6010B 12/11/0721:591 rlh
Lead 21 mg/kg 5 SW6010B 12/11/07 21 :59 1rth
Manganese 86 mg/kg 5 SW6010B 12111/0721 :59/ rlh
Mercury NO mg/kg 1 SW7471A 12113/0708:29/ jjw

• Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit. , ') 1u\)9

QC1
').,
;.,\-



ENERGYLABORATORIES, INC. -AD. Box 30916 • 1120 South 27th Street -Billings, MT59107-0916
800-735-4489 - 406-252-6325 • 406-252-6069 fax. eli@energy/ab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-010

CH-07 36 - 46 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12106/07
Soil

•

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum 10 mg/kg 5 SW6010B 12/11/0721 :59/ rlh
Selenium NO mg/kg 5 SW6010B 12/11/07 21 :59 / rlh
Silver NO mg/kg 5 SW6010B 12/11/0721 :591 rlh
Zinc 41 mg/kg 5 SW6010B 12/11/07 21 :591 rlh

Report
• Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



ENERGYLABORATORJE~ INC. III AD. Box 30916 III 1120 South 27th Street III Billings, MT59107-0916
800-735-4489 III 406-252-6325. 406-252-6069 fax. eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-011
CH-080 - 6 ft

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12/06/07
Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 18 % ASA15-5 12/14/0712:59/srm
Silt 41 % ASA15-5 12/14/0712:59/srm
Clay 41 % ASA15-5 12/14/07 12:59/ srm
Very Fine Sand 0 wt% ASA15-5 12/17/0713:35/srm
Texture SiC ASA15-5 12/14/0712:59/srm

• C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.20 S.u. 0.10 ASAM10-3.2 12/14/0712:51/srm
Conductivity, sat. paste 3.95 mmhos/cm 0.01 ASA10-3 12/14/0712:51/srm
Saturation 55.8 % 0.1 USOA27a 12/14/0712:51/srm
Calcium, sat. paste 11.5 meq/L 0.05 SW6010B 12/14/0707:481 rlh
Magnesium, sat. paste 48.5 meq/L 0.08 SW6010B 12/14/0707:481 rrh
Potassium, sat. paste 0.60 meq/L 0.03 SW6010B 12114/0707:481 rlh
Sodium, sat. paste 3.22 meq/L 0.04 SW6010B 12/14/07 07:48 / rlh
Sodium Adsorption Ratio (SAR) 0.59 unitless 0.01 Calculation 12/14/0712:51/ srm

•ACID-BASE ACCOUNTING
Neutralization Potential 330 tlkt 1.0 Sobek Modifie 12/14/0712:00/ srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 12/14/07 12:00 1srm
Acid/Base Potential 330 tlkt Sobek Modifie 12114/0712:00/srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 32.8 % 0.1 USOA23c 12/14/07 12:00 1srm
Organic Carbon 1.21 wt% 0.02 ASA29-3 12114/0712:51/ srm
Nitrate as N, KCl Extract 2 mg/kg 1 ASA33-8.1 12114/0716:40/srm

METALS, WATER EXTRACTABLE
Boron 0.4 mglkg 0.1 SW6010B 12/14/0703:151 rlh
Selenium NO mg/kg 0.01 SW6020 12113107 16:22/ jjw

METALS, TOTAL - EPA SW846
Arsenic 8 mg/kg 5 SW6010B 12/11/07 22:03/ rlh
Barium 128 mg/kg 5 SW6010B 12/11/0722:031 rlh
Cadmium NO mg/kg 1 SW6010B 12/11/07 22:03/ rlh
Chromium 21 mg/kg 5 SW6010B 12/11/0722:03/ rth
Copper 13 mg/kg 5 SW6010B 12/11/0722:03/ rlh
Iron 13600 mg/kg 5 SW6010B 12111/0722:03/ rlh
Lead 11 mg/kg 5 SW6010B 12/11/07 22:03 / rlh
Manganese 293 mg/kg 5 SW6010B 12/11/0722:03/ rlh
Mercury NO mg/kg 1 SW7471A 12/13/0708:31/ jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit. QC,' , 5 1\1\19

&~



J~n(teq ENERGYLABORATORIES; INC. -po. Box 30916 -1120South27thStreet • Billings, MT59107-0916
--:L -- -~ 800-735-4489· 406-252-6325 .406-252-6069 fax • eli@energylab.com'.'#@lAa-uYI•

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development. LLC
Coal Hollow Project

807120398-011

CH-08 0 - 6 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07
Not Provided

12106/07
Soil

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date I By

•

METALS, TOTAL - EPA SW846
Molybdenum

Selenium

Silver

linc

NO

NO

NO

47

mg/kg
mg/kg
mg/kg
mg/kg

5
5
5
5

SW6010B

SW6010B

SW6010B

SW6010B

12/11/07 22:031 rlh

12/11/07 22:03 1rlh

12/11/0722:031 rlh

12/11/07 22:03 1rlh

•

Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality contro/limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



l~i..t;;:;ljj ENERGYLABORATORIES, INC. • Po. Box30916- 1120 South 27th Street- Bi/lings, MT59107-0916
--=r.L. --~ 800-735-4489 - 406-252-6325. 406-252-6069 fax • e/i@energy/ab.com.",_UAR-liYi•

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-012

CH-08 6 - 11 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/06/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 60 % ASA15-5 12/14/07 12:59/ srm
Silt 25 % ASA15-5 12/14/07 12:591 srm
Clay 15 % ASA15-5 12/14/07 12:591 srm
Very Fine Sand 10 wt% ASA15-5 12/17/0713:35/ srm
Texture Sl ASA15-5 12/14/0712:591 srm

- C =Clay, S =Sand(y). Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.30 S.u. 0.10 ASAM10-3.2 12/14/07 12:51 Isrm
Conductivity, sat. paste 2.96 mmhos/cm 0.01 ASA10-3 12/14/0712:51/ srm
Saturation 27.4 % 0.1 USOA27a 12/14/0712:51 1srm
Calcium, sat. paste 8.65 meq/l 0.05 SW6010B 12/14/0707:59/ rlh
Magnesium, sat. paste 30.1 meq/l 0.08 SW6010B 12/14/0707:59/ rlh
Potassium, sat. paste 0.40 meq/l 0.03 SW6010B 12/14/0707:591 rlh
Sodium, sat. paste 3.75 meq/l 0.04 SW6010B 12/14/0707:59/ rlh
Sodium Adsorption Ratio (SAR) 0.85 unitless 0.01 Calculation 12/14/0712:51/srm•ACID-BASE ACCOUNTING
Neutralization Potential 290 t/kt 1.0 Sobek Modifie 12/14/07 12:00/ srm
Acid Potential 0 t/kt 1.0 Sobek Modifie 12/14/07 12:00 1srm
Acid/Base Potential 290 t/kt Sobek Modifie 12/14/07 12:00 / srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 29.2 % 0.1 USOA23c 12/14/07 12:001 srm
Organic Carbon 0.28 wt% 0.02 ASA29-3 12/14/0712:511 srm
Nitrate as N, KCl Extract 2 mg/kg 1 ASA33-8.1 12/14/0716:41 1srm

METALS, WATER EXTRACTABLE
Boron 0.1 mg/kg 0.1 SW6010B 12/14/07 03:22 1rlh
Selenium NO mg/kg 0.01 SW6020 12/13/0716:31 1llw

METALS, TOTAL· EPA SW846
Arsenic 5 mg/kg 5 SW6010B 12/12/07 23:49 1rlh
Barium 124 mg/kg 5 SW6010B 12/11/0722:141 rlh
Cadmium NO mg/kg 1 SW6010B 12/11/0722:141 rlh
Chromium 9 mg/kg 5 SW6010B 12/11/0722:14/ rlh
Copper 6 mg/kg 5 SW6010B 12/11/0722:14/ rlh
Iron 8270 mg/kg 5 SW6010B 12/11/0722:14/ rlh
lead 6 mg/kg 5 SW6010B 12/11/0722:14/ rlh
Manganese 184 mg/kg 5 SW6010B 12/11/0722:14/ rlh
Mercury NO ·mg/kg 1 SW7471A 12/13/07 08:33 /llw

• Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

~1 , 5 1~~9G\.r
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§jqfl~ ENERGY LABORATORJES7 INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
1.:-- ---- --.:. 800-735-4489. 406-252-6325. 406-252-6069 fax. eli@energylab.com'.'tl-8&"-*/4'

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-012

CH-08 6 - 11 ft

Report Date: 12118/07

Collection Date: Not Provided

DateReceived: 12/06/07

Matrix: Soil

•

Analyses

METALS, TOTAL - EPA SW846
Molybdenum

Selenium

Silver

Zinc

MCU
Result Units Qualifiers RL QCL Method Analysis Date I By

NO mg/kg 5 SW6010B 12/11/07 22: 14 1 rlh

NO mg/kg 5 SW6010B 12/11/0722:14/ rlh

NO mg/kg 5 SW6010B 12/11/0722:14/ rlh

24 mg/kg 5 SW6010B 12/11/0722:141 rlh

Report
• Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level .

NO - Not detected at the reporting limit.



l:fj;ftlti/l'! ENERGYLABORATORIES1 INC. • AD. Box 30916· 1120 South 27th Street. Billings, MT59107-0916
--- -- --~ 800-735-4489 • 406-252-6325. 406-252-6069 fax. eli@energylab.com.tit-Uati_UYi.

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-013

CH-08 11 - 20 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12106/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date / By

PHYSICAl CHARACTERISTICS
Sand 42 % ASA15-5 12/14/07 12:59/ srm
Silt 37 % ASA15-5 12/14/0712:59/ srm
Clay 21 % ASA15-5 12/14/07 12:59 / srm
Very Fine Sand 6 wt% ASA15-5 12/17/0713:35/ srm
Texture L ASA15-5 12/14/07 12:59/ srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 8.00 S.u. 0.10 ASAM10-3.2 12/14/0712:51 / srm
Conductivity, sat. paste 3.84 mmhos/cm 0.01 ASA10-3 12/14/07 12:51 / srm
Saturation 33.2 % 0.1 USOA27a 12/14/0712:51 / srm
Calcium. sat. paste 24.3 meq/L 0.05 SW6010B 12/14/0708:03/ r1h
Magnesium. sat. paste 24.0 meq/L 0.08 SW6010B 12/14/07 08:03 / r1h
Potassium, sat. paste 0.65 meq/L 0.03 SW6010B 12/14/07 08:03 / r1h
Sodium, sat. paste 7.21 meq/L 0.04 SW6010B 12/14/0708:031 rlh
Sodium Adsorption Ratio (SAR) 1.47 unitless 0.01 Calculation 12114/0712:51 / srm

•ACID-BASE ACCOUNTING
Neutralization Potential 350 tlkt 1.0 Sobek Modifie 12/14/0712:00/ srm
Acid Potential 0 tlkt 1.0 Sobek Modifie 12/14/07 12:001 srm
Acid/Base Potential 350 tlkt Sobek Modifie 12/14/0712:00/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 34.6 % 0.1 USOA23c 12/14/07 12:001 srm
Organic Carbon 0.29 wt% 0.02 ASA29-3 12/14/0712:51 / srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:41/ srm

METALS, WATER EXTRACTABLE
Boron 0.1 mg/kg 0.1 SW6010B 12/14/0703:301 r1h
Selenium NO mg/kg 0.01 SW6020 12113/0716:36/liw

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 12112107 23:53/ r1h
Barium 114 mg/kg 5 SW6010B 12/11/0722:181 r1h
Cadmium NO mg/kg 1 SW6010B 12/11/0722:18/ r1h
Chromium 10 mg/kg 5 SW6010B 12/11/0722:18/ rlh
Copper 8 mg/kg 5 SW6010B 12/11/0722:18/ rlh
Iron 9330 mg/kg 5 SW6010B 12/11/0722:18/ rlh
Lead 5 mg/kg 5 SW6010B 12/11/0722:181 r1h
Manganese 194 mg/kg 5 SW6010B 12/11/0722:18/ rlh
Mercury NO mg/kg 1 SW7471A 12/13/07 08:35 / jjw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit. OC1 , 5 'Lu\)9
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ENERGY LABORATORIES, INC. • AD. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax. eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-013
CH-08 11 - 20 ft

Report Date: 12/18/07
Collection Date: Not Provided

DateReceived: 12/06/07
Matrix: Soil

•

Analyses

METALS, TOTAL· EPA SW846
Molybdenum

Selenium
Silver

Zinc

MCU
Result Units Qualifiers RL QCL Method Analysis Date I By

NO mg/kg 5 SW6010B 12/11/07 22:181 rlh
NO mg/kg 5 SW6010B 12/11/0722:181 rlh
NO mg/kg 5 SW6010B 12/11/0722:18/ rlh
26 mg/kg 5 SW6010B 12/1110722:18/ rlh

Report
• Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.



Jdirli'jY!l ENERGYLABORATORIE5, INC. • AD. Box30916· 1120 South 27th Street. Billings, MT59107-0916
------~ 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.comU;ttl_naU_UUi,

• Client:

Project:

Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-014

CH-08 20 - 30 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07

Not Provided
12/06/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand 4 % ASA15-5 12/14/07 12:59 / srm
Silt 51 % ASA15-5 12/14/0712:59/ srm
Clay 45 % ASA15-5 12/14/07 12:591 srm
Very Fine Sand 0 wt% ASA15-5 12/17/07 13:35/ srm
Texture SiC ASA15-5 12/14/07 12:591 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 8.10 S.u. 0.10 ASAM10-3.2 12/14/0712:51 1srm
Conductivity, sat. paste 2.55 mmhos/cm 0.01 ASA10-3 12/14/0712:511 srm
Saturation 81.6 % 0.1 USOA27a 12/14/07 12:51/ srm
Calcium, sat. paste 12.0 meq/l 0.05 SW6010B 12/14/0708:101 r1h
Magnesium, sat. paste 7.92 meq/l 0.08 SW6010B 12/14/0708:101 rlh
Potassium, sat. paste 0.56 meq/l 0.03 SW6010B 12/14/0708:101 r1h
Sodium, sat. paste 11.5 meq/l 0.04 SW6010B 12/14/07 08: 10 1rlh
Sodium Adsorption Ratio (SAR) 3.64 unit/ess 0.01 Calculation 12/14/07 12:51 / srm

• ACID-BASE ACCOUNTING
Neutralization Potential 120 Ukt 1.0 Sobek Modifie 12/14/07 12:001 srm
Acid Potential 0 Ukt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid/Base Potential 120 Ukt Sobek Modifie 12/14/07 12:00/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 11.6 % 0.1 USOA23c 12/14/0712:00/srm
Organic Carbon 0.44 wt% 0.02 ASA29-3 12/14/07 12:51 1srm
Nitrate as N, KCl Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:42/ srm

METALS, WATER EXTRACTABLE
Boron 0.3 mg/kg 0.1 SW6010B 12/14/0703:331 rlh
Selenium 0.01 mg/kg 0.01 SW6020 12113/0718:01/liw

METALS, TOTAL - EPASW846
Arsenic NO mg/kg 5 SW6010B 12112/0723:561 r1h
Barium 59 mg/kg 5 SW6010B 12/11/0722:221 r1h
Cadmium NO mg/kg 1 SW6010B 12/11/0722:221 rlh
Chromium 12 mg/kg 5 SW6010B 12/11/0722:221 rlh
Copper 12 mg/kg 5 SW6010B 12111107 22:22 1r1h
Iron 9650 mg/kg 5 SW6010B 12111/07 22:22 / rlh
lead 11 mg/kg 5 SW6010B 12/11/07 22:22 / rlh
Manganese 88 mg/kg 5 SW6010B 12/11/07 22:22 / r1h
Mercury NO mg/kg 1 SW7471A 12/13/0708:37/ jjw

Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
• Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

, 510n9
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ENERGYLABORATORIE~ INC. • AD. Box 30916. 1120 South 27th Street. BIllings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax • eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-014
CH-08 20 - 30 ft

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12106/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date 1By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0722:221 r1h
Selenium NO mg/kg 5 SW6010B 12/11/07 22:22 1 r1h
Silver NO mg/kg 5 SW6010B 12111/0722:22 I r1h
Zinc 38 mg/kg 5 SW6010B 12/11/07 22:22 I r1h

Report

• Definitions:
RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

OC1 , 5 2009



ENERGYLABORATORIE~INC. • AG. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
800-735-4489· 406-252-6325 • 406-252-6069 fax • eli@energylab.com

• Client:

Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-015

CH-08 30 - 40 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07

Not Provided

12106/07
Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 26 % ASA15-5 12/14/0712:59 I srm
Silt 45 % ASA15-5 12/14/07 12:59 I srm
Clay 29 % ASA15-5 12/14/07 12:59 1srm
Very Fine Sand 9 wt% ASA15-5 12/17/07 13:35 I srm
Texture CL ASA15-5 12/14/07 12:59 I srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.00 S.u. 0.10 ASAM10-3.2 12/14/0712:51 I srm
Conductivity, sat. paste 4.20 mmhos/cm 0.01 ASA10-3 12/14/0712:51 I srm
Saturation 52.2 % 0.1 USOA27a 12/14/0712:51 / srm
Calcium, sat. paste 25.3 meq/L 0.05 SW6010B 12/14/0708:18 I rlh
Magnesium, sat. paste 15.1 meq/L 0.08 SW6010B 12/14/0708:18 I rlh
Potassium, sat. paste 0.82 meq/L 0.03 SW6010B 12/14/0708:18 I r1h
Sodium, sat. paste 17.7 meq/L 0.04 SW6010B 12/14/07 08: 18 I rlh
Sodium Adsorption Ratio (SAR) 3.94 unitless 0.01 Calculation 12/14/0712:51 I srm

•ACID-BASE ACCOUNTING
Neutralization Potential 220 Ukt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid Potential 0 Ukt 1.0 Sobek Modifie 12/14/07 12:001 srm
Acid/Base Potential 220 Ukt Sobek Modifie 12/14/0712:001 srm

• The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 22.3 % 0.1 USOA23c 12/14/0712:00 I srm
Organic Carbon 0.32 wt% 0.02 ASA29-3 12/14/0712:51 I srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:441 srm

METALS, WATER EXTRACTABLE
Boron 0.3 mg/kg 0.1 SW6010B 12/14/07 03:45 1rlh
Selenium NO mg/kg 0.01 SW6020 12/13/0718:06 I ijw

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 12/13/07 00:00 / rlh
Barium 82 mg/kg 5 SW6010B 12/11/0722:25 I r1h
Cadmium NO mg/kg 1 SW6010B 12/11107 22:25 1r1h
Chromium 10 mg/kg 5 SW6010B 12111/0722:251 r1h
Copper 9 mg/kg 5 SW6010B 12111/0722:251 rlh
Iron 10000 mg/kg 5 SW6010B 12/11/07 22:251 r1h
Lead 8 mg/kg 5 SW6010B 12/11/07 22:25 I r1h
Manganese 166 mg/kg 5 SW6010B 12111/0722:25/ rlh
Mercury NO mg/kg 1 SW7471A 12/13/0708:40 I UW

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
• Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

, 5 2009"~1u~
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Jiljj([i,v ENERGYLABORATORIES, INC. "RD. Box 30916" 1120 South 27th Street" Billings, MT59107-0916
--- ._--~ 800-735-4489" 406-252-6325. 406-252-6069 fax" eli@energylab.com'Inn.nAil.uD'

• Client:
Project:
Lab ID:
Client Sample ID:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project
807120398-015
CH-08 30 - 40 ft

Report Date: 12/18/07
Collection Date: Not Provided

DateReceived: 12106/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers RL QCl Method Analysis Date 1By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/07 22:251 rlh
Selenium NO mg/kg 5 SW6010B 12/11/07 22:25 1rth
Silver NO mg/kg 5 SW6010B 12/11/07 22:25 1rth
Zinc 31 mg/kg 5 SW6010B 12111/0722:251 rlh

Report
• Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

Gel' 5 2009



ENERGY LABORATORIES, INC. • AD. Box 30916. 1120 South 27th Street- Billings, MT59107-0916
800-735-4489 - 406-252-6325. 406-252-6069 fax. e/i@energy/ab.com

• Client:

Project:

Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-016

CH-08 40 - 50 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12118/07
Not Provided

12/06/07

Soil

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand

Silt

Clay

Very Fine Sand

Texture

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

18 %
48 %
34 %

8 wt%
SiCL

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASA15-5

12/14/07 12:591 srm

12/14/0712:59/ srm

12/14/0712:59/ srm

12/17/0713:351 srrn
12/14/0712:59/ srm

ACID-BASE ACCOUNTING
Neutralization Potential 210 tlkt

Acid Potential 3.8 tlkt

Acid/Base Potential 210 tlkt
- The acid base potential was calculated from non-sulfate sulfur.

•

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste
Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste

Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

8.10 S.u.
5.44 mmhos/cm
65.1 %
21.4 meq/L
11.3 meq/L
0.95 meq/L
43.4 meq/L
10.7 unitless

0.10 ASAM10-3.2 12/14/0712:51/srm
0.01 ASA10-3 12/14/07 12:51 / srm
0.1 USOA27a 12/14/0712:511 srm

0.05 SW6010B 12/14/0708:221 rlh
0.08 SW6010B 12/14/0708:221 rlh
0.03 SW6010B 12/14/0708:221 rlh
0.04 SW6010B 12/14/0708:22/ rlh
0.01 Calculation 1211410712:511 srm

1.0 Sobek Modifie 12/14/0712:001 srm
1.0 Sobek Modifie 12/14/07 12:00 1srm

Sobek Modifie 12114/07 12:00 / srm

CHEMICAL CHARACTERISTICS
Lime as CaC03 21.2 %
Organic Carbon 0.65 wt%
Nitrate as N. KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 0.6 mg/kg
Selenium NO mg/kg

METALS, TOTAL - EPA SW846
Arsenic 5 mg/kg
Barium 94 mg/kg
Cadmium NO mg/kg
Chromium 13 mg/kg
Copper 11 mg/kg
Iron 12200 mg/kg
Lead 10 mg/kg
Manganese 172 mg/kg
Mercury NO mg/kg

o

0.1

0.02

1

0.1

0.01

5
5
1

5
5

20

5
5
1

US0A23c

ASA29-3

ASA33-8.1

SW6010B

SW6020

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW7471A

12/14/0712:001 srm

12/14/0712:51/ srm

12/14/0716:451 srm

12/14/0703:491 rlh

12/13/0718:111 jjw

12/13/0700:121 rlh

12/11/07 22:291 rlh

12/11/0722:291 rlh

12/11/0722:291 rlh

12111/07 22:29/ rlh

12111/07 22:29 / rlh

12111/0722:29/ rlh

12/11/07 22:29/ rlh

12/13/07 08:42 1jjw

Report

• Definitions:
RL - Analyte reporting limit.

QCL - Quality control limit.

o-RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

Or:1 , 5 2009



!.qwt4!';'?1 ENERGYLABORATORIE~ INC. -AD. Box 30916 -1120Soufh27thStreet -BIllings, MT59107-0916
~ .. ---~ 800-735-4489- 406-252-6325 • 406-252-6069 fax • eli@energylab.com""'i_uIR_gUl'

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project
807120398-016

CH-08 40 - 50 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07
Not Provided
12/06/07
Soil

•

MCUAnalyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/07 22:29/ rlhSelenium NO mg/kg 5 SW6010B 12/11/0722:29/ rlhSilver NO mg/kg 5 SW6010B 12/11/07 22:29 / rlhZinc 36 mg/kg 5 SW6010B 12/11/0722:291 r1h

Report
• Definitions:

RL - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.

f.\;('T , 5 'l009
..;v l



LABORATORIES

Ig+."'j({f/'I ENERGYLABORATORIE~ INC. - AD. Box 30916 - 1120 South 27th Street. Billings, MT59107-0916
800-735-4489 - 406-252-6325- 406-252-6069 fax. eli@energylab.com

• Client:
Project:
LablD:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project
807120398-017

CH-08 50 - 60 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/06/07

Soil

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand

Silt

Clay

Very Fine Sand

Texture

- C =Clay, S =Sand(y), Si = Silt(y), L =Loam(y)

19 %
46 %
35 %
8 wt%

SiCL

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASA15-5

12/14/07 12:591 srm

12/14/07 12:591 srm

12/14/07 12:591 srm

12/17107 13:351 srm

12/14/07 12:591 srm

ACID-BASE ACCOUNTING
Neutralization Potential 210 Ukt

Acid Potential 5.2 Ukt

Acid/Base Potential 200 Ukt
- The acid base potential was calculated from non-sulfate sulfur.

•

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste

Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

8.20 S.u.
5.63 mmhos/cm
71.2 %
16.9 meq/L D
10.6 meq/L D
1.00 meq/L
49.4 meq/l D
13.3 unitless

0.10 ASAM10-3.2 12/14/0712:51 /srm

0.01 ASA10-3 12/14/0712:51/srm
0.1 USDA27a 12/14/07 12:511 srm

0.1 SW6010B 12/14/0708:261 rlh
0.1 SW6010B 12114107 08:26 1rlh

0.03 SW6010B 12/14/0708:261 rlh
0.08 SW6010B 12/14/07 08:26 1rlh
0.01 Calculation 12/14/0712:51/srm

1.0 Sobek Modifie 12114/07 12:00 1srm
1.0 Sobek Modifie 12114/07 12:00 1srm

Sobek Modifie 12/14/07 12:001 srm

CHEMICAL CHARACTERISTICS
Lime as CaC03 20.9 %
Organic Carbon 0.54 wt%
Nitrate as Nt KCL Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 0.7 mg/kg
Selenium ND mg/kg

METALS, TOTAL - EPA SW846
Arsenic ND mg/kg
Barium 94 mg/kg
Cadmium ND mg/kg
Chromium 13 mg/kg
Copper 11 mg/kg
Iron 11000 mg/kg
Lead 9 mg/kg
Manganese 165 mg/kg
Mercury ND mg/kg

0.1 USDA23c 12/14/0712:00/srm
0.02 ASA29-3 12/14/0712:51/srm

1 ASA33-8.1 12/14/0716:46/srm

0.1 SW6010B 12/14/07 03:53 1rlh
0.01 SW6020 12/13/0718:151 jjw

5 SW6010B 12113/0700:151 rlh
5 SW6010B 12/11/0722:321 r1h
1 SW6010B 12/11/0722:32/ rlh
5 SW6010B 12111107 22:32 I r1h
5 SW6010B 12/11/0722:321 r1h
5 SW6010B 12/11/07 22:32 1rlh
5 SW6010B 12111107 22:32 1 r1h
5 SW6010B 12/11/07 22:321 rlh
1 SW7471A 12/13/07 08:48 1jjw

Report

• Definitions:

RL - Analyte reporting limit.

QCl - Quality control limit.

D - RL increased due to sample matrix interference.

MCl - Maximum contaminant level.

ND - Not detected at the reporting limit.



!elji!ftlf!jq ENERGYLABORATORIES§ INC. • P.O. Box 30916 • 1120Soufh27fhSfreet·Billings, MT59107-0916
&:L ---~ 800-735-4489. 406-252-6325 .406-252-6069 fax • eli@energylab.com'.f;t·#'k·UI{i'

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development. LLC
Coal Hollow Project
807120398-017

CH-08 50 - 60 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12118/07
Not Provided

12/06/07
Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0722:321 rlh
Selenium NO mg/kg 5 SW6010B 12/11/0722:321 rlh
Silver NO mg/kg 5 SW6010B 12/11/07 22:32 1rlh
Zinc 32 mg/kg 5 SW6010B 12/11/0722:321 rlh

•Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



ENERGYLABORATORIES, INC. ,. AD. Box 30916. 1120 South 27th Street. Billings, MT59107-0916
800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com

LABORATORY ANALYTICAL REPORT

• Client: Alton Coal Development. LLC Report Date: 12/18/07
Project: Coal Hollow Project Collection Date: Not Provided
Lab 10: 807120398-018 DateReceived: 12/06/07
Client Sample 10: CH-08 60 - 70 ft Matrix: Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 10 % ASA15-5 12/14/07 12:59 1srm
Silt 45 % ASA15-5 12/14/0712:591 srm
Clay 45 % ASA15-5 12/14/07 12:59 1srm
Very Fine Sand 4 wt% ASA15-5 12/17/0713:351 srm
Texture SiC ASA15-5 12/14/0712:591 srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste 8.80 S.u. 0.10 ASAM10-3.2 12/14/0712:51/srm
Conductivity, sat. paste 4.22 mmhos/cm 0.01 ASA10-3 12114/07 12:51 1srm
Saturation 123 % 0.1 USOA27a 12/14/0712:51 1srm
Calcium, sat. paste 3.09 meq/l 0.05 SW6010B 12/14/07 08:29 1rlh
Magnesium, sat. paste 1.58 meq/l 0.08 SW6010B 12114/0708:291 rlh
Potassium, sat. paste 0.43 meq/l 0.03 SW6010B 12/14/0708:291 rlh
Sodium, sat. paste 43.8 meq/l 0.04 SW6010B 12/14/07 08:29 1rlh
Sodium Adsorption Ratio (SAR) 28.7 unitless 0.01 Calculation 12/14/0712:51 1srm

• ACID-BASE ACCOUNTING
Neutralization Potential 150 tlkt 1.0 Sobek Modifie 12/14/07 12:00 1srm
Acid Potential 11 tlkt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid/Base Potential 140 tlkt Sobek Modifie 12/14/07 12:00 1srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 15.2 % 0.1 USOA23c 12/14/0712:001 srm
Organic Carbon 0.70 wt% 0.02 ASA29-3 12/14/0712:511 srm
Nitrate as N, KCl Extract 1 mg/kg 1 ASA33-8.1 12114/07 16:46 1srm

METALS, WATER EXTRACTABLE
Boron 0.8 mg/kg 0.1 SW6010B 12/14/0703:571 rlh
Selenium 0.02 mg/kg 0.01 SW6020 12/13/07 18:201 jjw

METALS, TOTAL - EPASW846
Arsenic NO mg/kg 5 SW6010B 12/13/0700:191 r1h
Barium 91 mg/kg 5 SW6010B 12/11/07 22:361 rlh
Cadmium NO mg/kg 1 SW6010B 12/11/0722:361 rlh
Chromium 16 mg/kg 5 SW6010B 12111/0722:361 rlh
Copper 14 mg/kg 5 SW6010B 12/11/0722:361 r1h
Iron 12900 mg/kg 5 SW6010B 12/11/0722:361 r1h
lead 12 mg/kg 5 SW6010B 12/11/0722:36/ rlh
Manganese 148 mg/kg 5 SW6010B 12/11/0722:36/ rlh
Mercury NO mg/kg 1 SW7471A 12113/07 08:50 1jjw

• Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

~r1 , ~ 1\109
O~v



1tt4....fIltfl"'lw ENERGYLABORATORIES, INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
--- _ •....=t16 800-735-4489· 406-252-6325 .406-252-6069 fax • eli@energylab.com.r;l!U6U·'iUi ,

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-018

CH-08 60 - 70 ft

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12106/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/07 22:36 I rlh
Selenium NO mg/kg 5 SW6010B 12/11/0722:36/ rlh
Silver NO mg/kg 5 SW6010B 12/11/0722:36 I rlh
Zinc 45 mg/kg 5 SW6010B 12/11/0722:36 I rlh

• Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



l:tl;[ft~ ENERGYLABORATORIES; INC. "AD. Box30916· 1120Soufh27fhStreet. Billings, MT59107-0916
-----~ 800-735-4489" 406-252-6325. 406-252-6069 fax. eli@energylab.comR;tI,.nlk.UtI'.

• Client:

Project:

Lab 10:

Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-001

CH-08 70-79 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07

Not Provided

12/06/07

Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 8 % ASA15-5 12/14/07 12:59 I srm
Silt 59 % ASA15-5 12/14/07 12:59 I srm
Clay 33 % ASA15-5 12/14/0712:59 I srm
Very Fine Sand 2 wt% ASA15-5 12/17/0713:35 I srm
Texture SiCL ASA15-5 12/14/0712:59 I srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 8.60 S.u. 0.10 ASAM10-3.2 12/14/0712:51 I srm
Conductivity, sat. paste 2.68 mmhos/cm 0.01 ASA10-3 12/14/07 12:51 I srm
Saturation 94.8 % 0.1 USDA27a 12/14/07 12:51 I srm
Calcium, sat. paste 0.50 meq/L 0.05 SW6010B 12/14107 06:54 I r1h
Magnesium, sat. paste 0.27 meq/L 0.08 SW6010B 12/14/0706:54 I rlh
Potassium, sat. paste 0.23 meq/L 0.03 SW6010B 12/14/0706:54 I rlh
Sodium, sat. paste 26.1 meq/L 0.04 SW6010B 12/14/07 06:54 I rlh
Sodium Adsorption Ratio (SAR) 42.1 unitless 0.01 Calculation 12/14/0712:51 I srm

•ACID-BASE ACCOUNTING
Neutralization Potential 170 Ukt 1.0 Sobek Modifie 12/14/07 12:00 I srm
Acid Potential 9.8 Ukt 1.0 Sobek Modifie 12/14/0712:001 srm
Acid/Base Potential 160 Ukt Sobek Modifie 12/14/0712:00/ srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 16.7 % 0.1 USDA23c 12/14/0712:00 I srm
Organic Carbon 1.70 wt% 0.02 ASA29-3 12/14/0712:51 I srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/14/0716:31 I srm

METALS, WATER EXTRACTABLE
Boron 1.0 mg/kg 0.1 SW6010B 12/14/0702:20/ r1h
Selenium 0.02 mg/kg 0.01 SW6020 12/13/07 14:40 I jjw

METALS, TOTAL - EPA SW846
Arsenic 8 mg/kg 5 SW6010B 12/11/0721 :08 I r1h
Barium 74 mg/kg 5 SW6010B 12/11/0721 :081 r1h
Cadmium ND mg/kg 1 SW6010B 12/11/0721 :08 I r1h
Chromium 12 mg/kg 5 SW6010B 12/11/0721 :081 rlh
Copper 11 mg/kg 5 SW6010B 12/11/07 21 :08 I rlh
Iron 13700 mg/kg D 20 SW6010B 12/11/07 21 :08 I rlh
Lead 11 mg/kg 5 SW6010B 12/11/07 21 :08 1rlh
Manganese 162 mg/kg 5 SW6010B 12/11/0721 :081 rlh
Mercury ND mg/kg 1 SW7471A 12/13/07 07:59 I jjw

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
\) "n~~• Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit. 0(,1 , . LU

D - Rl increased due to sample matrix interference.

\"'''.\\1 O~i
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l '61l:((tif,!" ENERGYLABORATORJE5, INC. -Ao. Box 30916 -1120South27thStreet-Billings, MT59107-0916
-=.L ----~ 800-735-4489 - 406-252-6325 - 406-252-6069 fax "eli@energylab.com'IU;!iRlti·ti#14'

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-001

CH-08 70-79 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/06/07

Soil

------~._------------ ----------------- -------------_._--_._-----------_ .._--~---------------._---------------------------------------

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date I By

•

METALS, TOTAL· EPA SW846
Molybdenum

Selenium

Silver

Zinc

NO

NO

NO

39

mg/kg

mg/kg

mg/kg

mg/kg

5
5
5
5

SW6010B

SW6010B

SW6010B

SW6010B

12/11/07 21 :08/ r1h

12/11/0721 :08/ r1h

12/11/07 21 :08/ rlh

12/11/07 21 :08/ rlh

• Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

0(,\ , ~ £:u09
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lh~(lfi ENERGYLABORATORIE5, INC. • P.O. Box30916- 1120Soufh27fhStreef- Billings, MT59107-0916
--- ------ 800-735-4489· 406-252-6325. 406-252-6069 fax. eli@energylab.com'.f:1'U6fi-UP'

• Client:

Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-002

CH-08 79.2 - 82.3 ft

Report Date:

Collection Date:

DateReceived:

Matrix:

12/18/07
Not Provided

12/06/07
Soil

------------ --------------~---~-------~- -- -- ---_._._--_.._--_._--_.-

Analyses Result Units Qualifiers RL
MCU
QCl Method Analysis Date I By

ACID-BASE ACCOUNTING
Neutralization Potential 45 Ukt

Acid Potential 20 Ukt

Acid/Base Potential 25 Ukt
- The acid base potential was calculated from non-sulfate sulfur.

Sobek Modifie 12/14/07 12:00 1srm

Sobek Modifie 12/14/07 12:00 1srm

Sobek Modifie 12/14/07 12:001 srm

•

PHYSICAL CHARACTERISTICS
Sand

Silt

Clay

Very Fine Sand

Texture

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste

Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste

Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

35

41

24

18

L

8.30

1.90

55.1

0.20

0.15

0.16

20.8

49.8

%
%
%
wt%

s.u.

mmhos/cm
%

meq/L
meq/L
meq/L
meq/L
unitless

0.10

0.01

0.1

0.05

0.08

0.03

0.04

0.01

1.0

1.0

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASA15-5

ASAM10-3.2

ASA10-3

USDA27a

SW6010B

SW6010B

SW6010B

SW6010B

Calculation

12/14/0712:591 srm

12/14/0712:591 srm

12/14/07 12:59 1srm

12/17/0713:351 srm

12/14/0712:591 srm

12/14/0712:51 Isrm
12114/0712:51/srm
12114/0712:51/srm
12/14/0706:581 rlh

12/14/07 06:58 1rlh

12/14/07 06:58 1rlh

12/14/07 06:58 1 rlh

12/14/0712:511 srm

CHEMICAL CHARACTERISTICS
Lime as CaC03

Organic Carbon

Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

Selenium

4.5 %
7.72 wt%

ND mg/kg

1.7 mg/kg

ND mg/kg

0.1

0.02

1

0.1

0.01

USDA23c

ASA29-3

ASA33-8.1

SW6010B

SW6020

12/14/07 12:001 srm

12/14/0712:51/srm
12/14/0716:311 srm

12114/0702:281 r1h

12113107 14:49/liw

RL - Analyte reporting limit.

QCL - Quality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.•

METALS, TOTAL - EPA SW846
Arsenic

Barium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Mercury

Report
Definitions:

6
105

ND

7

8
6860

7
48

ND

mg/kg

mg/kg

mg/kg
mg/kg

mg/kg
mg/kg
mg/kg

mg/kg

mg/kg

D

5
5
1

5
5

20

5
5
1

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW6010B

SW7471A

12/11/0721:191 rlh

12/11/0721:191 rlh

12111/0721:191 rlh

12111107 21 :191 rlh

12/11/0721:191 r1h

12/11/0721 :191 rlh

12/11/0721:19/rlh
12/11/0721 :191 r1h

12113/07 08:07 lliw



ENERGYLABORATORIE5, INC. -AG. Box 30916 If 1120Soufh27fhSfreef -Billings, MT59107-0916
800-735-4489· 406-252-6325.406-252-6069 fax. eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120398-002

CH-08 79.2 - 82.3 ft

Report Date: 12/18/07
Collection Date: Not Provided

DateReceived: 12106/07
Matrix: Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL - EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721 :191 r1h
Selenium NO mg/kg 5 SW6010B 12/11/0721:191 rlh
Silver NO mg/kg 5 SW6010B 12/11/07 21 :191 rlh
Zinc 25 mg/kg 5 SW6010B 12/11/0721:19/rlh

• Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



!#li?III!JI'\Y;I ENERGYLABORATORIES, INC. -P.D. Box30916- 1120South27thStreet-Blllings, MT59107-0916
'-=L-~~ 800-735-4489" 406-252-6325" 406-252-6069 fax - eli@energylab.com·ettt·U&Ni7lllB

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project

807120398-003

CH-08 82.3 - 83.8 ft

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/06/07

Soil

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date 1By

PHYSICAL CHARACTERISTICS
Sand 50 % ASA15-5 12/14/07 12:59/ srm
Silt 31 % ASA15-5 12/14/07 12:59 1srm
Clay 19 % ASA15-5 12/14/0712:591 srm
Very Fine Sand 19 wt% ASA15-5 12/17/0713:351 srm
Texture L ASA15-5 12/14/0712:591 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH. sat. paste 7.50 S.u. 0.10 ASAM10-3.2 12/14/07 12:51 1srm
Conductivity, sat. paste 6.48 mmhos/cm 0.01 ASA10-3 12/14/0712:511 srm
Saturation 37.9 % 0.1 USOA27a 12/14/0712:511 srm
Calcium, sat. paste 9.4 meq/L 0 0.1 SW6010B 12114/0707:011 r1h
Magnesium, sat. paste 4.2 meq/L 0 0.1 SW6010B 12/14/0707:01 1r1h
Potassium, sat. paste 0.90 meq/L 0.03 SW6010B 12/14/0707:011 rlh
Sodium, sat. paste 63.6 meq/L 0 0.08 SW6010B 12/14/0707:011 rlh
Sodium Adsorption Ratio (SAR) 24.5 unitless 0.01 Calculation 12/14/07 12:51 / srm

• ACID-BASE ACCOUNTING
Neutralization Potential 37 t/kt 1.0 Sobek Modifie 12/14/07 12:00/ srm
Acid Potential 13 t/kt 1.0 Sobek Modifie 12/14/07 12:00 / srm
Acid/Base Potential 24 t/kt Sobek Modifie 12/14/07 12:00 1srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 3.7 % 0.1 USOA23c 12114/07 12:00 / srm
Organic Carbon 1.82 wt% 0.02 ASA29-3 12/14/07 12:51 1srm
Nitrate as N. KCL Extract NO mg/kg 1 ASA33-8.1 12/14/07 16:32 1srm

METALS, WATER EXTRACTABLE
Boron 1.4 mg/kg 0.1 SW6010B 12/14/0702:361 rlh
Selenium NO mg/kg 0.01 SW6020 12113/07 15:27 Illw

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 5 SW6010B 12111/0721 :341 rlh
Barium 54 mg/kg 5 SW6010B 12/11/0721 :341 r1h
Cadmium NO mg/kg 1 SW6010B 12111/0721 :341 r1h
Chromium 5 mg/kg 5 SW6010B 12111/07 21 :341 rlh
Copper NO mg/kg 5 SW6010B 12/11/0721 :34/ r1h
Iron 6810 mg/kg 5 SW6010B 12/11/0721 :341 rth
Lead NO mg/kg 5 SW6010B 12/11/0721 :341 rth
Manganese 35 mg/kg 5 SW6010B 12111/0721 :341 r1h
Mercury NO mg/kg 1 SW7471A 12/13/07 08:091 jjw

• Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control limit. NO - Not detected at the reporting limit.

o - RL increased due to sample matrix interference. ('\('\ 1 5 2009U)\., .

Ol
8l Miolng



ENERGYLABORATOFllES, INC. -AD. Box 30916 -1120South27thStreet -Billings, MT59107-0916
800-735-4489 • 406-252-6325 - 406-252-6069 fax • eli@energylab.com

• Client:
Project:
Lab 10:

Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project
807120398-003
CH-08 82.3 - 83.8 ft

Report Date: 12/18/07
Collection Date: Not Provided

DateRecelved: 12106/07
Matrix: Soil

~-- -- ~ -----~-----
~_._-~-_._._-------~---------~----------------~---- -- - --

Analyses Result Units Qualifiers RL
MCU
QCL Method Analysis Date I By

•

METALS, TOTAL· EPA SW846
Molybdenum

Selenium

Silver

Zinc

NO

NO

NO

13

mg/kg
mg/kg
mg/kg
mg/kg

5
5
5
5

SW6010B

SW6010B

SW6010B

SW6010B

12/11/07 21 :34 1rth

12/11/0721:341 rth

12/11/0721:341 rth

12/11/07 21 :34 1 rlh

• Report
Definitions:

RL - Analyte reporting limit.

QCL - Quality control limit.
MCL - Maximum contaminant level.

NO - Not detected at the reporting limit.

GCl 1 5 2009

&, Mining



!q;[(tiJ~ ENERGYLABORATORIES, INC. It AO. Box30916. 1120South27thStreet- Billings, MT59107-0916
£:L - -- J.I6 800-735-4489 - 406-252-6325 - 406-252-6069 fax • eli@energylab.com,.tll!U6u.t;ni.

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

807120398-004

CH-08 101 - 103 ft underburden

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/06/07

Soil

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand

Silt
Clay

Very Fine Sand
Texture

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

16 %

42 %
42 %
7 wt%

SiC

ASA15-5

ASA15-5
ASA15-5

ASA15-5
ASA15-5

12/14/0712:591 srm

12/14/0712:591 srm
12/14/07 12:59 1srm

12/17/0713:35/srm
12/14/0712:59/srm

•
ACID-BASE ACCOUNTING
Neutralization Potential 11 0 tlkt

Acid Potential 14 tlkt

Acid/Base Potential 93 tlkt
- The acid base potential was calculated from non-sulfate sulfur.

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste
Saturation

Calcium, sat. paste

Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

8.40 S.u.
6.72 mmhos/cm
110 %
2.5 meq/L 0
2.1 meq/l 0

0.54 meq/L
72.8 meq/L 0
48.1 unitless

0.10 ASAM10-3.2 12/14/0712:51 1srm

0.01 ASA10-3 12/14/0712:51 Isrm

0.1 USDA27a 12/14/0712:51 1srm

0.1 SW6010B 12/14/0707:17 1rlh

0.1 SW6010B 12/14/0707:17 1rlh

0.03 SW6010B 12/14/0707:171 rlh

0.08 SW6010B 12/14/0707:171 rlh

0.01 Calculation 12/14/0712:51 Isrm

1.0 Sobek Modifie 12/14/0712:001 srm

1.0 Sobek Modifie 12/14/07 12:00 1srm

Sobek Modifie 12/14/0712:00 Isrm



ENERGYLABORATORIES, INC. 1/1 AD. Box 30916 1/1 1120 South 27th Street 1/1 Billings, MT59107-0916
800-735-4489 III 406-252-6325 1/1 406-252-6069 fax 1/1 eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal Development, LLC
Coal Hollow Project
807120398-004

CH-08 101 - 103 ft underburden

Report Date: 12/18/07

Collection Date: Not Provided

DateReceived: 12/06/07

Matrix: Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

METALS, TOTAL· EPA SW846
Molybdenum NO mg/kg 5 SW6010B 12/11/0721 :381 rlh
Selenium NO mg/kg 5 SW6010B 12/11/0721 :381 rlh
Silver NO mg/kg 5 SW6010B 12/11/0721 :381 rlh
Zinc 46 mg/kg 5 SW6010B 12/11/07 21 :38/ rlh

Report
• Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



!#""#fii5!? ENERGYLABORATORIES~INC. • AD. Box 30916. 1120 South 27th Street. Billings, MT59f07-0916
&.:.a..:L._~ 800-735-4489. 406-252-6325 0 406-252-6069 fax • eli@energylab.comAm-ilAU-UUI,



Jii"itli7 .ENERGYLABORArORJE~ INC. • P.O. Box 30916· 1120 South 21th Street· Billings, MT59101-0916
800-135-4489 • 406-252-6325 • 406-252-6069 fax • eli@energylab.com

,ef#i·U&'iiUU4-

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project

B07120636-001

Composite of CH-08 Coal Core and Rotary

Report Date: 12118/07
Collection Date: Not Provided

DateReceived: 12/10/07

Matrix: Soil

•

MCU
Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Copper 19 mg/kg 5 SW6010B 12113/0722:141 rlh

Iron 5350 mg/kg 5 SW6010B 12/13/0722:141 rlh

lead NO mg/kg 5 SW6010B 12113/0722:141 rlh

Manganese 28 mg/kg 5 SW6010B 12/13/07 22:14 1 r1h

Mercury NO mg/kg 1 SW7471A 12/13/07 15:45 1ilw
Molybdenum NO mg/kg 5 SW6010B 12/13/07 22:14 1rlh

Selenium 0.7 mg/kg 0.1 SW6020 12/17107 14:18/ sas

Silver NO mg/kg 5 SW6010B 12/13/0722:141 r1h

Zinc 16 mg/kg 5 SW6010B 12/13/0722:141 r1h

• Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.

MCl • Maximum contaminant level.

NO - Not detected at the reporting limit.



Iilmti7 ENERGY LASORA TORIES, INC. • AD. Box 30916. 1120 South 27th Street III Billings, MT59107-0916
800-735-4489 • 406-252-6325 III 406-252-6069 fax III eli@ene.rr7l//pbcom'snf-wail-tiD' ~J'Q, •

LASORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:
Client Sample 10:

Alton Coal

Coal Hollow Project

807120524-001

CH-01-05, Coal Grab Sample

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/07/07

Soil

--~--------------------~~----~~-- - -- ~ --.

Analyses Result Units Qualifiers RL
MCU
Qel Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand

Silt
Clay
Very Fine Sand

Texture
- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

92

5
3
5
S

%
%

%

wt%

ASA15-5

ASA15-5
ASA15-5

ASA15-5

ASA15-5

12114/0712:591 srm

12/14/0712:591 srm
12/14/0712:591 srm

12/17/07 13:351 srm

12/14/0712:59/ srm

SATURATED PASTE
pH, sat. paste 5.70 S.u. 0.10 ASAM10-3.2 12/14/0712:51/ srm

Conductivity, sat. paste 3.04 mmhos/cm 0.01 ASA10-3 12/14/0712:51/ srm

Saturation 75.0 % 0.1 USOA27a 12/14/07 12:511 srm

Calcium, sat. paste 24.8 meq/L 0.05 SW6010B 12/14/0708:33/ rlh

Magnesium, sat. paste 15.5 meq/L 0.08 SW6010B 12/14/0708:33/ rlh

Potassium, sat. paste 0.22 meq/l 0.03 SW6010B 12/14/07 08:33 1rlh

Sodium, sat. paste 4.42 meq/l 0.04 SW6010B 12/14/0708:331 rlh

Sodium Adsorption Ratio (SAR) 0.99 unitless 0.01 Calculation 12/14/07 12:51 1srm

• ACID-BASE ACCOUNTING
Neutralization Potential 25 Ukt 1.0 Sobek Modifie 12/14/0712:001 srm

Acid Potential 81 Ukt 1.0 Sobek Modifie 12/14/07 12:001 srm

Acid/Base Potential -56 Ukt Sobek Modifie 12114/07 12:00 1srm

Sulfur, Total 2.78 % 0.01 Sobek Modifie 12/14/07 12:00 1srm

Sulfur, Hot Water Extractable 0.18 % 0.01 Sobek Modifie 12/14/0712:001 srm

Sulfur, HCI Extractable 0.01 % 0.01 Sobek Modifie 12114/07 12:00 1srm

Sulfur, HN03 Extractable 1.34 % 0.01 Sobek Modifie 12/14/07 12:00 1srm

Sulfur, Residual 1.25 % 0.01 Sobek Modifie 12/14/0712:00 I srm

• The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 2.5 %

Organic Carbon 38.5 wt%
Nitrate as N, KCl Extract 1 mg/kg

METALS, WATER EXTRACTABLE
Boron 5.6 mg/kg

Selenium NO mg/kg

METALS, TOTAL - EPASW846
Arsenic NO mg/kg 0

Barium 53 mg/kg

Cadmium NO mg/kg

Chromium NO mg/kg

• Report Rl - Analyte reporting limit.
Definitions: aCl - Quality control limit.

o -Rl increased due to sample matrix interference.

0.1 USOA23c 12/14/0712:001 srm

0.02 ASA29·3 12/14/0712:511 srm

1 ASA33-8.1 12/14/0716:471 srm

0.1 SW6010B 12114/07 04:01 1rlh

0.01 SW6020 12113/07 18:25 lliw

8 SW6010B 12113/07 00:43 1 r1h

5 SW6010B 12113/07 00:43 I r1h

1 SW6010B 12/13/07 00:43 1 r1h

5 SW6010B 12/13/07 00:43 1 r1h

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



lU~lf,!4 ENERGYLABORATORIES; INC. • AD. Box 30916 • 1120 South 27th Street • Billings, MT59107-0916
_..:L_.J.II 800-735-4489· 406-252-6325.406-252-6069 fax. eli@enerr1Vlab.com.';lidau-m,l• ~J'

• Client:
Project:
Lab 10:
Client Sample 10:

LABORATORY ANALYTICAL REPORT

Alton Coal

Coal Hollow Project
807120524-001

CH-01-05, Coal Grab Sample

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/07/07

Soil

•

MCU
Analyses Result Units Qualifiers RL QCL Method Analysis Date / By

METALS, TOTAL - EPA SW846
Copper 9 mg/kg 5 SW6010B 12113107 00:43 / rlh

Iron 8830 mg/kg 5 SW6010B 12113/07 00:43 1 r1h

lead NO mg/kg 5 SW6010B 12113/07 00:43 1rlh

Manganese 47 mg/kg 5 SW6010B 12/13/07 00:43 / rlh

Mercury NO mg/kg 1 SW7471A 12113/0709:10/ jjw

Molybdenum NO mg/kg 5 SW6010B 12113/07 00:43 / rlh

Selenium NO mg/kg 0 8 SW6010B 12113/0700:431 r1h

Silver NO mg/kg 5 SW6010B 12/13/07 00:43 1rlh

Zinc 17 mg/kg 5 SW6010B 12/13/07 00:43 1 r1h

• Report Rl - Analyte reporting limit.

Definitions: QCl - Quality control limit.

o-Rl increased due to sample matrix interference.

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit.



ENERGYLABORATORJE~ INC. • AD. Box 30916. 1120 South 27th Street • Billings, MT59107-0916
800-735-4489 • 406-252-6325. 406-252-6069 fax. eli@energylab.com

LABORATORY ANALYTICAL REPORT

• Client:
Project:
Lab 10:
Client Sample 10

Alton Coal Development LLCfTalon Resources

Coal Hollow Project

807121124-001
CH-03-05 Composite Coal

Report Date: 01/04/08
Collection Date: Not Provided

DateReceived: 12/14/07
Matrix: Solid

Analyses

PHYSICAL CHARACTERISTICS
Sand

Silt
Clay

Very Fine Sand

Texture
- C =Clay, S =Sand{y), Si =Silt{y), L =Loam{y)

MCU

Result Units Qualifiers Rl QCl Method Analysis Date I By

89 % ASA15-5 12121/07 11 :431 srm

10 % ASA15-5 12/21/07 11 :431 srm

1 0/0 ASA15-5 12/21/0711:431 srm

3 wt% ASA15-5 12121/07 11 :431 srm

S ASA15-5 12121/07 11 :431 srm

SATURATED PASTE
pH, sat. paste

Conductivity, sat. paste

Saturation

Calcium, sat. paste

Magnesium, sat. paste

Potassium, sat. paste

Sodium, sat paste
Sodium Adsorption Ratio (SAR)

5.60 S.u.

2.50 mmhos/cm

79.3 %

12.5 meqlL

10.6 meqlL

0.23 meqlL

9.73 meqlL

2.87 unitless

0.10

0.01
0.1

0.05

0.08

0.03

0.04
0.01

ASAM10-3.2

ASA10-3

USOA27a

SW6010B

SW6010B
SW6010B

SW6010B
Calculation

12/21/07 11 :43/ srm
1212110711:431 srm

12/21/07 11 :431 srm

12/20/07 18:57 1r1h
12/2010718:57/ r1h

1212010718:571 r1h

12120107 18:57 1 r1h

12/21/07 11 :431 srm

MCl - Maximum contaminant level.

NO - Not detected at the reporting limit

0.1 USOA23c 12/20107 00:00 1srm

0.02 ASA29-3 12/21/0709:161 srm

1 ASA33-8.1 12/21/0715:591 srm

0.1 SW6010B 12/21/0700:381 rlh

0.01 SW6020 12121/0703:381 sam

5 SW6020 12/24/0713:051 sam

5 SW6010B 12/20107 21 :58 / r1h

1 SW6020 12/24/07 13:05/ sam

5 SW6010B 1212010721 :58/ r1h

•ACID-BASE ACCOUNTING
Neutralization Potential 17 tlkt

Acid Potential 38 tlkt

Acid/Base Potential -22 tlkt

Sulfur, Total 1.25 0/0

Sulfur, Hot Water Extractable 0.02 0/0

Sulfur, HCI Extractable NO 0/0

Sulfur, HN03 Extractable 0.48 %

Sulfur, Residual 0.74 %
- The add base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 1.7 %

Organic Carbon 43.0 wt%

Nitrate as N, KCl Extract 1 mglkg

METALS, WATER EXTRACTABLE
Boron 14.1 mg/kg

Selenium NO mg/kg

METALS, TOTAL - EPA SW846
Arsenic NO mglkg

Barium 58 mg/kg

Cadmium NO mg/kg
Chromium NO mglkg

• Report RL - Analyte reporting limit.
Definitions: QCl - Quality control limit.

1.0

1.0

0.01

0.01

0.01

0.01

0.01

Sobek Modifie 12120/07 00:001 srm

Sobek Modifie 12/20/07 00:00 1srm

Sobek Modifie 12/20107 00:00 1srm

Sobek Modifie 12/20107 00:00 1srm

Sobek Modifie 12120/07 00:001 srm

Sobek Modifie 12/20/0700:001 srm

Sobek Modifie 12/20107 00:00 1srm

Sobek Modifie 12/20107 00:00 1srm



J!ilifilfi7 ENERGYLABORATORIE~ INC. " po. Box 30916" 1120 South 27th Street" Billings, MT59107-0916
800-735-4489" 406-252-6325. 406-252-6069 fax. e/i@energy/ab.com

I.f:l-n&uekD'

• Client:
Project:
LablD:
Client Sample 10

LABORATORY ANALYTICAL REPORT

Alton Coal Development LLClTalon Resources

Coal Hollow Project

807121124-001

CH-03-05 Composite Coal

Report Date: 01/04/08

Collection Date: Not Provided

DateReceived: 12/14/07

Matrix: Solid

•

MCU

Analyses Result Units Qualifiers Rl QCl Method Analysis Date I By

METALS, TOTAL - EPA SW846
Copper 5 mg/kg 5 SW6020 12/24/0713:051 sam

Iron 2340 mg/kg 5 SW6010B 12/20/07 21 :58 1 r1h

Lead NO mglkg 5 SW6020 12/24/07 13:05 1sam

Manganese 10 mglkg 5 SW6010B 12120/0721:581 r1h

Mercury NO mg/kg 1 SW7471A 12/20/07 14:301 aje

Molybdenum NO mg/kg 5 SW6020 12/24/0713:051 sam

Selenium 0.7 mglkg 0.1 SW6020 01/0210822:101 aje

Silver NO mglkg 5 SW6020 12/24/07 13:05 1sam

Zinc 6 mglkg 5 SW6020 12/24/07 13:05 1sam

• Report
Definitions:

Rl • Analyte reporting limit.

QCl - Quality control limit.

MCl - Maximum contaminant level.

NO • Not detected at the reporting limit.



!q41lfi#~ ENERGYLABORATORJE~ INC. • AD. Box 30916. 1120 South 27th Street· Billings, MT59107-0916
&:L -__ ...:::.I.. 800-735-4489. 406-252-6325 • 406-252-6069 fax • eli@energylab.com
I.t/lenlfleUn4'

LASORATORY ANALYTICAL REPORT

•Client: Alton Coal Development, LLC Report Date: 12118/07

Project: Coal Hollow Project Collection Date: Not Provided

LablD: 807120636-004 DateReceived: 12110/07

Client Sample ID: Robinson Creek Outcrop Coal Matrix: Soil

._-_.~----------~-------"-_._-
-~-~-_._----------~~,----~---------------

-~~_.._---_ .•.--- --

MCU

Analyses Result Units Qualifiers RL QCL Method Analysis Date I By

PHYSICAL CHARACTERISTICS
Sand 67 % ASA15-5 12/17/07 11 :49/ srm

Silt 26 % ASA15-5 12/17/0711:49/ srm

Clay 7 % ASA15-5 12/17/07 11 :49/ srm

Very Fine Sand 12 wt% ASA15-5 12/17/07 13:38/ srm

Texture Sl ASA15-5 12/1710711 :491 srm

- C =Clay, S =Sand(y), Si =Silt(y), L =Loam(y)

SATURATED PASTE
pH, sat. paste 7.10 S.u. 0.10 ASAM 10-3.2 12/17/07 11 :49/ srm

Conductivity, sat. paste 5.41 mmhos/cm 0.01 ASA10-3 12/17/07 11 :49/ srm

Saturation 132 % 0.1 USOA27a 12/17/07 11 :491 srm

Calcium, sat. paste 11.8 meq/l 0.05 SW6010B 12/15/0702:47/ r1h

Magnesium, sat. paste 34.9 meq/l 0.08 SW6010B 12/15/07 02:47 / r1h

Potassium, sat. paste 0.60 meq/l 0.03 SW6010B 12/15/0702:47/ r1h

Sodium, sat. paste 27.3 meq/l 0.04 SW6010B 12/15/07 02:47 / rlh

Sodium Adsorption Ratio (SAR) 5.65 unitless 0.01 Calculation 12/17/07 11 :49 / srm

• ACID-BASE ACCOUNTING
Neutralization Potential 44 tlkt 1.0 Sobek Modifie 12/14/07 12:00 / srm

Acid Potential 9.4 tlkt 1.0 Sobek Modifie 12/14/07 12:00 / srm

Acid/Base Potential 34 tlkt Sobek Modifie 12/14/07 12:00/ srm

Sulfur, Total 0.41 % 0.01 Sobek Modifie 12/14/0712:00/ srm

Sulfur, Hot Water Extractable 0.11 % 0.01 Sobek Modifie 12/14/07 12:00 / srm

Sulfur, HCI Extractable 0.01 % 0.01 Sobek Modifie 12/14/0712:00/ srm

Sulfur, HN03 Extractable 0.02 % 0.01 Sobek Modifie 12/14/07 12:00 1srm

Sulfur, Residual 0.26 % 0.01 Sobek Modifie 12/14/07 12:00 / srm

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaC03 4.4 % 0.1 USOA23c 12/14/07 12:00 / srm

Organic Carbon 45.2 wt% 0.02 ASA29-3 12/17/07 11 :49 / srm

Nitrate as N, KCl Extract 5 mg/kg 1 ASA33-8.1 12/14/0716:491 srm

METALS, WATER EXTRACTABLE
Boron 4.8 mg/kg 0.1 SW6010B 12/14/0704:16/ rlh

Selenium NO mg/kg 0.1 SW6020 12/13/07 19:02 / jjw

METALS, TOTAL - EPA SW846
Arsenic NO mg/kg 0 8 SW6010B 12113/07 22:21 / r1h

Barium 37 mg/kg 5 SW6010B 12113/07 22:21 / r1h

Cadmium NO mg/kg 1 SW6010B 12/13/0722:21/ r1h

Chromium NO mg/kg 5 SW6010B 12113/07 22:21 / r1h

• Report Rl - Analyte reporting limit. MCl - Maximum contaminant level.
Definitions: QCl - Quality control limit. NO - Not detected at the reporting limit.

o -Rl increased due to sample matrix interference. r:\ , ':l1'U~~
0\1 .
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ENERGYLABORATORIES, INC. • AD. Box 30916. 1120South 27th Street. Billings, MT59107-0916
800-735-4489 • 406-252-6325 • 406-252-6069 fax. eli@energylab.com

• Client:
Project:
Lab 10:
Client Sample 10:

LASORATORY ANALYTICAL REPORT

Alton Coal Development, LLC

Coal Hollow Project
807120636-004

Robinson Creek Outcrop Coal

Report Date:
Collection Date:

DateReceived:
Matrix:

12/18/07

Not Provided

12/10/07

Soil

Analyses Result Units Qualifiers Rl
MCU
QCl Method Analysis Date I By

•

METALS, TOTAL· EPA SW846
Copper 14 mg/kg 5 SW6010B 12/13/0722:21/ rlh
Iron 6660 mg/kg 5 SW6010B 12/13/07 22:21 1rlh
Lead NO mg/kg 5 SW6010B 12/13/07 22:21 1rlh
Manganese 41 mg/kg 5 SW6010B 12/13/0722:21 1rlh
Mercury NO mg/kg 1 SW7471A 12/13/07 15:54 1llW
Molybdenum NO mg/kg 5 SW6010B 12/13/0722:21 1rlh
Selenium 2.2 mg/kg 0.1 SW6020 12/17107 14:321 sas
Silver NO mg/kg 5 SW6010B 12/13/07 22:21 1rlh
Zinc 12 mg/kg 5 SW6010B 12/13/0722:21 1rlh

• Report
Definitions:

Rl - Analyte reporting limit.

QCl - Quality control limit.
MCl - Maximum contaminant level.

NO - Not detected at the reporting limit. , ') 1~~?J

t), ,~~\n\n~
GaS ().
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Preliminary Radiation Assessment

By

Applied Geotechnical Engineering Consultants,
Inc.



APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

December 7, 2007

Alton Coal Development, LLC
463 N 100 W, Suite 1

Cedar City, Utah 84720

Attention:

Subject:

Gentlemen:

Chris R. McCourt, P.E.

Consultation

Coal Hollow Coal Project
Alton, Utah

•

•

Applied Geotechnical Engineering Consultants, Inc. was requested to perform an examination of the drilled cores

and core cuttings from the Coal Hollow project located in Alton, Utah. Our examination was performed to

provide an indication as to wether or not radioactivity was present in the samples.

Core and core cutting samples were delivered to our laboratory in Cedar City. The samples were contained in

standard core sampling boxes or sample bags and were identified by drill hole number, box/bag number and

depth. Drill hole and box numbers and/or depths were as follows;

Drill hole CH-02-05 boxes 1-5 and 7-8

Drill hole CH-01-05 boxes 2-3

Drill hole CH-05-05 boxes 2-5, 7-11 and 13

Drill hole CH-06-05 boxes 1-2 and 4

Drill hole CH-03-05 box 2 (coal)
Drill hole CH-8 ( 0' to 103' )

Drill hole CH-7 ( 0' to 46" )

An examination was conducted by scanning each group of samples using a Radiation Alert MC1 K radiation

monitor. Each box/bag of samples was scanned for several seconds with the box lids off or the bag open.

During our examination no radiation was indicated by the monitor used.

The Radiation monitor was calibrated on 31 May, 2007 and was used in accordance with the manufacturers
recommendations.

If you have any questions or if we can be of further service, please call.

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Mike Shurtz
MS/msC:IDocuments and SettingslMikes\My Documentslcoal hollow letter letterhead.wpd

_'. ,,,.• ry\ G:Y; jij, t~\\n\\"\,g
429 North 2150 West. Cedar City, Utah 84721 • (435) 586-8387 • FAX (435) 586-B;S~~1 '-'''l
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APPENDIX 6-3

Geologic map of the Alton, Utah 7.5 minute
quadrangle (Tilton, 2001)
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GEOLOGIC MAP OF THE ALTON QUADRANGLE,
KANE COUNTY, UTAH

by
Terry L. Tilton

Department of Science
Laredo Community College

Laredo Texas

(with mapping by E.G. Sable, U.S. Geological Survey)

ABSTRACT

The Alton quadrangle is located in north-central Kane
County and covers the southwestern part of the Paunsaugunt
Plateau. The approximately 4,000-foot-thick (1,200 m) sec
tion of exposed sedimentary rock in the quadrangle ranges in
age from Jurassic to Oligocene. Quaternary alluvium, mass
movement debris, pediment alluvium, and landslides cover
these rocks. An igneous dike of Quaternary basalt is exposed
near the center of the Alton quadrangle.

The Paunsaugunt Plateau is capped by the Tertiary
Claron Formation. This unit displays spectacular pink and
white cliffs that border the plateau rim, similar to those in
Bryce Canyon National Park to the east. The thin and dis
continuous Cretaceous and Paleocene Canaan Peak Forma
tion is locally present at the base of and mapped with the
Claron. From the plateau, long ridges of Upper Cretaceous
cl~stic rocks ~f the Kaiparowits(?), Wahweap, and Straight
ClIffs FormatIOns descend westward. The drainages of
Kanab Creek and Sink Valley are on the Tropic Shale. In the
southwestern part of the Alton quadrangle are low hills of the
moderately resistant Dakota Formation. In the extreme
southwestern comer, approximately 50 feet (15 m) of the
uppermost part of the Jurassic Winsor Member of the Carmel
Formation are exposed along Kanab Creek. The Claron and
overlying Brian Head Formations are present in the north
western part of the Alton quadrangle where they form rugged
hills west of the Sevier fault zone and Paunsaugunt Plateau.

Strata in the Alton quadrangle dip gently to the north and
north-northeast, generally from less than 1 to 5 degrees.
Three major unconformities are present within the strata: (1)
at the top of the Jurassic Winsor Member of the Carmel For
mation; (2) in the Smoky Hollow Member of the Straight
Cliffs Formation, about 1,500 feet (460 m) below the top of
the Upper Cretaceous strata; and (3) at the top of the Upper
Cretaceous undivided Wahweap and Kaiparowits(?) Forma
tions. The depositional history of the area appears to have
been relatively unaffected by crustal movement until the time
of the third unconformity and local near-vertical faulting
near the end of the Cretaceous. The age of northward tilting
of the area is post-Claron (post-Eocene). The post-Brian
Head (post-Oligocene) Sevier fault zone cuts the northwest
comer of the quadrangle, has a northeast trend, down-to-the
west displacement, and offsets strata as much as 2,000 feet
(600 m) in Utah.

The topographically lower part of the quadrangle is
occupied by the town of Alton and surrounding ranches. Of
economic interest are two previously mined coal zones in the
Dakota Formation and the limited amount of water
resources. Several geologic hazards, mostly landslides, are
present in the quadrangle, but the lack of development limits
risks.

INTRODUCTION

The Alton quadrangle covers the southwestern part of
the Paunsaugunt Plateau (figure 1), meaning "Land of the
Beavers" plateau in Ute. Elevations in the quadrangle range
from approximately 6,500 feet (1,980 m) to almost 9,300 feet
(2,840 m) above sea level. The quadrangle includes the
headwaters of Kanab Creek, the Alton Amphitheater (con
taining the town of Alton), Sink Valley, and the eastern por
tion of the divide between the Virgin River and the West Fork
of the Sevier River. The Sunset Cliffs are along the eastern
margin of the quadrangle and are the western Paunsaugunt
Plateau's scenic counterpart of Bryce Canyon.

The cliffs bordering the Paunsaugunt Plateau dominate
the scenery of the quadrangle. This nearly continuous rim of
barren, near-vertical, towering cliffs allows the top of the
plateau to be reached directly only by a few foot trails in the
east-central portion of the quadrangle. To drive to the top of
the plateau one must follow unpaved fair-weather roads
south from Utah Highway 12; adequate maps and/or advice
will be needed to follow the roads. The top of the plateau is
administered by the U.S. Forest Service, Dixie National Forest.

The plateau portion of the Alton quadrangle is capped by
the Tertiary Claron Formation, a thick, resistant, distinctive
pink and white limestone sequence, referred to by some as
the "Wasatch Formation." This high country is a land of
Canadian-zone forested ridges and hills, and, usually, dry
stream valleys. The highest portions of the ridges are promi
nently marked by white limestone.

West of the plateau rim, westward-projecting ridges of
Upper Cretaceous sandstone and mudstone descend as a
series of cliffs, ledges, and slopes. The country is moderate
ly vegetated, with ponderosa pine high on the ridges giving
way successively downward to pinyon pine, juniper, and
Gambel oak, and then to sagebrush and rabbitbrush as the
land descends to the irrigated hay fields and pastures around
Alton.
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Figure 1. Index map of the Paunsaugunt Plateau region, showing the Alton and Podunk Creek quadrangles. The highest point (Pink Cliff) and only
settlement in the study area (Alton) are indicated. The quadrangles were mapped together. The map is adapted from Gregory (1951, p. 3).



Figure 2. View to north up the valley ofKanab Creek from the Alton Amphitheater. Note
stream cut in the Tropic Shale in the foreground, slopes and cliffs ofthe Straight Cliffs and
Wahweap-Kaiparowits(?) Formations in the middle ground, and the cliffs ofCiaran For
mation on the skyline. Lower white band at left is the Tibbet Canyon Member of the
Straight Cliffs Formation.

the Paria Amphitheater, which heads to th~ north in !he Ta~le

Cliffs Plateau. East of this amphitheater IS the KaIparowIts
Plateau.

The town of Alton can be reached by three miles of
paved road (Utah Highway 136) eastward from U.S. High
way 89. The remainder of the roads in the ~lton quadrangle
were unpaved in 1991. The roads that lead mto the canyons
become rough tracks after a short distance and most are
blocked by locked gates.
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PREVIOUS WORK

Early geological investigations that included the Paun
saugunt Plateau are the nineteenth-century U.S. Government
surveys led by Powell (1873), Gilbert (1875), a~d Dutton
(1880). These studies established many of the ~ahent phys
iographic and stratigraphic divisions now used m the south
western Colorado Plateau.

The only previous work specifically on the geology of
the Paunsaugunt Plateau is the classic study by Herbert E.
Gregory (1951). His study of the Kai'p~rowits P!at.eau, east
of the Paunsaugunt, provided the localItIes, descnptIons, and
stratigraphic nomenclature that established formations in the
Upper Cretaceous section that are still used t~roughout t~e

region (Gregory and Moore, 1931). I found Impo~ant dI~

ferences between Gregory's Upper Cretaceous stratIgraphIc
divisions, as originally defined in the Kaiparowits Plateau,
and his (1951) mapping of these units in the Paunsaug.unt
Plateau. The units I used to map this quadrangle were delIm
ited with the aid of Peterson's (1969b) paper defining the
members of the Straight Cliffs Formation; they are compara
ble to the original descriptions of Gregory and Moore (1931)
from the Kaiparowits Plateau.

Cashion's (1961) geologic map of the southern Marka
gunt Plateau extends into the southwestern Paunsaugunt

Plateau. In 1963, a comprehensive stratigraph
ic study and geologic-mapping program was
begun in the Kaiparowits region, east of the
Paunsaugunt Plateau, by the U.S. Geological
Survey to evaluate the occurrence and dist!i?u
tion of coal resources. Important work refmmg
the Jurassic and Cretaceous stratigraphy of the
region was carried out, most notably by Peter
son (1967, 1969a, 1969b) and Peterson and
Waldrop (1965, 1967). Much of this work per
tains directly to the stratigraphy of the Paun
saugunt Plateau.

Harry D. Goode (1973a, 1973b) mapped
the geology of the Bald Knoll and Skutumpah
Creek quadrangles to the south and southeast,
respectively, of the Alton quadrangle. I mapped
the geology of the Podunk Creek quadrangle, to
the east, and Alton quadrangle concurrently
(Tilton, 1991, 2001). Moore and others (1994)
mapped the geology of the Asay Bench quad
rangle to the northwest. The coal seams and
geology of the Alton quadrangle were discussed
and mapped at smaller scale by Doelling
(1972). The quadrangle is shown on 1:100,0?0
scale geologic maps of Kane County (Doellmg
and Davis, 1989), and of the Kanab 30 x 60

The most prominent cliffs of the Claron Formation in the
quadrangle are at the head of Kanab Creek. In their upper
reaches, the tributaries of Kanab Creek flow through steep
canyons cut into the Upper Cretaceous sandstone and mud
stone. The roughly north-trending Sand Pass fault zone is
located in these upper reaches below the Claron cliffs. In the
central part of the Alton quadrangle, Kanab Creek flows on
alluvium underlain by poorly resistant mudstone of the Trop
ic Shale (figure 2). Here the land opens into the broad Alton
Amphitheater. Sink Valley similarly exists where streams
flowing west from the plateau cut through the sandstone into
the Tropic Shale.

The northwestern comer of the Alton Amphitheater is
bordered by rugged hills. These hills mark the location of the
northeast-trending Sevier fault zone. Erosion lowered the
land surface southeast of the fault zone to a considerably
lower position, forming the Alton Amphitheater. Although
the hills northwest of the fault zone are in the down-dropped
block, the rocks that occupy this area are more resistant than
the upthrown block. This rugged upland is mostly underlain
by the Claron Formation and is the eastern portion of the
divide between the Virgin River and the West Fork of the
Sevier River.

In the southwestern portion of the quadrangle, the Dako
ta Formation forms low hills. Here, coal beds have been
mined in the past.

West of the quadrangle, across the valleys of the Virgin
and Sevier Rivers, is the Markagunt Plateau, an area of geol
ogy and geography that is similar to that of the Paunsaugunt
Plateau. A measured stratigraphic section of well-exposed
Upper Cretaceous fluvial rocks on the eastern flank of the
Markagunt Plateau, along U.S. Highway 89 north of Glen
dale, Utah, is included in the appendix of this report for com
parison to rocks in the Alton quadrangle.

East of the quadrangle is the remainder of the southern
Paunsaugunt Plateau. Farther east, across the major north
trending Paunsaugunt fault zone, is a broad valley known as

Geologic map of the Alton quadrangle



Figure 3. Generalized stratigraphic column of the Jurassic, Cretaceous,
and Tertiary rocks exposed in the Alton quadrangle, Kane County, Utah.
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The approximately 4,000-foot (1,200 m) section of ex
posed sedimentary rocks in the Alton quadrangle ranges in
age from Jurassic to Oligocene (figure 3). An igneous dike
of Quaternary basalt is exposed near the center of the Alton
quadrangle. Quaternary alluvium, mass-wasting debris, ped
iment alluvium, and landslides cover much of the quadran
gle. Three major unconformities are present in the strata: 1)
on top of the Jurassic Winsor Member of the Carmel Forma
tion; 2) in the Upper Cretaceous Smoky Hollow Member of
the Straight Cliffs Formation, about 1,500 feet (460 m)
below the top of Upper Cretaceous strata; and 3) at the top of
the Upper Cretaceous undivided Wahweap and Kaiparow
its(?) Formations.

STRATIGRAPHY

Jurassic

minute quadrangle (Sable and Hereford, 1990). Shroder
(1971) included a map of the landslides in part of the Alton
quadrangle. This was an important guide in my mapping of
the landslides. Most of the fieldwork for my dissertation
(Tilton, 1991) was performed between 1972 and 1975, with
additional fieldwork done in 1989, and fieldwork was done
in 1992 for this report. Dr. E.G. Sable (U.S. Geological Sur
vey, retired) provided mapping along and west of the Sevier
fault zone from his work on the Kanab 30- by 60-minute
quadrangle.
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The Dakota Formation in the area is part of a widespread
and discontinuous sheet of clastic and coal deposits in the
Western Interior of the United States. The Dakota Formation
crops out in the southwestern quarter of the Alton quadrangle
and is about 275 feet (84 m) thick. Two significant coal
zones are found in the unit: the lower one known as the Bald
Knoll and the upper named the Smirl (Doelling, 1972).

Carmel Formation

Winsor Member (Jew): The upper part of the Winsor
Member of the Carmel Formation (Middle Jurassic) is
exposed in the southwest comer of the Alton quadrangle.
This exposure is located where Kanab Creek cuts to its low
est point in the Alton quadrangle. Here, up to about 50 feet
(15 m) of cross-bedded, light-yellow, fine-grained sandstone
forms steep-sided valley walls along Kanab Creek. The
entire member, where exposed south of the quadrangle, is
about 300 feet (90 m) thick.

Sandstone of the upper part of the Winsor Member is
well sorted, with rounded grains, and occurs in thin beds.
The contact with the overlying Dakota Formation is uncon
formable. Gray, lenticular, medium-grained, predominantly
cross-bedded sandstone and coal of the Dakota lie on the
eroded sandstone surface at the top of the Winsor. The Win
sor Member of the Carmel Formation was probably deposit
ed by wind, as evidenced by the cross-bedding and the well
sorted, subrounded quartz grains (Gregory, 1951).



Geologic map of the Alton quadrangle

The Dakota consists of interbedded yellowish-gray and
brown sandstone, gray mudstone, black carbonaceous mud
stone and coal, and some bentonite, with sandstone dominat
ing the total thickness at almost a 2: 1 ratio. The sandstones
are resistant and, in part, conglomeratic. The sandstones in
the lower Dakota are more lenticular and cross-bedded than
those in the upper Dakota. Sandstones in the upper Dakota
commonly contain abundant fossil oyster shells. The Dako
ta is characterized by its variety of textures, grain sizes, and
bedding thicknesses and forms; and by streaks and thin beds
of carbonaceous material.

The contact between the Dakota and the overlying Trop
ic Shale is placed at the top of the highest coal bed in the
Dakota Formation. This coal bed has burned naturally over
much of its outcrop in the Alton quadrangle. Consequently,
the contact is commonly marked by the resulting baked shale
("clinker") in the base of the Tropic. Local residents have
excavated clinker for aggregate, creating many exposures of
this contact.

The Dakota was deposited during transgression of the
Cretaceous Western Interior Seaway (Lawrence, 1965). The
upper Dakota formed in the back swamps, littoral zone, and
nearshore marine zone as the coastal area moved progres
sively westward over the region. The channel sands and
associated overbank muds in the lower Dakota were deposit
ed by meandering streams, flowing eastward, that fed into
the coastal swamps. The lower Dakota is Aptian and the
Lower-Upper Cretaceous boundary is probably in the upper
Dakota (Lawrence, 1965, p. 86).

Tropic Shale (Kt)

The Tropic Shale was named by Gregory and Moore
(1931) for exposures near Tropic, Utah. This unit is about
700 feet (215 m) thick in the Alton quadrangle. The Tropic
tends to form vegetated gentle slopes and broad flats with
poor exposures. It is best exposed in the sides of dissected
stream valleys and their tributary gullies.

Where exposed, the upper Tropic is a medium-brownish
gray to medium-dark-gray, very thin-bedded, silty shale. The
top of the Tropic interfingers with basal sandstones of the
overlying Tibbet Canyon Member of the Straight Cliffs For
mation.

The upper contact of the Tropic is mapped at the base of
the lowest thick (about 2-3 feet [0.6-0.9 m]) sandstone bed in
the Tibbet Canyon. This contact is commonly covered by the
weathering products of the lower Straight Cliffs Formation
and by landslide deposits. Locally, seeps at the base of the
Tibbet Canyon support verdant vegetation on flats developed
on the underlying Tropic Shale.

The mapped boundaries of the Tropic Shale used in this
quadrangle were established by Lawrence (1965), and are the
same as those mapped by Goode (1973a, 1973b) to the south
in the Bald Knoll and Skutumpah Creek quadrangles and by
Tilton (1991, 2001) in the adjoining Podunk Creek quadran
gle. On the earlier map of Gregory (1951) the boundaries
were inconsistently placed.

In the Tropic Shale, fossil oyster and gastropod shells are
locally abundant and ammonite shells are common, whereas
vertebrate material is rare. Fossils and regional sedimento
logical relations indicate that the Tropic Shale was deposited
in an open-marine, neritic (offshore) environment during the
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maximum westward transgression of the Western Interior
Seaway that covered the Paunsaugunt Plateau area in the
Late Cretaceous (late Cenomanian)(Lawrence, 1965). In the
quadrangle, a relatively thick transitional sequence of
increasingly sandier beds are interlayered with the mudstone
of the uppermost Tropic Shale. This sandy interval and sand
stone in the base of the Tibbet Canyon Member of the
Straight Cliffs Formation, intertonguing with dark-gray
Tropic mudstone, are a zone that marks the initial sand influx
onto offshore marine facies.

Straight Cliffs Formation

This formation was originally named the Straight Cliffs
Sandstone by Gregory and Moore (1931) for rocks in the
cliffs of this name in the Kaiparowits Plateau along the
southwest side of Escalante Valley. There the formation is a
prominent steep-sided cliff of resistant, thick sandstone as
much as 1,000 feet (305 m) high. Because substantial
amounts of mudstone and coal are present in the Straight
Cliffs in the western and southern parts of the Kaiparowits
Plateau, and in areas farther west, the unit name was changed
to the Straight Cliffs Formation by Peterson and Waldrop
(1965).

This formation is about 1,200 feet (365 m) thick in the
Alton quadrangle, where the Straight Cliffs Formation forms
the lower two-thirds of the ridges radiating out from the
southern Paunsaugunt Plateau. The strata consist of sand
stone and mudstone; sandstone makes up approximately 75
percent of the section. Except for a few inches of coal near
the base of the unit, no coal was found in the Straight Cliffs
Formation in the Alton quadrangle.

Gregory (1951), after measuring several stratigraphic
sections in the Paunsaugunt Plateau area, indicated that he
could not separate the Straight Cliffs Formation from the
Wahweap Formation. "In measured sections the sandstone,
shale, and conglomerate components of the Straight Cliffs
have no systematic relations" (Gregory, 1951, p. 38). He
therefore mapped this stratigraphic interval as "Undifferenti
ated Straight Cliffs Wahweap sandstones."

Peterson (1969b) divided the sandstone, mudstone, and
coal of the Straight Cliffs Formation in the southeastern
Kaiparowits Plateau into four members. In ascending order,
they are the Tibbet Canyon, Smoky Hollow, John Henry, and
Drip Tank Members. These members have been recognized
by virtually all subsequent workers in the region (for exam
ple Robison, 1966; Blakey, 1970; Bowers, 1975, 1983,
1991).

I recognized and mapped these members in the southern
Paunsaugunt Plateau (Tilton, 1991, 2001) by using Peter
son's (1969b) criteria. I recognized that: (1) a major uncon
formity is within the Straight Cliffs Formation, not at the top
as previously reported (for example Gregory, 1951; Doelling
and Davis, 1989); (2) the "calico bed" marking the top of the
Smoky Hollow Member is probably bed 19 in Gregory's
(1951, p. 62-65) Tenny Canyon section; and (3) the "white"
sandstone Gregory (1951) placed in the base of the
Kaiparowits (bed 38 in his Tenny Canyon section, p. 62-65)
is in the Drip Tank Member of the Straight Cliffs Formation.

Geologic maps by Cashion (1961, 1967) to the west and
by Goode (1973a, 1973b) to the south and southeast of the
Alton quadrangle, and by Doelling (1972) and Doelling and



Figure 4. Unconformable surface cut into top ofsandstone in the barren zone unit of the
Smoky Hollow Member, with the conglomeratic sandstone of the calico bed of the Smoky
Hollow Member above it. Note six-inch (lS-cm) ruler for scale.
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Davis (1989) on the south end of the Paunsaugunt Plateau
show an abbreviated Straight Cliffs Formation that is essen
tially the lower two members of the Straight Cliffs. The
~pper two members were included in their Wahweap Forma
tIOn.

Tibbet Canyon Member (Kst): The Tibbet Canyon Mem
ber commo~ly forms massive, orangish-gray-weathering
sandstone chffs that stand above the gentle gray-weathering
slopes of the underlying Tropic Shale, and project outward
from the mudstone slopes of the overlying Smoky Hollow
Member. The Tibbet Canyon is one of two prominent mark
ers in ~pper Cr~taceous strata in the region (see figure 2), the
other IS the Dnp Tank Member at the top of the Straight
Cliffs Formation.

Throughout the southern Paunsaugunt Plateau, the Tib
bet Canyon c?nsists mainly of grayish-yellow to grayish
orange, very fme- to medium-grained, horizontally stratified
sandstone containing rare, scattered, small chert pebbles. In
the Alton quadrangle it is about 120 to 160 feet (37-49 m)
thick.

T~e basal Tibbet Canyon intertongues with gray mud
stone m the top of the underlying Tropic Shale. The lower
!ibbet Can.yon is parallel laminated and, for the most part,
mtensely bIOturbated. Burrows of Ophiomorpha (trace fos
sil) are abundant in the bioturbated zones. The middle Tib
bet Canyon is mostly parallel laminated with zones of high
to low-angle cross-beds that contain evidence of bioturba
tion. In the uppermost Tibbet Canyon, beds with high-angle
cross-stratification are common. The top few feet «1 m) are
made up of prominent, horizontally stratified beds that com
monly w~ather out as slabs. Also common in the upper half
to two-thIrds of the member, especially in the upper 5 to 10
feet (2-3 m), are fossil oyster shells (Crassostrea soleniscus)
and shell fragments associated with coarse quartz grains in
beds 1 foot (0.3 m) or more thick.

T~e top of the Tibbe~ Canyon Member is conformably
overlam by, and locally mtertongues with, poorly resistant
carbonaceous mudstone and thin coal in the base of the
Smoky Hollow Member. This contact is
sharply defined in outcrop by a persistent car
bonaceous shale, or, more commonly, by the
dark-gray color at the base of a weathering
mudstone slope, above the resistant sandstone
cliff. A bench has commonly formed on top of
the Tibbet Canyon.

The Tibbet Canyon Member represents
beach and bar sand deposits, and possibly
coastal dunes, transitional in depositional envi
ronment between the offshore-marine muds of
the underlying Tropic Shale and the swamp and
stream deposits of the overlying Smoky Hollow
Member. The depositional environment that
existed in this area in Late Cretaceous time has
been compared with modern day barrier-island
complexes, such as those along the Gulf Coast
of Texas (Peterson, 1969a; Moir, 1974).

The uppermost Tibbet Canyon contains
abundant fossil oyster shells and represents dep
osition in the littoral environment in relatively
quiet brackish waters on the landward side of
the beach, before the eastward-encroaching
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back swamps and lagoons covered these sands.
The Tibbet Canyon sands were deposited during east

ward withdrawal of the Cretaceous seaway from the area.
Based on measured cross-bedding directions in the beach
sands, deposition of the Tibbet Canyon included that from
longshore drift moving southeast along a northwest- to
southeast-trending shoreline (Tilton, 1991).
Smoky Hollow Member (Kss): The Smoky Hollow Mem
ber generally weathers to brush-covered slopes above the
prominent cliffs of the Tibbet Canyon Member. The upper
Smoky Hollow is generally indistinguishable from the over
lying John Henry Member on these slopes. Locally, the dis
tinctive brown, moderately resistant sandstone at the base of
the John Henry forms ridges or cliffs, below which the light
gray, conglomeratic sandstone of the upper Smoky Hollow is
exposed. The Smoky Hollow is about 135 feet (41 m) thick
in the Alton quadrangle.

The three informal subdivisions recognized by Peterson
(1969b) in his study of the Smoky Hollow in the Kaiparow
its Plateau are also discernible in the Alton quadrangle. In
ascending order, they are the coal zone, the barren zone, and
the "calico bed." The coal zone is a few feet to 10 feet «3
m) thick, and consists of dark-gray mudstone with a few
inches «10 cm) of carbonaceous shale to low-grade coal in
the lowermost part; some beds contain abundant small fossil
bivalve and gastropod shells and shell molds. The coal in
this zone is equivalent to the thick coal zone of Peterson
(1969b) in the Kaiparowits Plateau. The overlying barren
zone, named in the Kaiparowits region for its lack of coal
beds, consists of 25 to 80 feet (8-24 m) of very fine- to fine
grained, orangish-gray sandstone and medium- to dark-gray
mudstone. The "calico bed," named by Peterson (1969b) for
its distinctive color, is a 50- to 100-foot-thick (15-30 m),
white to grayish-orange sandstone containing lenses of gran
ule and pebble conglomerate (figure 4). This unit is pre
dominantly a moderately sorted, very fine- to medium
grained sandstone, containing lenses of coarser grains and
granules of quartz and chert, pebbles of light- and dark-gray
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chert and gray and reddish-brown quartzite, and a few beds
of gray mudstone.

The upper contact of the Smoky Hollow is placed at the
top of the calico bed, where it is overlain by gray mudstone,
or darker and more resistant, mostly non-conglomeratic
sandstone of the John Henry Member. The mapped contact
is based on several characteristics of the calico bed: (1) it
tends to be poorly to moderately resistant and forms slopes
covered with disaggregated pebbles (these slopes indicate the
approximate position of the contact when covered); (2) it
tends to be much lighter in color than the sandstones of the
John Henry above it; (3) it generally exhibits dark-orange
brown ironstone clasts and concretions, and much orange
brown iron-oxide surface staining and cement; and (4) the
calico bed is generally coarser grained than the sandstone in
the basal John Henry. Also, the distinctive "caramel"-brown
sandstone in the John Henry is moderately resistant and
forms a ledge above the calico bed. This capping sandstone
commonly contains imprints of leaves and carbonized plant
fragments.

The John Henry Member lies unconformably on an ero
sion surface with little or no visible relief and with no dis
cernible angular discordance between it and the underlying
Smoky Hollow Member (Tilton, 1991). As pointed out by
J.G. Eaton (written communication, 1997) a more significant
unconformity, in terms of sequence stratigraphy, might be at
the base of the calico bed rather than at the Smoky Hollow
John Henry contact (top of the calico bed). In most parts of
the southern Paunsaugunt Plateau this contact is hidden by
slope wash and vegetation; an approximate contact can usu
ally be recognized by the occurrence of pebbles, from the
underlying calico bed in the Smoky Hollow, weathering out
on the slope.

Peterson (1969b) reported that the Smoky Hollow-John
Henry contact corresponds to an unconformity and that it is
the one clearly defined stratigraphic horizon in the Straight
Cliffs Formation that can be traced throughout the region.
This horizon, despite the poor exposures, can often be locat
ed using the consistent thickness of the Smoky Hollow
throughout the Alton quadrangle (130 to 140 feet [40-43 m]).
Where the base of the John Henry is exposed, the distinctive
"caramel"-brown sandstone can be seen from a distance.

The Smoky Hollow is the basal unit of the thick Upper
Cretaceous fluvial section in the southern Paunsaugunt
Plateau. The lowest strata are paludal (swamp) and lagoon
al mudstone, locally with thin, low-grade coal layers and car
bonized plant material. These materials are interpreted to
have been deposited in back swamps landward (west) of the
marine sand beaches and east of the river systems flowing
into the swamps. Fossil shells of small bivalves (Corbula
subtrigonalis) and gastropods (Turritella whitei and Cym
bophora sp.) are present in these rocks.

In a few locations, a basal sandstone lies above the con
tact with the underlying Tibbet Canyon Member, and is inter
preted as fluvial deposition from distributary streams that
apparently flowed through the back swamps and delivered
sediment to the coast. Such a channel sandstone is displayed
on the south side of the entrance to Reservoir Canyon.

Above the carbonaceous shale and gray mudstone in the
lower Smoky Holloware sandstone and mudstone deposited
in stream channel and floodplain environments. These bar
ren-zone deposits are part of the initial influx of stream sed-
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iments that were to continue to accumulate in the area
throughout much of the Late Cretaceous.

The uppermost unit of the Smoky Hollow Member, the
"calico bed," is a sequence of distinctive, stream-deposited,
conglomeratic sandstone sheets of wide lateral extent that
exhibit several cycles of channel cutting and filling without
depositing associated overbank mudstones. This unit is
interpreted to have been deposited by braided streams that
were supplied large amounts of coarse clastic sediment from
piedmont alluvial fans located on the steep flanks of high
lands rising to the west. Although a few beds of mudstone
are associated with the sandstone, rip-up clasts of mudstone
are common in the sandstone in some horizons. Lateral
movement of stream channels presumably reworked and car
ried away most of the finer sediment. The sandstone has
high- to low-angle, trough cross-beds. Measurements of
maximum dip of cross-bedding suggest stream-flow direc
tions were to the northeast to east northeast (Tilton, 1991).
Large, elongate, horizontally positioned, external molds of
tree trunks and limbs are common in some horizons.

The upper contact of the Smoky Hollow is placed at the
top of the calico bed, where it is overlain by gray mudstone,
or darker and more resistant, mostly non-conglomeratic
sandstone of the John Henry Member. The mapped contact
is based on several characteristics of the calico bed: (1) it
tends to be poorly to moderately resistant and forms slopes
covered with disaggregated pebbles (these slopes indicate the
approximate position of the contact when covered); (2) it
tends to be much lighter in color than the sandstones of the
John Henry above it; (3) it generally exhibits dark-orange
brown ironstone clasts and concretions, and much orange
brown iron-oxide surface staining and cement; and (4) the
calico bed is generally coarser grained than the sandstone in
the basal John Henry. Also, the distinctive "caramel"-brown
sandstone in the John Henry is moderately resistant and
forms a ledge above the calico bed. This capping sandstone
commonly contains imprints of leaves and carbonized plant
fragments.
John Henry Member (Ksj): The John Henry Member in
the Alton quadrangle forms brush-covered slopes of poorly
resistant mudstone broken by moderately resistant sandstone
cliffs 20 to 50 feet (6-15 m) high. This unit is about 670 feet
(200 m) thick in the Alton quadrangle. It is composed of
stream-deposited, grayish orange, very fine- to fine-grained,
low-angle-cross-stratified sandstone and medium- to dark
gray and grayish-red-purple mudstone. Sandstone is the
dominant lithology, making up about 65 percent of the sec
tion. Neither coal nor carbonaceous mudstone were found in
the John Henry in the Alton quadrangle.

Subdivisions of the John Henry in the Kaiparowits
Plateau were established using coal beds (Peterson, 1969b)
and are, therefore, not adaptable to the coal-barren rocks of
this member in the southern Paunsaugunt Plateau. In the
Alton quadrangle, neither marker beds nor stratigraphic
breaks were found in this member.

On outcrop in the Alton quadrangle, the John Henry
Member resembles the lower part of the overlying undivided
Wahweap and Kaiparowits(?) unit more so than it does other
members of the Straight Cliffs Formation. A difference
between the two somewhat similar sequences is that sand
stone is dominant in the John Henry, whereas in the lower
part of the Wahweap-Kaiparowits(?) unit, sandstone and
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mudstone are essentially equally represented.
Finely disseminated carbonaceous plant debris and leaf

imprints of angiosperm trees and bushes were found at scat
tered localities in the lower half of the John Henry. Other
fossils in the John Henry are: petrified wood; fragments of
fossil teeth and bone of reptiles and fish; gar scales; and shell
molds of bivalves (Cardium pauperculum) and gastropods
(Physa sp. and Viviparus sp.).

Leaf imprints were noted only in the John Henry Mem
ber in the Alton quadrangle and are most common in the base
of the thicker sandstone beds. A cursory examination of
some specimens of the John Henry flora showed that they
have affinities with "Populus" potomacensis, Populophyllum
reniforme, and Sapindopsis magnifolia. Affinities were dis
cerned in the John Henry flora with the middle subzone II-B
flora of the Potomac Group in Maryland and Virginia (Doyle
and Hickey, 1976).

The upper contact of the John Henry is placed at the top
of the highest sandstone or mudstone below the Drip Tank
Member. A hard, dark-red-brown, thin (2 to 6 inch [5-15 em])
clay ironstone bed persistently occurs in the top of the mud
stone of the uppermost John Henry and was used as a guide
in mapping this contact. Where covered, the contact was
drawn at the base of the prominent white- to light-gray-col
ored slope material of the Drip Tank that contrasts with the
darker underlying John Henry.

The John Henry Member in the area is entirely nonma
rine and consists of alternating beds of stream-deposited,
lenticular sandstone and mudstone. In meandering river sys
tems, channels tend to migrate laterally in belts across a wide
floodplain. In subsiding areas much of the sediment carried
by streams is retained in the basin. With time, the accumu
lation of stream sediment leaves lenticular channel sands sur
rounded in long dimension by overbank muds, as found in
the study area in the John Henry Member.

Thick sandstones of the John Henry tend to be parallel
laminated in the middle portion and high-angle cross-bedded
in the lower and upper portions, with current-ripple to ripple
drift lamination in the top few inches. Molds of tree trunks
and branches are common in the thick sandstone beds. The
thin sandstones tend to be parallel laminated to small-scale
cross laminated, with the top few inches ripple-drift cross
laminated. Thick sandstones exhibit characteristics of point
bar sands and the thin sandstones exhibit characteristics of
lateral accretion within the interbedded deposits of overbank
mud. Dip measurements of cross-bedding in the sandstones
suggest north to east-northeast stream-flow directions
(Tilton, 1991).

Drip Tank Member (Ksd): The Drip Tank Member forms
distinctive, although not generally prominent, cliffs of light
gray sandstone that can be seen from a distance as a white
band high on the ridges that radiate from the plateau. From
a vantage point, such as a high ridge, in aerial photographs,
or from a low-flying aircraft, the Drip Tank Member stands
out in contrast to the remainder of the ridge in that it forms
broad, bright, light-gray to white, sparsely vegetated saddles
and passes. On the ground, the Drip Tank Member is char
acterized by areas of loose white sand with scattered, luxuri
ant manzanita bushes and large ponderosa pines. Locally,
barite-cemented zones occur in the sandstone and "desert
roses" can be found in these loose sandy saddles. Where
capped by a resistant sandstone, the upper Drip Tank forms a
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cliff about 150 feet (46 m) high in the Alton quadrangle. The
total thickness of the Drip Tank in the quadrangle is about
185 to 215 feet (56-66 m).

The Drip Tank Member is a stream-deposited, mainly
white to light-gray, very fine- to fine-grained, cross-strati
fied, "salt and-pepper" sandstone. Although parallel lamina
tion is common, the bulk of the unit is high-angle cross-strat
ified. Locally, large elongate molds of relatively large tree
trunks are present in cross-stratified sandstone beds. The
upper two-thirds of the member has two to four beds con
taining fine-grained to granule-sized quartz and small to
large, rounded pebbles (up to 4 inches [10 em] long) of most
ly tan or black chert and gray quartzite. Fewer pebbles are
dark-gray, silicified limestone; red, silicified, fossil hom
coral; gray, fossil glass sponge; gray, indurated conglomer
ate; and aphanitic igneous rock. Throughout the member,
and more abundant in the lower half to two-thirds, are zones
of brownish-orange iron stain and/or scattered ironstone con
cretions. Some of the concretions appear to be permineral
ized (fossil) tree limb or root bark. A hard, dark-red-brown,
thin, persistent ironstone bed is present at the contact
between the Drip Tank and the underlying John Henry. One
or two medium-gray and grayish-red-purple mudstone beds,
about 10 to 30 feet (3-9 m) thick, occur in the lower half of
the Drip Tank Member.

The upper contact with the undivided Wahweap and
Kaiparowits(?) unit is conformable and is placed at the top of
the distinctive, light-gray sandstone of the Drip Tank Mem
ber. Where interfingering occurs, the contact is placed at the
top of the highest sandstone with typical Drip Tank lithology.

The Drip Tank's intermediate location in the stratigraph
ic column, the distinctive light-gray color, the presence of the
only conglomerate lenses in this part of the section, and its
tendency to weather into distinctive loose sandy saddles
makes the Drip Tank one of two prominent and important
guides in mapping the geology of the southern Paunsaugunt
Plateau area; the other "marker" is the Tibbet Canyon Mem
ber of the Straight Cliffs Formation. It is, by far, the most
useful horizon in discerning and tracing faults in Upper Cre
taceous rocks below the rim of the plateau.

Conglomeratic sandstone characterizing the Drip Tank
Member was deposited by streams flowing to the northeast
and east (Tilton, 1991). The great lateral extent of sand bod
ies within this unit contrasts with the lenticularity of sand
bodies in the underlying John Henry Member and the over
lying Wahweap-Kaiparowits(?) unit. This is more indicative
of braided streams than meandering streams. As during the
deposition of the "calico bed" of the Smoky Hollow Mem
ber, large volumes of coarse clastic sediment spread across
the area from piedmont fans that were on the margins of the
rising highlands to the west.

Wahweap and Kaiparowits(?) Formations, undivided
(Kwk)

The Wahweap and Kaiparowits Formations were estab
lished by Gregory and Moore (1931) in the Kaiparowits
Plateau. During this study of the southern Paunsaugunt
Plateau, mappable boundaries were not located within this
interval between the Straight Cliffs and Claron Formations,
and I don't think the Kaiparowits Formation is present here.
However, as noted later, other researchers have questioned
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this conclusion. Therefore, the Wahweap and what may be
the Kaiparowits Formation were mapped as an undivided
unit in the Alton quadrangle.

This unit consists of mostly brush- and tree-covered
slopes of poorly resistant mudstone and moderately resistant
sandstone on the upper reaches of ridges directly below the
Paunsaugunt Plateau rim. The only readily accessible out
crops of the Wahweap-Kaiparowits(?) in the Alton quadran
gle are along roads on the Paunsaugunt Plateau. The out
crops are only of the uppermost part of the unit and are gen
erally covered.

In the southeastern part of the Markagunt Plateau north
of Glendale, I measured a stratigraphic section from the
Tropic Shale up to the Claron Formation in which I identified
two informal members of the Wahweap Formation but no
Kaiparowits Formation lithologies. Although the measured
section is west of the Alton quadrangle, it is included in this
report as it is the most complete and accessible section in the
area (see appendix).

The Wahweap-Kaiparowits(?) unit is about 600 to 800
feet (180-245 m) thick in the Alton quadrangle. The lower
part consists of alternating prominent beds of mostly yellow
ish-gray to moderate-yellowish-brown, very fine- to fine
grained, horizontally stratified and low-angle cross-stratified
sandstone and light- to medium-gray and grayish-red-purple
mudstone. The upper part is almost entirely grayish-orange,
very fine- to fine-grained, cross-stratified, thick-bedded sand
stone, that contains some beds of medium- to coarse-grained
sandstone and conglomerate lenses, with some thin mud
stone beds in the lower portion of this upper part.

The ratio of sandstone to mudstone in the lower part is
approximately 1:1. Individual beds are up to 100 feet (30 m)
thick in measured sections, the predominant thickness being
20 to 25 feet (6-8 m) for sandstone beds and 30 to 40 feet (9
12 m) for the mudstone beds. The thicker mudstone beds
commonly contain several interbeds of very fine-grained
sandstone, generally less than one foot «0.3 m) thick.
Common features of sandstones in the lower part include:
contorted or convoluted bedding; ripple lamination (in the
upper portion of the lower part); mud-chip conglomerate;
petrified wood, carbonized wood, and other preserved plant
debris; ironstone-lined molds of tree roots and branches;
casts and molds of bivalve and gastropod shells; and fossil
bone and teeth fragments, most probably from crocodiles and
dinosaurs. Internal and external molds in the sandstone are
tentatively identified as bivalves of the genus "Unio" (up to
4 inches [10 cm] long), and gastropods of the genera Vivipa
rus, Campeloma, and Physa.

In the upper part of the Wahweap-Kaiparowits(?) unit in
the Alton quadrangle, a sandstone bed about 100 feet (30 m)
thick is generally present. It is distinguished from sandstone
of the lower part in that it contains: (1) some thin, lenticular
beds of granule-sized grains, scattered chert pebbles, and
lenses of chert pebbles; (2) salt-and-pepper grains in the
uppermost portion of the sandstone bed; and (3) in contain
ing large fragments (albeit few) of fossil dinosaur bones. A
steep, sloping exposure of this bed is well displayed below
the Sunset Cliffs at the head of Kanab Creek.

The upper portion of the upper sandstone bed in the
Wahweap-Kaiparowits(?) is exposed on top of the plateau in
the valley of Upper Kanab Creek in the Podunk Creek quad
rangle. Locally, this upper sandstone bed resembles sand-
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stone in the Kaiparowits Formation at its type locality east of
the Paunsaugunt Plateau; it is massive, yet relatively poorly
resistant, medium-gray "salt and-pepper" in color, and con
tains fossil dinosaur bones.

In the area of the Table Cliffs Plateau, Robison (1966, p.
26) reported that the upper Wahweap was conformable and
gradational with the overlying Kaiparowits. He also rep~rt

ed that the Kaiparowits was absent west of the Table ClIffs
Plateau, and the Claron unconformably overlies the Wah
weap. Bowers (1991) reported the same relationship in
Bryce Canyon National Park on the southern Paunsaugunt
Plateau. Moir (1974) noted that palynomorphs indicate that
the Kaiparowits Formation has no equivalent in the Marka
gunt Plateau (to the west) nor is the distinctive lithology of
the Kaiparowits represented there. Nichols (1997) noted that
palynology indicated the Kaiparowits(?) mapped by Sable
and Hereford (1990) in the Markagunt Plateau is older than
the type Kaiparowits (Santonian as opposed to Campanian),
and might just as easily be termed Wahweap(?) Formation.
Unlike the previous workers, Eaton and others (1993) sug
gested that the Kaiparowits Formation is present on the
Paunsaugunt Plateau and that at least the uppermost sand
stone exposed in the Podunk Creek quadrangle is part of the
Kaiparowits. Thus, this uppermost sandstone of my undi
vided map unit may be the Kaiparowits Formation, grada
tional with the Kaiparowits Formation as exposed to the east
of the Paunsaugunt Plateau, or be part of the Wahweap For
mation.

The upper contact of my Wahweap-Kaiparowits(?) unit
is placed at the top of the highest sandstone or mudstone
below the basal conglomerate of the Canaan Peak Formation
or, in its absence, at the base of limestone or limy sandstone
of the Claron Formation. This contact is unconformable,
with the overlying unit deposited in broad hollows that were
eroded into the Wahweap-Kaiparowits(?) unit.

Rocks in the Wahweap and Kaiparowits(?) unit were
deposited by streams. Measurements of the cross-bedding in
the sandstones suggest they were deposited by meandering
streams flowing in directions ranging from north to east
(Tilton, 1991). Sandstones in the lower part of the unit are
lenticular channel deposits that are surrounded in wide later
al extent by overbank mud. Most of the finer sediments were
apparently reworked and carried out of the area during the
deposition of the upper, thick sandstone bed.

Before deposition of the Tertiary Claron Formation, dep
osition in the Late Cretaceous was followed by at least one
episode of erosion. This is attested to by the extensive ero
sion surface on the top of the Wahweap-Kaiparowits(?) unit
throughout the southern Paunsaugunt Plateau. The upper
sandstone of the unit appears to thicken northward, perhaps
having been beveled by erosion as, or after, the land was
slightly tilted. Other than the general lithologic division
between the interbedded sandstone and mudstone of the
lower part, and the upper sandstone, no stratigraphic breaks
or persistent guides were evident in the Wahweap-Kaiparow
its(?) strata.

Upper Cretaceous to Paleocene

Canaan Peak Formation

The Canaan Peak Formation was established by Bowers
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(1972) for "mostly pebble-cobble conglomerates and con
glomeratic sandstone, containing a few mudstone interbeds
in the lower part" that unconformably overlie the Kaiparow
its Formation in the Table Cliffs Plateau, northeast of the
Paunsaugunt Plateau. Goldstrand (1990a, 1990b) extended
Bowers' nomenclature to include the conglomerate and con
glomeratic sandstone beneath the Claron Formation in the
southern Paunsaugunt and Markagunt Plateaus. He reported
that the unit was generally less than 35 feet (11 m) thick. The
lower part of the formation is late Campanian or Maastricht
ian, while the upper part is Paleocene; the unit represents
reworking of older strata by streams, lake-shore, and soil
forming processes (Goldstrand, 1990a, 1990b, 1992).

This discontinuous, thin unit is a resistant, pebble to cob
ble conglomeratic sandstone, exhibiting low- and high-angle
trough cross-bedding. Because it is thin, the Canaan Peak is
mapped with the Claron. At the head of Tenny Canyon in the
Podunk Creek quadrangle, 30 feet (9 m) of coarse conglom
erate, containing clasts up to 15 inches (38 cm) long in a
"salt-and-pepper" sand matrix, was measured below the
Claron Formation. Also in the Podunk Creek quadrangle, 45
feet (14 m) of Canaan Peak conglomerate was measured near
the Podunk Creek Guard Station (Tilton, 1991, 2001). The
Canaan Peak Formation lies unconformably on the eroded
top of the Wahweap-Kaiparowits(?) unit. Although por
trayed by Goldstrand (1990a) as unconformably overlain by
the Claron, the Canaan Peak appears to me to locally grade
conformably into the Claron.

The Canaan Peak was deposited by high-energy streams
following periods of erosion. This episodic action resulted in
the reworking of older gravels within the deposit. Gold
strand (1990a, 1990b, 1992) reported that paleocurrent direc
tions in the Canaan Peak braided-stream system changed
upwards from east flowing to northeast flowing and suggest
ed that this change was due to Laramide deformation in late
Campanian time.

Tertiary - Paleocene(?) to Eocene

Claron Formation

The uppermost formation in the Paunsaugunt Plateau is
the Claron Formation, which is also known by another name,
the Wasatch Formation. Gregory (1951) used Wasatch For
mation in his mapping of the Paunsaugunt Plateau, and
through the years visitors to Bryce Canyon learned this name
for the rock producing the scenic landscape there. Robison
(1966), however, used the name Claron for this unit in map
ping the northeastern Paunsaugunt Plateau, choosing the
name for its historical precedence. The Utah Geological Sur
vey currently uses the name Claron; Anderson and Rowley
(1975) discussed the reasoning involved.

Where well exposed, the Claron is readily divisible into
a lower pink member and a conformably overlying white
member. Both of these units are mostly massive, fine
grained to crystalline limestone. The pink and white mem
bers vary both vertically and horizontally in resistance to
weathering, forming a series of cliffs and steep slopes. These
weathering differences, along with the prominent system of
closely spaced joints in the Claron, produce spectacularly
etched canyon walls and monuments. This is best displayed
in the Alton quadrangle in the Sunset Cliffs, east of the
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headwaters of Kanab Creek. The third (uppermost) member,
the variegated sandstone member (Tilton, 1991 after Bowers'
1972 usage for the Wasatch Formation), is now recognized as
being the basal unit of the Brian Head Formation (revised) of
Sable and Maldonado (1997).

Bowers (1972) reported Eocene, freshwater mollusc fos
sils were collected from the white member in the Table Cliffs
Plateau (northeast of the Paunsaugunt), and assigned at least
part of the pink member a probable Paleocene age. The
Claron Formation is interpreted to have been deposited in
freshwater lakes and by streams, with subaerial (paleosol)
deposition contributing to the variety of limy sediments.
Pink member (Tcp): This member is characterized by thin
to massive-bedded, predominantly pink, dense, crystalline to
fine grained, clastic limestone, and minor beds of limy sand
stone and mudstone, with some conglomerate. No fossils
were observed in these rocks by the author. The pink mem
ber in the Alton quadrangle is about 600 feet (185 m) thick.

White member (Tcw): The white member is mostly white
to light gray, crystalline, thick-bedded, hard and dense lime
stone, with minor interbeds of calcareous, gray mudstone.
The white member is about 200 feet (60 m) thick in the Alton
quadrangle east of the Sevier fault zone and forms eroding
ridges on the Paunsaugunt Plateau; it is an estimated 80 to
150 feet (25-45 m) thick west of the Sevier fault zone.

Eocene to Oligocene

Brian Head Formation (revised)(Tbh)

The Brian Head Formation on the Markagunt Plateau
was revised and redefined by Sable and Maldonado (1997) to
include rocks between the underlying white member of the
Claron Formation (as mapped here) and the overlying ash
flow tuff of the Needles Range Group. Regionally, the
revised Brian Head unconformably overlies the white mem
ber and, in places, the pink (also known as red) member of
the Claron. The Brian Head has been eroded from most of
the Paunsaugunt Plateau; it is not present east of the Sevier
fault zone in the Alton quadrangle and is absent in the adja
cent Podunk Creek quadrangle. At least the lower part of the
Brian Head Formation (revised), as mapped in the Alton
quadrangle and shown on the Kanab 30 x 60-minute geolog
ic map (Sable and Hereford, 1990), is apparently equivalent
to the sandy phase of the white member of the Claron For
mation mapped in the Asay Bench quadrangle (Moore and
others, 1994) to the north, and the variegated sandstone
member of Bowers' (1972) Wasatch (now Claron) Forma
tion. The upper part of the Brian Head in the Alton quadran
gle contains volcaniclastic material and is tentatively corre
lated with the gray volcaniclastic member of Sable and Mal
donado (1997).

In the Alton quadrangle, the Brian Head consists of poor
ly resistant, interbedded, pink and purplish-gray, very fine
grained, friable sandstone, conglomerate, siltstone, mud
stone, and limy mudstone; and an upper unit of gray to white,
fine- to medium grained sandstone and calcarenite, in part
with a volcanically derived clay matrix. The Brian Head
Formation is present in the rugged hills west of the Sevier
fault zone, on the eastern margin of the Markagunt Plateau,
where it is poorly exposed. It is an estimated 200 feet (60 m)



Figure 5. View to north along volcanic dike in northern Alton Amphitheater. Note the
rough columnar jointing displayed by rocks at left. Note rock hammer at left for scale.
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thick.
The Brian Head (revised) is late Eocene to middle

Oligocene in age and, like the Claron, was deposited in flu
vial and lacustrine environments. In contrast to the Claron,
the Brian Head contains more volcanic material and evidence
of episodic soil formation (Sable and Maldonado, 1997).

Quaternary Units

Pediment Alluvium (Qap)

This unit consists of poorly sorted alluvial and locally
colluvial silt, sand, and gravel (up to large cobbles) deposit
ed on broad surfaces (pediments). This alluvium contains
weathering products of the Canaan Peak and Claron Forma
tions deposited mostly by flowing water during the Pleis
tocene and Holocene(?). These surfaces have been aban
doned as streams have cut down to lower levels. The remain
ing pediments are being destroyed by erosion at their mar
gins. The deposits are poorly exposed in vertical section;
they appear to be about 10 feet (3 m) or more thick. Large
pediments are present in the northwest comer of the Alton
quadrangle, west of the Sevier fault zone; they are probably
Pleistocene.

Landslide Deposits (Qms)

Landslides in the study area are gravity-transported
hummocky deposits of mud and sand, commonly containing
conspicuous blocks of sandstone. The bulk of the landslides
involved the lower portion of the Straight Cliffs Formation
sliding onto areas underlain by the Tropic Shale. Movement
has also occurred within the Tropic Shale. The
deposits generally sustain more plant growth
(usually oaks) than the surrounding undisturbed
land because of their ability to hold water; this
makes them easy to identify but difficult to tra
verse. Other landslides originated in the Brian
Head and Claron Formations and along the
Sevier fault zone, with smaller slides in the
John Henry Member of the Straight Cliffs For
mation. A large, conspicuous sequence of pro
gressively built landslides can be seen east of
the Alton Amphitheater as a broad rolling apron
below the lowest cliffs. Margins of individual
landslide deposits are separated by dashed con
tact lines on plate 1. The thickness of landslide
deposits varies from a cover of a few feet «1
m) to an estimated 100 feet (30 m) or more.

Mass-Wasting Debris (Qm)

Mass-wasting debris (including talus, land
slide debris, and colluvium) occurs on slopes
below the cliffs bordering the plateau, and on
ridges and hills away from the cliffs. This
debris is predominantly resistant, dense, white and pink lime
stone, and cobbly gravel originating from the Claron and
Canaan Peak Formations. Debris location determines the
relative age, with older remnants of debris located away from
the cliffs and Holocene debris bordering the cliffs. Discon
tinuous, thin patches of mass-wasting debris in this quadran-
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gle actually extend downslope from the boundaries of thick
er debris mapped on plate 1. The debris varies in thickness
from a thin covering to an estimated 10 feet (3 m) or more.

Alluvium (Qa)

Alluvial deposits of unconsolidated clay, silt, sand, and
gravel are present in and near existing drainages. This unit
includes stream and fan alluvium, and terrace deposits. The
alluvium is predominantly sand and gravel in the headwaters
of streams coming off the plateau. Downstream from these
areas, deposits are mostly mud where the streams cut through
the Tropic Shale. Alluvial deposits vary in thickness from a
thin covering to an estimated 10 feet (3 m) or more. These
deposits are probably mostly Holocene.

IGNEOUS ROCKS

A dike of dense, black, fine-grained, porphyritic olivine
basalt (Qb) is present northeast of Alton near Kanab Creek.
It forms a northeast-trending ridge with a prominent wooded
hill at its south end. Near-horizontal sets of columnar joints
are prominently displayed (figure 5), as are abundant xeno
liths of sedimentary rock. The limited amount of erosion that
has occurred since emplacement suggests a Quaternary age.
See Gregory (1951) for additional information. Best and
others (1980) dated basalts (their samples #28, 36, 33) in the
adjacent Long Valley Junction and Asay Bench quadrangles,
as well as in the Skutumpah Creek quadrangle, south of the
Podunk Creek quadrangle, at 0.56±0.06, 0.52±0.05, and
1.1±0.1 Ma (uncorrected), respectively.

STRUCTURE

The Paunsaugunt Plateau is east of the Sevier fault zone
and west of the Paunsaugunt fault zone (figure 1). Both of
these roughly north-trending fault zones have down-to-the-
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west, normal offset, yet Upper Cretaceous and Tertiary stra
ta in the plateau dip gently and roughly north. Displacements
along these two fault systems in Utah are about 1,000 to
2,000 feet (300-600 m) and 100 to 800 feet (30-245 m),
respectively (Doelling and Davis, 1989). Between these two
fault systems, the Paunsaugunt Plateau is a block that is tilt
ed to the northeast. The Sand Pass fault zone (Eaton and oth
ers, 1993), with smaller, down-to-the-east normal offset, is
located near the Claron Formation cliffs on part of the west
side of the plateau. Therefore, a horst is present between the
Sevier and Sand Pass fault zones, and at least part of the
Paunsaugunt Plateau is in a graben between the Sand Pass
and Paunsaugunt fault zones. The topographically high
Paunsaugunt Plateau, therefore, likely owes its relief to ero
sional resistance and uplift rather than being a Basin-and
Range horst.

In the Alton quadrangle, Upper Cretaceous strata are
inclined to the north and north-northeast, with dips generally
from less than 1 to 3 degrees. These strata are cut by sever
al generally north-trending (local) faults, including part of
the Sand Pass fault zone, with relatively minor offset «650
feet [<200 m]), and the Sevier fault zone. The Sand Pass
fault zone is named for Sand Pass just north of the Alton
quadrangle in the George Mtn. quadrangle (Eaton and others,
1993). Stratal dips vary considerably near faults in the Alton
quadrangle. The local faults offset the Upper Cretaceous
rocks below the plateau but do not appear to cut the Pale
ocene(?) and Eocene Claron Formation, while the Sevier
fault zone offsets the Claron and Brian Head Formations.
Therefore the local faults may be related to Laramide-style
deformation rather than later Basin-and-Range extension.
Dips on the Claron Formation in the adjacent Podunk Creek
quadrangle are about 5 degrees to the north and north-north
east. A prominent north- to northwest-trending vertical joint
set is displayed in Upper Cretaceous sandstone.

The Sevier fault zone trends roughly north-northeast
through the northwest comer of the Alton quadrangle. To the
north, the fault zone defines the western margin of the Paun
saugunt Plateau. Although the major down-dropped block is
to the northwest, the more resistant Claron Formation forms
the west margin of the Alton Amphitheater, which is under
lain by the less-resistant Tropic Shale. Stratigraphic offset
across the fault zone, from the top of Tropic Shale to base of
Claron Formation, is here estimated at about 1,800 feet (550
m). The variety and pattern of differentially shifted fault
blocks within the fault zone (plate 1) and striations along the
fault planes in the zone reported in Anderson and Christen
son (1989) suggest oblique slip.

Local faults trend roughly north-northwest and north, are
generally several miles long, and are near vertical. These
fault planes are relatively sharp with little or no fault breccia.
These faults are seldom readily evident on the ground and are
best located on aerial photographs. Other than the Sink Val
ley fault, these faults have readily apparent drag and offset.
Offset shown on the Sink Valley fault on plate 1 is based on
a low scarp in northern Sink Valley whose east side is up (see
Goode, 1964). North-northwest-trending local faults in the
southeast comer of the quadrangle, like those in the Podunk
Creek quadrangle (Tilton, 1991, 2001), have displacements
(stratigraphic offsets) of tens of feet to a few hundred feet (10
to <60 m).

Roughly north-trending faults include: the Sink Valley
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fault; three faults in upper Kanab Creek that are in the Sand
Pass fault zone; and the Bald Knoll fault (Cashion, 1961) and
an adjacent fault that might be in the Sand Pass fault zone.
Three of the four north-trending faults, that are or might be
in the Sand Pass fault zone, have down-to-the-east offset.
The fault with down-to the-west offset is shorter than the oth
ers; it is only about a mile (1.5 km) long (see Doelling and
Davis, 1989, plate 1). The Bald Knoll fault and the adjacent
fault to the east have less than 650 feet «200 m) of estimat
ed stratigraphic offset and "die out" to the north. Two faults
in the Sand Pass fault zone have an estimated 300 feet (90 m)
or less of down-to-the-east stratigraphic offset, and the other
has about 100 feet (30 m) of down-to-the-west offset.

Two scissor faults may be present in the local group of
faults, but pivot points are obscured by surficial deposits.
One fault may be present in upper Kanab Creek - the
collinear western, down-to-the-east fault and the down-to
the-west fault to the north. The other possible scissor fault is
a combination of a north-trending, down-to-the-east fault,
just east of the Bald Knoll fault, and a north-northwest-trend
ing, down-to-the-west fault in Tater Canyon. If these are
actually scissor faults, they might indicate partial reactiva
tion of Laramide structures during later Basin-and-Range
extension.

GEOLOGIC HISTORY

The exposed Jurassic rocks in the quadrangle are limited
to the eolian deposits of the Middle Jurassic Winsor Member
of the Carmel Formation. A major unconformity marks the
interval between Middle Jurassic and Upper Cretaceous
rocks exposed in the quadrangle; regionally, older Jurassic
units are beveled westward.

Most of the Cretaceous history in the Alton quadrangle
is directly related to the interaction of two major geologic
events: the Sevier orogeny and the movement of the Creta
ceous Western Interior Seaway westward over, and then east
ward out of the region. Eastward-directed thrusting began in
the Early Cretaceous in the Sevier orogenic belt in south
eastern Nevada and western Utah (Armstrong, 1968). An
unconformity spans most of the Early Cretaceous in the
Paunsaugunt Plateau. In the Late Cretaceous, as the orogenic
highlands were eroded, clastic sediment moved eastward into
the area. The Cretaceous Western Interior Seaway trans
gressed westward into the area by early Late Cretaceous (late
Cenomanian) time. In the late Cenomanian, uplift and thrust
faulting in the Sevier orogenic belt (highlands) and develop
ment of a foreland basin to the east affected depositional pat
terns in the area (Lawton, 1983). As part of the Sevier fore
land basin, the mostly fluvial late Cretaceous rocks in the
quadrangle reflect this deformation. In the latest Cretaceous
and early Paleocene, Laramide-style deformation occurred in
southern Utah (Goldstrand, 1994), and brought the relatively
long period of fluvial deposition to an end. During this time,
uplift of the region resulted in beveling of the top of Creta
ceous sedimentary rocks, partitioning of the foreland basin
into areas of internal drainage, and restriction of fluvial dep
osition to areas between uplifts (Lawton, 1983; Goldstrand,
1990b, 1992, 1994). The rocks were cut by steeply dipping,
generally north-south-trending faults, and possibly under
went minor tilting.

Dates used in the following discussion of Cretaceous
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depositional events are from Eaton's (1991) study on the
Kaiparowits Plateau rather than Nichols' (1997) work on the
Markagunt Plateau. Until strata on the Paunsaugunt Plateau
are dated, formation and member ages can only be estimated
as younger than those on the Markagunt and older than those
on the Kaiparowits, due to the time-transgressive eastward
withdrawal of the seaway and eastward encroachment of
clastic sediments. Details of the Upper Cretaceous deposi
tional history and environments in the southern Paunsaugunt
Plateau are presented by Tilton (1991).

The fluvial and swamp environments of the Dakota For
mation in the Alton quadrangle were inundated by the west
ward marine transgression of the Cretaceous Western Interi
or Seaway in late Cenomanian time. In the late Cenomanian
and continuing into the mid-Turonian, the marine Tropic
Shale was deposited. Later in the Turonian, as the shoreline
retreated eastward, the nearshore bar and beach sands of the
Tibbet Canyon Member of the Straight Cliffs Formation
were deposited on the Tropic Shale muds. Swamps and
lagoons landward of the beach zone received fine sediment
from the streams flowing into them, building up the deposits
of the Smoky Hollow Member above the Tibbet Canyon.
Deposition of the Smoky Hollow was interrupted and the
resulting unconformity (calico bed) can be traced throughout
the region.

Fluvial deposition resumed in late Coniacian and contin
ued through the remainder of Cretaceous time, with an inter
ruption near the end of the Campanian. This deposition pro
duced the John Henry Member in late Coniacian and San
tonian time, and the Drip Tank Member in early Campanian
time (both members of the Straight Cliffs Formation). The
overlying undivided Wahweap and Kaiparowits(?) unit was
deposited in the Campanian, and the unconformably overly
ing Canaan Peak Formation during late Campanian and
Maastrichtian (Cretaceous) and Paleocene (Tertiary) time.
Resting unconformably on the Canaan Peak are the Pale
ocene(?) to Eocene (Tertiary) nonmarine limestones of the
Claron Formation.

In late Cretaceous and early Tertiary time in the area,
before deposition of the Claron Formation, Upper Creta
ceous rocks were cut by generally north-south-trending,
near-vertical faults, and uplifted and eroded during Lara
mide-style deformation. Erosion truncated the upper part of
the Upper Cretaceous section such that strata of the upper
portion of the Wahweap and Kaiparowits(?) unit beneath the
unconformities vary locally. Goldstrand (1990a, 1990b)
found that the conglomerates once considered basal Claron
(Wasatch) are the discontinuous patches of Canaan Peak
Formation.

Subsequent downwarping of the region in the early Ter
tiary created a large basin with intermittent lakes in which
the mostly calcareous sediments of the Claron Formation
were deposited. The depositional basin existed until at least
the end of the Eocene, when erosion of the area resumed.
Fluvial and lacustrine deposition of the Brian Head Forma
tion (revised) occurred during the Oligocene, after Claron
deposition. Volcaniclastic Brian Head strata record the onset
of volcanic activity in Oligocene time.

Following deposition of the Claron and Brian Head For
mations, the Paunsaugunt Plateau was tilted into a north
ward-dipping homocline and the rocks were cut by steeply
dipping, generally north-south-trending, major, normal faults
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(Doelling and Davis, 1989). These major fault systems,
which flank the Paunsaugunt Plateau, formed after the
Eocene (Doelling and Davis, 1989), probably beginning in
the Miocene (Stokes and Heylmun, 1965). Alternatively, the
major fault systems flanking the Paunsaugunt Plateau,
including the Sand Pass fault zone, further developed during
this time or were reactivated when their Laramide reverse
movement was overprinted by extensional (normal) faulting.
The Colorado Plateau was uplifted in the last 5 to 10 million
years (Lucchitta, 1989; Parsons and McCarthy, 1995).
Basaltic magmatism occurred in the area in the Pleistocene.
Erosion, working differentially on the various beds and struc
tures in the area since the late Tertiary, has eroded the land
into its present form.

ECONOMIC GEOLOGY

Coal Resources

The coal beds exposed in the Alton quadrangle are in the
Smoky Hollow Member of the Straight Cliffs Formation and
in the Dakota Formation. Coal in the Smoky Hollow locally
reaches only a few inches in thickness. This coal is found
within the few feet (..... 1 m) of carbonaceous shale that forms
the basal unit of the member.

Coal in the Dakota Formation in the Alton quadrangle
was mined in the past, so the two major zones have names:
the upper is the Smirl coal zone and the lower is the Bald
Knoll coal zone (Doelling, 1972). The Bald Knoll coal zone
is about 200 feet (60 m) below the Smirl, which marks the
top of the Dakota. Doelling (1972) reported that the S~irl

coal zone is a 14- to 18-foot-thick (4-5 m) seam of coal WIth
out splits, while the Bald Knoll coal zone contains several
coal seams separated by thin splits, with the thickest seam
being 4.8 feet (1.5 m) thick. Five mines and two prospects
have operated in the Alton quadrangle, all but one worked the
Smirl coal zone (Doelling, 1972). The Smirl and Alton
mines were the most important and the Smirl was the last to
close. The mines produced between 35,000 and 50,000 short
tons (32,000-45,000 metric tons) of coal from the late 1920s
until 1969 when the last mine closed. The Smirl mine was
located 11/2 miles (2.4 km) south-southeast of Alton. Its last
year of production (1969) yielded 1,597 short tons (1,449
metric tons) of coal (Doelling, 1972). The Smirl portal was
sealed by the Utah Division of Oil, Gas and Mining in 1992.
Large strip-minable reserves were drilled out in the Alton
and adjoining quadrangles in the late 1970s and early 1980s,
but development stopped because of environmental consid
erations (H.H. Doelling, written communication, 1997).

The coal has an apparent rank of sub-bituminous B, has
an average heating value of about 9,560 Btu, an average sul
fur content of about 1.0 percent, and an average ash content
of 7.2 percent (Meiiji Resource Consultants, 1979). An
analysis of coal by the U.S. Geological Survey from the
lower part of the Smirl coal zone in the Alton quadrangle
found 14 percent fusain and 31 percent inerts (E.G. Sable,
written communication, 1989). Estimates published in
Doelling (1972) indicate that coal reserves of just over
700,000,000 short tons (635 million metric tons) underlie the
Alton quadrangle.
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Aggregate

The Straight Cliffs Formation contains sheets of pre
dominantly coarse-grained to granule-sized sandstone with
abundant pebble lenses in the calico bed (upper unit of the
Smoky Hollow Member) and in the middle to upper part of
the Drip Tank Member. The pebbles are siliceous (mostly
chert) and there is little fine matrix. Chert, however, is dele
terious to good quality concrete (J.K. King, verbal commu
nication, 1997). Saddles formed in the Drip Tank Member
on some ridges contain loose, relatively clean, quartz sand.
This sand might be useful in mixing with cement for con
crete. Deposits of basalt rubble below the igneous dike in the
south-central portion of the Alton quadrangle might provide
a limited source of durable stone aggregate.

The coal beds in the Dakota Formation in the Alton
quadrangle have burned naturally along much of the outcrop
leaving clinker, collapse breccia, and baked mudstone. This
resulting durable stone is utilized locally as aggregate and
decorative stone. Pits are shown along the Smirl coal zone
on the topographic base of plate 1.

Water Resources

The stream system on the Paunsaugunt Plateau is the
north-flowing East Fork of the Sevier River and associated
tributaries. The plateau is covered by thick snow during the
winter, with melt water feeding the streams as late as June.

The streams below the plateau flow south and west from
several canyons cut in the Upper Cretaceous sandstone and
mudstone. Fed by melting snow, these streams will general
ly flow through the spring. Kanab Creek and Sink Valley
Wash are only perennial in the vicinity of springs. With the
arrival of summer rains, sometime in July, the streams will
flow on the occasion of a rain storm in their drainage basin.
Such summer flow is generally in the form of a flash flood
and does not last long, however, and the streams are usually
dry until the next spring.

Perched ground water in some sandstone layers above
thick mudstone beds exists during the spring and into the
early summer. Associated seeps support vegetation and
some might be developed for a small water supply. The
potential exists for ground water in sandstone aquifers in the
subsurface Dakota Formation.

The town of Alton is supplied with drinking water from
a pipeline connected to Birch Springs, located 2 miles (3.2
km) to the north in Birch Canyon. The spring water is of lim
ited quantity and as of 1991 was only sufficient to support the
existing population. A water well was drilled in Alton to a
depth between 100 and 200 feet (30 to 60 m) to supplement
the water taken from Birch Springs; however, the taste is
much poorer than that of the spring water and the residents
do not care to drink it. Sink Valley contains artesian wells
that supply abundant water of good quality for irrigation and
ranch use. Additional data on water resources are available
in Goode (1964, 1966), Price (1980, 1981, 1982, 1983),
Plantz (1983), Cordova (1981), and Doelling and Davis (1989).

Geologic Hazards

Numerous landslide deposits originate at the Straight
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Cliffs Tropic Shale contact and in the Tropic Shale in the
quadrangle. At the contact, sandstone blocks of the Tibbet
Canyon Member of the Straight Cliffs Formation have
moved onto the underlying Tropic Shale. This process
appears to be slow, but progressive, and is facilitated by the
presence of perched ground water in the lower part of the
Straight Cliffs Formation. Progressive landsliding has creat
ed a broad area of hummocky topography adjacent to many
exposures of the lower Straight Cliffs. These hummocky
areas tend to hold moisture that supports dense stands of
scrub oak. Because seeps and hummocky areas are common
at this contact, the potential for landsliding exists essentially
wherever this contact is at, or near, the surface. Landslides
are also present in the Brian Head and Claron Formations,
and in the John Henry Member of the Straight Cliffs Forma
tion. Hazards exist for structures that are built on and next to
landslide deposits. Locally, other perched ground water in
the thicker sandstone beds in the Straight Cliffs and Wah
weap-Kaiparowits(?) Formations are indicated by boggy
areas in the mudstone below; these areas should be consid
ered in constructing roadways. For additional information
on landsliding in the area, see Shroder (1971), Doelling and
Davis (1989), and Harty (1991).

Much of the Tropic Shale contains expansive clays and
is also subject to gulleying. The areas directly underlain by
the Tropic are in the southwestern portion of the Alton quad
rangle. Facilities and roads constructed on this shale should
be designed and built to compensate for movement due to
wetting and drying of these clays. Where streams flow on
the Tropic Shale, steep-sided arroyos have been cut by ero
sion along main streams and lateral gullies. These arroyos
cut deeply into the low areas between Kanab Creek and the
flanking sandstone cliffs. Expansive clays are also present in
other Cretaceous units and in the Brian Head Formation in
the area and can be recognized by "popcorn" weathering sur
faces. For additional information on expansive clays and
gulleying in the area, see Doelling and Davis (1989) and
Mulvey (1992).

The upper portion of the main drainages flowing west
ward from below the plateau rim and flowing southward into
the Alton Amphitheater have channels bordered by coarse
natural-levee deposits. This indicates that these valleys are
subject to episodic flooding. For additional information on
flooding in the area see Doelling and Davis (1989).

Sink Valley is a broad, low area where flowing (artesian)
springs make a bog of much of the valley. The name is
derived from stock animals sinking in the bogs (Goode,
1964). Avoid driving on the rich-green grassy areas below
the sandstone cliffs flanking the valley, for vehicles can
become hopelessly stuck in wet mud.

The physical beauty of the pink cliffs of the Claron For
mation is related to their relatively rapid erosion. Any activ
ity directly above, on, or below the bordering cliffs of the
Paunsaugunt Plateau and Alton Amphitheater is at risk.
Unpredictable rock falls warrant considerable caution for
people, transportation, and construction on or below the
cliffs, particularly the Claron cliffs.

Several faults are mapped in the Alton quadrangle. No
indication of recent movement (surface rupture) of these
faults was noted. Doelling and Davis (1989) reported that
historical seismic activity has been recorded on the Sevier
fault zone and nearby Kanab fault zone. Such earthquakes
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might cause landslides and rock falls in the quadrangle, and
larger earthquakes along the Sevier fault zone might result in
deformation (surface rupture) on this fault zone. Earthquakes
could also affect areas of high ground water because earth
quake shaking can cause water-saturated sandy and silty
material to liquefy. Liquefaction can cause settlement and
tilting of buildings and flow failure of slopes. Additional
information on earthquake and volcanic hazards in the area
is given in Anderson and Christenson (1989) and Hecker
(1993).

SCENIC RESOURCES AND OUTSTANDING
GEOLOGIC FEATURES

The Alton and Podunk Creek quadrangles display
scenery similar to that of Bryce Canyon National Park. The
western edge of the Paunsaugunt Plateau is bordered by
abrupt cliffs of the pink and white Claron Formation. Some
of these cliffs stand along the east margin of the Alton quad
rangle, and several ridges of sandstone and shale trend west
ward down from the cliffs into the valley of Kanab Creek.
Much of this area is managed by the U.S. Forest Service.

In the northwest portion of the Alton quadrangle are
rugged hills developed in high country west of the Sevier
fault zone. Nestled amidst this natural scene of cliffs, hills,
and ridges, is the expanse of the Alton Amphitheater in
which the small town of Alton is located.

The Alton quadrangle offers areas of relatively
unspoiled nature in the Dixie National Forest that can be
accessed by a limited system of unpaved roads. Roads
access meadows within the wooded rolling country on top of
the plateau. This is a fine area to camp, hike, and ride horse
back in the summer and early autumn. For the adventurous,
a clear view of the Sunset Cliffs and the Alton Amphitheater
can be experienced from the head of Kanab Creek, just west
of the plateau rim, and at Sand Pass, just north of the Alton
quadrangle in the George Mtn. quadrangle. The view from
Sand Pass is, by far, the most sublime I found in the south
ern Paunsaugunt Plateau.

The long ridges radiating out from the plateau are rarely
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visited. Some unmarked horse and foot trails in the lower
country are on the map. These trails are seldom used and go
through beautiful country of rocky canyons and across
wooded ridges. The dry sandy saddles, common near the
mid-length of the ridges, make excellent places to picnic and
camp.
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APPENDIX

Stratigraphic Sections

Colors in the descriptions follow the nomenclature of the "Rock-color Chart" (Goddard and others, 1963) and the bedding classification generally
follows that of McKee and Weir (1953).

1. GLENDALE SECTION. Measured up from base of prominent cliff at end of southeastward-trending spur on west side of Long Valley,
northwest of Glendale, Utah, in the SEl/4SWl/4 section 14, T 40 S., R. 7 W., Kane County, Utah (Glendale and Long Valley Junction quad
rangles). Measurement was offset above unit 10 one-half mile north to ridge north of Madison Canyon, in NWl/4 same section; again offset
above unit 29 three miles north to the northward-trending ridge north of the intersection of U.S. 89 and the road up Stout Canyon, in NWl/4
section 26, T 39 S., R. 7 W.; and further offset above unit 76 one mile northeast to head of first canyon to the west going up Jump Up Can
yon, in SWl/4 section 19, T 39 S., R 6 W. This relatively well-exposed complete Upper Cretaceous fluvial section is southwest of the Alton
quadrangle. Measurement was by Jacob staff and tape by the author (Tilton, 1991).

Top of Section Thickness
(feet)

Claron Formation (incomplete):
85. Limestone, moderate-red; massive Unmeasured
84. Mudstone, moderate-red 50
83. Sandstone, light-bluish-gray, very fine- to medium-grained; much calcareous cement 9
82. Conglomerate, granule to pebble, mostly gray and black chert; top 1 ft mostly granules 6
81. Mudstone, medium-light-gray; includes a few thin sandstone beds 7
80. Conglomerate, pebble to cobble, mostly of tan, green, and black chert and white, pink, and purple quartzite, some calcareous pebbles;

top 1 to 2 ft medium- to coarse-grained sandstone containing pebbles; possibly Canaan Peak Formation 7
Total measured Claron Formation 79

Wahweap Formation:

"upper sandstone":
79. Sandstone, same as unit 77; contains beds of medium to coarse grains with many dark grains; four lenticular mudstone beds (1-2 ft thick)

at 10, 16, 190 and 220 ft above base; upper third contains several 1- to 2-ft-thick conglomerate lenses of small carbonate pebbles 290
78. Mudstone, medium-light-gray 5
77. Sandstone, grayish-orange to dark-yellowish-orange, very fine- to fine-grained; cross-bedded 50
Total "upper sandstone" 345

Note - Section above offset approximately one mile to the northeast, up first canyon to the west in Jump Up Canyon (SWl/4 section 19, T
39 S., R 6 W.). Probable error in unit placement is plus-or-minus 10 vertical feet in this offset. In 1991, a KOA Campground was
located at the mouth of Jump Up Canyon.

"lower part":
76. Mudstone, same as unit 40 32
75. Sandstone, same as unit 41 5
74. Mudstone, same as unit 40 22
73. Sandstone, same as unit 41 2
72. Mudstone, same as unit 40 5
71. Sandstone, same as unit 41 2
70. Mudstone, same as unit 40 10
69. Sandstone, same as unit 41; contains fossil bivalve and snail shells, and bone fragments in upper 2 ft ' 28
68. Mudstone, same as unit 40 7
67. Sandstone, same as unit 41; contains carbonized plant fragments 12
66. Mudstone, same as unit 40 3
65. Sandstone, same as unit 41; cross-bedded; includes some slumped bedding; contains mud-chip conglomerate lenses; weathers into

spheroids up to 3 ft in diameter 26



64. Mudstone, same as unit 40 7
63. Sandstone, same as unit 41 4
62. Mudstone, same as unit 38 20
61. Sandstone, same as unit 41 12
60. Mudstone, same as unit 44; contains some thin (few inches) sandstone beds .40
59. Sandstone, same as unit 41 6
58. Mudstone, same as unit 44 9
57. Sandstone, same as unit 41 45
56. Mudstone, same as unit 40 4
55. Sandstone, same as unit 41; includes some slumped bedding 21
54. Mudstone, same as unit 44 12
53. Sandstone, same as unit 41 1
52. Mudstone, same as unit 40 2
51. Sandstone, same as unit 41 8
50. Mudstone, same as unit 40 5
49. Sandstone, same as unit 41 15
48. Mudstone, same as unit 40 13
47. Sandstone, same as unit 41; includes some slumped bedding 10
46. Mudstone, same as unit 40 15
45. Sandstone, same as unit 41; contains some mud-chip conglomerate lenses 7
44. Mudstone, medium-light-gray and grayish-red-purple 6
43. Sandstone, same as unit 41 1
42. Mudstone, medium-light-gray and pale-red-purple 9
41. Sandstone, grayish-orange, very fine- to fine-grained .5
40. Mudstone, medium-light-gray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3
Total "lower part" 434
Total Wahweap Formation 779
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Note - Section offset approximately 3 miles to the north; NWI/4 section 26, T. 39 S., R. 7 W.; begins above light-gray conglomeratic sandstone
north of intersection of U.S. Highway 89 and Stout Canyon road.

Straight Cliffs Formation:

Drip Tank Member:
39. Sandstone, grayish-orange, very fine- to fine-grained; cross bedded; contains scattered pebbles and pebble conglomerate lenses in 10 ft

thick zone 60 ft above base; upper 3 ft contains mud-chip conglomerate lenses; small ironstone concretions common throughout, some
are fossil snail shells and wood fragments 80

38. Mudstone, medium-light-gray, pale-red-purple, and grayish red-purple .46
37. Sandstone, white to very light-gray, medium-gray; cross bedded; contains granules and pebbles scattered throughout, and pebble con-

glomerate lenses :... ..72
Total Drip Tank Member 198

John Henry Member:
36. Mudstone, light-gray; contains two iron-oxide-cemented, resistant beds, 1 and 3 ft thick 14
35. Sandstone, same as unit 19; bedding is slumped near top .40
34. Mudstone, same as unit 12; contains small ironstone concretions 34
33. Sandstone, same as unit 19; contains a few thin, mud-chip conglomerate lenses 38
32. Mudstone, same as unit 12 7
31. Sandstone, same as unit 19 20
30. Mudstone, same as unit 12 14

Note - Section above offset approximately three miles north to the northward-trending ridge north of the intersection of U.S. 89 and the road
up Stout Canyon, in NWI/4 section 26, T. 39 S., R. 7 W.

29. Sandstone, same as unit 19 35
28. Mudstone, same as unit 12 15
27. Sandstone, same as unit 19 13
26. Mudstone, same as unit 24 4
25. Sandstone, same as unit 19; includes some slumped bedding .48
24. Mudstone, medium-gray 20
23. Sandstone, same as unit 19 7
22. Mudstone, same as unit 12 10
21. Sandstone, same as unit 19 20
20. Mudstone, same as unit 12; contains a few thin beds (less than 1 ft thick) of very fine-grained sandstone 25
19. Sandstone, grayish-orange, very fine- to fine-grained; cross bedded 7
18. Mudstone, same as unit 12 8
17. Sandstone, same as unit 15 5
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16. Mudstone, same as unit 12 11
15. Sandstone, pale-yellowish-brown, very fine- to fine-grained, with some thin beds that are medium-grained; cross-bedded 19
14. Mudstone, pale-red-purple 5
13. Sandstone, grayish-orange, very fine- to medium-grained, with some thin layers of coarse grains; cross-bedded; some finer grained beds

ripple cross-laminated 61
12. Mudstone, medium-gray and pale-red-purple 6
11. Sandstone, grayish-orange, very fine- to medium-grained; cross-bedded; some ripple cross-lamination near top; contains seven thin

(up to 0.5 ft thick) mudstone beds, medium-gray and pale-red-purple 44
Total John Henry Member 530

Note - Section above offset approximately 1/2 mile to ridge north of Madison Canyon, NW1/4 section 14, T. 40 S., R. 7 W.

Smoky Hollow Member:
10. Sandstone, white to pale-yellowish-orange, very fine-grained to granule-sized; cross-bedded; contains lenses of chert and quartzite

pebbles; some beds contain abundant iron oxide in bands; poorly resistant ["calico bed"?] 30
9. Mudstone, pale-red-purple 4
8. Sandstone, dark-yellowish-orange, very fine-grained to granule-sized; some thin beds of pebble conglomerate; abundant iron oxide in

bands 2
7. Mudstone, medium-gray 2
6. Sandstone, grayish-orange to dark-yellowish-orange, very fine- to fine-grained 14
5. Mudstone, medium- to dark-gray 17
4. Sandstone and mudstone, interbedded (ratio about 1: 1); sandstone, dark-yellow-gray, very fine-grained, fossil oyster shell fragments;

mudstone, medium- to dark-gray with carbonaceous streaks in upper bed 20
3. Mudstone, carbonaceous 1
2. Mudstone, medium- to dark-gray 2

Total Smoky Hollow Member 92

Tibbet Canyon Member:

1. Sandstone, grayish-orange, weathers dark-yellowish-orange, very fine- to fine-grained; massive, forms conspicuous cliffs; laminated
bedding with some cross-bedding in uppermost part; rare small chert pebbles; 1.5 ft thick medium-dark-gray mudstone bed 56 ft
above base; 1 ft thick bed of fossil oyster shell fragments and medium- to coarse-grained sandstone 75 ft above base; 10 to 15 ft
thick, coarse-grained sandstone bed 125 ft above base; abundant fossil oyster shells in top 6 ft 146
Total Tibbet Canyon Member 146
Total of four members of Straight Cliffs Formation 966

Tropic Shale:

Mudstone, medium-dark-gray; forms slope unmeasured

2. KANAB CREEK SECTION. Measured up from base of sandstone cliff at east side of mouth of Reservoir Canyon in the SE1/4NW1/4
section 33, T. 38 S., R 5 W., approximately 4 miles northeast of AIton, Kane County, Utah (Alton quadrangle). Offset above unit to the
north to end of north-trending ridge on east side of Reservoir Canyon, SE1/4SW1/4 section 28 (same T. and R). Again offset above
unit 14 to the north to ridge dividing the head of Reservoir Canyon, moving up from the NE1/4NW1/4 section 28 to the NE1/4NW1/4
section 21 (same T. and R). Measurement further offset above unit 58 1.5 miles to the east, up and along ridge between Left Hand
Canyon and the head of Kanab Creek, positioned in area of boundary between sections 22 and 23 (same T. and R). Measurement
was by Jacob staff and tape by the author (Tilton, 1991).

Top of Section Thickness
(feet)

Wahweap and Kaiparowits(?) Formations, undivided (incomplete):
Top of ridge, unit eroded

80. Sandstone, very fine-grained 1
79. Mudstone, same as unit 77 20
78. Sandstone, grayish-orange, fine-grained; massive 5
77. Mudstone, light-gray and pale-red-purple 15
76. Sandstone, grayish-orange, fine- to medium-grained; regular-bedded 20
75. Mudstone, light-gray and pale-red-purple; contains four sandstone beds 1-2 ft thick 18
74. Sandstone, grayish-orange to moderate-yellowish-brown, fine-grained; massive; contains a few thin mudstone beds .20
73. Mudstone, same as unit 69 20
72. Sandstone, grayish-orange, very fine- to fine-grained 10
71. Mudstone, same as unit 69 6
70. Sandstone, very fine-grained 4
69. Mudstone, medium-gray and pale-red-purple to grayish-red purple; contains several thin sandstone beds 26
68. Sandstone, grayish-orange, fine-grained; cross-bedded and regular-bedded; contains thin beds and chips of mudstone 35
67. Mudstone, light- to dark-gray and grayish-red-purple; contains a few sandstone lenses less than one ft thick 65
66. Sandstone, grayish-orange in lower part and moderate yellowish-brown in upper part; very fine- to fine-grained; cross-bedded;

massive; contains clastic blocks and chips, and a few lenses of light-gray mudstone with carbonaceous matter; much carbonized
wood in lower part ...........................................................................................100
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65. Covered 45
64. Sandstone, pale-yellowish-brown, fine- to medium-grained; cross-bedded; appears to be a lens 20
63. Mudstone, medium-gray; contains a few sandstone lenses up to 1.5 ft thick .42
62. Sandstone, moderate-yellowish-brown, fine-grained; mostly regular-bedded with some cross-bedding (especially in basal part);

contains beds with blocks and chips of light-gray mudstone near base; contains lenses of light- and dark-gray banded mudstone,
up to 10 inches thick, throughout; beds appear to be a series of lenses; unit forms resistant cap on sandstone below 50
Total measured Wahweap and Kaiparowits(?) Formations, undivided 527

Straight Cliffs Formation:

Drip Tank Member:

61. Conglomeratic sandstone, white to light-gray; sequence of coarse quartz grains and pebble conglomerate lenses in cut and-fill
channels in very fine- to fine-grained, "salt-and pepper" sandstone; cross-bedded; orange iron-oxide stain common 67

60. Sandstone, white to light-gray, very fine- to fine-grained, "salt-and-pepper"; cross-bedded; some orange iron-oxide stain in streaks;
contains concretions and log casts 55

59. Mudstone, medium-gray and grayish-red (lOR 5/2); with thin (0.3-0.5 ft thick) ironstone bed 8 ft above base 12

Note - Section above offset approximately 1.5 miles to the east, up and along ridge between Left Hand Canyon and the head of Kanab
Creek, positioned in the area of boundary between sections 22 and 23, T. 38 S., R. 5 W.

58. Sandstone, grayish-orange, very fine- to fine-grained 39
57. Mudstone, medium-gray and grayish-red-purple .34
56. Sandstone, white, very fine- to fine-grained, "salt-and pepper"; generally weakly cemented with some resistant thin beds cemented

with iron oxide 18
Total Drip Tank Member 225

John Henry Member:

55. Ironstone, dark-yellowish-orange to dark-reddish-brown; resistant 1
54. Mudstone, medium-gray and pale-red (lOR 6/2), weathers moderate-yellow-brown; forms slope 52
53. Sandstone, same as unit 45 2
52. Mudstone, medium-dark-gray 3
51. Sandstone, same as unit 45 3
50. Mudstone, medium-gray; weathers brown 6
49. Sandstone, same as unit 45 1
48. Mudstone, medium-gray to pale-red (lOR 6/2) 2
47. Sandstone, same as unit 45 1
46. Mudstone, pale-red (lOR 6/2) 2
45. Sandstone, grayish-orange, very fine- to fine-grained 3
44. Mudstone, medium-dark-gray 3
43. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded 50
42. Mudstone, medium-gray and grayish-red (lOR 4/2) 10
41. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded with some ripple-drift lamination 22
40. Mudstone, medium-gray and pale-red (5R 6/2); contains I-ft-thick sandstone bed 40 ft above base 52
39. Sandstone, grayish-orange, very fine- to fine-grained; massive; cross-bedded with some ripple-laminated beds; ironstone perminera-

lized small twigs and wood fragments 22
38. Mudstone, medium-dark-gray 2
37. Sandstone, grayish-orange, very fine- to fine-grained 9
36. Mudstone, grayish-red (lOR 4/2); contains two thin sandstone beds in lower part 23
35. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded; massive; contains petrified wood and log casts 24
34. Mudstone, medium-gray and pale-red (5R 6/2); forms slope 16
33. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded with some contorted beds near top 22
32. Mudstone, medium-gray and pale-red (5R 6/2); four sandstone beds from 0.5 to 2 ft thick in lower half .40
31. Sandstone, grayish-orange, fine- to medium-grained; cross-bedded with poorly developed ripple-lamination near top; small rounded

light-gray mudstone chips in lenses 31
30. Mudstone, medium-gray and pale-red (5R 6/2) 13
29. Sandstone, grayish-orange, fine- to medium-grained; with 4- to 5-ft-thick zone of coarser sand and small pebbles 28 ft above base;

cross-bedded; forms slope 43
28. Mudstone, medium-dark-gray 4
27. Sandstone, grayish-orange, fine- to medium-grained; cross-bedded; some iron-oxide staining; mostly slope; commonly weathers into

spheroids about 2 ft in diameter 31
26. Mudstone, grayish-red; slope 3
25. Sandstone, grayish-orange, fine- to medium-grained; cross-bedded; some iron-oxide stain in streaks; mostly slope 18
24. Mudstone, medium-gray 1
23. Sandstone, grayish-orange, very fine- to fine-grained; some angiosperm leaf imprints 5
22. Mudstone, medium-dark-gray 7
21. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded; slope; some mudstone in float .47
20. Mudstone, grayish-red and medium-dark-gray 10
19. Sandstone, grayish-orange, very fine- to fine-grained; contains two 0.5-ft-thick, medium-gray mudstone beds 5
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Thickness
(feet)

18. Sandstone, grayish-orange, very fine- to fine-grained; cross bedded; contorted bedding in upper 5 ft 19
17. Mudstone, pale-red-purple to grayish-purple; slope .4
16. Sandstone, grayish-orange, very fine- to fine-grained; coarser grains and granules of quartz, small pebbles of chert, and carbonized

wood fragments in basal channels; cross-bedded; angiosperm leaf imprints 52
15. Mudstone, dark-gray; 2-inch-thick ironstone-indurated bed near middle 4

Total John Henry Member 668

Note - Section above offset to the north to ridge dividing the head of Reservoir Canyon, moving up from the NEl/4NWl/4 section 28 to the
NEl/4NWl/4 section 21, T. 38 S., R. 5 W.

Smoky Hollow Member:

14. Sandstone, white to grayish-orange, mostly very fine- to medium-grained; coarse grains and granules of quartz, and pebbles up to
3 inches long of tan and black chert in lenses; cross-bedded; some orange iron-oxide cement and staining associated with coarser
grained portions ["calico bed"?] 70

13. Mudstone, dark-gray 3
12. Sandstone, white, mostly very fine- to fine-grained, some medium-grained; common granules of quartz and small pebbles of chert and

quartzite in zones; slope 28
11. Mudstone, medium-dark-gray; slope 5
10. Sandstone, grayish-orange, very fine- to fine-grained; mostly slope 17
9. Mudstone, medium-gray 2
8. Sandstone, grayish-orange, very fine-grained 1
7. Mudstone, medium- to dark-gray .1
6. Shale, carbonaceous, grayish-brown to dark-gray 2
5. Shale, carbonaceous, black; grades to low-grade coal in part 2
4. Shale, grayish-brown and grayish-red-purple; abundant carbonized plant debris and fossil shells of small fresh-water bivalves and snails .. 1

Total Smoky Hollow Member 132

Note - Section above offset to the north to end of north-trending ridge on east side of Reservoir Canyon, SEl/4SWl/4 section 28, T. 38 S., R. 5 W.

Tibbet Canyon Member:

3. Sandstone, grayish-yellow to grayish-orange, very fine- to fine-grained, with some thin lenses containing abundant medium grains;
moderately to well-sorted; regular-bedded with cross-bedding in top 20 to 25 ft; massive, forms conspicuous cliff; fossil oyster shells
and shell fragments present from 95 ft above base to top of unit, become most abundant in top 35 ft where shell material is commonly
associated with coarse quartz grains in 1- to 3-ft-thick lenses 158

2. Mudstone, dark-gray 1
1. Sandstone, grayish-orange, fine-grained 2

Total Tibbet Canyon Member 161
Total of four members of Straight Cliffs Formation 1186

Tropic Shale:
Mudstone, medium-dark-gray; forms slope unmeasured

3. WATER CANYON SECTION. Measured up from base of sandstone cliff at south side of mouth of Water Canyon, SWl/4NEl/4 section 16,
T. 39 S., R. 5 W., approximately 3.5 map miles east-southeast of Alton, Kane County, Utah (Alton quadrangle). Measurement was by Jacob
staff and tape by the author (Tilton, 1991).

Top of Section

Straight Cliffs Formation:

Smoky Hollow Member:
7. Sandstone, fine-grained with some medium and coarse grains, abundant granules of quartz; small pebbles of chert and quartzite in

lower part 75
6. Mudstone, medium-light- to medium-gray 22
5. Sandstone 25
4. Mudstone, carbonaceous, gypsum crystals; upper 10 feet in slope 14

Total Smoky Hollow Member 136

Tibbet Canyon Member:
3. Sandstone, fossil oyster shell fragments 13
2. Mudstone, carbonaceous 8
1. Sandstone 99

Total Tibbet Canyon Member 120
Total of two lower members of Straight Cliffs Formation 256

Tropic Shale:
Mudstone unmeasured

4. THOMPSON CREEK CANYON SECTION. Measured up north-trending ridge northeast of spring in the NWl/4SEl/4 section 26,
T. 39 S., R. 5 W. (approximately 6 map miles southeast of Alton), Kane County, Utah (Alton quadrangle). Offset above unit 2 to the
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north one-eighth mile. Measurement continued from t~ere to the base of Pink Cliffs in the SW1/4SE1/4 section 23 (same T. and R.).
Measurement was by Jacob staff and tape by the author (Tilton, 1991).

Top of Section Thickness
(feet)

Canaan Peak Formation:

26. Conglomerate, up to cobble size in matrix of "salt-and pepper" sandstone; well-cemented with calcite; fills channels in the
underlying undivided Wahweap-Kaiparowits(?) unit unmeasured

Wahweap and Kaiparowits(?) Formations, undivided:

"upper sandstone":
25. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded; contains abundant molds of bivalve and snail shells in several

beds; chert pebbles common and abundant rounded mudstone clasts in upper part 105
24. Mudstone, medium-gray 2
23. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded 10
22. Mudstone, medium-gray 3
21. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded; molds of bivalves and snail shells near base; mostly slope 15

Total "upper sandstone" 135

"lower part":
20. Mudstone, grayish-red-purple, some medium-light-gray near middle; some thin sandstone beds 20
19. Sandstone, same as unit 17; forms cliff 9
18. Mudstone, grayish-red-purple; forms slope 7
17. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded; contains ironstone-lined molds of what appear to have been

tree branches and roots 39
16. Mudstone, medium-gray; contains a few thin sandstone beds 5
15. Sandstone, same as unit 7; friable; contains rounded small mudstone clasts in two beds 2 to 3 ft thick in upper third of unit 63
14. Mudstone, medium-light-gray and some grayish-red-purple; contains a few sandstone beds 1 ft thick or less .45
13. Sandstone, same as unit 7; fossil fresh-water snail shells near base; concretions less than 1 ft in diameter weather out on surface 38
12. Mudstone, medium-light-gray, grayish-red-purple in lower and upper parts; a few thin sandstone beds 38
11. Sandstone, same as unit 7; forms slope .35
10. Mudstone, medium-light-gray 2
9. Sandstone, grayish-orange, very fine- to fine-grained; contains rounded mudstone clasts in 1-inch-thick beds and ironstone-lined

small pieces of wood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12
8. Mudstone, medium-light-gray and grayish-red-purple; thin sandstone beds common in lower 30 ft and less common in remainder

of unit 7
7. Sandstone, grayish-orange, very fine- to fine-grained; cross-bedded 6
6. Mudstone, grayish-red-purple and some medium-gray, weathers brown; contains several sandstone beds 52
5. Sandstone, same as unit 7; contains contorted beds .21
4. Sandstone and mudstone, interbedded in 1- to 2-ft-thick beds (ratio about 1:1); sandstone same as unit 7; mudstone, light medium-

gray and grayish-red-purple; unit forms slope 18
3. Mudstone, grayish-red-purple, weathers light-gray; 1-ft-thick sandstone bed 22 ft above base; 2-ft-thick sandstone bed near top 35

Total "lower part" 452
Total Wahweap and Kaiparowits(?) Formations, undivided 587

Note - Section above offset to the north approximately one-eighth mile.

Straight Cliffs Formation:

Drip Tank Member:

2. Sandstone, grayish-orange, weathers white to light-gray, very fine- to fine-grained; cross-bedded; massive; friable 190
Total Drip Tank Member 190

John Henry Member:

1. Mudstone, medium-gray; contains less than 1-ft-thick bed of dark-reddish-brown ironstone 5 ft below top; forms slope unmeasured
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CH-06-05

0-5 Soil, hard, clayey

5-10 Soil, silty, sandy, clayey, moist, with white stringers

10-42 Clay, dense, moist, gray-green to grayish brown (auger drilled)

42-49 Clay, wet, bluish gray

49-50.2 Carbonaceous shale, black, waxy, soft
50.2-51.2 Bentonite, gray at top, white at base

51.2-56 Carbonaceous shale, black, minor interbedded siltstone

56-62.3 Clayey siltstone, dark gray, mottled

62.3-79.5 Coal, black with some brown mottled zones

79.5-81 Clayey siltstone, gray
81-81.5 Carbonaceous shale, dark gray
81.5-83.5 Organic siltstone/shale, highly laminated, dark gray

•
Project: Alton Coal Development, LLC
Borehole: CH-06-05
Location (UTM, NAD 27) Northing: 4138401

Easting: 371434
Date Drilled: 11 November 2005
Geologist: Erik Petersen, P.G.
Drilling Company: DA Smith Drillers

Grand Junction, CO

Drilling Method: Auger (0-40 feet)
Continuous NO core (40-83.5 feet)

Erik C. Petersen, P.G.
Utah PG #5373615-2250

-
PETERSEN HYDROLOGIC, LLC

CONSULTANTS IN HYDROGEOLOGY
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•CH-05-05

0-5 Soil, Clayey

5-14 Gravel with sand and silt, reddish

14-16.5 Clayey silt, wet

16.5-20 Clay, moist, tight

20-34 Silty clay, dark gray, less dense than above

34-48 Clay, stiff, medium gray

48-55 Dark gray silty carbonaceous shale, soft waxy texture, some minor interbedded
shaley siltstone, iron-stained fracture zone at 50-51 feet

•
Project: Alton Coal Development, LLC
Borehole: CH-05-05
Location (UTM, NAD 27) Northing: 4139608

Easting: 371651
Date Drilled: 8 November 2005
Geologist: Erik Petersen, P. G.
Drilling Company: DA Smith Drillers

Grand Junction, CO

Drilling Method: Auger (0-40 feet)
Continuous NO core (40-175 feet)
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55-68 Carbonaceous shale with minor silt, dark gray to black, more competent that above

68-69.5 Fractured/broken carbonaceous shale, dark gray to black

69.5-88.5 Carbonaceous shale, dark gray to black, soft, waxy texture

88.5-89.5 Medium gray siltstone

89.5-92 Bentonite, medium to dark gray, pure
92-92.5 Siltstone, medium gray

92.5-107 Carbonaceous shale, dark gray to black, soft, waxy texture

107-109.5 Siltstone and carbonaceous shale, interbedded, thinly laminated, dark gray
109.5-110 Carbonaceous shale, dark gray to black, soft, waxy texture

110-115 Siltstone and carbonaceous shale, interbedded, thinly laminated, dark gray

115-121.5 Carbonaceous shale, dark gray to black, soft, waxy texture, (poor core recovery)

121.5-122 Umey claystone, dark gray, fossiliferous, (small, open fracture in this interval)

122-125 Little or no recovery in this zone

125-127.5 Carbonaceous shale, dark gray to black, soft, waxy texture
127.5-128 Bentonite, medium to light gray

128-135 Carbonaceous shale, dark gray to black, soft, waxy texture

135-137 Carbonaceous shale, dark gray to black, harder than above
137-138 Bentonite, medium to light gray

138-143.5 Carbonaceous shale, dark gray to black, soft, waxy texture

143.5-144 Bentonite and interbedded carbonaceous shale, dark and medium gray, thinly laminated
144-146 Carbonaceous shale and thin interbeds of siltstone, dark gray to black

146-152.3 Siltstone with minor thin interbeds of carbonaceous shale, mottled gray to black

152.3-154.7 Coal, low grade or highly carbonaceous shale, black, abundant white fossilslfossil hash

154.7-171.5 Coal, black, some brown mottled zones

171.5-171.7 Coal, low grade, brown and black
171 .7-173.5 Carbonaceous shale, dark gray to black

173.5-175 Siltstone, gray, interbedded with minor carbonaceous shale

Erik C. Petersen, P.G.
Utah PG #5373615-2250

PETERSEN HYDROLOGIC, LLC
CONSULTANTS IN HYDROGEOLOGY
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CH-03-05

No core (auger hole)

41-44.5 Carbonaceous shale, waxy, soft, dark gray to black

44.5-46 Low-grade coal, carbonaceous silty shale

46-61 Coal, black, minor brownish coal, minor pyrite

61-61.5 Low-grade coal, carbonaceous shale, some finely disseminated pyrite
61.5-63.5 Silty shale, waxy, gray

•
Project: Alton Coal Development, LLC
Borehole: CH-West-05
Location (UTM, NAD 27) Northing: 4139608

Easting: 370977
Date Drilled: 12 November 2005
Core logged by: Erik Petersen, P. G.
Drilling Company: DA Smith Drillers

Grand Junction, CO

Drilling Method: Auger (0-41 feet)
Continuous HQ core (41-63.5 feet)
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Erik C. Petersen, PG.
Utah PG #5373615-2250

PETERSEN HYDROLOGIC, LLC
CONSULTANTS IN HYDROGEOLOGY
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CH-01-05
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8-40 Clay, gray (auger drilled)

40-55 Silty clay, gray, dense, and 0.5' bentonite layer, white to orange
'.~',:~',

:~::~'.

•
Project: Alton Coal Development, LLC
Borehole: CH-01-05
Location (UTM, NAD 27) Northing: 4139959

Easting: 371167
Date Drilled: 9-10 November 2005
Geologist: Erik Petersen, P. G.
Drilling Company: DA Smith Drillers

Grand Junction, CO

Drilling Method: Auger (0-40 feet)
Continuous NO core (40-180 feet)
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55-56 Silty shale, gray
56-58 Carbonaceous shale, dark gray
58-59.2 Low-grade coal and organic shale, dark gray to black, some fossiliferous intervals

59.2-73 Coal, black with some brown mottled zones

73-75.8 Siltstone, gray, clayey

75.8-76.0 Shale, gray; 76.0-76.3 Siltstone, gray, clayey, laminated; 76.3-76.6 Shale, gray

76.6-80 Organic siltstone/shale, highly laminated, dark gray

Erik C. Petersen, P.G.
Utah PG #5373615-2250

PETERSEN HYDROLOGIC, LLC
CONSULTANTS IN HYDROGEOLOGY
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•CH-07

0-2 Clayey silty soil, little organic content, brown, dry

2-6 Clayey silt, brown, damp, possibly weathered Tropic Shale

6-21 Clayey silt - weathered Tropic Shale, dark grayish brown, dry

21-27 Silty clay - weathered Tropic Shale, brownish gray, dry

27-27.5 Siltstone, Tropic shale, dark gray, dry

27.5-46 Silty claystone, dark greenish gray, Tropic Shale.

•
Project: Alton Coal Development, LLC
Borehole: CH-07
Location (UTM, NAD 27) Northing: 4139552

Easting: 371358
Ground elevation: 6881.4
Date Drilled: 30 November 2007
Geologist: Erik Petersen, Po Go
Drilling Company: Geotechnical Drilling Services

S1. George, Utah

Drilling Method: Auger (0-33 feet)
Air-rotary (33-46 feet)

Erik C. Petersen, PoGo
Utah PG #5373615-2250

-- PETERSEN HYDROLOGIC, LLC
CONSULTANTS IN HYDROGEOLOGY
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0-6 Clayey silt with fine-grained sand, brown, dry

6-11 Silty fine-grained sand, yellowish brown, wet

11-12 Clayey silt, dark grayish brown, wet
12-14 Silty, clayey, very-fine-grained sand, yellowish brown, wet

14-17 Clayey silt, lillie very-fine-grained sand, grayish brown, wet

17-18 Fine- and medium-grained sand with silt, gray, wet
18-20 Clayey silt, two 3-inch thick sandy zones, gray and brown, wet

20-28 Silty clay, minor fine-grained sand, hard, bluish gray and greenish gray, wet

28-40 Silty clay, minor fine-grained sand, yellowish brown, wet

Project: Alton Coal Development, LLC
Borehole: CH-08
Location (UTM, NAD 27) Northing:4139015

Easting: 371348
Ground elevation: 6860.20
Date Drilled: 27-29 November 2007
Geologist: Erik Petersen, P. G.
Drilling Company: Geotechnical Drilling Services

St. George, Utah

Drilling Method: Auger (0-73 feet)
Continuous NO core (73-84 feet)
Air-rotary (84-103 feet)

50
. •~ .. ~: 40-55 Tropic Shale, silty claystone, brownish gray, wet
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55-60 Tropic Shale, claystone, gray/greenish gray, wet

.. _.._.. _.... _.._.. _.. . 60-65 Tropic Shale, silly claystone, gray, wet
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"~:'-~' 65-73 Tropic Shale, claystone, greenish gray, dry

73-79.2 Tropic Shale, silty claystone, dark gray, dry

79.2-82.3 Tropic Shale, clayey siltstone, medium to dark gray, dry

82.3-83.8 Tropic Shale, organic-rich siltstone/very-fine-grained sandstone, gray, dry

83.8-101 Coal, bituminous, black

101-103 Dakota Formation, silty claystone/siltstone, gray

Erik C. Petersen, P.G.
Utah PG #5373615-2250
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PETERSEN HYDROLOGIC, LLC
CONSULTANTS IN HYDROGEOLOGY
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Drillhole 10: eM-7------
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Location: _

Drillhole 10: C H-7----'------

_ate drilled: Nov 30 ( ZOO 7

Logged by: £r;k ~.+ersel\

Drilling Log

Project: Coa.\ H-o \\ l) \U (A c...1))

Drilling method: AUj<.r I A-,.y - roktj

Page Z of 2-

From To Lithologic description Color Wetness
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Drawing 6-4 Diagrammatic correlation of Cretaceous units in southern Utah (from Doelling, 1972).
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Coal Hollow Project
Cross-section B-B'
(See Drawing 6-6 for location)
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Drawing 6-9a
Regional geologic cross-section
through the Alton Coal Field and
proposed Coal Hollow Mine
Permit area (after Tilton, 2001).
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Description

Dark gray to gray-green arkosic sand·
stone, friable with weak calcareous
cementation.

265·700

Thickness
Stratigraphic Unit _. .'. '\ a ~.~'(.,'Feet)n' "':3:-.,' 1,/':;:';1, f.'i,r.. f'1Ci

Eocene
(,",,-c-':""
t ,....,

jUN 1 ~ 2001

SeriesSystem

Pink, white, and varicolored limestone,
cliff former eroding into picturesque
slopes and forms, basal conglomerate
of exotic quartzite and limestone
cobbles and pebbles.

t_--+-------_1�_-------------~------t_-----Unconformity ------I

C mAr (' t' r,t:_~& UJN1NG
a~a~;-~( 'v 1'-\ v· "'hlfiparowits Formation

t_-------+-----------------i-------t------Unconformity------1

Wahweap Formation

Minor Coal

500-1300 Alternating sandy shale and thin· to
thick·bedded resistant sandstone,
ledge and slope topography.

Santonian
~---?-----I

Coniacian
I------? -----I

Turonian

Straight Cliffs Formation

Minor Coal

Tropic Shale

80·500

700·1000

Yellow·gray to brown, thick-bedded to
massive cliff-fanning sandstone with
subordinate intervening gray shale,
shaley sandstone, coal and carbona
ceous shale.

Drabgray shale with subordinate thin
brown fme-grained sandstone, slope
fonner.

Red·brown and light green siltstone; also
red cross-bedded sandstone of the
"slick-rock" type.

0-300

0·300

150-450

Cannonville
Member

Gunsi.ght Butte
Member

Dakota Formation

Major Coal Seams

Cenomanian Yellow-gray to brown nne- to medium
grained sandstone alternating with
gray shale, sandy shale, carbonaceous
shale and coal, ledge and slope former
creating Gray Cliffs; best coal near
bottom and top of unit.

r----+-------t-----r---------.J-------+-----Angular Unconformity-

White and, reddish banded nne-grained
sandstone and siltstone, friable and
earthy weathering, massive.

Wiggler Wash
Member

0-60 Limestone, red siltstone, white and
greenish gypsum.

Winsor Member 180·250 White, pink, brown sandstone altemating
with thin red siltstone and mudstone.

Yellowish cross-bedded friable but
resistant sandstone.

Interbedded light gray and, red sand·
stone, limestone, siltstone, shale,and
gypsum.

0·60

55-200Pada River Member

Thousand Pockets
Tongue of Navajo
Sandstone

t::
:§

s~"r.t.
'1---........_-----........-1----------+----------------1

Upper

Dark reddish brown and white to light
gray fine-grained sandstone, medium
bedded with minor thin gypsiferous
ore a I car e 0 u s s h aIe s an d
conglomerate.

1000+

120-190Crystal Peak
Member

Q

~o
E-<"Q)
~ ,5
.Q~
ouf---------~--------1I------------------J
::t:'O Kolob Limestone 122-350 Gray and tan dense limestone with some
;g thin sandy red shale near the base
~ and thin gypsum near top.

Unconformity '\

Light gray to tan, locally red" fine
grained sandsttme, massive, exhibiting
large-scale aeoHancToss.bedding,
calcareous and cliffforrning.

Navajo SandstoneLower

Drawing 6-10 Generalized geologic section ofrock formations in the
Alton Coal Field. (from Doelling, 1972).
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Drawing 6-11 Typical closure for exploration holes and boreholes.


