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PREFACE

evident by the contents of this volume.

The School of Mineral Engineering intends to organize
another coal conference at an appropriate time in the coming
years to review knowledge offuture exploration, mining and
utilization of Alaska's huge coal resources.

P.Dharma Rao

The conference was preceded on the 27th by a "Short
Course on Coal and its Utilization" taught by P.D. Rao, J.S.
Youtcheff, and William Marx, and a field trip excursion to
the Seward Coal Terminal. On October 30, a field trip was
organized to the Usibelli Coal Mine in Healy. The field trips
were organized by Dr. John Sims and Kathy Usibelli of
Usibelli Coal Marketing. The conference was sponsored by
the University of Alaska's School of Mineral Engineering,
the Alaska Miners Association, and the Alaska Coal Asso
ciation.

Successful completion of this volume was made pos
sible by many individuals. Special thanks are due to Mary
Langan consulting editor (also consulting editor for the '75
and '80 proceedings), Cathy Farmer, for her patience and
skills in painstakingly type formatting these proceedings,
and Jane Smith and Wendy Atencio, for compiling the final
manuscript. Special thanks are also due to Curt McVee,
Executive Director, Alaska Miners Association, and Col
leen Tandecki of Cominco for making numerous arrange
ments for the meeting. My sincere appreciation is extended
to the program committee members and to the speakers and
participants for their valuable contributions in making
"Focus on Alaska's Coal '86" a success.

July 1, 1987
Fairbanks, Alaska

Dr. Donald J. Cook, Dean, School ofMineral Engineer
ing, University of Alaska-Fairbanks, welcomed the partici
pants. Speakers at the opening ceremonies were Curt
McVee, Executive Director, Alaska Miners Association, Dr.
Patrick O'Rourke, Chancellor, University of Alaska-Fair
banks, EsterWunnicke, Commissioner, StateofAlaska, De
partment of Natural Resources, Pedro Denton, Director,
State of Alaska, Division of Mining and Geology, and Dr.
George Rudins, Director, Office of Advanced Technology
and Environmental Controls, U.S. Department of Energy.
William Marx, President, Council of Industrial Boiler
Owners, presented the keynote address. Luncheon speakers
were the Honorable SenatorTed Stevens, who discussed the
possibilities of Alaskan coal exports, and Joe Usibelli,
President, Usibelli Coal Mine, who discussed the impact of
government regulations on the cost of mining.

iii

In all, there has been a significant addition of new
knowledge on Alaska's coals during the past six years as is

This volume contains 35 papers presented at the two
day conference, "Focus on Alaska's Coal '86," held in
Anchorage at the Hotel Captain Cook on October 28 and 29,
1986.

1. A long-term contract to ship Usibelli Coal to
Korea.

2. Coal exploration activities in various parts of
Alaska, funded by the State of Alaska and con
ducted by the State Division of Geological and
Geophysical Surveys.

3. Additional exploration, mining, and export stud
ies of Beluga coal by Diamond Alaska Coal
Company and Placer U.S.

4. Investment by Korean firms for exploration of the
Bering River coal field.

5. Evaluation of Deadfall Syncline coal as a source
of fuel for Alaska's villages by Arctic Slope
Consulting Engineers.

6. Alaskan coal research efforts ofU.S.G.S., princi
pally the efforts of Ron Affolter and Gary
Stricker.

7. Additional coal resource investigations by Mobil
Oil Corporation at Canyon Creek.

8. Coal resource investigation of Matanuska coal
field by Rocky Mountain Energy and Hawley Re
source Group.

9. Expanded coal research activities at the Univer
sity of Alaska. Twelve of the papers in this pro
ceedings are authored or co-authored by faculty
and students of the University of Alaska.

10. Reconnaissance study of coal resources in the
Yukon River drainage by the U.S. Bureau of
Mines.

"Focus on Alaska's Coal '86" is the third in a series of
conferences. "Focus on Alaska's Coal 1975" and "Focus on
Alaska's Coal 1980" were held in Fairbanks, and their
proceedings have been published.

Alaskan coal, the principal source for power generation
in interior Alaska, is also finding markets abroad. Alaska's
huge coal resources can meet Alaska's future energy needs
as well as those of Pacific Rim Nations.

Theprincipal objective of the conference was to provide
a forum for the review of knowledge on Alaska's coals
gained since the 1980 conference. Highlighting develop
ments during the past six years were:

•
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COAL INVESTIGATIONS IN THE DEADFALL SYNCLINE,

WESTERN ARCTIC ALASKA

J.E. Callahan
Bureau of Land Management

Gilbert R. Eakins
Alaska Division of Geological and Geophysical Surveys

INTRODUCTION OBJECTIVES

•

•

This paper describes the results of a reconnaissance
exploratory drilling program in the Deadfall Syncline area
of the western Arctic Slope during 1983. Inasmuch as the
work is essentially an extension of previous reconnaissance
work in the area, this discussion is limited to significant
findings regarding coal beds in the western extension of the
Deadfall Syncline. The regional geologic setting, and
information on previous coal investigations in the area are
dealt with at some length in the Proceedings of the 1980
Coal Conference. Subsequently, more detailed work done
for the Arctic Slope Regional Corporation has focused on
the most promising of these coals in an effort to define a
mineable coal reserve base for use in northwest Alaska.

BACKGROUND

The Northwest Alaska Coal program was instituted by
the Alaska Power Authority to investigate the feasibility of
developing local coal deposits as an alternative energy
source for communities in the region. In 1981, the State of
Alaska Division of Geological and Geophysical Surveys
(DGGS) received funds to investigate several localities in
the region, including the western North Slope, the Seward
Peninsula, the Unalakleet area, and St. Lawrence Island. In
the western Arctic, a number of areas had been identified
by Dames and Moore for consideration. Of these, based on
limited available data, the Deadfall Syncline appeared to
offer the best combination of access and moderately-thick
co'al beds favorably situated for small-scale surface mining.
The primary source of data consisted of information from
several shallow auger holes drilled by the United States
Geological Survey (USGS) and the Bureau of Mines in
1973, and very limited geologic surface mapping. The
DGGS requested technical assistance from the USGS
Conservation Division, the functions of which were subse
quently reorganized into the Minerals Management Service
(late 1981) and then the United States Bureau of Land
Management (BLM) in late 1982. During the summer of
1982, a short field program was conducted to reexamine
known coal occurrences and to select locations for the
drilling program.

1

The objectives of the 1983 drilling program were: 1) to
obtain accurate thickness measurements on coal beds
identified in 1973,2) to determine the lateral extent of the
thicker beds, and 3) to obtain unweathered samples, includ
ing cores. Twenty-one holes were drilled with rotary
equipment, with an average depth of 140 ft. Fourofthe holes
were twinned with core holes, and the total cored footage
was about 70 ft. The total drilled footage was 3,548 ft. All
holes were logged with natural gamma, gamma-density and
caliper tools. Cored intervals, and intervals containing thick
coal beds, were also logged with a high-resolution density
tool.

GEOLOGIC SETTING

The significant coal resources of the western Arctic
Slope occur in the Corwin formation, which is the non
marine facies of the Nanushuk group of Lower to Middle
Cretaceous age. The Nanushuk group and the upper part of
the underlying Torok formation represent a progradational
depositional sequence, with a lateral gradation from south
west to northeast of coarser to finer clastics and is accom
panied by an overall thinning from about 11,000ft atCorwin
Bluffs to 1,000 ft in the eastern part of National Petroleum
Reserve Alaska (NPRA).

Coal beds in the Corwin formation are lenticular, with
thicker beds typically persisting between 3 to 5 miles
laterally along the strike where correlations have been
possible. Due to lack of subsurface data in the downdip
direction, itis difficult to draw any othergeneral conclusions
about coal bed geometry.

The Deadfall Syncline (Figures 1, 2, 3) is one ofa large
number of broad synclinal structural basins which are
characteristic of the northern foothills physiographic prov
ince of the North Slope. These basins trend generally in an
east-west direction and are separated by complexly-faulted
anticlines, many of which have cores consisting of the
underlying, less competent shales and siltstonesof the Torok
formation. The basins contain varying thicknesses of the
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Figure 1. Generalized geology ofthe Cape Beaufort reg Ion.
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Nanushuk group rocks, as a result of depositional thinning
from southwest to northeast, and post deformational ero
sion. The western extension of the Deadfall Syncline and
the Liz-A Syncline at Cape Beaufort appear to have the
thickest remaining sections of the Corwin formation.

RESOURCES

During 1984 the State Department of Community and
Regional Mfairs was funded to continue the project and to
conduct a feasibility study. This is the Western Arctic Coal
Development Project. Seventy-four more drill holes were
put down on the Deadfall Syncline and the nearby Liz-A
Syncline. Arctic Slope Consulting Engineers reported 22
million tons of coal as identified, with 25 millions possible
in the Liz-A Syncline; and 16 million tons as identified, with
59 million tons possible in the Deadfall Syncline. While the
Deadfall Syncline is somewhat farther from the coast, the
superior quality of the coal there makes it the preferred site
for a mine. The coal lies within a few miles of the coast and
could be mined by open pit methods.

2

RESULTS

Coal Bed Thickness

The most significant coal bed in terms of thickness is
the lower coal which occurs on the axis of the syncline. The
thickness ranges from about 5 ft (DH83-6) on the north limb
to about 14 ft at the axis (DH83-8), increasing to about 17.5
ft a mile southwest of the axis (DH83-11) (Figure 4), then
decreasing to about 10ft 4 miles southwest of the axis on
the south limb (DH83-11). Attempts to trace this bed further
to the southwest were unsuccessful, due to poor exposures
and high dips along the south limb of the syncline.

Of four coals drilled on the north limb of the syncline,
the thickest is about 11.5 ft (DH83-4). As noted above, the
uppermost of this series is thought to be correlative with the
thick coal described above. The series occurs in a stratigra
phic interval of about 800 ft.

The upper coal which occurs on the axis of the syncline, •
about6 miles westof the one described in the first paragraph,
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Surficial Deposits

Corwin Fmtn.
nonmarine

Corwin Fmtn.
transitional marine
Kukpowruk Fmtn.
marine

Torok Fmtn.
marine

Figure 2. Generalized geology ofthe Deadfall Syncline area.
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DEADFALL SYNCLINE

Figure 3. Map and cross-section, east end ofthe Deadfall Syncline.

3



NORTEWESl

ALASKA
COAL PRO.! ECl

............
.__ .. _-

LITHOLOGY

•
j

-----=-=-==

ice and soil

sandstone, gray and siltstone, gray

COAL 47 to 64 with partings

siltstone, gray to dark grav

COAL 124 to 129

~~~- =-=-- .=:==-- --

..--

•
Figure 4 Gamma-density log of Drill Hole No. 83-11, Deadfall Syncline.

was drilled at two locations about 1, miles apart. The
thickness is about 12.5 ft (DH83-12) and 10 ft (DH83-13).

A number of holes were drilled on the south limb of the
syncline, based on surface indications, approximately in the
same stratigraphic position as the series of beds observed
on the north limb. Due to high and apparently erratic dips
(25 to 35x) on the south limb of the syncline, and discon
tinuous exposures, no positive correlations were possible
between coals encountered in these holes. The most signifi
cantofthese isolatedoccurrences is a 9 foot bed of relatively
clean coal which occurs on the beach where the south limb
of the syncline intersects the shoreline, just north of the
headland marking Cape Beaufort (DH83-17).

Coal Quality

Cores and cuttings from the 1983 program were ana-

4

lyzed by the University of Alaska's Mineral Industry
Research Laboratory (MIRL). Core samples were separated
into 1.5 specific gravity float/sink fractions, and proximate
and ultimate analyses were conducted on 2-to 4-foot bed
intervals. Cuttings were analyzed as received, and analysis
was also done on 1.6 specific gravity float/sink fractions.
Analyses of core samples indicate a high-volatile A bitu
minous rank, with an average heating value of 14,044 Btu
on a moist, mineral-matter free basis. On the same basis,
the average value for cuttings, as received, is 13,624 Btu,
indicating a high-volatile B-bituminous rank. The results
for float fractions from the cuttings are similar to the float
fractions for cores, with an average value of 14,107 Btu.

Cuttings were analyzed both as received as well as for
equilibrium moisture. Except for holes less than 30 ft deep,
the as-received moisture contents for all ofthese samples are
less than 7%, and equilibrium-moisture contents are uni- •
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formly less than 5%. Float fractions for cores and cuttings
were all analyzed for equilibrium moisture, with similar
results. As-received sulfur content for cuttings are all below
0.5%, and mostly in the 0.2 to 0.3% range. With one
exception (0.56%), the same holds true for sulfur content for
all float fractions analyzed.

As an approximation of typical, as-received quality, the

5

results of float and sink analyses for two of the core holes
(DH83-8C and -11C) were recombined by taking weighted
average values for heating value, ash, moisture, and sulfur.
The results indicate an as-received heating value of about.
12,900Btu, ash contentofabout8.5%, equilibrium moisture
content of about 3.5%, and sulfur content of about 0.25%.



GEOLOGIC, ENVIRONMENTAL AND ENGINEERING FACTORS
INFLUENCING DEVELOPMENT OF THE DEADFALL SYNCLINE

COALS •
1

Steve Denton
Pool Engineering, Inc.

Howard J. Grey
Howard Grey & Associates, Inc.

Wayne D. Hanson
Hanson Environmental

Research Services

Activities currently in progress under the 1986 field
program include auger drilling, bulk sampling, a cratering
test. a rippability study, geologic mapping and environ
mental observations. A l00-ton bulk sample will be
extracted from several test pits excavated to depths of up
to 20 ft utilizing a locally hired work force. This coal will
be used on a trial basis for residential heating in three •
villages. A semi-permanent tent camp has been established

ABSTRACT

The Western Arctic Coal Development Project
(y.IACDP) was established to investigate the potential use
of locally-produced coal as an alternative to imported fuel
oil for residential heating in northern Alaska. Fieldwork
conducted since 1984 has collected baseline data on the
geologic, environmental and engineering factors that influ
ence the feasibility of coal development.

Indicated coal reserves calculated at a 10 to 1 stripping
ratio are estimated at 58 million tons. Coal quality varies,
but on an as-received basis averages 12,000 Btu/lb., 10.7%
ash, 5% moisture, and 0.22% sulfur.

Environmental data have been collected throughout the
course of the project. The selection of the project area for
evaluation was based, in part, on a review ofenvironmental
factors. Although more fieldwork is required, no unusual
environmental problems are anticipated.

A preliminary mine design and feasibility study predi
cated on a 50,000 ton per year production level has been
completed. Conventional surface mining and reclamation
are proposed as the most cost-effective approach to devel
opment. Direct mining costs are estimated at $43.00 per
ton. although larger scale may significantly reduce this with
increased production.

INTRODUCTION

The Deadfall Syncline project area is located about 40
miles south of the village ofPoint Lay in the northern Arctic
Foothills province of Alaska. Ownership of the land and
subsurface rights was transferred to Arctic Slope Regional
Corporation as a result of the Alaska Native Claims Settle
ment Act of 1971.

The topography varies from low marshy areas along the
coast to the upland regions of the Amatusuk Hills. but may
best be described as low rolling hills drained by steep
banked creeks. Local elevations range from sea level to
about 1,200 ft, but are limited to about 500 ft in the project
area (Figure 1). As the name implies, the Deadfall Syncline
area embraces the northern portion of a structural syncline.

6

Weather resistant units form rubbly ridges that outline the
structure and make it quite visible from the air.

The western arctic coal province of Alaska has been the
subject of a variety of studies. Serious investigation of
northern Alaskan coals was initiated by the U.S. Geological
Survey in the 1920s. This work was expanded upon by
Chapman and Sable of the U.S. Geological Survey during
the 1940s and 1950s. The U.S. Bureau of Mines. U.S.
Geological Survey. and Alaska Department of Natural
Resources - Division of Geological and Geophysical
Surveys have since intermittently conducted work in this
region including geologic mapping. drilling and bulk
sampling.

Since 1984, fieldwork has been conducted under the
Western Arctic Coal Development Project (y.IACDP).
Western Arctic Coal Geophysical Program and the Western
Arctic Coal Demonstration Project. These projects have
been coordinated by the Arctic Slope Consulting Engineers
of Barrow. Field operations and geologic investigations
have been managed by Howard Grey & Associates. Inc.
Ambler Exploration, Inc. has conducted all drilling since
1984. Environmental fieldwork was performed by Hanson
Environmental Research Services. Pool Engineering. Inc.
has been responsible for surveying and preliminary mine
design and evaluation.

Core drilling. geologic mapping. borehole geophysics.
and environmental studies were conducted during the 1984
WACDP field program. Additional auger drilling and
fieldwork was conducted under the WACDP in 1985 to
provide baseline engineering and environmental data. The
1985 Western Arctic Coal Geophysical Program conducted
auger drilling in addition to shallow seismic-reflection
profiling and a magnetometer survey.

•
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to support this and future operations.

GEOLOGIC FACTORS

The feasibility ofdeveloping the Deadfall Synclinecoal
deposits is influenced to a large degree by geologic factors.
The general geology of the deposits such as bedding attitude
and overburden composition determine mining method and
equipment selection. Reserves are based on geologic
observations, as well as coal quality. A geologic map and
cross-sections have been compiled from field work con
ducted during 1984 and 1985 (Figures 2 and 3). Geotech
nical factors are a major determinant of infrastructure costs.

General

Coal seams within the Deadfall Syncline are hosted by
the Upper Cretaceous Corwin Formation of the Nanushuk
Group. The Nanushuk Group is believed to represent a
prograding deltaic depositional system which supplied the
Colville Trough with detritus shed during the uplift of the
ancestral Brooks Range. The low ratio of coarse to fine
clastics suggests a low stream gradient and the low sulfur
content of the coals suggests fresh water deposition.
Callahan and Martin (1980) state that this may be the
product ofa wide band of low coastal marshes traversed by
numerous streams. Subsequent regional deformation cre
ated a series ofbroad synclines separatedby narrow, tightly
folded, east-trending anticlines. These anticlines are further
obscured by high angle reverse faults and erosion.

The siltstones tend to form low troughs between sand
stone outcrops and are exposed only in areas of high relief
and steep dips where the rate of ablation is high. The
siltstones are gray and weather to a gray-brown inorganic
sandy silt. These units may exceed 100 ft in thickness. The
sand content varies from disseminated fine-sand grains to
distinct laminae, or thin lenses, of medium-grained sand.
The latter case is referred to as a sandy siltstone. Angular
fragments of coalified plant matter and thin irregular frac
ture fillings of coal may be present.

Turbidites were identified in drill core on the basis of
sedimentary structures such as graded bedding, load casts,
flame structures and disrupted bedding. Turbidites indicate
rapid and possibly cyclic deposition in a system which is
temporarily subjected to a rapid influx of sediments. This
may be attributed to movement along growth faults or
cataclastic deposition due to storms or some tectonic dis
turbance. The turbidites consist of interbedded, thin, sand
stone and siltstone lenses which were deposited quickly and
appear to have been disrupted by subsequent rapid loading.
Someof the sandy siltstones identified during rotary drilling
may possibly be turbidites. However, definition as such
depends upon an examination of sedimentary structures
which is difficult based on rotary drill cuttings.

Drilling also identified claystone beds up to 25 ft thick
in the study area. The claystone was buff in color and no
weathered occurrences were observed. The claystone is
homogeneous with the rare exception of coalified plant
fragments and coaly fracture fillings.

•

•
The study area encompasses most of the northeast

trending, doubly-plunging Deadfall Syncline (Figure 2).
Both limbs of the syncline are exposed in the study area,
and rocky ridgelines tend to form a dissected ellipse.
Bedrock outcrops are relatively rare in the study area.
Bedding dips range from 11 degrees to 24 degrees in the
vicinity of Kuchiak Creek and U.S. Coast & Geodetic
Survey (U.S.C.G.S.) benchmark Mormon, respectively.
Steeper dips of up to 50 degrees were encountered along
the east and southeast margin of the syncline. The lithology
of the project area includes sandstone, siltstone, sandy
siltstone, turbidites, claystone, coal and burned-coal seams
(Figure 3).

The sandstone is gray and weathers to a tan orbuffcolor.
Disseminated detrital coal grains often give the sandstones
a salt and pepper appearance. The sandstones are medium
to coarse grained, massive to thin bedded and may locally
display graded bedding or cross bedding. Unit thicknesses
may exceed 50 ft, but typically appear less than 30 ft. The
sandstones are a weather resistant unit which form long
narrow rubbly ridgelines. Sandstone outcrops are relatively
rare.

8

Six coal seams ranging in thickness from 4.5 to 17 ft
were identified in the projectarea. Samples collected during
1984 were analyzed at the Mineral Industry Research
Laboratory in Fairbanks. The bulk of the Deadfall Syncline
coal is ranked as Bituminous-B, has a heat value of about
12,000 Btullb. and contains approximately 10.7% ash, 5%
moisture, and 0.22% sulfur. Coal quality is identified by
seam in Table 1.

The vertical extent and effects of weathering on coal
quality vary throughout the project area. Shallow coal is
subject to oxidation and frost riving. Figure 6, compiled
by Pool Engineering, Inc., graphs the depth of overburden
against the heating value of the underlying coal. Heating
values appear unaffected by weathering below a depth of
about 40 ft. Coal within 20 ft of the ground surface appears
to have lost between 10 and 20% of its heating value.

Burned areas of limited extent within coal seams have
been mapped at four locations in the project area. The high
temperature metamorphic aureole surrounding each bum
area is comprised of two or three distinct zones, depending •
on lithology. The burned coal and adjacent rock has taken
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TABLE 1. ESTIMATED COAL RESERVES DEADFALL SYNCLINE
PROJECT AREA

• ANALYTICAL RESULTS INDICATED RESERVES
HEAT VALUE ASH MOISTURE ASTM TONS@ TONS@ TONS@

SEAM Btu/lb. % % CLASS 3:1 5:1 10:1
------------------------------------------------------------------------------------

I-NW 11,239 9.87 7.93 HV-C 159,000 488,000 1,582,000

l-NE 10,675 21.71 4.04 HV-B 214,000 573,000 1,471,000

2-NE 10,953 17.47 5.06 HV-B 468,000 1,349,000 3,549.000

-C 11,922 921 6.59 HV-B 435,000 850,000 1,888,000

-NE 12,200 10.49 5.12 HV-B 4,068,000 8,030,000 17,945.000

3 881,000 2,221,000 5,572.000

4 12,848 8.04 3.78 HV-B 842.000 2.236,000 5,718,000

5 125.000 779,000 2,416,000

6 14,000

7 15,000 58,000

8 13,209 5.53 4.44 HV-B 263,000 641.000 1.585,000

9 20,000 90,000

20 65,000 181,000 472,000

21 2,889,000 5,664,000 12,603,000

22 35,000 127,000 443,000

23 2,000 22,000

24 4,000 22,000 66,000

25 525,000 1,055,000 2,380.000

•
TOTAL INDICATED RESERVES
57,874,000
TOTAL INFERRED RESERVES
TOTAL

10.973.000 24,253,000

10,000,000 25,000,000 50,000,000
21,000,000 49,000,000 108,000,000

•

on a scoriaceous texture and resembles a vesicular basalt.
The burned rock is locally brecciated and fused, indicating
possible subsidence shortly after, or concurrent with, burn
ing.

A second zone, indicated by drilling to be up to several
feet thick, consists ofa bleached argillic zone with abundant
sericite. This may be an alteration product of a claystone
rather than a typical component of an alteration halo. A
baked or glazed zone of partially-fused rock up to several
tens offeet thickoverlies this zone, and grades into unaltered
overburden.

The baked zone has a reddish tint and is much more
weather-resistant than the unaltered rock. Burned siltstones
tend to form ridgelines similar in appearance to the sand
stone ridges.

Additional data on the extent of burned coal units was
collected during a magnetometer survey conducted during
the 1985 field program.

Local magnetic anomalies in excess of looO gammas
were found associated with outcrops of burned coal and

11

glazed country rock. The intense heat from the burning coal
may have reduced the oxidation state of iron present in
minerals, resulting in a higher magnetic susceptibility.

A sketch showing the apparent relationship between the
magnetic data plot, subsurface geology and magnetic flux
lines is presented in Figure 4. The burned rock unit in this
figure is interpreted as having acted as a weather-resistant
cap rock. The unburned down-dip extension of this seam
and less resistant overlying units have been eroded. The
cross-sectional shapes of the magnetic anomalies encoun
tered are strikingly similar and may be described in simple
terms as a "magnetic high" bounded on each edge by a
"magnetic low". The symmetry of the anomaly, and low
total-field intensity on either side of a high-intensity anom
aly suggests that the field polarity and inclination of this unit
at the time of burning were similar to present conditions.
The erratic character of the anomaly is probably due to local
disturbance of the burned rock due to post-burn subsidence
and brecciation.

Reserves

Data gathered during the 1985 geophysical program
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allowed the upward revision of coal reserves within the
Deadfall Syncline from previous estimates of the 1984
WACDP (Table 1). The location of known coal seams
within the Deadfall Syncline is shown in Figure 5. Analyti
cal results obtained during 1984 indicate that the bulk of
the Deadfall Syncline coals may be classified as High
Volatile 'B' Bituminous (Table 1).

Reserve calculations are based on the same constraints
assumed for the 1984 estimates. A highwall slope of 600
was assumed for mining purposes. Reserve figures were
not adjusted for projected recovery or dilution. A tonnage
factor of 0.04 short tons per cubic foot, or 80 pounds per
cubic foot, was also assumed. A minimum thickness of 10
ft was assumed for frozen unconsolidated overburden.
Based on these estimates, reserves were calculated at three
stripping ratios for each seam.

12

Indicated reserves in the Deadfall Syncline area have
been increased to 57,874,000 tons. This reflects the ex
panded boundaries of the project area, as well as a reassess
ment ofreserves basedon additionaldata. Indicatedreserves
do not include coal present in seams which were mapped,
but not measured due to poor exposure or lack of drill data.

Inferred reserves are based on an intuitive review of
indicated coal reserves and geologic data. Significant coal
reserves probably exist in unmeasured seams which have
been mapped. The strike length of most measured seams
is bounded by conservative judgement. It is likely that
additional fieldwork will increase the lateral extent and
measured reserves present in these seams. Significant
reserves probably exist within seams which have not been
recognized due to the low density of drill holes and poor
bedrock exposures present over most of the project area. •
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For these reasons, inferred reserves within the project
area have been conservatively estimated as approximately
equal to indicated reserves (Table 1). Although the sparcity
of geologic data throughout much of the area engenders
caution, the demonstrated continuity of seams over long
distances supports this approach.

Engineering Geology

Soils in the Deadfall Syncline area range from coarse
grained talus or scree deposits to fine-grained ice-rich silts
and clays of the coastal plain. The scree deposits consist
of highly weathered and fragmented sandstone particles,
mixed with sands and silts, overlying subcrops or directly
downslope from occasional sandstone outcrops. Between
the outcrop ridges and downslope from the foothills are
colluvium deposits ofunconsolidated silts, clays, and sands.
These extend generally to the base of the foothills at the
junction with the flat arctic coastal plain.

The near-surface unconsolidated sediments of the
coastal plain reflect a complex depositional history that has
included fluvial and lacustrine deposition with several
marine transgressions reworking the former deposits. The
coastal plain deposits consist of organic silts, ice-rich silts,
massive ice, sandy silts and clays, and fine- to medium
grained sands, all with generally high to very high moisture
contents. These sediments are considered part of the
Quaternary Gubik Formation.

The project area is located in a region of continuous
permafrost. The active layer varies in thickness from 6
inches to over 60 inches. The active layer reaches greater
depths on south-facing slopes and in areas ofgood drainage
and sparse vegetation. Seasonal thaw reaches shallower
depths in areas of heavy vegetation, poor drainage and
organic-rich soils.

The upland location of the study area is better drained
than the low coastal marshes. Low areas between sandstone
ridges can collect drainage from the ridges and drilling has
encountered ice lenses in these areas.

Foundation and roadway design will vary depending on
the final configuration of the mine site facilities. Roadways
will probably require the use of insulation in fill sections
over thaw-unstable areas, and geotextiles to prevent the
upward infiltration of fines into the roadway prism. Drain
age will have to be maintained along and across roadways
to prevent the impoundment of surface waters. Permanent
structures will probably be founded on pilings in thaw
unstable areas. The relatively shallow depth to bedrock in
portions of the study area may simplify foundation design.

Sources of armor rock for coastal protection, and
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sources ofaggregate for roadway and pad construction were
investigated by the WACDP during 1985. A suitable source
of rip rap was not identified. However, the sandstone
overburden in the study area was found suitable for use as
structural fill when crushed. Beach and alluvial deposits,
although of limited extent, provide a potential source of
aggregate for concrete.

Development of the Deadfall Syncline coal deposits
will require the application of arctic engineering and tech
nology common to this region. The geotechnical aspects
such as roadway and foundation design requirements are
a major factor in estimated development costs.

Summary and Conclusions

Since 1984, the WACDP has conducted fieldwork to
evaluate coal deposits in the Deadfall Syncline area.
Extensive reserves ofgood quality high-volatile bituminous
'B' coal have been outlined in the study area. Baseline
geological, geophysical and geotechnical data have been
collected. Additional fieldwork will be required prior to
development. However, the present state of knowledge is
sufficient to support a preliminary mine design and feasi
bility study.

ENVIRONMENTAL ASPECTS

Environmental factors were a majorconsideration in the
Western Arctic Coal Development Project (WACDP)
because of the unique nature of a proposed strip mine in a
remote arctic site underlain by permafrost and with rela
tively little site-specific information on natural resources.
This required a diligent search for pertinent literature,
effective field programs to supplement the initial data base,
and continual contact with area residents and resource
agencies to assure accurate and comprehensive evaluation.

Several reports were generated as the environmental
assessment progressed through successive stages (HERS
1984, 1985a, 1985b,1985c, 1985d, 1986a, and 1986b). The
primary objective of these reports was to provide area
residents, resource agencies, and other interested parties
with a comprehensive synthesis of ecological information
related to WACDP environs and the proposed development.
Selection of an initial mine site and development plan,
transportation corridor, port site(s), and other infrastructure
have sufficiently narrowed the area for consideration of
environmental impacts that specific evaluations can be
made of the completeness of our information. These judg
ments are focused on environmental features that have
greatest potential for subsistence value to area residents and,
therefore, major priority for consideration in permitting the
project. Appropriate resource agencies have been asked to
review this information in the light of their own knowledge;

•

•

•
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evaluate its completeness; comment on, or question, areas
of inadequate information; and suggest appropriate environ
mental constraints on the engineering methcxls, the proce
dures, and the design of project components.

Vegetation

The WACDP area primarily supports low, arctic vege
tation typical of the Arctic Foothills physiogeographic
province of northwestern Alaska (Spetzman 1959). The
considerable topographic heterogeneity of the foothills
abutting the coastal areas and concentric ridges provides
diverse habitats for plant communities that are representa
tive of dry alpine tundra, moist tussock tundra, wet sedge
meadows, riparian willow stands, and coastal wetlands.
Most of the region being considered for coal development
is composed of the first three major habitat types.

Vegetation types and landforms in theWACDPwestern
area were mapped in July, 1985 by performing several
ground and aerial transects from the foothills near the
U.S.C.G.S. Mormon benchmark, or mine site, and the
Chukchi Sea. Field maps prepared from the large-scale
(1: 13,(00) vegetation maps were groundtruthed and land
forms were noted, particularly the distribution of low- and
high-center polygons, wet meadows, beaded streams, and
non-patterned ground.

Plant communities can be correlated with general
surficial geology and landforms. The high-center polygons
are associated with coastal plain deposits belonging to the
Gubik Formation, and consisting of organic silts, icy silt
silty ice, fine-sandy silts and clays, and fme- and medium
sands. Moist Cottongrass-Tussock Tundra is usually asso
ciated with these same general areas, and was preferred area
for alignment of roads and location of infrastructure. Wet
Sedge-Moss Tundra is found in low-center polygons and
wetmeadows, which correlate with the lacustrine and marsh
deposits containing organic material, silts and clays as
substrate; many of these areas in the western part of the
project environs are constituents of "basin-complex" wet
lands, according to the classification system of Bergman et
al. (1977). Such areas were avoided in selecting alignments
for infrastructure (HERS 1985b). Open freshwater systems
were most often found in the remnants of these drained
basins, and in the beaded streams that defined the routes of
ephemeral stream courses that captured the former lakes and
drained them to lower elevations. Near the coastline, the
beaded streams become estuaries as runoff waters during
spring breakupercxle the barrierbeaches and contact the sea,
allowing saline waters to penetrate inland and modify the
landscape.

High-center polygons and non-patterned groundjointly
occupy the higher (greater than 100ftabove mean sea level)
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elevations of the area, which are underlain with colluvium
deposits of gravels, sands, silts, and clays. Moist Cotton
grass Tussock Tundra is the common vegetation type of
these areas.

Dry Alpine-Fellfield Tundra occurs on the scree/bed
rock deposits that typify the concentric sandstone outcrops
of the area on which the coal seams outcrop. Most of these
areas are located above 250 ft elevation. Moist Cottongrass
Tussock Tundra commonly occurs in the gentle swales
between the sandstone ridges, with linear Wet Sedge-Moss
Tundra communities represented in the drainage
alignments. The best representative stands of Riparian
Willow-Sedge-Forb vegetation were located in the upper
reaches of the several ephemeral streams of the WACDP
area.

Wetlands

Coastal wetlands occupy about 30 square miles of the
WACDP environs between Omalik Creek on the south and
Kuchiak Creek on the north. The area contains all stages
of the thaw-lake cycle that predominates in the evolution
of tundra wetlands (Bergman et al. 1977; Billings and
Peterson 1980; Britton 1957; Walker and Brewer 1977).

The wetlands area contains a mosaic of basin-com
plexes; beaded streams; deep-open, deep-Arcto.phila, shal
low-~, and shallow-Arctophila lakes and ponds that are
prime areas for waterfowl and shorebirds, similar to
comparable areas on the North Slope (Derksen, Rothe, and
Eldridge 1981). During the July 21-27, 1985 Summer Site
Investigation, several flocks of waterfowl, particularly
white-fronted geese, were observed on deep-open (Class V
of Bergman et aI., 1977) lakes. The principal use was for
brood-rearing and molting, and the preferred lake size was
greater than 20 acres. Lakes of that size were usually in
Class V, while smaller lakes were usually termed Class III
(shallow-Arctophila) wetlands. Class III wetlands were
especially important for red-throated loons.

"Mormon Lake" is about 9 ft deep in its larger western
portion and about 25 acres in area. It is a Class III lake
formed by the coalescing of three small lakes that remained
after the 160acre parent lake was drained. Its configuration
apparently makes it of marginal use to waterfowl, particu
larly for brood-rearing and as molting habitat.

Omalik Lagoon is a large thaw lake being claimed by
the sea, a fact confirmed during the 1985 Summer Site
Investigation. Its surface stands 3.5 ft above mean sea level,
and it is 4.5 ft deep. It should be noted that Omalik Lagoon
has in the recent pastbeen atleast partially drained by natural
breaching of the 280-foot-wide barrier beach. Aerial photos
taken in August, 1957 show a breach at the northwest comer



of the "lagoon" and extensive shallow and emergent areas
within the "lagoon". Similar photos taken in July, 1980
show a breach in the center of the barrier beach, with
extensive shallow areas nearly identical to those shown in
the 1957 photos. Such natural episodes are probably fairly
frequent occurrences and may occur as a result of "wind
tides", periods of strong storm winds and high tides during
open water seasons. Several large logs on the upper drift
line on the north shore of the "lagoon" testify to the signifi
cant overtopping ofthe barrierbeach during such events. An
alternative breaching mechanism may be the overflow of
freshwater inputs from surface runoff during breakup.

Boring logs taken at two locations within the "lagoon"
on April 7, 1985 showed it to be solidly frozen throughout
its 4.5-foot depth (Howard Grey & Associates 1985),
illustrating another substantial constraint on aquatic life in
the water body.

Observations during the 1985 Summer Site Investiga
tion indicated that the "lagoon" is extremely limited in
biological production and that its primary value to wildlife
is for brood-rearing, molting, and migration staging for
waterfowl. The emergent wetlands at the south end of the
"lagoon" particularly provide extensive habitat of alkali
grass CPuccinellia phra~anodes), sedges~ subspath
~) and other grasses.

Fish and Wildlife Resources

Terrestrial Mammals

The WACDP environs are seasonally used by the
Western Arctic Caribou Herd, which currently numbers
about 190,000 animals. The core calving area for this herd
is usually located near the headwaters of the Utukok River,
about 50 to 60 airline miles to the east of the proposed
development area and in the northern part of the Arctic
Foothills Province. The Moist Cottongrass Tussock Tundra
community is the most important habitat for calving; most
of the calves are born during late Mayor early June in this
habitat, or adjacent to it at elevations between 500 to 1()()()
ft in the upland meadows of Dry Alpine-Fellfield Tundra.

In recent years, large fractions (up to 40%) of the
Western Arctic Herd have wintered on the Coastal Plain
portion of the National Petroleum Reserve-Alaska. These
animals apparently begin calving in the northern portion of
the 6,000- to 1o,OOO-square-mile area of highest use during
this period; the core calving area is about 1,100 to 1,800
square miles of optimum habitat located generally in the
center of the total (core plus peripheral) calving area (Lent
1966). There is no general agreement as to the biological
significance of the year-to-year variation in caribou distri
bution over the calving area. However, environmental

variables such as snow cover phenology (Lent 1966), and
forage quality (Kuropat and Bryant 1980) appear to be major
influences on calving ground occupancy and timing.

Small numbers of caribou are seasonally resident in the
Deadfall Syncline area, as indicated by observations made
during 1984 and 1985 field investigations. Bands of 3 to
25 animals were seen in the eastern portion of the Deadfall
Syncline area during August, 1984 grazing on sedges,
willows and other succulent vegetation in wet meadows and
snowshed communities. By comparison, only a few scat
tered animals were present in the western portion of the
WACDP environs during the July, 1985 field survey.
During spring months of 1985, small bands of less than 20
animals were seen in the area, and the estimated total was
about 150 animals. A few caribou calves were seen in the
project environs during late May, apparently representing
"peripheral animals" of the major calving aggregation
(Valkenburg, Davis, and Boertje 1983) of the expanding
Western Arctic Herd. The WACDP environs represent the
type of windblown, open winter range preferred by the
caribou for reasons of food availability (rather than quality
or quantity). It may also be preferred to avoid greater
predation in forested areas further south (Valkenburg and
Karczmarczyk 1983). The animals in the project area during
spring months foraged on the windswept sandstone ridges,
where they apparently found willows, lichens, sedges, and
other vegetation.

Our observation of adult caribou and calves in the
Western Arctic region are consistent with larger studies of
caribou movements and distribution in northwestern Alaska
that were accomplished by the Alaska Department of Fish
and Game (ADFG) as part of the NPR-A 105 (c) program.
Those studies consisted of about 12 random aerial transects
during April, May, late June and early July during the years
1976 through 1979 (Jim Davis, ADFG, pers. comm. May
9, 1985). During that time, a group ofabout 75 caribou were
found calving for a short period of time in an area southeast
of Point Lay and northwest of the dry alpine tundra areas
of the Amatusuk Hills, in which the Deadfall Syncline area
is located. This was apparently a temporary phenomenon.

Grizzly bears are considered to be "scattered" or
"locally-abundant" in the WACDP environs, depending
upon the season ofthe year. During late August, 1984,about
4 to 6 bears were in the area, particularly along the coastline
that contained the carcasses of marine mammals. Dead
walruses and at least one dead gray whale on the beach
between the mouths of Kahkatak and Kuchiak Creeks
provided carrion to supplement the bear's normal diet of
caribou, ground squirrels, other small mammals, and
vegetation. Tracks and sign of other bears were seen at
inland locations where the animals foraged on grasses and
ground squirrels. During 1985, single bears were seen
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during mid-May about seven miles south ofCape Beaufort,
inland about three miles from the coastline (Howard Grey,
pers. comm. June 24, 1985) and on July 25 along the lower
section ofOmalik Creek. These observations are consistent
with information from local residents (Donald Neakok,
PointLay,pers. comm.July 25,1985), that grizzly bears are
more numerous on the coastline during August, when the
sea ice retreats and marine mammal carcasses are beached
by winds and currents.

Wolverines are an important fur resource of the
WACDP region, particularly the Amatusuk Hills that lie to
the east and south ofthe proposedprojectarea. At least three
Point Lay hunters take about six animals each during the
late winter/early spring trapping season (Willard Neakok,
Point Lay, pers. comm. August 28, 1984; Donald Neakok,
PointLay,pers. comm. July 25, 1985). Scattered individual
animals were seen on a few occasions during early and mid
May, 1985 in connection with the exploration drilling
program (Howard Grey, pers. comm. July 24,1985). More
arctic foxes than red foxes are taken by local hunters. Only
a portion of the foxes are obtained from the WACDP area
per se; a majority of arctic foxes are being taken on the
coastal plain and adjoining sea ice environments. An arctic
fox den was found near the northwest comer of Omalik
Lagoon in July, 1985 and proper steps were taken to create
a zone of nondisturbance around it for engineering guid
ance. Red foxes were reported near Mormon benchmark
during late April, 1985 and a den was suspected about two
miles southofthat location (HowardGrey, pers. comm. June
24, 1985). Both species of foxes have been recently ob
served (October, 1986) in the area.

The presence of good populations of bears, foxes, and
wolverines indicates a fairly stable food base of small
mammals, which would also support less-visible mammals
such as short-tailed weasels (ermine) and shrews as well as
the normal complement of avian predators. Red-backed
voles, tundra voles, singing voles, brown lemmings, collared
(or varying) lemmings, arctic shrews, masked shrews, short
tailed weasels, and least weasels are expected to be present
in varying population densities dependent upon habitat
types and cyclic phenomena.

Arctic ground squirrels are an important and obvious
part of the biota in the WACDP area, inhabiting the
numerous ridges and terraces that provide well-drained soils
for burrows. In these habitats they perform extensive
excavations, fertilization, and other activities.

Marine Mammals

Marine mammals, particularly belugas (white whales),
are an important subsistence resource for the Point Lay
people, who report that the nearshore area off Omalik
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Lagoon is a staging area for the animals. In support of this,
a pod of about 320 adult and young belugas were observed
feeding in an area 0.5 mile wide and 2.9 miles long adjacent
to the coastline in that area on July 22, 1985. The whales
were often 750 to 1000 ft from the beach in waters about
6 to 8 ft deep, and were obviously foraging in the sediments,
as indicated by mud plumes in the water.

Belugas are common along the Cape Beaufort coast
during late July until early September. Point Lay people
hunt these animals farther north, with the closest hunting
reported to be at NaokokPass in KasegalukLagoon. About
30 animals are taken each spring at Point Lay.

The marine berthing facility of the proposed WACDP
is the component which will have the major environmental
impacts of concern to belugas. The facility will provide
moorage for tugs, barges, and other marine transportation
systems, as well as accommodating a coal stockpile, a coal
handling/loading system, fuel deliveries and storage, and
movement of equipment and materials on shore.

Environmental impacts of the dredging also include the
effects of dredging noise on belugas, which spend varying
amounts of time in the port vicinity. Dredges produce
underwater sounds that are generally similar to those
reported for various types of equipment associated with
offshore petroleum operations. Belugas have been reported
to come within 1,200 ft ofa working dredge in the Canadian
Beaufort Sea without showing signs of avoidance (Fraker
et al. 1979). Movement of the sound source appears to be
a critical consideration for acceptance by marine mammals,
probably reflecting their learned avoidance of native
hunting methods utilizing outboard motors. Therefore,
some avoidance of the port is expected during the dredging
and barging activities. However, no major impacts that
would materially affect subsistence hunting of belugas by
the Point Lay people are expected under the modest oper
ating schedules envisioned for the WACDP.

Several other marine mammals are important subsis
tence resources for the Point Lay people, several of whom
use the existing facilities at Cape Beaufort, the former "Liz
A" Distant Early Warning military radar site. Bearded seals
are a prime species taken at this and other sites north to Icy
Cape during the spring months and to Point Lay in fall
months; this reflects the earlier formation of sea ice in
northern areas and the southward movement of seals with
advancing ice conditions. Ringed seals are more numerous
and more readily taken by hunters who are seeking bearded
seals. Walruses are not commonly encountered near Cape
Beaufort, as they tend to be more closely associated with
the drifting pack-ice farther offshore.

Distribution of marine mammals along the coastline



during the winter and spring months is closely linked to
various habitat tyPes. Polar bears den in deep gullies or
snowdrift areas onshore, and hunt seals in all sea ice areas.
Two sets ofpolar bear tracks were seen at the Cape Beaufort
camp during early May, 1985 and seals were particularly
abundant on the sea ice at that location (Howard Grey, pers.
comm. June 24, 1985). Pilots of light aircraft flying along
the coastline between Cape Beaufortand PointLay reported
polar bears on the pack ice.

Gray whales feed on a variety of marine invertebrates
in the shallow waters of the Chukchi Sea during summer,
and dead individuals have been washed ashore near Cape
Beaufort, as observed during August, 1984. Such carcasses
provide a substantial food resource for grizzly bears, foxes,
and other scavengers. Gray whales are considered to be
most frequently encountered in the eastern Chukchi Sea
during the late summer months of August and September,
following their major feeding activities in the central
Chukchi Sea (Marquette and Braham 1982). They predomi
nantly occur in shallow continental shelf waters less than
165 ft deep from St Lawrence Island in the Bering Sea to
just north ofCape Lisburne. Sightings since 1958 have not
included any animals in Ledyard Bay proper.

Bowhead whales migrate northward along the major
polynya in the ice pack that occurs along the northwest
Alaska coastline in early spring, providing the vital route
to the bowhead summering grounds in the vicinity of the
MacKenzie River Delta. This massive lead forms too far
offshore for effective whaling from Point Lay; its residents
sometimes join with crews from Wainwright and Barrow,
which have better access to the lead, to obtain this resource
which is important to their culture as well as being a food
source.

Terrestrial Birds

A variety ofwaterfowl and shorebirds utilize the diverse
habitats of the WACDP environs, as indicated by the list
of 90 bird species expected to occur in the area, based on
a past study conducted at Cape Sabine (mouth of the
Pitmegea River) (Childs 1969). This list is considered to
be a conservative estimate ofbirds expected to be eventually
encountered in the projectarea. One hundred twenty species
were documented at Cape Thompson (Williamson, Th
ompson, and Hines 1966). Part of the difference between
the two studies is the seasonality of the Cape Sabine study
(summer only), the 3 to 4 times greater effort in the Cape
Thompson studies, and the inclusion of large sea cliff
nesting colonies of marine birds in those results. Of the 120
bird species recorded at Cape Thompson, about half (65)
were known to breed there and, of these, only 34 were
actually found to nest in the Ogotoruk Valley and the
surrounding area ofthe Cape Thompson environs. Fifty five
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species were documented or suspected of nesting in the
Cape Sabine area.

Fish

Fish resources in the WACDP area include several
marine species and a few freshwater species. Kuchiak
Creek, which has received preeminent consideration in our
planning, is reported to support modest runs of pink and
chum salmon and arctic char, with a few silver and dog
salmon also present (William Tracey and Terry Harding,
Point Lay, pers. comm. July 24, 1985). About 200 to 300
fish are reportedly taken in that subsistence fishing effort
each year. A recent study at Point Lay (Craig and Schmidt
1985) indicated a total subsistence harvest of about 450
pounds of fish by Point Lay residents in 1983; that estimate
appears conservative.

Marine fish resources in the proposed project area are
principally arctic cod, saffron cod, Pacific herring, boreal
smelt, and walleye pollack. In addition, fourhorn sculpin,
sandlance, and capelin serve as food for higher vertebrate
consumers (Craig 1984). Fish species composition differs
between nearshore and offshore waters, between the north
eastern Chukchi Sea and adjacent regions, and between
coastal habitats separated by cold-water barriers. Inshore
Ledyard Bay is one of the largest cold-water barriers along
the entire Cape Lisburne to Barrow coastline.

Historical Use

The WACDP area has been used rather sparingly by
coastal Eskimos during both historical and archeological
times, as indicatedby the age and number ofsettlement sites
in the area. Five house pits are located at the mouth of the
confluence of Amatusuk and Kahgeatuk Creeks, about 5
miles southeast of Omalik Lagoon, and two sites are at the
mouth of Kuchiak Creek.

Several environmental features that characterize other
settlement areas along arctic coastlines are missing in the
Western Arctic region. First, there is no pointof land jutting
into the Chukchi Sea which would provide several advan
tages to maritime hunters such as occur at major villages
from PointHope to PointBarrow. Bowhead whaleand other
marine mammal hunting potential would be a prime con
sideration in such circumstances. Second, there is no lagoon
in the immediate area to support seal and beluga hunting
or fishing to any degree. Omalik Lagoon is actually a tundra
thaw-lake that is being claimed by the sea; its surface stands
3.5 ft above mean sea level and it is 4.5 ft deep. It does not
receive a major freshwater stream that might provide
organic inputs and foster greater productivity, including a
salmon spawning habitat. Third, topography and habitats
of the Western Arctic area do not support appreciable
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numbers of caribou for extended periods of time. Although
caribou may spend varying amounts of time in the area, the
main routes of caribou movement lie to the east Finally,
the exposure of the Western Arctic coastline to rough seas
during the open water season imposes restrictions on
summer travel to more productive areas. Current Point Lay
residents utilize the WACDP environs primarily during the
winter and spring months, avoiding the unprotected coast
line that offers so few resources during summer and fall.
Waterfowl hunting appears to be a subsistence activity best
suited to the coastal wetlands in the vicinity of Omalik
Lagoon.

LandUse

Land use of the WACDP environs is predominantly by
Point Lay people engaged in subsistence activities. Several
studies and reports of such land uses have previously been
made (Alaska Consultants 1983, Braund and Burnham
1984, Schneider and Bennett 1979). Caribou, fish, and
beluga whales comprise the most significant subsistence
resources utilized, with ancillary harvesting of furbearers,
seals, and walruses. Seals and walrus are not as intensively
used as in the past due to the reduction of dog teams and
the present adequate supply of caribou and other food
resources. Sea mammal exploitation may increase if fluc
tuations in the caribou population or regulatory restrictions
decrease the supply.

Point Lay's subsistence usage areas comprise a coastal
region from Icy Cape to Cape Beaufort and inland along
the Kukpowruk River and into the DeLong Mountains.
Some villagers are descended from theUtukok Riverpeople
and hunters still use that familiar territory for hunting. Many
Point Lay people have lived in Wainwright and still retain
close family ties there. Thus, there are several overlapping
areas of subsistence usage with Wainwright hunters, such
as in the Beaufortand Raven basins up the KukpowrukRiver
where each group hunts and traps furbearers. Icy Cape is
another area that each village uses for waterfowl hunting.
Wainwright hunters occasionally hunt caribou in the
western Brooks Range near the southeast comer of the
National Petroleum Reserve-Alaska, which is also used by
many Point Lay people. In March and April, both villages
may hunt wolves, foxes, and wolverines in the Arnatusuk
Hills south and east of the WACDP area.

Gill nets are set along the in coast in places such as river
mouths, ocean passes, Kasegaluk Lagoon, and the popular
Kitkik Point. The season lasts from early July to late
September. In September the nets are moved about 15 miles
up the Kukpowruk River for grayling. A variety of salmon,
whitefish, flounder, smelt, herring, bullhead, and an occa
sional char are taken. Almostall the village residents engage
in fishing during the summer. About six families take an
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estimated 200 to 300 pink and chum salmon, a few silver
salmon, and an occasional dog salmon at the mouth of the
Kuchiak Creek during late July through early August
(William Tracey andTerry Harding, Point Lay, pers. comm.
July 24, 1985).

Subsistence fishing represents only a small portion of
the total subsistence harvest at Point Lay. Belugas are the
most important marine resource (Braund and Burnham
1984) and caribou are the most important terrestrial resource
(Schneider and Bennett 1979).

Current use of the Western Arctic environs by the
people of Point Lay centers on the availability of shelter.
Abandoned DEW-line buildings at Cape Beaufort and a
modified utility trailer at the mouth of Kuchiak Creek
provide facilities for several families that hunt, trap, and fish
those areas. Residents of Point Hope, Barrow, and
Wainwright also use the shelters during various periods of
the year.

Summary and Conclusions

Although the project area and planned facility site have
been investigated since 1984, additional information is
needed in specific areas identifiedby the expandedWACDP
data base, and through continuous communication with
Point Lay residents, resource agencies, and project team
members. Studies of soil behavior under site-specific
conditions that influence erosion potential, soil transport by
surface waters, and development of effective revegetation
practices are necessary for appropriate assessment of water
quality considerations and mitigative measures. Other
studies are recommended to evaluate anadromous and
marine fish populations of Kuchiak Creek and the proposed
port site; perform seasonal surveys of waterfowl, belugas,
and caribou in the project environs; describe hydrologic
characteristics of the Mormon Lake drainage; accomplish
site-specific vegetative surveys; and define the status of
cultural resources in the vicinity of Omalik Lagoon. These
studies will effectively enhance the comprehensiveenviron
mental evaluation of the WACDP mine and infrastructure
components that thus far indicate that there are no major
environmental constraints to further consideration of the
project.

MINE ENGINEERING

Phase II of the Western Arctic Coal Development
Project (WACDP) was initiated based upon the preliminary
finding of technical and economic feasibility for the project
in Phase I. Thepreliminary mine design conducted in Phase
II provides design and cost analysis. The following narra
tive describes the fmdings for various components reviewed
in the preliminary mine design.



Figure 6. Deadfall Syncline graph of heating value VS. overburden cover.
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Spoil =4,250 Ibs. per BCY

Coal =2,160 Ibs. per BCY

A maximum haul road speed of30 miles per hour

Assumed in-situ material densities

A mining loss of one foot of thickness per coal
seam is assumed.

Base case production rate of 50,000 tons of coal
per year.

Spoil swell ratios are assumed to be 1.6 in-the
truck and 1.4 after backfilling.

Following is a list ofsomeofthe basic assumptions used
in development of the preliminary mine design:

Figure 6 shows a graph of overburden depth versus
heating value for quality data reported by several reports
covering the Deadfall Syncline area. Coal is expected to
be mined to depths of 50 to 80 ft and quality is, therefore,
expected to average 11,000 to 12,000 Btu/lb.

Mining at the Monnon Block would begin near its
westernmostend and proceed in an easterly direction toward
the drainage divide between the coastal plain and Kuchiak
Creek. The first ten years of production are expected to
occur in the area west of the Kuchiak Creek/Coastal Plain
drainage divide. This will result in little or no impact to
the Kuchiak Creek drainage. Site-specific data, and expe
rience obtained during the initial 10 years of operation
should provide the knowledge which will allow future
development of the Deadfall Syncline area while providing
a high level of protection for the existing environmental
resources.

The Deadfall Syncline resource area may be logically
divided into two general mining units. The Kuchiak Block,
located east of Kuchiak Creek; and the Monnon Block
(named after the U.S.C.G.S. monument "Monnon" nearby)
located west of Kuchiak Creek. Mining costs are expected
to be nearly equal for either the Kuchiak Block or the
Monnon Block which was chosen as the preferred initial
mine site due to its proximity to the port site. This choice
results in lower infrastructure costs, and the potential for
reduced environmental impact.

Mine Development
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is assumed for coal haul to the port site.

The following job efficiencies were used:

Single shift operation =50 min/hr

Double shift operation = 44 min/hr

The haul road from the western most end of the
Mormon West Block to the port site is assumed
to be 5 miles long with no adverse loaded grades.

A 12-hour-per-day, 7-day-per-week operating
schedule is assumed for all stripping and mining
operations.

Cost of capital is assumed to be 10% for mining
cost.

A rate of 3.5% is used to discount future capital
requirements.

Mining costs are those associated with delivery of
crushed coal to the port stockpile.

All costs are in 1985 dollars.

10 years is assumed to be the maximum time
period for recovery of capital expenditures.

Mining System

Use of 35-ton off-highway trucks and a 4 cubic yard
hydraulic front shovel system is chosen as the technically
and economically appropriate system for overburden
removal and coal production. Overburden material break
age will best be accomplished by drilling and blasting,
which provides a flexible as well as economically attractive
alternative to dozer ripping.

The same loading and hauling equipment will be used
for both spoil and coal removal. Trucks and loaders should
be purchased with both coal and rock attachments to provide
for efficient production in both operating modes. The initial
equipment fleet should be able to produce coal at the annual
demand anticipated for the first 10 years of operation; the
addition of two tractor-trailer coal haulers and a front end
loader is anticipated only about year 7.

Mine Schedule

A six-month, single 12-hour shift operation is the
preferred annual operating schedule for the base case
production rate of 50,000 tons per year. The six month
schedule will actually provide for production of approxi-
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mately 75,000 tons of coal annually without resorting to a
double shift or adding to the equipment fleet. A single shift
operation will result in higher average equipment produc
tivity; thus, lower per ton mining costs.

The increased production rates anticipated over the
initial 10 years of operation can most economically be
achieved by increasing the operating season to 8 months
followed by addition of a coal-haul-dedicated equipment
fleet, without resorting to a double-shift operation. A
production surplus or net stockpile of 14% ofthe cumulative
coal demand over the initial 10 years can be created without
the need for a double-shift operation or increasing the annual
schedule beyond the 6- or 8-month operating season.

Drainage Control

The low precipitation and continuous permafrost typi
cal of the project area will result in relatively low drainage
volumes to be handled by the mine drainage control system.
Spoil materials were found to contain very low levels of
potentially-toxic metals, and to be slightly basic in charac
ter. Therefore, no chemical treatment of mine discharge
should be required to meet state and federal water quality
standards for acidity or metal content. Water treatment will
therefore be limited to removal of sediments from mine
drainage.

Sediment ponds are the preferred method ofcontrolling
water quality in drainage from areas disturbed by mining.
The small stream which crosses the Mormon West Block
was observed by the WACDP field crew to be dry during
July, 1985. This would tend to indicate tha~ the stream is
ephemeral in nature, that is, flowing only in response to
precipitation events. Therefore, mining through this small
drainage should not be a serious technical problem and
because it is ephemeral, should be permissible under current
regulatory constraints. A small lake and bog west of the
Mormon pit area collects all drainage from the proposed
initial mine site and is recommended as the location where
suspended sediment is removed from mine drainage. Set
tling basins within the pit area would be designed to remove
settleable solids only.

Reclamation

The total surface disturbance for the pit area at the
Mormon West Block is expected to be about 180 acres for
the initial 10 years of mine operation. Approximately 6
acres per year of new disturbance will occur at the 50,000
ton-per-yearproduction rate. The mining operation will be
conducted as a cut and fill operation after creation of the
initial cut. In this way, a minimum amount of area, about
18 acres, will be involved in the open cut at any given point
in time. This should minimize impact .to movement of
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wildlife, such as caribou, and provide for contemporaneous
revegetation of the backfilled pit, which will decrease the
amount of time in which the land is biologically non
productive.

Initial cut spoils not used for construction of infrastruc
ture facilities will be stockpiled and used for backfill in the
final cut. Topsoil salvage and redistribution can be accom
plished with a reasonably low level of effort if existing
topsoil materials are judged to be the most suitable material
for resurfacing of mine spoils. The top 12 inches of soil
on the hogbackridges appears to be the only suitable surface
material for use as topsoil, and there may be an insufficient
quantity of this material for adequate coverage over the
entire disturbed area. Therefore, in portions ofthe pit where
a hogback ridge is not encountered, properly amended
sandstone and siltstone materials may be needed as a topsoil
substitute.

Labor Requirements

A maximum crew size over the initial 10 years of the
mining and hauling operation is expected to be 20 persons
actually at the mine site, including the cook and bullcook,
but excluding shipping and barge-loading personnel. 18
persons will be required, for at least a portion of the season,
for the base case coal-production rate of 50,000 tons per
year.

Average hourly cost for production and supervisory
personnel is expected to be from 39 to 50 dollars per hour.
Many of the mine workers, especially in the area of main
tenance, will need to be able to perfonn a variety of tasks.
Flexibility of the work force will greatly enhance the
efficiency of the overall operation.

Mining Costs

Direct mining costs, excluding contingencies and infra
structure costs, are expected to be $43.17 per ton broken
down as follows:

Capital Recovery $ 9.21 per ton

Operating $10.85 per ton

Labor $21.55 per ton

Reclamation $ 1.56 per ton

Unit labor plus operating cost for coal mined from the
Monnon West Block are calculated to be $5.43 per bank
cubic yard for overburden stripping, and $10.90 per ton for
coal mining. These costs include allocation of the main-
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tenance and support costs associated with the stripping and
mining function. Figure 7 shows a graph of anticipated
mining costs for various production levels, assuming steady
state annual production.

There are several measures which could be taken to
reduce the average overall stripping and mining cost of
$43.17 per ton for the base case production rate. The
measures which were identified, and the anticipated cost
reduction for each are as follows:

1. Increase coal haul speeds by construction of a
wider haul road. Reduce cost by $1.10/ton.

2. Utilize 179,000 bank cubic yards of spoil mate
rials for infrastructure construction. Reduce cost
by $1.12/ton.

3. Purchase of remanufactured equipment as op
posed to new. Reduce cost by $1.70/ton.

4. Purchase of stockpiles, in excess ofconsumption,
by consumers totaling 14% of the projected
cumulative consumption over the initial 10 years
of operation. Reduce cost by $1.08/ton.

5. Reduce the daily operating schedule from 12
hours per day to 10 hours per day. Reduce cost
by $0.55/ton.

Regulatory Compliance

Analysis of applicable regulations governing coal
mining operations was perfonned and considered in devel
opment of the preliminary design proposed herein and it is
anticipated that the mine can be pennitted essentially as
proposed. Assuming the mine is permitted, as proposed
herein, there do not appear to be any flaws in the develop
ment plan that would result in non-compliance with appli
cable perfonnance standards.

A typical mining scene for the proposed mining plan is
depicted in Figure 8. In this drawing, the coal has been
removed from the open cut and stripping of the next cut is
underway. The shovel and trucks are removing blasted
overburden from a portion of the next cut while drilling and
explosive loading is underway on the remainder of the cut.
The dozer is preparing a ramp to the bottom of the pit for
access to the coal which will be uncovered next, and the
trucks are beginning to backfill the pit from which coal was
recently removed. A grader is perfonning final regrading
on the most recent backfill and topsoil has been stockpiled
adjacent to the active pit area awaiting redistribution after
completion of backfilling.
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Figure 7. Graph of mining cost VS. production rate.

Summary and Conclusions Borough. Anchorage, Alaska.
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The costs associated with developing and producing
coal for local use in northern Alaska must be weighed
against the potential benefits. Such an undertaking would
diversify the local economy, provide employment in an area
nearly devoid ofindustry, and provide an alternative to high
cost fuel oil currently used for local heating.
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INTRODUCTION

The Western Arctic Coal Development Project
(WACDP) was enacted by the State of Alaska to assess the
feasibility ofdeveloping the appreciable coal resource of the
western Arctic as an energy alternative to fuel oil in com
munities along the northern and western coast of Alaska.
The study was conducted from July 1984 through June 1986.
The scope of work began with the evaluation of the western
arctic coal reserves, extended through mine development
and shipping operations, and ended with a community end
use assessment.

The findings ofthe community end-use evaluation were
presented in a supplemental report to the WACDP Final
Report entitled "WACDP Village End-Use Technology
Assessment". The objective of this assessment was to
identify suitable coal-fired technologies for space-heating
and electric power generation for use in the WACDP market
area. These technologies ranged in size from small residen
tial coal-fired stoves to industrial-sized power plants. In
addition, several utilization modes were explored including
distribution of waste heat with a district heating system, and
use of one power plant to serve adjacent communities. As
part of the assessment, an in-depth look at the environmental
impact of using Deadfall Syncline coal was perfonned, and
infonnation was gathered on socio-economics, current
methods and costs of home heating, and attitudes of local
residents towards coal use.

This paper focuses on the findings of the WACDP
Village End-Use Technology Assessment. It looks at the
WACDP market, Deadfall Syncline coal characteristics,
technology evaluation, and economic analysis of coal use in
the WACDP study area.

MARKET

The WACDP study area includes the Deadfall Syncline
coal deposit of the western Arctic coal region, located
approximately 40 miles south of the community of Pt. Lay
in an Alaskan market area that stretches geographically from
Wainwright (on the northern coastofthe Chukchi Sea) south
to Kodiak Island and all of the Aleutian Chain. A total of
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130 island, coastal, and barge-accessible communities on
the major river systems in Western Alaska are included in
this market area (Figure 1).

The WACDP market area is characterized by both arctic
and subarctic climates. Geographically many sparsely
populated communities are scattered throughout the region
with access predominantly by air and seasonal sea transpor
tation. The social-economic conditions are characterized by
high unemployment, low job skill levels and high energy
costs despite the recent decline in crude oil prices.

Those factors of great concern to the WACDP technol
ogy assessment were: the small scale and remoteness of the
communities, harsh arctic and subarctic environments, poor
logistics, and low local job skill levels. These factors were
assessed along with the technical evaluation to best deter
mine the most suitable coal technologies for the WACDP
market area.

COAL CHARACTERISTICS

Coal is not a unifonn substance, its characteristics vary
greatly between lignite and anthracite. Dissimilar coals will
behave differently during coal handling, combustion, and
ash formation. Therefore, it is important to have a clear
understanding of the characteristics of the coal to be used
in order to select the most appropriate coal technology.

Comparison of Deadfall Syncline Coal to Other Coals

Deadfall Syncline coal is considered to be a high quality
fuel. Its ASTM rank is high volatile "B" bituminous. Table
1 presents a comparison of characteristics of the WACDP
Deadfall Syncline coal to other coals. The analyses repre
sent certain specific seams and are intended to provide a
comparison of the quality of coals.

Proximate Analysis

The Proximate Analysis is the detennination by pre
scribed methods of the products obtained during heating of
coal. The products are: moisture; volatile matter; fixed
carbon; and ash.
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Figure 1. Western Arctic Coal Development Project Market Area
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The heating value of Deadfall Syncline coal is the most
important characteristic since the proposed use of the coal
is for its heat content. Deadfall Syncline coal yields 12,722
Btullb. (a weighted average value for the coal seam inter
sected by Drillhole 122, Table 1) whereas Nenana and
Beluga coals provide about 8,060 Btullb. Chicago Creek
coal produces about 6,000 Btullb. In other words, Deadfall
Syncline coal yields 100% more heat than Chicago Creek
coal, and 50% more heat than Nenana or Beluga coals. High
rank, high Btu Deadfall Syncline coals are more efficient in
combustion since they do not contain as much moisture (4
to 5%) to evaporate during combustion and carry heat away.

High volatile coals, such as Deadfall Syncline coal,
ignite easily and bum with a long flame length. When used
in domestic furnaces, secondary air is required for complete
combustion of the volatiles. Secondary air provides for
greater combustion efficiency and reduces air pollution by
burning of carbon monoxide and hydrocarbon gases. Coal
burning units without secondary combustion or with other
poor operating habits will create soot and smoke with high
volatile coals.

Table 2 compares the ash fusibility temperatures of
Deadfall Syncline coal to those of other coals. The ash
fusibility temperatures of Deadfall Syncline coals are
considered low. Low temperatures increase the grate area
needed in fixed-bed furnaces. In addition, the low ash
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softening temperature may be a problem in residential stoker
or hopper fed heating units. Only an actual burning test on •
these units will determine the suitability of the coal for such
use.

Assuming that 10 per cent combustible materials will
be left in the ash, the Deadfall Syncline coal will produce
about 170 lbs. of ash per ton of coal burned. The ash has
a low fusibility and will likely be in the form of clinkers so
it will be ideal material for land fill.

Ultimate Analysis

The Ultimate Analysis measures the elemental compo
sition of coal. Elements determined are, carbon, hydrogen,
nitrogen, sulfur, and oxygen.

There are three forms of sulfur in coal: pyritic; organic;
and sulfate. Ofthe three forms ofsulfur, it is thepyritic sulfur
that causes the worst problems in furnace operation. Pyrite
has a significant influence on slagging and corrosion.
Deadfall Syncline coals have less than 0.03% pyritic sulfur
and little or no sulfate sulfur, so any influence of these two
on combustion of this coal may be neglected.

From an environmental standpoint, sulfur in coals is
probably the more feared element for users of fossil fuels, •
both oil and coal. Alaskan coals, in general, are low in sulfur.
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TABLE 1
Proximate and Ultimate Analyses or Raw Coals From Alaska and Around the World

Bed Fixed Heating Elements
ASTM Thickness Sample Moisture Volatile Carbon Ash Value
Rank Feet Nwnbers % Matter % % Btu/lb C, % H,% N,% 0, % S, %

----------------------------------------------------------------------------------------
Deadfall hvAb 12.7 DF84-122 4.63 33.89 53.86 7.62 12,722 72.45 5.15 1.19 13.36 0.19
Syncline 95.3'-108'
Northern Alaska SubB 5 UA-I09 20.28 30.20 44.75 4.77 9,292 54.79 5.71 1.13 33.32 0.28
Wainwright
Northern Alaska Sub B 5 UA-IlO 17.81 30.30 48.22 3.60 10,425 60.04 5.87 1/35 28.71 0.43
Meade River
Northern Alaska hvCb 17 UA-139 11.25 24.74 42.82 21.19 8,252 50.81 4.03 0.82 23.10 0.25
No.7 Bed
Cape Beaufort
Matanuska Field hvBb 10 UA-142 4.84 34.83 42.30 18.23 10,730 60.31 5.31 1.30 14.45 0.40
No.7 Lower Bed
Even Jones Mine
Nenana, Alaska Sub C 24 003 25.82 35.00 31.86 7.32 8,040 47.25 6.24 0.63 38.29 0.27
No.4 Seam 6/10/83
Beluga, Alaska Sub C 25 UA-152 27.59 34.87 31.57 5.97 8,051 46.67 6.92 0.75 39.57 0.12
Green Bed
Lone Ridge Mine
Little Tonzona Sub C 127 UA-Il2 21.21 37.59 30.36 10.84 7,663 45.02 5.80 0.64 36.59 1.11
Coalbed, Alaska
Chicago Creek LigniteVariable CC-6D 40.39 23.58 26.15 9.87 5,996 2.09
Alaska 45'

• Wasateh Plateau hvBb 9 PSOC-435 5.22 45.78 44.64 4.36 13,188 68.48 6.94 1.27 18.44 0.51
UtahB
Kemmerer,WyomingSub B 28.5 PSOC-472 20.35 36.78 39.77 3.10 9,991 61.69 5.43 1.08 28.10 0.60
Adaville, #2
Decker, Montana SubB 51 PSOC-531 20.10 33.86 42.50 3.54 9,970 57.87 6.18 0.67 31.48 0.26
Dietz
Gulf, Texas Sub C 10.3 PSOC-785 28.25 33.35 29.35 9.05 7,873 45.06 6.48 0.77 37.87
Lower Wilcox
N.S.W. Australia hvBb 04-11 3.2 34.0 55.4 7.4 12,650 73.63 4.89 1.56 12.06
Wambo (air dry)
Comox Coal Field hvBb Avg of3 6 32.7 45.5 15.8 11,180
B.C., Canada Seams in

Quinsm Project

TABLE 2
Ash Fusibility, of (Reducing Atmosphere)

Initial
Coal Field Sample No. Deformation Softening Fluid

--------------------------------------------------------------------------------
Deadfall Syncline DF84-122 2093 2143 2189

Nenana, Alaska 003 2048 2117 2141

Beluga 130.4'·145.7' 2162 2228 2283

Blue Bed (Average)
Chicago Creek 150'-160' 2290 2385 2400

DH-I-82• N.S.W. Australia 04-11 2408 >2840 >2840
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Deadfall Syncline coals have a total sulfur content of 0.1 to
0.3%. In furnace operations 95% of the sulfur contained in
Bituminous coals, and 75% of the sulfur in low rank coals
is generally considered to exit through stack gases. The
remaining sulfur is fixed in the ash as sulfate. The most
important criterion in coal combustion is how much sulfur
dioxide (SO ) will be produced per million Btu (Table 3).
From the tec~nology assessment it was found the estimated
sulfur dioxide emissions from the combustion of Deadfall
Syncline coal was 20 to 50% lower than those from fuel oil
combustion under all scenarios investigated.

thermal energy derived from coal to electrical energy; coal
combustion - the conversion of coal to thermal energy; and
heating - the use of thermal energy derived from coal for
residential and commercial space-heating.

The technology assessment evaluated the merit of
combining alternatives from each of these three categories
relative to energy-use profiles, and other concerns of the
market.

Methodology

•
I
i

TABLE 3
Predicted Sulfur Dioxide Emissions for

Various Alaskan Coals and Coals from Six
Regions of the United States

Coal Type Lb. S02fMillion Btu Produced

The approach used to assess current coal fired technolo
gies and methods in the study area began with the selection
of two model communities for evaluation. From the 130
communities in the study area, Nome was selected as rep
resentative of the larger communities and Kivalina was
chosen as representative of the smaller.

Potential Uses ofDeadfall Syncline Coal

TECHNOLOGY ASSESSMENT

Three separate technological areas are involved in
utilizing coal: power generation - the conversion of the

•

• Environmental Impact. Acceptable and minimum
environmental impact on the community.

• Operating and Maintenance Characteristics. Com
plexity of the equipment, maintenance requirements,
manpowerrequirements, and operational compatibil
ity with arctic conditions.

• Social Impact. Community acceptance and the local •

• Technical Status and Reliability. The time frame for
development of coal from the Western Arctic Coal
Region and establishment of viable end-use
operations is assumed at three years. Technology
options were therefore assessed on the basis of
demonstrated performance or on the probability of
having established reliability within that time frame.

• Economic Attractiveness. The ability of the technol
ogy to provide low-cost energy through high effi
ciency, low fuel cost (coal), and low capital costs.

Each of the candidate end-use technologies were evalu
ated relative to primary criteria;

Evaluation Criteria

In conjunction with the technical evaluation, demo
graphic and socio-economic information were gathered in
both communities. Then the most promising coal utilization
technologies were selected for each community. A detailed
system design was performed for each of the selected tech
nologies. In addition, each technology was applied in a
variety of modes, such as in conjunction with a district
heating system. These results were presented to citizen
groups in Nome and Kivalina. The comments from these
meetings were incorporated into the assessment.
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0.30
0.30
0.67
6.97
4.8
9.0
1.1

Although western Arctic coal was found suitable in
many forms, it was determined that the most cost-effective
method for near-term commercialization would be use in raw
form. Other forms were determined to be too complex and
costly for use in the study area at the anticipated low
production rates, and at present levels of technology.

From the WACDP Technology Assessment the coal
characteristics of Deadfall Syncline coal were found to be
technically and environmentally suitable for all space-heat
ing and power generation scenarios investigated in the
assessment. In general, the coal is suitable for: 1) residential
home heating; (2) electric power generation; 3) district
heating by stand-alone generation steam or hot water, or in
conjunction with electric power generation; and 4) the
manufacture of coke for the iron and steel industry. Further,
it is technically and environmentally suitable to bum in its
raw form, or when processed into other forms such as coke
briquettes, lump char, gas, liquefaction products, or mixed
with water or oil to form liquid fuel mixtures.

Deadfall Syncline Coal
Beluga Coal
Nenana Coal
Chicago Creek Coal
Northern Appalachia
Western Midwest
Western
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• employment opportunities created. Also skill levels
and compatibility with the local labor force. Aesthet
ics were also taken into account.

TABLE 4
POWER CYCLE SUMMARY:

NOME (4,200 KWe)

Generation
Heat Race Cost*
(Btu!KWh) kWh/lb* ($/kWh)

Generation
Heat Race Cost*
(Btu/kWh) kWh/lb* ($/kWh)

* Fuel Only - Coal at 12,000 Btu/lb; $1l7/ton
TABLE 5

POWER CYCLE SUMMARY:
KIVALINA (180 kWe)

Power GenerationTechnologies

Energy usage profiles indicate that coal combustion for
electric power and heat generation is potentially the single
largest end-use for Western Arctic coal. Coal power gen
eration is, however, heavily dependent on the price of fuel
and efficiency of the conversion process. This is because
the capital costand manpower associated with coal handling
and combustion equipment are larger than those associated
with liquid or gaseous fossil fuels.

Unfortunately, coal-fired diesel power generation is not
a near-term viable option. Therefore, it was determined that
the best near-term conversion of coal's thermal energy to
electrical energy would best be accomplished in an external
combustion chamber.

1. Simple Cycle Brayton 15215
2. Steam-Injected Brayton11057
3. Steam Rankine 16655
4. Organic Ranking, 18500

Toluene
5. Diesel (Baseline) 10338

0.77 0.074
1.03 0.054
0.68 0.081
0.62 0.089

N/A 0.094

•

•

Six alternative power cycles that utilize external
combustion chambers were evaluated for each of the two
model communities. These were:

1. Simple Brayton Cycle
2. Steam-Injected Brayton
3. Steam Rankine
4. Organic Rankine, Freon R-114
5. Organic Ranking, Toluene
6. Stirling

Tables 4 and 5 present a summary of the economic
merits of each of the power cycles for Nome and Kivalina,
respectively.

The following sections describe and assess each of the
technology options applied to each model community.

Simple Brayton Cycle

The Brayton power cycle, commonly referred to as an
air turbine or gas turbine, consists of an air compressor, a
heater to increase the temperature and energy of the air
following compression, and a turbine to extract energy from
the air on expansion. The energy conversion equipment
compressor/turbine/gear/generator) is a standard gas turbine
package except that the combustor section normally sup
plied for liquid or gaseous fuel ruing is replaced by a
manifold section allowing heat addition from an external
source.

A 4316-KW simple Brayton Cycle and a 180-kW
simple Brayton cycle, were evaluated for the communities
of Nome and Kivalina, respectively. Figure 2 presents a
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1. Simple Cycle Brayton 16514 0.68 0.082
2. Steam Rankine 32410 0.35 0.156
3. Organic Ranking, 35500 0.32 0.170

freon R-114
4. Stirling 10825 1.05 0.052
5. Diesel (Baseline) 14400 N/A 0.171

* Fuel Only - Coal at 12,000 Btu/lb; $1l7/ton

schematic view of the proposed Kivalina installation.

A major advantage of the simple Brayton cycle is that,
by utilizing air cooling, the requirement for cooling water
is eliminated. There are currently gas turbines operating in
Alaska at Barrow Utilities and Electric Cooperative, Inc., at
the Alaska Gold Company in Nome (oil-fired), at Prudhoe
Bay, and at Anchorage.

The indirectly-fired power cycle implementation,
however, forces a reduction in the rating of the standard gas
turbine due to the temperature limitation of the external heat
exchanger material. The Kawasaki turbine investigated for
application in Kivalina is reduced in rating from 210 to 180
kW. The Detroit Allison 501KG turbine for Nome is
simfiarly reduced from 4300 to 2158 kW

c
•

The indirect coal-fired Brayton air cycle, although not
widely utilized in the United States, has been in operation
in some plants dating back to 1940. The projected turboma
chinery life of the indirect-fired air cycle is significantly
superior to the typical 50,OOO-hour life of natural-gas-fired
Brayton cycle equipment and the typicaI30,OOO-hour life of
identical equipment frring No.2 oil. This is by virtue of the
reduced turbine inlet temperatures and improved cleanliness
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Figure 2. Brayton Cycle (180-kWe Installation at Kivalina)

of the air over normal combustion gases. European expe
rience using coal for indirect-fIred, closed-loop Brayton
cycles (20-MW plants) supports this projection. Plants in
operation for pe~iods of twenty years have routinely expe
rienced 75,000 to 100,000 hours of turbo machinery
operation between major overhauls.

The Brayton cycle heat exchanger presents the only
undemonstrated technical aspect of the indirect-fired cycle
in the United States. However, in the European experience
(seventeen units), an acceptable 30,000 to 50,()()()-hour hot
end tube life was achieved in the mid:1970s by reducing the
turbine inlet temperature to 1350°F. Changes to more exotic
tube materials in the later 1970s reportedly have extended
life into the 75,000-hour range and have allowed increases
in turbine inlet temperatures.

The Brayton cycle heat exchanger proposed for use in
Alaska incorporates hot-end materials demonstrated to be
superior in the European experience; however, other aspects
would be significantly different. The complete heat ex
changer would be located downstream of the furnace
combustion chamber in the exhaust gas ducting. The

o
exhaust gas temperature would be controlled (1650 F) rather
than allowing the tubes to be exposed to the relatively
uncontrollable flame radiation. The combustion process
would notuse pulverized coal, thus reducing fly ash and slag.
These changes will greatly increase the operating life of the
heat exchanger.

Steam-Injected Brayton Cycle

The steam-injected Brayton cycle is similar to the
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simple Brayton air cycle previously described, except that
a portion of the heat available in the turbine exhaust is used
to generate steam. A waste boiler, steam-injected controls,
de-aerator, boiler feed pump, and water treatment equipment
skids are required. The steam is then mixed with the air
following compression and is expanded in the turbine,
increasing the turbine shaft power and cycle efficiency.
Figure 3 shows a schematic representation of the steam
injected Brayton cycle proposed for Nome.

Although steam-injected Brayton cycle technology has
been understood, prototyped, and experimented with for
over ten years, the commercial availability from manufac
turers and complete packaged systems from suppliers are
relatively new. To date, four or fIve systems have been sold,
and the operating experience on the two or three systems
installed in California for about one year have been encour
aging. The area ofuncertainty or technical risk is in the water
chemistry requirements and the relationship ofwater quality
to turbine life.

This technology was assessed as not being applicable
to Kivalina due to the increased equipment and operational
complexity of the system as well as the requirement for a
continuous makeup water supply.

The high-cycle effIciency provided by the steam-in
jected cycle combined with the current status of the technol
ogy, which will permit several years of field operation prior
to the implementation in Alaska, indicates that this technol
ogy should be considered as the prime candidate for Nome
or other large applications in the study area.

•

•



Available for Community
Heating (Variable)

or Combustion
-+~-=---=-+--+-~~+--Air Preheat

----
---- 325°F
~

~

200 pslg
388°F

Heat Rate =11,057 BtU/kWh

, = 31%

•

15.2 pala 136 pslg
724°F

146.2701b/hr 1500°F
,-- --,
I I
I I
I I
I I
I I
I
I
I
I I

Combustion: Turbine Compressor IAir '- J

Allison 501KG

26°F
14.7 psla

Figure 3. Steam-Injected Brayton Cycle (3460-kWe Installed at Nome)

• Steam Rankine Cycle

•

The steam Rankine cycle is a vapor power cycle
wherein water is vaporized to steam with the addition ofheat.
The steam is expanded through a turbine to produce shaft
power and then condensed. Figure 4 schematically shows
the Rankine power cycle and main equipment proposed for
the City of Nome.

Although net plant efficiencies approaching 45% are
routinely achieved in large scale (over 300 MW ) installa
tions, a significant reduction in efficiency is fcrrced by a
reduction in the equipment complexity and steam tempera
tures in smaller systems. The 16,655 Btu/kWh heat rate
(20% efficiency) indicated for the 4200 kWc steam Rankine
cycle installation at Nome is comparable to demonstrated,
high-efficiency equipment of that size.

Undoubtedly 99% of all electrical power generation
fueled by coal is achieved via a steam Rankine cycle. The
technology is not only well proven and available, it is the
only technology alternative for which there is direct Alaskan
experience in the conversionofcoal to electrical energy, e.g.,
at the University of Alaska Power Plant at Fairbanks, Clear
Air Force Base, Golden Valley Power Plant, Fort
Wainwright Army Base, Fairbanks Municipal Utilities
System and Eielson Air Force Base.

Organic Rankine Cycle

Organic Rankine Cycles (ORC) are vapor power cycles
similar to steam cycles except that a fluid other than water
is utilized. They have advantages over steam in that the
equipment complexity is reduced permitting increased re
liability and ease of operation. An additional attribute of
ORC's pertaining to the Alaskan environment is that a
working fluid with a low freezing point can be used.
Therefore, the system eliminates all freezing problems. A
disadvantage oforganic Rankine cycles is that they are best
suited to the low temperature end of the Rankine cycle
family andtherefore havereducedpotential cycleefficiency.
Figure 5 schematically shows the proposed ORC power
system for Nome.

Operational experience with systems the size of those
required for Nome and Kivalina is only 5 to 6 years and
experience with coal-fired ORC systems is little. In addi
tion, ORC technology is marginally competitive with power
cycles better able to take advantage of the high-combustion
temperatures (and cycle efficiencies) available from coal
combustion. This, combined with a lack of equipment
available and specifically applicable to the energy require
ments ofthe model communities, overshadows the attributes
of the technology.
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Figure 5. Organic Rankine Cycle (4200-kWe Installation at Nome)

•
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• Toluene Power Fluid
• Total Coat Required: 6816 Ib/hr
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Stirling Cycle

Stirling engines are closed-cycle regenerative machines
that convert heat into mechanical power by alternately
heating, expanding, cooling, and compressing a fixed charge
of working gas. Heat is applied to the engine from an
external source via a heat exchangerknown as a heater head;
the operation of the engine is totally independent of the heat
source. Due to the absence of combustion products within
the machine, and the small number of moving parts, Stirling
engines offer the potential of extremely long life, low
maintenance, and durable operation.

Two designs of the Stirling engine were investigated:
kinematic and free piston (FPSE). The kinematic engine
entails mechanical linkage systems. The FPSE is hermeti
cally sealed and is uniquely applicable as a prime mover to
devices such as linear generators (see Figure 6).

Currently, MechanicalTechnologies, Inc. is developing
a kinematic Stirling engine for an automotive application.
Adaptation of this developing technology to a coal-fired,
electric-generator drive does not appear to encounter major
technological barriers. In fact, a program is currently being
conducted by Valmont Industries (a leading manufacturer
of mechanized agricultural irrigation systems) to develop a
coal-fired kinematic Stirling engine for driving large irriga
tion pumps. Initial development efforts have been aimed at
a shaft power rating of about 100 hp, utilizing a fluidized
bed coal combustor.

Another firm, Stirling Technologies, Inc., is currently
manufacturing a 5HP Stirling engines in India. They hope
to produce 2000 units per year and will sell them for about
$3,000 each. These units are being manufactured for water
pumping applications in India.

The FPSE is currently under development in such
applications as a heat-activated heat pump, a power genera
tion subsystem for the NASA space station, and multi
purpose generator package for the United States Army.
Currently all work is focused in the power range of 25 kW
and under. In 5 to 7 years theFPSE may be available for small
power applications.

Coal Combustion Technologies

Since the selected power generation technologies for
the study require an external combustion chamber they must
be combined with a coal combustion technology. Three
categories of combustion technology were considered:
pulverized coal, fluidized bed, and lump coal feeders
(stokers). Lump coal stokers can additionally be broken
down into many classifications, e.g., spreader stokers,
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underfeed stokers, chain-grate stokers, etc.

Table 6 summarizes the advantages and disadvantages
of several of the candidate coal combustion technologies
considered.

Only the fluidized bed and chain-grate stokers were
considered for further evaluation. A discussion ofthe merits
and feasibility of the two preferred technologies are pre
sented below.

Fluidized-Bed Combustion

The fluidized-bed combustion chamber represents a
relatively new technology in the design of high heat-release
combustors. The bed of the chamber consists of inert
particles, which upon start-up of the unit are quickly pre
heated by an automatic oil or gas-fired burner to a tempera
ture of 750

0
F. At this point the oil or gas burner shuts off,

air flow through the bed is increased, and the bed assumes
dynamic characteristics analogous to thatofa bubbling lava
like material. The solid fuel generally is blown through the
vapor space downward toward the fluidized bed.

Combustion of the solid fuel takes place in the vapor
space, burning in suspension, as well as in the fluidized bed.
The combustion of the solid fuel rapidly increases tempera
tures throughout the entire chamber, allowing termination
of the auxiliary fuel firing. Two types of fluidized-bed
combustion systems are commercially available; atmos
pheric bubbling bed (ABB) and atmospheric circulating bed
(ACB).

Fluidized-bed furnaces and boilers are available in sizes
appropriate to both model communities. The coal-process
ing and environmental considerations associated with the
fluidized-bed process are competitive with alternative
combustion technologies. The negative aspects of this
technology when applied 10 stand-alone power generating
plants in rural Alaska are; poor turndown characteristics;
high parasitic (fan) motor loads; relatively sophisticated
system control requirements (particularly on start-up); rela
tively new and undemonstrated in power plant applications.

Fluidized-bed combustion efficiencies are generally
higher than can be achieved with stoker-fired equipment;
however, powerefficiencies are lowerdue to thecombustion
air pressurization requirements and the inability to utilize
preheated combustion air without excessive fan power
requirements. The economic attractiveness of this equip
ment is not favorable relative to other coal combustion
processes, however, this technology is relatively new and its
progress both technically and economically should be
monitored for possible use in Alaskan applications.
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TABLE 6
Coal Combustion Technologies

• Technology Advantages Disadvantages
---------------- ----------- ---------------

Pulverized Suspension -High Efficiency -More Processing Required

Burning -Fast Response -Expensive in Small Sizes
-Economic in Utility Size

Fluidized Bed -SOx Control -New Technology

-Bubbling Good Temperature Control -15-20% Higher Cost

-Circulating -Wide Range of Coal Size -High Parasitic Losses
-High Efficiency -Complex Control

Underfeed Stokers/ -Wide Range of Coal Size -Slow Response

Side Dump -Simple -Low Combustion Air
-Economic in Small Size Temperature

Spreader Stokers -Fast Response -More Moving Parts

-Traveling Grate -Automated Ash Handling -Air-Cooled Grate
-Crushing Required over

3/4 in.

-Vibrating Grate -Few Moving Parts -Slow Response
-Needs Classified Coal
-Needs High Ash Fusion

Temperature

• Chain-Grate Stokers -Simple -Slow Response
-Automated Ash Handing
-Economic in Small Size

•

Chain-Grate Stokers

Chain-grate stokers have assembled links, grates, or
keys joined in endless-belt arrangements that pass over
sprockets or return bends located at the front and rear of
furnaces. Coal, fed from the hopper onto the moving
assembly, enters the furnace after passing under an adjust
able grate that regulates the thickness of the fuel bed. The
layer of coal on the grate as it enters the furnace is heated
by radiation from the furnace gases and is ignited together
with the hydrocarbon and othercombustible gases driven off
by distillation. The fuel bed continues to burn as it moves,
and as combustion progresses, the bed becomes correspond
ingly thinner. At the far end of the travel, ash is discharged
over the end of the grate into the ash pit as the components
of the grate pass over the rear sprocket or return bend.

The fuel bed of a chain-grate stoker firing bituminous
coal suffers less disturbance than that of any other type of
stoker. With favorable coal sizing, a properly designed
chain-grate stoker will operate smokelessly from 10% to full
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load. This very desirable performance results from the
effectiveness of the overfire-air jets and the quiescent state
of the fuel bed. No particular problem is involved in the
efficient control of a chain-grate stoker, and good combus
tion control is possible both manually and automatically.

Chain-grate stokers are commercially available in the
size range (10 to 100 million Btu/hr) applicable to power
generating plants in rural Alaska. Additionally, they have
a reputation as being one of the most reliable and easily
maintained methods of coal combustion. The equipment is
flexible in fuel-sizing and character, and environmentally
superior (particulate loading in stack gas) to the suspension
burning combustion processes, thereby further reducing
operational and maintenance requirements of coal process
ing and emission-control subsystems. Competitive power
plant efficiency can be achieved with minimized fan horse
power requirements, equipment complexity, and system
control. The equipment is therefore economically attractive
relative to alternative processes.



HeatingTechnologies

Throughout history, coal has been used to provide heat.
Direct methods ofburning coal to produce heat involve coal
stoves and coal furnaces. Indirect methods involve electric
resistance heating where the power plant is coal-fired, and
district heating systems that recover and distribute the
exhaust heat from a coal-fired power cycle, usually after the
power generation cycle.

District Heating Systems

District heating is a community-wide system whereby
heat is distributed from a central source to a group of
buildings by means of a pipeline network. The heat carriers
commonly used are hot water mixture and heat is delivered
to buildings in a closed-loop piping system consisting of
supply and return lines.

All alternatives analyzed in this study were based on
heat recovery from stack gases and use hot water/glycol
mixture as the heat transfer medium since no compelling
reasons to use steam exist. Hot water would be supplied at
the maximum temperature of 2500 p and returned at the
maximum temperature of 160oP. The system is pressurized
at 160 psi.

District heating systems are the most attractive heating
options available when a source ofheat, such as a gas turbine
or furnace exhaust is available and one or more of the
heaviest consumers are in close proximity of the heat source.
With a cost of heat ranging from $1.00 to $3.00 per million
BTU, district heating systems should be implemented
wherever possible.

There are several coal-fired technologies that will
influence coal use for residential and commercial heating:
coal stoves, furnaces and boilers; coal to wood stove con
version grates; dual/fuel (coaVoil) furnaces and boilers; and
stoker-fed furnaces and boilers. Some stoves, furnaces and
boilers are fed manually once or twice a day, depending on
heat requirements. Other units, such as the Chippewa
Traders Mountain Man 85, feed coal automatically from a
bin or hopper using a screw feeder. Stoker fed units for
single family homes are designed for manual disposal of
ashes. Larger commerciaVinstitutional coal-fired furnaces
and boilers usually have automatic control of a coal stoker
drawing from a month supply bunker as well as ash augering
to an ash bin.

As part of the WACDP report interviews were con
ducted with potential residential and institutional users; the
majority favored the dual fuel furnace (oiVcoal). The pri
mary reasons given were: coal would be burned during the
day and the oil would be used as a supplement to ensure the
heat remains on through the night; to allow the building to
be heated for a periodof time unattended, such as a weekend;
and to provide flexibility and security.

As mentioned in a previous section, selection of an
appropriate coal-fired heating unit is dependent on the
characteristics of the coal to be used. In this case, care should
be taken to select a heating unit and chimney system ap
proved for burning bituminous coal. Some criteria to use
when selecting a unit are:

a. A large-capacity frrebox that needs no more than
two loadings per 24 hours. Automatic feeding of
coal from a bin or hopper may be preferable.

•

•

I

Coal-Fired Stoves and Furnaces

Modem coal-fired heating technology offer safe, clean,
and efficient burning. They are now manufactured with heat
exchangers, secondary ignition chambers, and are built air
tight. These features improve upon the overall efficiency
and reduce gaseous emissions. Most new units are ther
mostatically controlled and some have automated stokers for
carefree burning. Today coal burning offers long bum times
and evenness of output over the entire length of bum.

Despite the advantages of modem coal-fired space
heating technology, there are several drawbacks to their use
when compared to oil. In general, they require more atten
tion, are physically larger, and require more space for fuel
storage than oil-frred installations. In addition, the chimney
must be specifically suited for coal burning in order to
protect against the higher temperature flue gas, maintain
good combustion, and avoid flue gas backflow into the
room.

b. The system should provide secondary heated air for
more complete combustion of the volatized prod
ucts.

c. The system should be airtight and have automatic
control of air supply commensurate with the heat
requirement through thermostatic control.

d. The system should be free from particles and
gaseous emissions into the home environment as
well as to the outside environment.

e. It should be designed for easy shake-down and
disposal of coal ash. Automatic removal of ash
from the furnace may be preferable.

Table 7 provides an overview of the different types of
solid-fuel stoves and boilers and their capacities, combus-
tion efficiencies, and prices. •
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TABLE 7
Conceptual Price Levels of Different Heat

Appliances in the U.S. Market

Boilers
Coal 100-300 65-80 2,000-3,500
Multifuel,

double chamber 70-300 75-85 2,800-4,000
Wood/Coal,

single chamber 70-300 65-80 2,000-3,500

Capacity Combustion Price
Range Efficiency Range

(MBtu/hr) (%) ($)

•
Heat Appliance

Stoves
Coal
Wood/Coal

30-70
10-70

65-70
60-75

600-2,000
600-2,000

categories, and the total rating was presented as an average
of the individual categories.

It can be seen from Table 8 that the simple and steam
injected Brayton cycles overall compare favorably with the
existing diesel power technology. Of the candidate coal
combustion technologies, the chain-grate stoker coal-feed
system is the mostpreferable. Also, electrical resistance and
individual coal-fired heating units are highly rated as the
appropriate end-use heating technology. However, as
mentioned earlier, resistance heating is notcosteffective due
to the fuel efficiency penalty associated with conventional
fossil-fuel electric power generation relative to direct
combustion heating.

ECONOMIC ASSESSMENT

EconomicModel

•

•

The prices of stand-alone coal and coaVwood stoves
range from $600 up. Factory manufactured chimneys cost
about $300. Therefore the total cost of a new stove is about
$1,500 and above and there will be about one to two year
payback on a new-stove investment compared to purchased
oil. Residential and small commercial modem, multifuel
boilers with dual combustion chambers costbetween $3,000
to $13,000 installed.

Electric Resistance Heating

Electric resistance heating is a clean, quiet method of
residential heating which converts electricity to heat utiliz
ing the resistance of the metal in the heating element to the
flow ofan electric current. Although this method generates
no pollutants, resistance heating is only cost effective when
the cost ofelectricity is low compared to the costs associated
with conventional fossil fuel power generation which are not
as fuel-efficient as direct combustion heating.

Electric resistance heaters are usually installed in the
form of baseboard heaters, which come in standard lengths
from 28 to 120inches. Toprovide the 30,000 Btu/hrrequired
by the average rural Alaskan home, 40 feet of baseboard
heaters would be required. This would represent an invest
ment of $700. Additional cost could be incurred if the
current wiring cannot handle the additional 1O-kw, 240-volt
load.

TechnologyMatrix

Table 8 presents a summary of the relative attractive
ness (rating) of the candidate technologies. The five evalu
ation criteria described earlier were used as the evaluation
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The economic merit associated with implementation of
selected end-use technologies was evaluated with a com
puter code which modeled the energy usage profile of each
community.

The model calculated the cost of meeting each
community's energy needs (both for electric power and for
heating buildings) for each year over a 20-year period
assuming the implementation of each of the various coal
end-use technology options, both individually and in
combination.

The program was run with various combinations ofcoal
and oil technologies meeting the energy requirements within
each category. For each case a total annual energy cost was
calculated based on: the cost of fuel oil or coal; the cost of
converting to the technology (installed equipment cost); the
cost of operating and maintaining the equipment; and the
efficiency of the equipment.

Theprogram assumes that in the first yearofthe analysis
the system is being installed, and therefore, the generation
of revenue and operating expenses does not start until the
second year. To provide meaningful total cost of energy
comparisons between oil and coal technologies, it was
assumed that existing oil-fired systems required replace
ment.

Since the unit price of coal is sensitive to the economy
of scale of the mine operation and transportation of the coal
(as the volume ofannual coal production increases, the price
of coal decreases) changes in the prices of coal were pro
jected over the twenty-year evaluation period based on the
anticipated annual growth in demand. Figure 7 shows the
expected increase in coal usage and estimated coal prices
over the twenty-year study period.



TABLE 8
Technology Rating

Economic Relia- Environ- Average •Attract- bility mental Social Overall

Category iveness & Status Impact O&M Impact Rating
--------------------------------------------------------------------------------------------

Power Technology
Diesel (Baseline) 2 1 2 3 1 1.8

Simple Brayton 3 2 1 1 2 1.8

Steam-Injected
2 2.0Brayton 1 2 2 3

Steam Rankine 2 1 2 4 2 2.2

Organic Rankine 4 2 2 2 3 2.6

Stirling 5 5 1 5 2 3.6

Combustion Technology
Pillverized Coal 4 4 5 3 3 3.8

Fluidized Bed 5 5 4 4 3 4.2

Underfeed Stoker 1 3 2 3 1 2.0

Spreader Stoker 3 2 3 2 2 2.4

Chain-Grate Stoker 2 1 1 1 1 1.2

Heating Technology
Oil Furnace 2 2 3 5 1 2.6

District Heating 5 2 1 1 2 2.2

Resistance Heating 5 1 1 1 2 2.0

Coal Stoves 1 1 4 2 2 2.0 •Coal Furnaces 3 2 4 2 2 2.6

Rated on an arbitrary attractiveness scale of 1 to 5 with 1 =high and 5 =low

Kivalina

Options

Following the preliminary technology assessment, the
externally-fired gas turbine with a chain-grate stoker was
selected as the most promising technology for Kivalina.
That and the existing oil-fired diesel engine were the only
two options considered for the economic analysis. Two
district heating options were considered: a system to serve
the school and a system to serve the entire community. Four
options for residential heating were evaluated: continued use
of oil furnaces, conversion to coal furnaces and stoves,
electric resistance heating from a coal-fired powerplant, and
a city-wide district heating system cogenerated from a coal
fired power plant.

Results ofEvaluations.

Table 9 presents the comparative results of 13 combi
nations of options in terms of the total cost to meet the
community's energy requirements for the 20-year period
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1985 through 2005. A medium oil-price-increase scenario,
and a conservative coal price (50,000 ton/yr production
level) were assumed.

The results show that the energy needs of the commu
nity can most economically be met through the implemen
tation of Case 11: conversion of residential and school
heating equipment from oil to coal and retaining the diesel
generators for electrical power production.

Assessment of individual options shows that:

1. The conversion of residential heating equipment
from oil to coal provides the only means of reduc
ing the annual energy cost to the individual house
hold. These savings would be substantial, a 50%
reduction in the costofhome heating orabout$900/
yr in the average household.

2. Electrical power generation with coal cannot
compete with diesels at low power outputs with the
current technologies. The operating and mainte- •



Nome

A considerableeconomic benefItcould alsobe achieved

Results of Evaluation

A review of the coal end-use technology options shows
that a conversion from heating oil to coal for residential and
small commercial building heat (Distributed Heat) would
provide the greatest reduction in energy costs to the con
sumer. If individuals elect the individual coal heating
option, a 20 to 25% reduction in the annual costofresidential
heating could be achieved (Case 21 vs. Case 1). If imple
mented on a community-wide basis, a total savings of
approximately $70 million over the next 20 years could
result. In addition, these options represent the lowest initial
investment costs of any of the options investigated.

Although Case 20 provides a minimum cost to the
community, all the coal options with the exception of those
incorporating electric residential heating provide reduced
energy costs to the community over the existing oil-based
economy.

Table 10 presents the comparative results of 23 com
binations of coal and oil energy options in terms of the total
cost to meet the community of Nome's requirements for the
20-year period 1985 through 2005. A medium oil-price
increase scenario was assumed.

Two options for the individually distributed heating of
residential homes and all other commercial buildings were
evaluated: 1) electric resistance heating with the electrical
energy developed in a coal-fIred power plant, and, 2) indi
vidual coal-fired units.

The steam-injected coal-fired gas turbine combined
with individual coal heating units for the whole community
(Case 20) reduces the cost of meeting the total energy
requirements of Nome in excess of 35% as compared to the
baseline diesel power generation and fuel-oil heating sce
nario (Case 1).

Three district heating options were considered. The
first option supplies heat to the hospital and elementary
school (District Heat A), and the second option extends the
district heating system out to the Beltz High School complex
(District Heat, Full). The third option supplies heat to all
buildings in the city (Citywide District Heat). Both cogen
eration (heat supplied from an electrical power plant) and
stand-alone heating system scenarios that retain the existing
oil-fired boilers as well as the option of converting the coal
fIred boilers were evaluated.'

plant in a Nome-sized city are the steam turbine, the
externally fired gas turbine, and steam-injected externally
fired gas turbine.
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3. Electric resistance heating is not an attractive
option with electrical power costs achievable using
either coal-fired or oil-fired power plants.

5. A coal-fired boiler for heating the school is an
attractive option with a four-year payback.

4. The utilization ofwaste heat from a powerplant for
school heating via a district heating loop can
dramatically reduce the cost of heating that build
ing. However, the savings are not adequate to
compensate for the increased electric power cost
found in a small coal-fired system.

The results of the preliminary technical evaluation
indicated that the most promising technologies for a power

Options

•

•

•
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TABLE 9
Results from Kivalina Evaluations •

j

Case
No

Electric
Power System

Heat Source
for School

Residential
Heat

Elec. Power
1987

(cents/kwh)

Total Cost
1985-2005
(1985 $)

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

1 Diesel Engine Heating Oil Heating Oil 26.12 20,031,000

2 Gas Turbine Heating Oil Heating Oil 63.88 33,539,000

3 Gas Turbine District Heat Heating Oil 63.88 31,579,000

4 Gas Turbine District Heat Coal Stoves 63.88 28,362,000

5 2 Gas Turbine Heating Oil Electric 38.96 50,183,000

6 2 Gas Turbine District Heat Electric 38.96 48,677,000

7 2 Gas Turbine Electric Electric 36.09 55,251,000

8 Gas Turbine Heating Oil Coal 63.88 30,206,000

9 Diesel Engine Heating Oil Coal 26.12 16,698,000

10 Gas Turbine District Heat Electric 44.02 47,014,000

11 Diesel Engine Coal Coal 26.12 15,967,000

12 Gas Turbine Coal Coal 63.88 29,927,000

13 Gas Turbine Citywide Dist. Heating 63.88 29,375,000

through the use ofcoal to heat the large buildings considered
under Dist. Heat, Full. This benefit could equal a $9 million
savings over the next 20 years if existing oil furnaces and
boilers were replaced with coal-fired equipment (Case 22 vs
Case 21). The savings could reach as high as $28 million
if the building heating requirements of the hospital and
elementary school were met via a district heating loop from
a coal-fired power plant (Case 13 vs. Case 1).

Although electrical power generation from coal has
considerable merit over the long term, it suffers in the short
term (under 5 years) because of the assumed decline in oil
prices and the high coal prices associated with the mine start
up and initial low coal production rate. Considering the
relative fuel cost differential and the higher O&M cost of
a coal plant, the cost of generating electrical power with a
steam-injected coal-fired gas turbine is expected to be 12%
higher than with diesel generators during the first year of
operation, and equivalent to diesel in the fourth and fifth
years (Case 12 vs. Case 1). From the fifth year forward the
advantage of coal over diesel continues to increase to
approximately 25% in the last years of analysis bringing the
total cost savings derived from electrical power generation
up to $20 million over the 20-year analysis period.

Assessment ofindividual heating and power options for
Nome shows that:

1. Based on the economic analysis, electrical resis
tance heating is not a viable option due to the high
marginal cost of electricity in Alaska, however,
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there may be environmental, technical, and social
factors that may warrant investigation of this
option.

2. Both coal-fired steam turbines and steam-injected •gas turbines offer economical alternatives to diesel
generators.

3. Two gas turbines are economical only when the
average load climbs above 4500 kW (Case 7 vs.

e
Case 1).

4. Coal stoves which can be installed for as little as
$1500 each have a payback period of less than two
years. The economics get even better as the pro-
duction level of WACDP coal increases and the
cost per ton decreases.

5. All district heating systems look economically
attractive. The smaller systems with the lower
installation costs, such as the system covering the
elementary school and hospital, are the most attrac-
tive.

6. A large system such as the citywide district heating
system looks very attractive over the long run (Case
23). The amount of heat available in the exhaust
and the heating loads of the community are inde-
terminate due to the lack of available data on
individual residential units. •



TABLE 10
Results from Nome Evaluations

• District Distributed Cost of Cumulative
Heat Source Residential Elec. Power Cost of All

Case Electric (1) for selected and Commercial 1987 Energy Through
No. Power System Buildings (2) Heat (3) (cents/kwh) 2005 ($)
-------------------------------------------------------------------------------------------
1 Diesel Engine Heating Oil Heating Oil 11.11 272,325,000
2 Steam Turbine Heating Oil Heating Oil 14.86 261,880,000
3 Steam Turbine District Heat A Heating Oil 14.86 253,021,000
4 Steam Turbine District Heat A Electric 13.28 365,386,000
5 Steam Turbine Dist Heat, Full Heating Oil 14.86 251,124,000
6 Steam Turbine Electric Electric 12.77 348,153,000
7 2 Gas Turbines Heating Oil Heating Oil 16.86 281,099,000
8 2 Gas Turbines District Heat A Heating Oil 16.86 272,240,000
9 2 Gas Turbines District Heat A Electric 14.62 386,430,000

10 2 Gas Turbines Dist Heat, Full Heating Oil 16.86 270,343,000
11 2 Gas Turbines Electric Electric 13.87 370,856,000
12 SI Gas Turbine Heating Oil Heating Oil 12.65 252,604,000
13 SI Gas Turbine District Heat A Heating Oil 12.65 243,745,000
14 SI Gas Turbine District Heat A Electric 11.58 354,157,000
15 SI Gas Turbine Dist Heat, Full Heating Oil 12.65 241,848,000
16 SI Gas Turbine Electric Electric 11.39 326,507,000
17 Gas Turbine Heating Oil Heating Oil 16.59 291,583,000
18 SI Gas Turbine Dist Heat, Full Electric 11.58 356,454,000
19 SI Gas Turbine Heating Oil Coal 12.65 182,047,000
20 SI Gas Turbine Coal Coal 12.65 172,950,000(4)
21 Diesel Engine Heating Oil Coal 11.11 201,768,000• 22 Diesel Engine Coal Coal 11.11 192,671,000
23 SI Gas Turbine Citywide Dist Htg 12.65 168,619,000(4)
-------------------------------------------------------
(1) SI Gas Turbine is stearn injected.
(2) Delivered space heat requirement provided to Nome Elementary and Norton Sound Hospital, where:
Heating Oil is existing systems. Electric is retrofit electric resistance baseboard, District Heat A is hot
glycol heat supplied from power plant; and Coal is individual coal boiler installations at school and
hospital. Dist, Heat, Full is hot glycol supplied from power plant and also provided to Beltz Complex.
City District Heating is hot glycol heat supplied from power plant to satisfy all residential and
commerciaVinstitutional delivered space heat requirements.
(3) Distributed heat is all of Nome's delivered space heat requirement less district heat choice for the
individual case.
(4) Cases 20 and 23, based on the economic evaluation, are the best options, Case 20 is the preferred
option over Case 23 at this time due to the need of more data and analysis of a citywide district heating
system which is beyond the scope of the assessment.

SUMMARY

•

The WACDP Final Report examined the potential for
developing a coal industry in the western Arctic and found
it to be feasible. Supplemental to the Final Report, the
WACDP Village End-Use Technology Assessment exam
ined the WACDP market for potential coal use. It identified
applications where coal was found to be environmentally
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and socially acceptable, and technically and economically
superior to oil. The results of the technology assessment
found that the WACDP market could be developed to use
coal and meet all of the near term and long range objectives
of the Western Arctic Coal Development Project.
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INTRODUCTION

The north slope of Alaska contains vast resources of
coal. This large expanse of land contains one of the world's
largest coal provinces. The total coal resources have been
estimated at between 400 billion to 5 trillion tons. One
hundred and forty-eight coal beds of bituminous-rank coal
with calorific values ranging from 10,()()() to 14,000 Btu/lb.,
with low sulfur content, have been identified.

The coal seams occur in the Corwin formation which
are of lower to middle Cretaceous age. This group consists
mostly of interbedded shales, claystone, siltstone, sand
stone, coaly shale and coal. The physico-mechanical
properties of over-burden material vary considerably.
However, for the purpose of fragmentation system design,
the waste materials are classified into two major types, muck
and bedrock. Below the seasonal line of thaw, both types
of materials are expected to be permafrost (permanently
frozen ground). The average rock temperature to a depth
of 100 ft. has been measured as 20°p' Muck, a term used
here, signifies ice rich detrital sediments deposited over the
top of the bedrock formations. Results obtained from
exploratory drilling show that the ice content in the muck
varies from nearly pure ice to very low ice content. The
muck is expected to exhibit all the adverse physical char
acteristics commonly associated with permafrost. It is
expected to be stable and resistant to mechanical degrada
tion while frozen, whereas permafrost becomes very un
stable when thawed. The permafrost thickness varies from
10 to 30 ft. Bedrock materials are well-consolidated,
sedimentary rocks consisting of sandstone, silty sandstone,
siltstone and shale. The two major mine design-engineering
problems which have been investigated are blasting system
design and slope stability.

BLASTING IN SURFACE COAL MINES

Blasting overburden and coal in open pit mines is still
considered to be an art. Even though much research has
been done in areas related to surface-mine blast design and
analysis, very little of this research seems to have been
applied in blasting practice. Selection of optimum burden,
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or the powder factor, is still a matter of experience. Very
often blasters prefer to use simple empirical formulae for
their blast designs. Cratering experiments and the theory
proposed by Livingston have not been generally applied
when determining charge placement geometry. This is
because the experiments are based on spherical explosive
charges, whereas the charges used in production blasts are
cylindrical in shape. For this reason blasting engineers are
very often skeptical about the applicability of theLivingston
theory.

In spite of much research work in blasting technology,
no single theory or set of formulae exists which can be used
efficiently for blast design in surface mine operations with
different mine conditions. With the modification of estab
lished formulae on the basis of data obtained from field
blastings, optimum design parameters can be determined.

Among the various surface mining unit operations, the
two major ones are drilling and blasting. On an average,
these two operations account for 55 percent of total mining
costs in strip mining and, for this reason, need to be planned
with utmost care to minimize the overall overburden
preparation costs. Poor blast design leads to scheduling
problems and cost increases in subsequent operations. An
improper blast design may lead to poor primary fragmen
tation, expensive secondary blasting, back breaks, bench
stability, inefficient explosive consumption, generation of
poisonous fumes, and air blast problems. Because of poor
fragmentation, the loading of improperly-sized material
becomes a problem, and very often accounts for increased
breakdown time for excavating equipment and for ineffi
cient loading operations. In order to operate a surface mine
economically, care should be given to charge placement
geometry.

MEASUREMENT OF PHYSICAL
PROPERTIES

Physical properties of arctic rock samples obtained
from diamond drill cores were determined in the laboratory.
The temperature of the samples was maintained at 20°p'
Test results are given in Table 1.

•
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Table 1. Summary of the Rock Physical Properties (at 20°F.)

• Drill Sample Compressive Young's Poisson's Compression Wave Shear Wave

Holes Depth Strength Modulus Ratio Velocity (ft./Sec.) Velocity (ft./sec.)

No. (ft.) (psi) (106 psi) Observed Calculated Observed Calculated

DF-84-109 13.2-16.0 7,291 1.326 0.21 6,259 6,494 3,948

DF-84-118 28.0-30.0 4,964 0.947 6,768

DF-84-119b 23.0-24.0 6,581 1.148 0.08 4,487 5,775

DF-84-120 28.0-30.0 5,162 1.600 0.17 5,994 6,821 4,881 4,306

DF-84-120 30.0-32.0 7,361 2.109 0.20 8,697 7,842 4,845 4,816

DF-84-122 65.0-67.0 7,835 1.983 0.16 7,469 7,452 4,388 4,732

DF-84-122 65.0-67.0 11,090 2.004 0.07 7,778 7,518 5,112

DF-84-122 58.0-60.0 9,029 1.660 0.15 6,585 6,932 3,707 4,432

DF-84-122 49.0-58.0 4,455 1.424 0.1833 6,266 6,183 2,923 3,850

DEVELOPMENT OF THE COMPUTER
MODEL FOR BLASTING DESIGN

W = HI. Pd

(7)

(8)

Q =0.OO76.R + 0.466.E - 0.8616 (1)

Pd =(De 1.94 p 1.17)/343.36 (2)

C1 =27.Pd/Q.K2 (3)

C2 =K1.C/H (4)

2
(5)C3 =3.93.C 1+ 1.011 C 2 - 112• B =0.4408.C 035-0.385C2- 0.087 (6) The program "Blast.for" permits the user to see the

Options

(11)

(10)

(9)

Since the program has been developed on the basis of
a set ofnomograms which take into account many field data
obtained from surface coal mines overburden-blasting, the
accuracy of this model very much depends on the reliability
of these field data. It is also assumed that the nomograms
are constructed on the basis of data pertaining to optimum
fragmentation system.

This program is written in Fortran 77 and can be used
in any mainframe or micro computer. It can handle any
range of input parameters. But, if the output parameters are
too large for the format statement, then they are to be
suitably modified. The constant, K

1
, varies from 0.5 to 1.0

in increments of 0.1. For more precise output parameters,
this constant can be varied by smaller increments. This will
yield more lines ofoutput and the best setofdesign elements
can be chosen. Many other quantities, such as powder
factor, hole loading length and blastability factor, can be
printed out as outputof the program by modifying the format
statement appropriately.

The Program "Blast.For"

B1 = 1.585.WO.296·E 0.752
o

Asswnptions

The model as illustrated in the nomograms contains
three sets of parameters: input parameters, intermediate
parameters, and output parameters. Input parameters are:
the diameter of the blasthole (De), strain energy factors (E),
bench height (H), desired distance the blasted material is to
be thrown (R) and density of the explosive (P). The
intermediate parameters are those which are calculated in
the process of determining output parameters and they
consist of five constants C1,C

2
,C

3
,K1 and K2, blastability

factor (E ), hole loading length (HI), hole loading density
o

(Pd) andpowder factor (Q). The outputparameters are those
which are used for production drilling and blasting design.
They include the burden for the blasthole pattern (B 1),
spacing between the holes (S), stemming length (St), and
total charge weight per hole (W). The following empirical
equations are the basis of the nomograms:

D'Appolonia Consulting Engineers of Pittsburgh de
veloped a set of nomograms for designing blasting rounds
in surface mines (Chironis, 1980). Blasting data from actual
blasting practices in approximately one hundred surface
coal mining operations were collected to develop these
nomograms.

•
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results of the run on the screen or on the printer.

PROGRAM USE

Input to the program includes diameter of the blasthole
(De) strain energy factor (E), height of the bench (H), range
of throw (R), and density of explosive (P). The program
output consists of the optimum burden, burden, spacing,
stemming, total range and the hole loading factor. A sample
input and output is shown in Table 2.

The row of output with minimum difference between
the optimum burden and the burden is selected for blasting
design. While designing the blast, the values obtained for
optimum burden and spacing from the output are inter
changed. (The optimum burden distance is treated as the
spacing between holes, and the spacing in the output is
considered as the burden for the field blasting design.)

The program "Blast.for" was run several times, varying
bench height in each run while keeping all other input
parameters constant. The summary of outputs is presented
in Table 2.

It has been observed from the program outputs that the
spacing of biastholes increases as bench height increases,
whereas the burden distance remains approximately con
stant for a given set of input parameters. The stemming
distance also increases with an increase in bench height.

A sample program input and output is shown in Table
2.

BLASTING IN ICE RICH PERMAFROST

Depending upon their degree of saturation with water,
frozen rocks exhibit a number of characteristics that effect

•

TABLE 2. Program Input and Output

RUN BLAST
Enter the value of input parameters:

Diameter of the blasthole (De):
7.875
Strain energy factor (E):
3.1
Height of the bench (H):
40.0
Range of throw (R):
15.0
Density of explosive (p):
55.0

Program Output:

•
The Hole Loading Factor (Pd) = 18.60334 lbs. per ft.

---------------------------------------------------
Optimum Burden Burden Spacing Stemming Total Charge

18.19 45.75 5.72 22.87 318.63

18.63 35.67 7.70 21.40 346.01

18.99 28.83 9.89 20.18 368.64

19.28 23.93 12.25 19.14 388.01

19.52 20.25 14.76 18.23 405.06

19.74 17.40 17.40 17.40 420.42 •
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blasting efficiency. When water content in permafrost
exceeds 10%, ice segregation in the form of lenses, pipes
and disseminated ice crystals absorbs large proportions of
energy released by the explosives. Increased sheer strength
developed by the cementing properties of the ice, and the
removal of water as a pore fluid, nullify the build-up of pore
pressure and may increase the explosive consumption.

SLOPE STABILITY IN FROZEN
GROUND

Traditional slope stability analysis for a surface coal
mine involves considerations oflocal geology, geotechnical
properties of slope-forming materials, groundwater profile,
and dynamic destabilizing forces that may influence the
slope.

In an arctic region, however, the design engineer is beset
with added complexities. Frozen ground plays an important
role in slope stability. Frozen ground, consisting of soil and
rock, or a combination of these materials, may creep at a
very slow rate under its own weight or due to externally
applied loads. Due to surface disturbances or heat input,
frozen ground may undergo thermal degradation and a mass
movement may cause slope failure. Movements in soils
have been reported by many investigators (McRoberts,
1978; Phukan, 1985).

The moving mass may fail by one or more of the
principle types of movement: flowing, sliding, falling, or
combinations of these. The lower limit of the rate of
movement for frozen soil will include surficial creep.
Debris avalanches and rock falls illustrate the upper limit
of very rapid movement rates. (McRoberts, 1978). Down
slope motions or flows cause slopes to melt down and form
muddy cesspools at the toe of the slope. Thawing soils give
rise to extra pore pressure which, aided by pronounced
discontinuities, may cause major landslides. McRoberts
(1978) discuss the classification of landslides in permafrost.

Stability of Frozen Slopes

In an arctic region, the overburden consists of perma
frost layer over the bedrock. The rock slopes, as well as
frozen soil slopes, lend themselves to limit equilibrium
analysis in context of mobilized strength of frozen ground
and of tolerable deformation in terms of creep behavior just
like slopes in temperate regions. Hence, for rock slopes
strength parameters, discontinuity mapping, and dynamic
destabilizing forces constitute the factors on which stability
analysis can be based. Effect oflow temperatures and freeze
thaw cycles on the strength of insitu rocks needs to be
examined prior to designing of an open pit slope.

Pore water in typical rock freezes progressively, and for
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each rock there is a characteristic relation between unfrozen
watercontentand temperature. Rapid freezing ofpore water
in saturated rock can cause abrupt volumetric rock expan
sion, with strains that approach tensile failure strains and
that certainly exceed the strain where internal microcrack
ing begins in tensile tests. These observations give quan
titative support to traditional ideas of frost weathering
(Mellor, 1973).

Dry rocks gradually gain strength, compressive as well
as tensile, at the rate of about 0.2%/degrce C., while for
saturated rocks, the strength increases abruptly as tempera
ture drops below 0 degree C, Mellor, 1973). Strength of
saturated rocks at temperatures below freezing increases
with increase in water content until water content is
maximized when the trend reverses. Compared to drier
rocks, saturated high porosity rocks exhibit increase in
failure strain, and steep stress-strain curve at temperatures
below freezing (Mellor, 1973).

Load-deformation characteristics of frozen soils de
pend on the magnitude of the applied stress, time and
temperature. At high stress levels frozen soil in a slope may
fail, resulting in a creep rupture. The mobilized shear
strength is time dependent, lower strengths being developed
for increasing times to failure (McRoberts, 1978). With
ultimate or long term stress, creep deformations will occur,
which with the passage of time, will terminate in creep
rupture or tertiary creep. Below this ultimate stress, creep
movements exhibi t either a zero or continuously-decreasing
strain rate.

Strength characteristics of frozen soils depend primar
ilyon temperature, ice content, and strain rate. Generally,
the ice matrix is strengthened with increasing strain rate and
decreasing temperature (phukan, 1985). So, the compres
sive strength of frozen soils increase at a higher strain rate
and a decreasing temperature.

The shear strength of frozen soils can be separated into
two components, namely (a) the resistance of ice to defor
mation (b) frictional responses of soil grain contacts.
Vyalov (1962, 1970) has suggested the following Mohr
Coulomb failure theory for frozen soils.

where

't = shear strength

CJ = normal stress on shear plane

C
t

= (~) / log (t/B)



B,~ = constants obtained from a plot of C
t
against logt,

t being the time period

<\>t = function of temperature and time

for deformation in permafrost slopes by assuming a secon
dary-creep relationship of the form.

m n
Eo=A'to +B't o •Frozen soils exhibit creep behavior even at low stress

levels at rates dependent upon icc content, temperature, and
loading rate. Generally, the creep behavior of icc-rich
frozen soils is dominated by secondary creep with a short
time interval for the primary creep stage, whereas icc-poor
frozen soils may exhibit the dominant stage of primary
creep. Phukan (1985) suggests the following stress-strain
relationship for primary creep and secondary creep in frozen
soils respectively

[

(J'f!\ ]l/m
Ep= w(e+1)

and

Where is the octahedral shear strain rate, and 0 is the
octahedral shear stress, and A,B, m, and n arc parameters
which must be derived experimentally and which arc a
function of temperature. Applying this equation to an
infinite-slope model, where deformation occurs as simple
shear over a no-slip surface at depth H measured in the Z
direction taken normal to the slope surface, McRoberts
suggested the following downslope velocity profile with
depth

( )
rn(rn+l rn+l) ( )n(n+l n+l)6A 2/3ysin9 If - z 63 2/3"(Sin9 If - z

V(Z) rn+l + n+l

where e is slope inclination and yis the total unit weight.

where (J = applied constant stress kg/cm2
.

t = time elapse after application of load, hr.

e =temp. below freezing pointofwater, in degrees
C.

<.0, A, m, k =material characteristic constants

E = time dependent Young's modulus.

Stability ofThawing Slopes

In thawing slopes, in which failure plane is approxi
mately parallel to slope angle, infinite slope analysis
approach may be applied. This approach is applicable to
shallow instability problems, such as solifluction slopes and
tongues of bimodal flows. The factor of safety of such a
slope, as suggested by Phukan (1985), is given by

C+ Ph Hcos2e tan<\>
F=---.,.;;,-----

pHcose sine

where Pb = buoyant unit weight = ps - Pro

p = saturated unit weight of soils

•
fJc = arbitrary small strain for nonnalization p = unit weight of waterw

(Jk = temperature-dependent deformation modulus. p =unit weight of soil

(J n = temperature dependent creep parameters.c, C = cohesion

•

H = height of slope

<\> = angle of internal friction

~ =slope angle

When frozen soils begin to thaw, thus producing a thaw
bulb, generation of melting water may cause excess pore
water pressure which reduces the shear strength of the
thawed soil. Using a simplified procedure, Phukan (1985)
suggests the factor of safety relationship as

SuuF=--...;;.;;--
pHccos~ sin~

where S = undrained shear strengthuu

E =small strain rate for normalization. Vyalovc
(1959) proposed that the strength of frozen soils
is an exponential function in the form

~
(Ju/t = (t)

loge B
where B and ~ are parameters dependent on soil type

and temperature.

Downslope movement of permafrost slopes can be
caused by creep deformation of permafrost soils. Experi
ments on the creep of ice and ice-rich soils suggest that
significant creep deformation may accumulate in perma
frost slopes under sustained stress (McRoberts, 1978).
McRoberts has presented a simple secondary-creep model
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and a is defined by the Neumann solution of
moving thaw boundary

• d = at
l12

•

•

(l+w) Pw
P=

E,1
S +(f

s

P = unit wt. of water
w

G = specific gravity of soil particles
s

w =water content

S =percent saturation

H =critical depth of thaw. Considering a pseu
dostatic dynamic force and a water level
at thaw line, Phukan (1985) suggests

CP + Wcos2~ + tan<1>
F =-------------

(sin~ cos~+ Kcos2~)W

where C = cohesion

P = perimeter of thaw bulb

W = wt. of slice considered

<1> = angle of into friction

K = coefficient of seismic acceleration

Thaw-consolidation is a process in which excess pore
pressures can be set up in soils upon thawing and subsequent
consolidation. It can lead to slope instability and settlements
of ground. Solifluction and Skin flow in permafrost slopes
can be explained by this theory, and solutions to some of
the related problems have been presented by McRoberts,
(1978) McRoberts suggests the following factor of safety
for an infinite slope, based on one dimensional thaw-con
solidation model

1 1 tan<1>'
F=----

y 1+2R2 tan<1>

where <1>' = angle of shearing resistance in tenns of
effective stress (C' = 0)

e=slope angle

y'ty = ratio of effective to total unit weight of soil

R = thaw consolidation ratio = tex (C)l(l

C = coefficient of consolidation
u
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where d = depth of thaw at time t

Pufahl and Morgenstern discuss the method of stabiliz
ing or inhibiting the occurrence of planar landslides in
regions of permafrost, utilizing an insulative material and
a free-draining surcharge load.

Pit Slope Stability

It can be observed that the present models for predicting
slope stability are limited to shallow soil slopes and are
based on one-dimensional heat conduction models. How
ever, the theory of thaw-consolidation, and heat conductive
laws allow us to understand the complexities involved in
determining pit slope stability.

Therefore, two major processes need to be observed in
great detail.

(a) Movement of Thaw Boundary

When slopes are cut in soils, they are subject to freeze
thaw cycles. Each year depth of thaw front depends on past
history of soil and present climatic conditions. The thaw
front (the interface between frozen and thawed soil) may not
be the weakest zone in the thawed soil column; the zone of
weakness will be that having the highest moisture content.

On steep slopes, the thawed soil may flow down; slope
failure along the thaw profile is quite probable. Phukan
(1985) and Lunardini (1981) discuss the available methods
for determination of the thaw depth.

(b) Thawing ofSoils

The water produced upon thawing not only builds up
the excess pore pressure in the thawed soil, ,but also con
tributes to general strength reduction. The melt-water may
fill up the existing discontinuities in the soil and hard rock
slope and thereby lead to circular failure. Upon repeated
freeze-thaw cycles, reduced stress development and slope
is susceptible to small to large scale settlements, which may
be crucial when heavy machineries are working on benches.
The magnitude and progress of settlement will depend on
soil characteristics, water content, and ice inclusions.
Furthermore, thawed soil will have lower bearing capacity,
thereby inducing the problem of designing gravel pads on
bench top for safe operation of dragline or shovels.

Determination ofDepth ofThaw

Simplified one-dimensional analytical models are
available to estimate the dept of thaw in soils (Lunardini,
1981). The Berggren equation yields very accurate results
to depths of 32 degrees isotherm in soils, and for homoge-
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neous soil mass expressed as

X=A-V
48

;:F

orX = A-V48~nI
where X =depth of thaw/freeze, in feet

K =thermal conductivity of soil, Btu/ft. hr. degree
F

L =volumetric latent heat of fusion, Btu/cu. ft

n = dimensionless conversion factor for air-index
to surface-index conversion

F =air-freezing index, degree-days

I = air-thawing index, degree days

A=a coefficient which takes into consideration the
effect of temperature changes in soil mass.

Depending on the accuracy desired, analytical or
numerical methods can be used to locate the thaw front.
Conversely, direct field measurements of thaw profile can
be made, once slopes have been cut at or near the mining
site. Parameters affecting evaluation of geothermal profile
of ground are as follows:

Physical and Thermal Properties ofStrata

Various standard tests are performed to determine the
properties of strata and are categorized into the following
groups:

1. Routine Tests
a. unconfined compression
b. direct shear
c. freeze-thaw cycles
d. specific gravity and water content
e. grain size distribution

2. Sophisticated tests for theoretical and long-term
conditions
a. thermal conductivity
b. heat capacity
c. latent heat
d. unfrozen water content as a function of tem
perature

Procedures have been standardizedfor determination of
these tests (Das, 1985; Lachenbruch et aI, 1982).
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Meteorological Data

Primary data required for complete thermal analysis and
surface energy balance calculations are as follows:

a. Airthawing/freezing Index or temperature
b. Daily/monthly fluctuation data
c. Snow cover and precipitation rate
d. Solar and longwave radiation rate
e. Wind speed
f. Ground evapotranspiration rate
g. Solar albedo and surface emissivity of soil and

snow

However, during designing of slopes in arctic region,
direct field data may not be available for the designated mine
site, and design engineer may resort to data published for
arctic region in general and North Slope in particular.
Several workers have contributed significantly to provide
a wealth of information (Johnson, 1971; Selkregg, 1977;
Lachenbruch et al. 1982).

Design Alternatives for Pit Slopes

As a part of this research project on arctic surface
mining, three design alternatives have been chosen. The
area of reference is between Cape Lisburne, Point lay and
Umiat, along the Colville river.

A finite element program was selected for thermal
analysis purposes as it allows:

a. Two-dimensional heat transfer modelling
b. Simulation of multilayered systems, including

hard rocks and insulation materials
c. Application of meteorological data on system

Although strength of hard rocks change with tempera
ture, and weathering may be induced due to exposure to
repeated freeze-thaw cycles, rock slope stability can still be
investigated without detailed analysis of thawing owing to
low porosity and low water content. However, high porosity
rocks will exhibit thermal characteristics similar to coarse
grained soils.

Hence, the model slope chosen for analysis consists of
either fine-grained or coarse-grained soil. Standard thermal
properties of soil, peat, and insulation material have been
used for slope-forming materials. meteorological data
approximates the environment of the area lying Northeast
of Cape Beaufort.

The two-dimensional slope model "faces south" so as
to receive maximum solar radiation (north facing slopes

•

•
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receive less solar radiation.) The following are the design
alternatives are being analyzed:

A. Bare soil slopes: Soil can be fine or coarse grained
and can be overlain by organic material. Thawed
soil sloughs off the face of the slope, thus expos
ing a new face to the atmosphere. For sloughing
purposes, 32 degrees F is considered the slip
plane.

B. Slope covered with insulation: Different types of
insulation materials have been used in road
embankments and slope construction in Alaska
with mixed success. Synthetic as well as natural
insulation materials have been used to inhibit the
movements of the thaw/freeze front and thereby
reduce potential permafrost degradation (Berg et
aI, 1978; Esch, 1978).

Criteria for choosing an insulation material are: thermal
properties, limits on moisture absorption, and
compressive strength. Field and laboratory
results indicate that extruded polystyrene (board
type) has a combination of properties that make
it more acceptable than other types of insulation
(Olson, 1984).

C. Slopes covered with gravel: In this case, the slope
angle is limited by the angle of repose of gravel.
A layerofinsulation covered with gravel may also
be analyzed.

InsulationInstallation

slopes and anchored by gravel pads. A few long rock bolts
may be required to anchor the blankets to the slope face to
avoid swinging in strong winds.

Economics ofInsulation

Based on field observations, properties of slope-form
ing materials and permafrost condition, design engineers
may choose to stabilize the slopes prone to thaw-failure by
covering them with natural or synthetic insulations. With
insulation on slopes, steep slopes can be maintained, thereby
reducing the cost of stripping millions of tons of extra
overburden materials.

Slopes which are not covered with insulation, but which
are susceptible to thaw-failure, need to be less steep and will
require wide bench-widths as well as drains to allow
sloughing of the thawed soil. Such slopes will affect
working of heavy machinery, e.g. walking draglines, as the
bearing capacity of the slope will decrease with increasing
thaw depth. The benches in such a case, will require pad
gravel or sandstone or any other less thaw-susceptible cheap
materials to ensure safe working of heavy machinery.

Early Results From Model

1. Slope thawed to greater depth when thawed
materials were allowed to slough off the face, as
compared to when thawed soil remained "in
place".

2. Coarse-grained soil slopes thawed to greater
depth as compared to fine-grained soil slopes.

J
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Most of the insulation materials used for road embank
ments and slopes are either the formed/foamed-in-place
kind (e.g. Urethane Rigid Foam) or board type (e.g.
Extruded Polystyrene boards).

However, for mining applications, these insulations
will be costly and difficult. In the case of steep slopes,
geotextile layers can provide the tensile strength required
to support insulation blankets. Geotextiles have been used
in cold environments and laboratory results have shown that
polyester geotextiles gave better performance under cold
temperatures (Bell et al. 1983). Loose insulation materials
like cork, gravel, woodchips etc. will limit the slope angle
by their angle of repose, if spread out loosely on the slope.
Hence, in order to use them, they may be filled in "geotextile
bags", which in turn may be anchored with the slope face.
However, this process of using the natural insulation
materials may prove to be costlier than that of using
synthetic insulation blankets. In the latter case, insulation
boards may be "sandwiched" between layers of geotextile

• to form rolls ofinsulation which can be rolled down the steep
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3. A combination of 3 inch extruded polystyrene
insulation (K = 0.0166 BtuIFt-Hr-degrees F;
Compressive strength = 25 psi) layer and 2-foot
thick gravel pad placed on benches restricted thaw
front penetration into frozen ground in most
cases.
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COAL TRANSPORTATION FROM PIT TO RAILCAR AT

THE USIBELLI COAL MINE

Joe Usibelli
Usibelli Coal Mine
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HISTORY

In 1914, the U.S. Congress passed two important Acts
of legislation which led to the development ofAlaskan coal
resources, and shaped the future of the coal industry. The
Alaska Coal Leasing Act opened the Alaskan coal fields for
commercial mining, including the Bering River, Matanuska
and Nenana fields.

The Alaska Railroad Enabling Act authorized the
construction of a railway connecting the port city of
Anchorage to the interior gold mining town of Fairbanks.
The Matanuska, Broad Pass, and Nenana coal fields lay
along its north/south route.

In 1918, a railroad camp was established at "Healy
Fork", the junction of Healy Creek and the Nenana River.
Coal mining began at this time, located at Suntrana, four
miles east. The Healy River Coal Corporation, founded by
Austin "Cap" Lathrop, was the first commercial coal mining
operation in the Nenana coal field.

The coal was transported by horse-drawn sleds to Healy
where it was used during construction of the railroad. In
1922, a 4.4 mile railroad spur was completed allowing
transport by rail from Suntrana to the main line at Healy.
Completion of the Alaska Railroad occurred when it
reached Fairbanks, in 1923.

The railroad provided the transportation needed for
Alaskan coal development. It also allowed access to the
interior market, where coal was used in gold mining
operations to power giant gold dredges and to heat large
steam boilers for thawing the frozen ground. The railroad
also provided a market during its construction and for its
locomotives until a switch from coal to diesel fuel occurred
in the early 50s.

From the late 19208 until the early 40s, the Healy River
Coal Corp. produced nearly half the coal mined in Alaska;
the rest came mostly out of the Evan Jones Mine in the
Matanuska coal field outside of Anchorage.

A new market for coal developed in the 1940s as a result
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ofthe military buildup in Alaskaduring and afterWorldWar
II. Coal was now needed to fuel and heat military posts and
airfields established inFairbanks and Anchorage. A number
of mines were opened to meet this demand.

The forerunner to Usibelli Coal Mine, Inc. (UCM) was
developed at this time. In 1943, Emil Usibelli and T.E.
Sanford obtained a U.S. Army mining license and opened
a small surface mine east of Suntrana. Five years later,
Sanford's share was bought out and the operation was
incorporated into the present day company.

In 1950, Cap Lathrop died in a mining accident and the
Healy River Coal Corp. was sold to the newly-formed
Suntrana Mining Co. This operation continued mining
underground until 1961 when it was purchased by UCM.

The Arctic Coal Company opened a small mine on
Hoseanna Creek, formerly Lignite Creek, to the north, and
continued operating until 1963. The Vitro Minerals Mine,
founded by R & P Coal and Vitro Minerals in 1963, operated
a coal mining operation east of Suntrana until 1970 when
it was purchased by UCM. Usibelli Coal Mine, Inc. then
became the only coal mine operating in the Nenana coal
field.

The steady rise ofAlaskan coal production since WWII
peaked in 1967 at 925,000 tons. In 1968, the Anchorage
military installations converted from coal to natural gas
power generation, closing the Evan Jones Mine in the
Matanuska field. Coal remained important, however, for
the energy needs ofthe interior and Usibelli Coal Mine, Inc.,
which by the early 1970s had become the only commercial
coal mine operating in Alaska, supplied this market.

In 1968, Golden Valley Electric Association opened a
mine-mouth power plant in Healy, supplying electricity to
the railbelt and the outskirts ofFairbanks. In 1973, the first
long-term contract was signed to supply coal to the military
bases of interior Alaska, including Ft. Wainwright Army
Base, Eielson Air Force Base, and Clear Air Force Station.
In addition to these, present coal customers include
Municipal Utilities System of Fairbanks, the University of
Alaska-Fairbanks, and Reliable Coal of Healy.

A



In 1985, Usibelli Coal Mine, Inc. entered the interna
tional market, signing a 15 year contract with Sun Eel
Shipping Co., to export coal to South Korea. Alaska coal
production is now at an all-time high of 1.5 million tons per
year, all produced at UCM.

OPERATIONS

Production

UCM utilizes a Bucyrus-Erie 1300W walking dragline
with a 33-cubic-yard bucket for over-burden removal
(Figure 1). The machine, the largest piece of equipment in
Alaska, was manufactured in Milwaukee, Wisconsin, and
transported to the mine site in pieces via 29 railcar loads
and 40 truck loads. After 11 months of on-site assembly
ending in November 1978, Ace-In-The-Hole, the name
chosen in a contest by a local schoolgirl, began operating
on Poker Flats. The massive Ace-In-The-Hole wields a 33
cubic yard bucket from a boom the length ofa football field.
The 32-ton bucket suspends not only from the 325-foot
boom, but connects with drag cables to the body of the
machine. The dragline rests on a 50-foot-diameter circular
base, called a tub, and can rotate 360-degrees. The elec
trically operated machine receives power from the Healy
Power Plant, the local utility. A 6,900 volt trailing cable
connects the dragline to a power substation much like a large
extension cord. The Load Stabilizer system, located adja
cent to the substation stabilizes the power draw of the huge
excavator.

Before the dragline, shovel or backhoe removes over
burden or coal, blasting loosens the material. Areas ahead
of the dragline and sections of exposed coal are surveyed
by the engineering staff and leveled by a Caterpillar D-I0
crawler tractor.

A crawler-mounted biasthole drill makes a series of 10
5/8 inch holes, up to 120 feet in depth, in long parallel rows
(Figure 2). A Driltech D60 KII low pressure air drill, using
a hydraulic top drive rotation system, applies 60,000 pounds
of down pressure on the feed system to drill 60 feet per
minute. The machine stands 43 feet in height with the mast
up and has a 90,000 pound operating weight.

The holes are filled with a blasting agent, ANFO
(ammonium nitrate or household fertilizer and fuel oil). A
special powder truck carries the two items separately and
mixes the ANFO, containing 6-8% fuel oil, as it is poured
into the hole through a spout. The holes are primed with
an explosive cord, tied together with a slight delay, and
detonated.
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The blasted material is then loose enough for handling
by the excavating equipment. Overburden andcoal removal
follows promptly after blasting.

In the mining operation Usibelli Coal Mine utilizes two
o & K RHl20C hydraulic excavators in conjunction with
a fleet of seven 75-ton-capacity rock and coal trucks. The
machines may be outfitted with either a shovel (Figure 3)
or backhoe arm (Figure 4) and UCM uses one ofeach. The
hydraulic shovel removes overburden along with four rock
trucks, while the backhoe digs coal and loads three coal
trucks. The seven WABCO trucks are manufactured by the
Westinghouse Airbrake Co. in Peoria, Illinois. Powered by
a 725 hp Cummins engine and an Allison 8961 transmission,
they have a top speed of 42 mph.

Once the 75-ton coal-hauling trucks are loaded, they
transport the mine run coal to the tipple. The coal is dumped
into the 65-foot-deep funnel-shaped hopper. Two crushers
operate near the bottom of the hopper. The primary crusher,
a Stamler feeder-breaker, crushes the coal to chunks ofeight
inches and less. The secondary crusher crushes the coal to
pieces of two inches and less. The crushed coal drops onto
a 30-inch conveyor belt (Figure 5) which transports it to the
west side of the Nenana River to the A-frame (Figure 6).
Once inside the A-frame, the coal is distributed evenly
throughout the A-frame by means of a tripper.

The A-frame is built upon a 6O-foot high gravel pile.
The 1IO-foot by 200-footbuilding has a 14,ooo-ton storage
capacity. The tipple has an ultimate processing capacity of
four million tons per year if operated twenty-four hours per
day, seven days a week. An Alaska Railroad coal train
travels over a spur off the main line, through the tunnel
underneath the A-frame. The train remains in motion,
travelling about one-half mile per hour. The coal is gravity
fed from the storage pile in the building into the railcars.
Samples are automatically taken from each car for quality
analysis by the UCM laboratory. As each car passes the
tipple operator, its car number is entered into the computer
which stores the empty weight (known as the tare weight)
of each car in its memory. The car, once full, moves across
a computerized scale. The tare weight is subtracted from
the gross weight to determine the net weight of each car.
The tipple can load 45 75-ton-cars in one hour.

Immediately after loading, the rain travels back onto the
main line of the railroad and directly to the customers. Five
trains per week journey north during the winter for use in
the Fairbanks area, falling to three during the summer
months. Three trains travel south to Seward throughout the
year for shipment to South Korea.

•
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• Figure 1. Ace-In-The-Hole, awalking drag line, removes
overburden on Poker Flats.

Fig ure 3. HydraUlic shovel fills rock truck with overburden
material to expose coal seams.

Figure 4. HydraUlic backhoe, loadscoal into a75-ton truck.

•

•Figure 2. The Driltech blasthole drill makesa
series of holes wh ich are filled with ANFO blasting
agent from the truck to the left.
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Maintenance

Maintenance Shop

UCM employs a large maintenance staffof mechanics,
welders, electricians, machinists, oilers and laborers to keep
the mining equipment in operation. A complete mainte
nance shop and extensive warehouse located in the shop/
office complex (Figure 7) utilize a computer system to keep
track ofparts and equipment repair. The main shop contains
eight maintenance bays accessible by eight large garage
doors twenty feet in height and width. One oversize door
on the end of the building allows entry of all equipment but
the dragline.

Six specialty work stations around the main shop floor
provide separate areas for the different aspects of upkeep.
These include a welding bay, a machine shop, glass repair,
plumbing repair, and electrical repair.

A unit repair area contains four work benches for
specialized mechanics, each with a three-ton capacity
overhead crane to support engines or transmissions. The
work areas are located adjacent to the warehouse where
parts and supplies an be obtained.

Maintenance costs for each piece of equipment such as
labor repair time, replacement parts, and fuel consumption,
are stored in the mine's Honeywell computer. Performance
and lifespan of the vehicles can be seen and this information
is used to determine when to purchase new equipment. Cost
efficiency is therefore maximized.

Warehouse

The warehouse is located adjacent to the shop area. The
large maintenance staff, in addition to the large inventory
stored here, makes the mine self-sufficient in tenns of
maintenance. An inventory of over 10,000 line item parts
keeps equipment in operation. A 90-day supply of parts is
stocked due to the isolation of the mine site and the amount
of time it takes to receive supplies. In addition to the large
storage space for the larger parts, smaller parts are stored in
a compactstorage area with an automatic retrieval unitcalled
a Mini-Trieve. This electronically controlled system re
trieves any of736 drawers lined along both sides ofthe unit,
mechanically moves them to a front shelf for parts removal,
and restores them.

Inventory control is accomplished with the aid of the
computer. Parts information, such as number on-hand and
location in the warehouse, is stored in the computer under
a manufacturer-assigned part number. The warehouse staff
issues the parts and then checks them out on the computer

56

to keep a continuous inventory record. A purchasing agent
checks the computer daily and prints purchase orders to
restock the inventory. The warehouse is therefore constantly
issuing parts and receiving shipments of new supplies.

SUPPORT AND PLANNING

Engineering

The engineering department is continuously involved
in all phases of the operation - exploration, mining, and
reclamation. It provides the scientific framework for the
design and execution of the coal mining operation through
the collection, analysis and implementation of technical
data.

Exploration, the first phase, involves the identification
and evaluation of coal reserves to secure mining areas for
future development. A design engineer compiles data with
the help of a Hewlett-Packard HP9000 computer The
computer generates contour and cross-section maps of the
area, and can simulate actual mining to study feasibility.

Mining in progress is kept current with field data
collected by a surveyor; stored in an HP 85 computer; and
mapped on a drum plotter. This information aids in accuracy
and efficiency.

Reclamation involves the restoration of the mined land
to its previous condition. The program, headed by a
reclamation engineer, actually begins during exploration
and continues through mining.

Laboratory

The Usibelli Coal Mine laboratory facility (Figure 8)
utilizes state-of-the-art equipment to perform coal and water
analysis. A full time chemical analyst is employed to
operate the facility. The coal must meet qualification
standards set forth in customer contracts. Coal shipped to
customers is therefore tested daily to see that it meets these
specifications.

Water from disturbed mining areas must meet Environ
mental Protection Agency specifications before flowing
into streams. It is therefore directed into settling ponds and
tested weekly until it meets the federal standards. Water
is collected from sampling stations and analysis is con
ducted in the laboratory to determine pH level, iron and
manganese levels, and turbidity as well as settleable and
nonfilterable solid levels.

The testing is only performed during the months that
streams and ponds are not frozen.

•

•
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Figure 5. Conveyor system carries coal overthe
Nenana River and stores it in an A-frame bUilding.

Figure 7. Uslbelll Coal Mine shop and office
complex.

Figure 6. Alaska Railroad trains are loaded In a
tunne Ibeneath the A-frame for transport to
customers.

Figure 8. Coal analytical laboratory facility.



Regulatory Compliance

In order to administer new regulatory changes, many
mining operations have added staff to their management
teams to deal with government agencies. Usibelli Coal Mine
deals with over 80 such government agencies. Hearings,
testifying, rule review, and permitting have become an
important part of the coal mining process. The job of the
regulatory compliance department in any mining operation
is to oversee all regulatory changes and requirements as well
as the rational application of any new legislation.

Marketing

Usibelli Coal Mine, Inc. has reached a complex level
ofbusiness activity over the past several years. Involvement
in international trade requires cooperation among many
private and government participants, while ongoing domes
tic coal markets continue to need close attention due to
competition from other energy resources. This growing
sophistication of the coal industry prompted the develop
ment of a UCM marketing department in Fairbanks. Close
contact can now be kept with customers to improve relations
and handle any problems. In addition, the department
handles local, state and federal government relations, as well
as studying and evaluating any potential energy markets.

Safety

Providing a safe working environment is the responsi
bilityof management in every industry. No industry is void
of accidents, but precautions must be taken to ensure the
safety of the workforce. In the area of surface mining, most
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of the more serious accidents involve heavy equipment.
Therefore, proper training in use of equipment and general
safety is critical.

Usibelli Coal Mine employs a full time safety director,
trained as an Emergency Medical Technician III, and
dealing on a continual basis with government regulations
and safety standards at the mine site.

New safety rules and incentives cause management and
labor alike to be more aware of safety and take greater
accountability for personal actions. Management policies
toward safety are reviewed with supervisors and union
representatives. In some circumstances, safety considera
tions are worked out with federal regulators. Although
management must encourage a safe working environment,
government, management, and labor must continually work
together for the common goal of increased safety.

Administrative

Last, but not least, UCM employs several people in its
accounting department. It is their responsibility, along with
the president and board of directors, to see to it that
operations stay within fiscal boundaries. Among those so
employed are the controller, cost accountant, payroll and
personnel supervisor, accounts payable supervisor, general
ledger manager and an administrative assistant.

Altogether, Usibelli Coal Mine employs approximately
120 people to produce coal for its customers. UCM is the
mainstay of the community of Healy.

•
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RECLAMATION AT USIBELLI COAL MINE

• Larry P. Jackson
Usibelli Coal Mine Inc.
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INTRODUCTION

Reclamation has been an integral part of the mining
operations at Usibelli Coal Mine since 1971. During this
period of time over 3600 acres of land have been reclaimed.

At the Poker Flats mining area reclamation is currently
taking place closely behind the mining ofcoal. Over the next
10-15 years a total of 710 acres of land will be reclaimed.
This reclamation will require a substantial effort to assure
an end product that will be acceptable under the current
surface coal-mining laws.

When you define the word effort it translates into large
expenditures of money. Given this it becomes imperative
to conduct the reclamation process as efficiently as possible.

The steps involved in reclamation are planning, re
grading, seedbed preparation, planting, and monitoring.

PLANNING

the same in the field as it did on paper. Once this fact is
accepted we progress to short-term planning. Short term
planning may take from 5 minutes to 1 year to complete. An
example of short term planning is a $700,0000 dozer con
suming 25 gallons of fuel an hour, with an operator costing
$24.50 an hour waiting for more specific regrading direc
tions. You can't afford to scratch your head very long.

REGRADING

Regrading efforts are centered around the reshaping of
dragline spoils. This is accomplished using D-10 and D-11
Caterpillar bulldozers. The D-11 is the largest track-type
tractor in the world and is is capable of moving 42 cubic
yards in a single push.

The spoils that are regraded have an angle of repose of
approximately 37 degrees, and are reduced in steepness to
18 degrees or flatter. The scheduling of this regrading is
challenging; during much of the year it is difficult to operate
a dozer on the spoil material. There are a couple ofdifferent
reasons for this.

One of the prerequisites to efficient reclamation is
detailed planning. At Poker Flats we have developed life
of mine reclamation and mining plans. The purpose of this
long-range planning is to make certain that there are no
major obstacles in the future that might significantly impact
the mine operations. Obstacles can translate into significant
costs unless they are identified and solved prior to mining.
Long-range planning also makes it possible to estimate
reclamation costs over the mine life. This is important
because costs are not always consistent on a yearly basis.
Ifyou know in advance when there will be fluctuations, you
can plan for them.

Overburden and interburden are moved primarily by a
Bucyrus-Erie 1300W dragline and by an 0 & K RH 120 C
hydraulic shovel. Each of these machines is capable of
moving in excess of 1500 cubic yards an hour. With this
quantity of spoil being moved you must have specific plans
on how, when, and where the material is going.

Long term planning has its limitations; surface coal
mining is a dynamic process. No matter how well planned

• you think your design is, it's not going to turn out exactly
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The first reason is that some of the overburden and
interburden contains ice-rich material. From the surface the
area to be regraded appears to be competent but place a
200,000 lb. dozer on it and you're going to have some
tremendous problems. The reason for this is that the zones
of ice-rich material are slowly melting. The loss of the
strength of the ice and the addition of moisture to surround
ing material reduces the integrity of the ground to support
heavy equipment.

The second reason is we have relatively high rainfall
during June thru September. It is not uncommon to have 4
inches of rain in a month. This may not sound like a lot of
rain but the spoil contains just enough swelling-type clay to
be next to impossible to operate on it, particularly on a grade.
Therefore we generally schedule mostofour regrading work
during the winter months. The main disadvantage of
working during this time of the year is that significant
quantities of spoil must be ripped because they are frozen.

The postmining topography from these regrading ef
forts is somewhat different than the natural terrain in that the



native topography has many sandstone bluffs.

SEEDBED PREPARATION AND
GROWTH MEDIUM

Prior to planting, the seedbed is prepared by running a
dozer perpendicular to the contour. This results in the
placement ofcleat tracks along the contour. The cleat tracks
produce small ridges and depressions which act as good seed
traps, tend to conserve moisture, and impede erosion by
reducing the velocity of flow down the slopes.

The prepared growth medium is composed of sandstone
that makes up the overburden and interburden. This sandy
loam material has proven to be a successful medium to
support the postmining grasses and shrubs.

SEEDING, FERTILIZING, AND SHRUB
PLANTING

Grass seed and fertilizer are applied to the prepared seed
bed using a fixed wing aircraft. The seed and fertilizer are
applied in separate passes. The advantages of aerial appli
cation are that the seed and fertilizer can be placed during
the prime seeding period of May and June when it is often
impossible to place tracked or wheeled equipment on the
regraded areas. Aerial application is also very efficient in
that areas as large as 100 acres can be seeded and fertilized
in 8-10 hours if the weather conditions are optimum.
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After seeding and fertilizing native shrubs and trees are
collected and then hand planted. Species planted include felt
leaf willow, balsam poplar, alder, and spruce. These plants
form the foundation for our post-mining land use of wildlife
habitat.

EVALUATION OF GROWTH
PERFORMANCE

The final phase of reclamation is the evaluation of the
reclaimed areas. This evaluation includes taking pictures as
well as statistically supported sampling of vegetative cover,
diversity, and shrub density.

This information is vital to determining the relative
success ofdifferentgrass seed mixtures as well as evaluating
different shrub planting techniques.

CONCLUSION

The ultimate test of the reclaimed land is whether it is
going to be of benefit to wildlife. The results over the past
15 years have been very encouraging. It is heartening to see
caribou, Dall sheep, and moose grazing on previously mined
areas. We intend to continue to improve our reclamation
techniques so that they will result in a more effective as well
as a more efficient reclamation program.

•
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INTRODUCTION

The Surface Mining Control and Reclamation Act of
1977 (public Law 95-87, 95th Congress) represents a sig
nificant effort of the Federal Government to establish a
nationwide program to protect society and the environment
from the adverse effects of surface mining operations.

The Act of 1977 requires that reclamation plans must
include the following:

historical and existing landuse;

capability of land to support a variety of uses
before and after mining;

proposed use of land after reclamation, and

relationship of proposed use to existing landuse
policies.

A reclamation plan must demonstrate in detail that
reclamation can be achieved as required by Federal or State
regulations for obtaining a mining permit. The integrated
mining, reclamation and landuse planning diagram (Figure
1) sets out an iterative procedure for the evaluation ofmining
and reclamation plans. The feedback loops in the diagram
serve to indicate the procedure which, when the plans are
optimal, will lead to the mining and reclamation of the coal
seam. Also shown in Figure 1 is another set of interactions
that should take place before a mining plan is put into
practice. The iterative loop through which the mining and
reclamation plans have to pass includes not only the federal,
state and local agencies, but also special interest groups and
the general public. Finally, the ecosystem factors to be
considered in the developing of a mine today are many,
varied and increasing.

Not only does post-mining landuse planning require the
solution of technological and scientific problems, but also
communication among a diverse group of people with
different training and backgrounds. Proper communication
often is the key to successful implementation of a landuse
plan.
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Previous studies of people who establish landuse plan
ning priorities have shown that prejudices are reflected quite
frequently in the final outcome of the work despite all efforts
to eliminate bias. In the absence of a suitable technique to
eliminate subjective judgments, the landuse planning proc
ess has remained unstructured.

Another important, but subjective, aspect in detennin
ing landuse priorities is the political and social climate of
the administering agencies and the citizenry. Such influ
ences can be enumerated and quantified within the landuse
planning framework. The presence, strength and activity of
the following groups should be considered:

1. Politically influential groups or persons;

2. Occupational and professional groups;

3. Environmentally oriented groups; and

4. Influential news media.

Few method for post-mining landuse take this into
account; however, these external and internal pressures must
be evaluated. To come up with a plan, one must follow a
structured methodology (Figure 2). The level of achieving
goals may vary due to the conditions.

The objective of this paper is to detail techniques for
an optimum post-mining landuse plan. Although this plan
utilizes a mathematical model, the human elements and
interactions among various interest groups remain the basic
component in the process. Various landuse alternatives have
been characterized according to both quantitative and
qualitative factors and the "fuzzy" aspect of the collected
infonnation is incorporated into the analyses. The analysis
procedure provides a standardized procedure to determine
the most desirable plan.

POST-MINING LANDUSE PLANNING
IN ALASKA

The analysis of pre-mining landuse conditions is often
essential for effective reduction of reclamation costs. The



Figure 1. Process for Integrated Surface Mining and Reclamation Planning (Ramani et aI., 1983).

wildlife components of Alaskan ecosystems, and a concern
about activities that might diminish the usefulness of wild
life to Alaskans. The lack ofknowledge of the relationships
between Alaska's wildlife and industrial activities limits the
ability to assess rigorously the potential effects of coal
mining on the fauna and its environment. It is important to
consider the ecological setting of the proposed mining and
mining-related activities. Site-specific aspects of the envi
ronment and the local ecosystem should be given careful
attention, recognizing that great differences exist within the
states. Decisions should notrely on uncertain extrapolations
of knowledge about wildlife outside Alaska.

The nature of a proposed mine site and ancillary facili
ties with respect to wildlife habitats merits special attention
in any decision to mine. For many areas this is reasonably
well known, and includes such information as (1) the per
manent or seasonal usage by rare, threatened or endangered
species, (2) the significance of the area to the well-being of
widely distributed species, including migrants, (3) the
importance of the site for subsistence, recreational, or
commercial wildlife utilization, and (4) the sensitivity of
habitats surrounding the mine site to pollution from mine
wastes. The relationship of the entire complex ofon-site and •
off-site operations also may be significant to the wildlife.

•

•
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The wildlife of Alaska has unusual and diverse signifi
cance. Some aspects are particularly special to the people
of Alaska; others are of broad interest and of national
importance. There is a deep concern within the state for
economic and cultural interactions between the human and

For social, economic and political reasons Alaskan
farmland has been declining for several years. Some of this
land is in areas of potential coal mining. While the terms
"forest land" and "rangeland" commonly connote commer
cial use of such lands, this is not the case in Alaska because
ofthe land's low productivity and its distance from commer
cial markets. The forest and rangelands have been used
primarily by wildlife or for recreation. There has been little
active management of these lands. The term "wilderness"
is commonly used to indicate an area undisturbed by human
activity (National Research Council, 1980).

Pre-mining uses of land in Alaska can be classified
mainly under three types: farmland, forests and rangelands,
and wilderness.

post-mining landuse potentials can be clearly visualized if
pre-mining uses of land are analyzed well before surface
mining starts.
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Effects of mining-related activities some distance from a
mine site should be given attention.

It is desirable to involve special interest groups; wildlife
scientists, managers and users; as well as engineers and
others with principal interests in coal, in the decision
making. There should also be an assurance that those
institutions planning and regulating coal-mining activities
be responsive to the dynamic nature of the ecological sys
tems and the human uses of land with respect to wildlife.

The huge amounts of undeveloped land, wilderness and
scenic rivers; the native culture; diverse land ownerships,
and the vast deposits of coal contribute to the many contro
versies in post-mining landuse planning in Alaska. A
suitable framework is needed to decide priorities.

Although coal mining in each state is different from any
other state, in Alaska the differences are comparatively
greater because of the physical environment, jurisdictional
settings and social conditions as detailed above. The
development of mineral resources is often a tug of war
between those for and those against resource development.
These polarized groups play an active role in post-mining
landuse planning in Alaska. Understanding the full range
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of issues related to mining requires considerable insight into
local and regional politics.

Although landuse conflicts in Alaska are often subjec
tive or "fuzzy", quantitative aspects should also be consid
ered in the decision-makingprocess. Fuzzy set analysis does
not separate intangible factors from tangible ones. The
methodology presented here is useful for analysis and
decision-making regarding complex environmental, social
and political problems. The complex landuse decisions in
Alaska may provide a unique opportunity for the application
of fuzzy set theory. However, care must be taken while
constructing the paired comparison matrices of various
possible alternatives. The basic steps in the analysis are
illustrated in Figure 3.

FUZZY SET ANALYSIS

Fuzzy set theory is based on the concept of analytic
hierarchies. Sets of objects without properties are usually
uninteresting. In landuse planning context, elements or land
attributes can be assigned to sets because they share prop
erties or conform to a rule. A set of elements is said to be
"fuzzy" when some elements belong to the set unequally or
more strongly than others because they have more of the
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common properties. The future and current natural land
attributes can be put in a set of similar elements, whereas,
the human activities (cultural land attributes) may form
another set of elements of different properties. Thus,
analysis of post-mining landuse alternatives can be inter
preted as the study of sets of different properties and their
interactions.

Fuzzy set analysis provides a way of dealing with
problems in which sources of infonnation can be analyzed
very effectively. The fuzzy set analysis technique is a
method of scaling ratio and pairwise comparison matrix
(Saaty, 1977). The technique and the fuzziness of sets
(Saaty, 1974) is described below. A detailed review of the
mathematics of the fuzzy sets is contained elsewhere
(Zadeh, 1965; Bellman andZadeh, 1970; Saaty, 1974; Saaty,
1977; Tanaka, Okuda, and Asai, 1974; Saaty and Alexander,
1981).

FUZZINESS OF SETS AND PAIRED
COMPARISONS

The methods of paired comparisons has great simplic
ity. It has been used extensively in experimental situations
where subjective judgments lead to qualitative comparative
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responses. It has been used also in situations where quan
tification through measurement is difficult or illusory.

In general, pairwise comparison techniques are appli
cable to any set of items about which subjective judgments
are to be made. In performing numerical pairwise compari
sons between complex elements, it is often difficult to
express subjective opinions in tenns of numbers. But one
can place the activities in various importance ranks and the
numerical values then can be assigned to each rank. In
constructing a scale of importance (Table 1) two questions
are mainly asked:

1. Which of two elements (interviewee's opinion) is
more important?

2. His perception is expressed as a rank number on
a given numerical scale.

Fuzziness of sets permits us to deal with objects that are
not identical but are sufficiently close in their properties to
be considered as a group. However, there are two major
problems with regard to the fuzziness of sets: 1) How close
the properties must be to allow an element to belong to the •
set, and 2) How to measure the property in question in each



where S(x) is termed the grade of membership of x in

S = {[x,J.lS(x)]}, xeX

Table 1. Scale of Importance (Saaty,
1977)

1 Equal importance Two activities contribute
equally to the objective

= nw=n

Ifthe ratios (w l/w .), i-I, 2, ..., n, are precisely indicated,
then because J
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and n is an eigenvalue of matrix of A, the important aspect
here is to recover w as an eigenvector that would yield:

n
LWi= 1

i = 1

Aw = nw (i).

If the magnitude of grade of the membership were
known, i.e., J.lS(x.) = w., i = 1, s, e, ..., n, then the pairwise
comparisons wou\d giv~ rise to a matrix of rations A = a..
with a

ij
= w/w

j
(i, j = 1,2,... , n): IJ

Iall al2 alnIIwl/wl wI/w2 wl/wnl
~l ~2 ~n w2/w1 w,zw2 w2/wn

. . . .. .

Al ani an2 a~Jl wn~1 wn~2 wn~J

n
L IJS (Xi) = 1
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S. It is desirable to have 0 $; J.l
S

(x) $; 1 for each xeX. Since
one is concerned with a grade ofmembership in a given real
set rather than an ideal one, the approach that can be used
to determine the intensity of belonging is by relative
comparison of the elements being considered. When
comparing elements for degree of fuzziness, it is also
desirable to standardize the sum of their membership func
tion as equal to 1:

Thus, to recover the vector w from the matrix of ratios,
one must solve the problem:

It is clear that the zero vector (w = 0) is a solution to
equation (i) for any value of n. A value of n for which
equation (i) has a solution (forw 1=0), is called an eigenvalue.

Explanation

The evidence favoring one
activity over another is of
the highest possible order
of affinnation

An activity is strongly
favored and its dominance
is demonstrated in practice

Intermediate values When compromise is
between the two ne.e.cht
adjacent judgments

Absolute
importance

If activity i has one
of the above nonzero
numbers assigned to
it when compared with
activity j, then j has
the reciprocal value
when compared with i

Demonstrated
importance

5 Essential or strong Experience & judgment
importance strongly favor one

activity over
another

Ration- Ratios arising from If consistency were to be
als the scale forced by obtaining n

numerical values to span
the matrix

element. A lack of precise means of measurement requires
the use of subjective judgment in making a comparison
(Saaty, 1974) (Table 1).

3 Weak imporumce of Experience & judgment
one over another slightly favor one activity

over another

A fuzzy set S in Z is a set of ordered pairs, where X =
{x} denotes a [mite set of n points:

9

7

Recipro
cals of
above
nonzero

2.4,6,8

Intensity of
Imporumce Definition

•

•

•
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or characteristic value (or latent root) of the matrix A. The
corresponding solutions (w "* 0) of equation (i) are called
eigenvectors or characteristic vectors of matrix A corre
sponding to that eigenvalue n (Kreyszig, 1983).

Although it is thus possible to recover the vector w as
shown above, the real problem is that the comparison ratios
are imprecise. However, one must estimate W in spite of
errors in judgment.

The human judgment is complex and there often exists
inconsistency in judgment. It is often argued that inconsis
tency in judgment is a weakness that can be overcome by
education. However, this may not always be true, for
example; if an object 'A' is preferred to another object 'B'
and 'B' is preferred to 'C', then it is not always necessary
that 'A' is preferred to 'c' according to the common occur
rence in human judgment. Therefore, irrespective of level
of education, the above example illustrates that legitimate
in consistencies exist in human judgment. In general, if
human judgments tum out to be consistent, there would be
no planning problems. Since the inconsistency in human
judgment has to be considered in the decision making and
in the absence ofan easy solution, one must develop rational
means for making decisions.

With inconsistency in the judgment matrices, the rela
tionship a ..w./w. = 1; i, j - 1, w, .... , n, does not hold good.
Therefore~Jwlth ~onsistency;

n
Laiiwi/wi = n
i = 1

When the rank of matrix A is unity, the right hand constant
(n) of the above equation is the largest eigenvalue. All other
eigenvalues are zero.

Therefore, in general, the desired scale w = (w l' w2'..... ,
w ) must satisfy the eigenvalue problem Aw =A w,
wHere A is the largest eigenvalue of A which by iYe3fion
Frobenim'lfieory turns out to have an essentially unique non
negative solution w, if A is non-negative and irreducible
(Saaty, 1974).

Small perturbation of the coefficients a .. implies small
perturbation of the eigenvalues and eigeNvectors. The
problem thus reduces to A'w' = A w' , where A is the
largest eigenvalue of A' . For simprn¥fcation, howe~lt it can
be written as Aw = A w, where A is the matrix ofpairwise

. max
compansons.

•

Consistency here means a
i
.a·

k
= a

ik
, if we assume that

the values are estimated preci;e~y, i.e., a,. = w./w .. From
IJ 1 J .

a..a'k = w,/w. x w/wk = w'/wk = aik, we have ill the
,IJ J 1 J. 1
Juagment mathx A:

(a) for the main diagonal entries, a .. = 1
11

(b) the reciprocal relations, a., = 1/a...
IJ Jl

In general, consistency may not be expected to hold
everywhere in the matrix because human feelings do not
conform to an exact formula. However, in order to improve
consistency in the numerical judgments, it is recommended
that if one element is judged to be S times stronger than
another, then the latter is only liS times as strong as the
former. If it is assumed that this reciprocal property holds
good, then the matrix A is completely determined by speci
fying a set of only n(n-l)/2 elements such that 1) none are
on the main diagonal (these are by definition equal to 1); and
2) no two of which are reciprocal elements (i.e., both a" and
a,. are not members of the set). Under the cardinal c6-ltsis
tJhcy property, i.e., a..a'k = a

ik
, given any row of A, one

can determine all othJ~ eWtriesoy this relationship. In fact,
it can be shown that under cardinal consistency the entire
matrix can be determined by the (n-1) relation of w./w.
where 1) i"*j; and 2) no two ofwhich are reciprocal elemJnt~
It is also true that the matrix A consists entirely of positive
entries, since use of zero would mean that a pair is not
comparable (Saaty, 1974).
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The matrix A of pairwise comparisons need not be
consistent since the error due to inconsistency can be
measured. From our earlier discussion it should be clear that
matrix A is consistent if and only if A = n. However, •
in general A is always ~ n. Therefom~ - n) can be

'd ed max . d f d f max,conSl er as an ill ex 0 eparture rom the consIstency.
This departure from consistency can be expressed as:
where A., i-I, 2, ... , n, are the eigenvalues of A. From above

1

Amax - n = - ~=2i , Amax = 1

a consistency index (CI) can be calculated by (A -n)/(n
- 1). The consistency ratio (CR), on the otherrfand, is
determined by dividing CI with the appropriate random
consistency of the matrix of order n. If the ratio is higher
than 10% (20 % may be tolerated in some cases), it is
recommended that revisions be made in the judgment matrix
(Saaty, 1983; Saaty and Alexander, 1981).

The individual pairwise comparison matrices for each
factor in a landuse planning alternative must be aggregated
to an overall matrix so as to conform with the assumptions
made. The assumption is that the judgmental inputs are all
provided by a single individual expert, or are the unanimous
views of several individuals. Ifno single individual knows
enough to supply all the judgments, then the inputs are
assumed to be the collective views ofvarious interest groups.

There are several aggregation procedures available for
combining the individual paired comparison matrices into •



Table 2. A few selected alternatives in
land use planning in Interior Alaska.

•
a single overall rating matrix A, where a .. ' s are the elements
in A. In order to incorporate the vie~points of various
interest groups, one or more of the aggregation techniques
can be used to develop a single overall matrix.

Land Use Planning Alternatives Symbol

APPLICATIONTO AHYPOTHETICAL
MINE

The landuse planning is site specific. In order to
illustrate the application of the model, four post-mining
landuse alternatives (Table 2) were chosen. These are
considered to be ofprime importance in Interior Alaska. The
other six alternatives were derived from these first four
alternatives. While the above alternatives are not necessar
ily exhaustive, nor in any particular order, they do at least
establish a framework for the following discussion. The
factors or characteristics that are common to all of these
alternatives, are listed in Table 3.

DATA COLLECTION

1. Forestry and Wildlife Al
2. Forestry A2
3. Agricultural A3

4. Recreational A4

5. Combination of Forestry, Wildlife, A5
and Agricultural

6. Combination of Forestry and Recreational A6

7. Combination of Forestry and A7
Agricultural

8. Combination of Forestry, Agricultural, A8
and Recreational

9. Combination of Forestry, Wildlife, and A9
Recreational

10. Combination of Forestry, Wildlife, AI0
Agricultural, and Recreational

Table 3. Factors influencing
land use decisions.

(i). Slope Fl
(ii). Altitude F2

(iii). Drainage F3
(iv). Temperature F4
(v). Precipitation F5

(vi). Soil characteristics F6
(vii). Location F7
(viii). Accessibility F8

(ix). Size and shape of land F9
(x). Surrounding land uses FlO

(xi). Population characteristics Fll
(xii). Water quality F12
(xiii). Erosion and sedimentation F13
(xiv). Aesthetic values F14
(xv). Economics F15

(xvi). Political F16

•

In an effort to develop the pairwise comparison matrices
the data were collected by interviewing several faculty,
students, and staff members of the University of Alaska
Fairbanks. In developing the comparisons, a simple ques
tion was asked concerning the importance rating of various
alternatives or factors which was later transformed into a
relative weight between 1 and 9 (Table 1). Reciprocals are
automatically assigned in each pairwise comparison. Since
the elements in the diagonal of the paired comparison matrix
are always 1 and reciprocals are assigned, thus, for an n x
n matrix, only n(n-l)/2 comparisons were required. For
instance, to form a 4 x 4 interaction matrix, 6 comparisons
are necessary. When the size of the matrix is large, a major
difficulty lies in the large number ofquestions an individual
must answer in order to obtain the n(n-l )/2 judgments. This
difficulty, however, can be overcome by improving the
process ofcollecting these judgments. As discussed earlier,
if the cardinal consistency of the matrix is followed, only
a row of elements can provide the rest of the elements in the
matrix. The rank of the matrix would be one and there will
be one maximum eigenvalue A and the other eigenval-

. max
ues bemg zero.

Factors Symbol

•

In this application, although cardinal consistency was
not observed, the reciprocals improved the consistency of
the matrix. The judgments or elements in the matrix (a..)
were expressed as positive integers (scale of importanc~.
Ifelement i dominates overelementj, then the whole number
integer is entered in row i, column j and the reciprocal
(fraction) is entered in row j, column i. The reverse occurs
if element j dominates element i. If the elements being
compared are equal, a value 1 is assigned to both positions.
For instance, when alternative 1 (forestry and wildlife) is
compared with alternative 3 (agricultural) with respect to
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slope, since Al dominates A
3

with absolute importance, a
value of 9 is put in first row and third column and 1/9 is put
in third row and fust column (Table 4). By following this
approach for each factor, raw data for the pairwise compari
son matrices were developed by comparing the alternatives
with respect to a specific factor.

The collected data were then synthesized as the aggre
gate matrices of all individual pairwise comparison ma
trices, using the median aggregation operation. Examples



of the resulting aggregated matrices are presented in Tables
4 and 5.

ANALYSIS AND RANKING OFTHE
ALTERNATIVES

From the interaction matrices, the eigenvectors corre
sponding to maximum eigenvalues (A ) were calculated.
The matrix formed by the respectivJlle'1genvectors is pro
vided in Table 6. In order to recover the final weightage,
this matrix (matrix of size 10 x 16) is multiplied by the
transpose of eigenvector (matrix of size 16 x 1) correspond
ing to the maximum eigenvalue (A ) obtained from Table
5. This gives a resulting column rira~ of size (10 x 1) and
is shown in Tables 7 and 8. The resulting matrix gives the
corresponding values for each alternative starting from Al
to AlO. The alternatives are ranked from the highest value
to the lowest value of the column matrix elements (Table 9).
All the eigenvectors and the final column matrix are normal
ized. The alternative with the highest value (highest weight
age) is the most desirable landuse planning alternative.

Based on this analysis, it was found that the second
alternative (forestry) is the most desirable post-mining
landuse planning alternative for the selected mine site (Table
9). The variation in ranking between the chosen alternative
and the next alternative, such as, forestry (A

2
) and forestry

and wildlife (At), is also very small. This can be attributed
to the effect oT aggregation, nature of inconsistency in
subjective opinion and limitation of the data collected.

SUMMARY AND CONCLUSIONS

trends, economic forces, employment opportunities, main
tenance of renewable resources, and many other factors.
Information about such variables is compiled, evaluated,
and balanced in the planning process. Plans for post-mining
landuses should recognize not only the possible impact of
mining itself, but also of ancillary activities. One purpose
of such an approach is to identify the various alternatives in
post-mining landuse planning.

Furthermore, a flexible and useful technique, such as
the fuzzy set approach, provides a realistic way for assessing
many types of possibilities for various post-mining landuse
alternatives. This is because the fuzzy set methodology is
specifically designed to reflect many of the imprecisions and
ambiguities present in the real world.
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Table 4. Interaction matrix of the factor "Slope"

Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9 AI0• ------------------------------------------------------------------------------------------------------------------------

Al 1 1/5 9 In 7 1/5 7 5 1/7 5 ~

1
A2 5 1 9 In 6 1/3 6 4 1/4 4
A3 1/9 1/9 1 1/9 1/5 1/8 1/5 1/6 1/9 1/7
A4 7 7 9 1 7 1/3 6 4 2 4

jA5 1/7 1/6 5 In 1 1/5 1/3 1(2 1/7 1/2
A6 5 3 8 3 5 1 7 5 2 3
A7 1/7 1/6 5 1/6 3 1/7 1 1/3 1/5 1/3
A8 1/5 1/4 6 1/4 2 1/5 3 1 1/7 2

1A9 7 4 9 1(2 7 1/2 5 7 1 7
A10 1/5 1/4 7 1/4 2 1/3 3 1/2 1/7 1

~

Table 5. Comparison matrix with respect to overall satisfaction.

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 FlO Fll F12 F13 F14 F15 F16
-------------------------------------------------------------------------------------------------------------------------

F1 1 5 5 5 1/5 1/7 1/5 1/5 1/5 1/9 1/9 1/5 1/5 1/5 1/9 1/4
F2 1/5 1 2 2 1/5 1/7 1/5 In 1/8 1/9 1/9 1/5 1/5 1/5 1/9 1/3
F3 1/5 1/2 1 3 1/4 1/7 1/5 1/4 1/5 1/9 1/9 1/5 1/5 1/4 1/9 1/4
F4 1/5 1/2 1/3 1 1/5 1/7 1/5 1/5 1/5 1/9 In 1/6 1/6 1/5 1/9 1/4
F5 5 5 4 5 1 1/2 1(2 2 1/3 1/3 1/4 1/2 1/3 1/3 1/2 2
F6 7 7 7 7 2 1 3 3 3 1/2 1/3 2 3 2 1/2 3
F7 5 5 5 5 2 1/3 1 1/3 1/2 1/4 1/3 1/2 1/2 3 1/2 4

• F8 5 7 4 5 1/2 1/3 3 1 3 1/3 1/3 1(2 1/4 3 1/2 3
F9 5 8 5 5 3 1/3 2 1/3 1 1/2 1/2 1/3 1/2 3 1/2 3
FlO 9 9 9 9 3 2 4 3 2 1 5 6 5 4 3 5
Fll 9 9 9 7 4 3 3 3 2 1/5 1 5 5 4 4 4
F12 5 5 5 6 2 1/2 2 2 3 1/6 1/5 1 1/3 2 1/2 4
F13 5 5 5 6 3 1/3 2 4 2 1/5 1/5 3 1 3 1/3 4
F14 5 5 4 5 3 1/2 1/3 1/3 1/3 1/4 1/4 1(2 1/3 1 1/5 2
F15 9 9 9 9 2 2 2 2 2 1/3 1/4 2 3 5 1 5
F16 4 3 4 4 1/2 1/3 1/4 1/3 1/3 1/5 1/4 1/4 1/4 1/2 1/5 1
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Table 6. All eigenvectors corresponding to maximum eigenvalues from sixteen interaction matrices.
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0.184
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Table 7. Matrix multiplication to get the resulting column matrix representing the final weightage of the
land use alternatives. •

0.086 0.056 0.037 0.076 0.070 0.093 0.267 0.278 0.100 0.121 0.230 0.186 0.203 0.122 0.029 0.065

0.115 0.078 0.047 0.041 0.053 0.119 0.250 0.174 0.119 0.187 0.246 0.271 0.102 0.031 0.017 0.047
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0.015
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0.034

0.014
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0.010870

0.009129

0.040744
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0Jl85887

0.040 0.039 0.083 0.124 0.104 0.045 0.023 0.015 0.026 0.052 0.028 0.044 0.018 0.054 0.085 0.021

0.199 0.168 0.172 0.128 0.167 0.156 0.041 0.168 0.228 0.049 0.064 0.041 0.082 0.378 0.099 0.361

0.038 0.OB7 0.103 0.050 0.02B 0.051 0.034 0.033 0.039 0.037 0.035 0.037 0.028 0.029 0.269 0.030
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0.092969

0.058925

0.058198

0.192139

0.1>4742

0.062084

0.077732

0.038232

0.103>47

U.U24957

0.127264
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0.116735

U.061447
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Table 8. Final weightage of the land use Table 9. Final ranking of the land use
alternatives• alterna tives.

• Symbol Alternatives Weightage Symbol Alternatives Weightage
--------------------------------------------- -----------------------------------------------------------------

Al Forestry and Wildlife 0.145119 A2 Forestry 0.149054
A2 Forestry 0.149054 Al Forestry and Wildlife 0.145119
A3 Agricultural 0.091055 A6 Combination of Forestry and 0.127264
A4 Recreational 0.093107 Recreational
A5 Combination of Forestry, Wildlife, 0.085887 A9 Combination of Forestry, Wildlife, 0.116735

and Agricultural and Recreational
A6 Combination of Forestry and 0.127264 A4 Recreational 0.093107

Recreational A3 Agricultural 0.091055
A7 Combination of Forestry and 0.085457 A5 Combination of Forestry, Wildlife, 0.085887

Agricultural and Agricultural
A8 Combination of Forestry, 0.044876 A7 Combination of Forestry and 0.085457

Agricultural, and Recreational Agricultural
A9 Combination of Forestry, Wildlife, 0.116735 A10 Combination of Forestry, Wildlife, 0.061447

and Recreational Agricultural, and Recreational
A10 Combination of Forestry, Wildlife, 0.061447 A8 Combination of Forestry, 0.044876

Agricultural, and Recreational Agricultural, and Recreational

•

•
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REVEGETATION RESEARCH ON COAL MINE
OVERBURDEN MATERIALS IN INTERIOR TO

SOUTHCENTRALALASKA

Wm. W. Mitchell
University of Alaska-Fairbanks

(Agricultural and Forestry Experiment Station, Palmer)

•
ABSTRACT

Plant material, and planting and fertilizer scheduling
studies were conducted on coal mine overburden materials
in the Nenana coal field at the Usibelli coal mine near Healy,
in the Matanuska coal field at the Jonesville mine north of
Anchorage, and at two test pits in the Beluga coal field west
ofAnchorage. With proper fertilization a number ofgrasses
were found to maintain adequate cover for soil stabilization
purposes over the five- to seven-years of the various trials.
The consistently good performers were entries of tufted
hairgrass, Bering hairgrass, red fescue, hard fescue, polar
grass, and Kentucky bluegrass. Most were native to Alaska.
Some northern-selected materials of alfalfa did well on sites
below timberline with near neutral soils. Fertilizer re
sponses and indicated nutrient requirements indicated a
preferred schedule of fertilizer applications in the first and
third, and possibly the fifth or sixth growing years. Seedings
conducted from Spring, in late May, into summer, in late
July, produced equally satisfactory results.

INTRODUCTION

reworked soils. To ensure maintaining adequate cover over
the initial ten years, I think it will be necessary to rely mainly
on the plant materials that are seeded in the original mix.
Thus, these materials must be selected with care.

This paper concerns research that has been conducted
since 1980 at mine sites in three different coal fields of
central interior and southcentral regions of Alaska. The
purpose of the research was to determine which grasses,
among a number of native and introduced entries, were
adapted for use on mine soils of overburden origin. A few
legumes also were included in the trials. Some effects of
planting and fertilizer scheduling were studied, as well.

MATERIALS AND METHODS

Commencing in 1980, revegetation trials were estab
Iished in the Nenana coal field at the Usibelli coal mine south
of Fairbanks, in the Matanuska coal field at the abandoned
Jonesville mine north of Anchorage, and in the Beluga coal
field at two Placer Amex, Inc. test pits west of Anchorage. •

The primary, short-term objective of revegetating coal
mine disturbances is to provide a stabilizing cover to prevent
erosion. Over the long-term, it is to constitute a self
sustaining community that, nevertheless, permits recoloni
zation by native plants of the local area. For regulatory
purposes, ten years is the target date for judging a stand to
meet bonding requirements, at which time, the stand must
have been self sustaining for five years. Thus, it must not
have received man-supplied amendments, such as fertilizer,
if the operator is to receive the final payment on his posted
bond. Furthermore, efforts are to be made in the planting
to achieve stand diversity.

The ultimate, desired goal is for native plants of the area
to invade and become an increasingly important fraction of
the stand. A critical issue here is the level of expectation
for this in a particular time frame, and the need to maintain
an adequate cover per the regulations and for soil stabiliza
tion purposes. Personal observations have demonstrated
that native reinvasion can happen rapidly or can be a slow
process, depending on the circumstances. Strip mining
exposes extensive areas of overburden and drastically
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Mine soils on which seedings were conducted were
coal-seam overburden materials, moderately alkaline to
strongly acidic in nature. They were low in fertility and
contained various amounts of coal fragments. Fertility and
textural measurements are detailed in Table 1 for the three
trial sites at the Usibelli coal mine, the single trial site at
Jonesville, and two trial sites in the Beluga coal field.

Trial sites at the Usibelli coal mine were tilled with a
hand-operated rototiller before seeding, but no tilling was
conducted at the other sites. Seedings were conducted in
plots generally measuring 4 ft x 8 ft. Seed and fertilizer were
broadcast and raked into the surface followed by tamping.
Trial entries were randomly arranged in each of three rep
licated blocks. Evaluations were conducted by visually
estimating percent live coverage for each plot. The values
were averaged for the three replications for each entry.

Nenana Coal Field - Usibelli Coal Mine

The Usibelli coal mine is located in central interior
Alaska with mining activities occurring from below timber- •
line at about 1500 ft elevation, to a subalpine region at the
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edge of timberline, about 2500 ft elevation. The area is
subject to occasional strong winds. Revegetation trials were
located at three sites: at Poker Flat in the area of current
mining activity at about 1500 ft elevation, at Vitro, an
abandoned mining area at about 2000 ft elevation, and at
Gold Run Pass, near 2500 ft elevation. Soils were sandy
loam at Poker Flat and Vitro and clay loam at Gold Run Pass
(Table 1).

Fertilizer containing nitrogen, phosphorus, and potas
sium were applied to the trials established at the Usibelli
mine according to the following schedules:

Poker Flat, 1980 planting - fertilized in 1980 and in
1981.

Vitro, 1981 planting - fertilized in 1981, and a 3-foot
portion of 8-foot plots fertilized again in 1984.

Vitro, 1982 time-of-planting trial - fertilized in 1981,
and a 3-foot portion of 8-foot plots fertilized again in
1984.

Gold Run Pass, 1983 planting - fertilized in 1983, and
a 3-foot portion of8-foot plots fertilized again in 1984.

Thus, a 3-foot portion of the Vitro site and Gold Run
Pass plantings received two fertilizer applications and a 5
foot portion only one application.

Since 1971 the Usibelli coal mine has engaged in a
reclamation program that has seeded almost 2,000 acres.
These seedings have provided a valuable reference on the

performance of a number of plants over a variety of condi
tions.

Matanuska CoalField -Jonesville Mine

The trial location at the abandoned Jonesville mine site
in the Matanuska coal field is well below timberline at about
1000 - 1100 ft elevation. The minesoil is of a coarse nature,
interspersed with embedded rocks, which leads to rapid
drying of the surface material.

The trial planting established in 1980 was fertilized
when seeded and was refertilized in 1981.

Beluga Coal Field

Trials were established in the Beluga coal field at test
pits opened by Placer Amex, Inc. to extract coal for testing
in the oriental market. Access to these sites was by airplane.
The Capps test pit was located in the alpine region at about
2300 feet elevation, adjacent to Capps glacier which flows
from Mt. Spurrofthe AlaskaRange. Snow cover can remain
well into June at this site, dictating a growing season that
commences in late June to early July, and generally termi
nates with freezing temperatures in September.

The Lone Ridge test pit in the Beluga coal field was at
the edge of timberline, at about 1600 ft elevation. The
growing season is longer than at the Capps site.

The minesoils at these two Beluga sites were overbur
den material from above shallow coal seams. The soils are
ofvolcanic origin (C.L. Ping, personal communication) and

TABLE 1
Analyses of top 4 to 6 inches of minesoils at test sites.

Trial Sites pH N P K
-------ppm-------

Sand Silt Clay o.m.
-----------%----------------
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1 50% of Jonesville minesoil consisted of particles greater than 2 mm in size.

60 22 18 1.0
68 15 17 2.3
19 38 43 4.7

17 6.0

1717

4241

Nenana Coal Field
Usibelli coal mine
Poker Flat 6.7 3 5 30
Vitro 5.9 31 5 53
Gold Run Pass 5.8 37 19 92

Matanuska Coal Field
Jonesville mine 8.3 16 9 105

Beluga Coal Field
Capps Glacier 5.5 13 1 48
Lone Ridge 5.6 30 3 58

•



texturally, a loam, according to the Lone Ridge soil deter
mination.

The trial planting at Capps glacier was fertilized when
seeded in 1980 and refertilized in September 1982.

The trial planting at Lone Ridge was fertilized when
seeded in 1982 and was not subsequently refertilized.

PlantMaterials

The grasses and legumes for which data are presented
in this paper are listed in Table 2 along with their geographic
origin, where known. Varieties are names, or referred to by
number from the University of Alaska Institute of Agricul
tural Science (lAS). Future references will use the number
only, omitting the "lAS".

RESULTS

Nenana Coal Field

The different schedules employed at the three Usibelli
mine sites provided information on the effects of timing of
fertilizer applications.

At Poker Flat, fertilizing in each of the first two years
of growth provided for a lush growth in the initial years and
a consequent buildup of a thick layer of litter by some of the
better performing grasses (Figure 1). By the sixth and last
year of growth, the grasses providing the most live coverage
were some red fescues, hard fescues, tufted hairgrasses, and
the very short-growing Kentucky bluegrass (Table 3). The
red fescues and hard fescues produced the most litter, from
2 to 7 inches thick over 90 to 100% of the plot. The tufted
hairgrasses also produced about 100% litter cover of similar
thickness, but not as dense as that of the fescues. These
grasses showed the ability to produce live growth through
this litter. Litter cover generally was less extensive or less
thick for the othergrasses. Two alfalfas maintained vigorous
growth at this site (Figure 2).

The effects of fertilizer scheduling were readily appar
ent at the Vitro site. Without fertilization in the second year
of growth (1982), most of the grasses afforded less than 40%
coverage (Table 4). Though no additional fertilizer was
applied in 1983, many of the grasses showed little decline
in coverage. Climatic conditions for growth seemed more
favorable in 1983 than in 1982. However, the effects of
nutrient depletion became obvious in 1984. Only some
fescues provided 40% or better coverage without additional
fertilization, and their growth in leaf height was only 2 to
3 inches. Applying fertilizer increased coverage over two
fold, and growth in height from two to four-fold (Figure 3).
With the second fertilizer application, only eight of the 32
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grasses provided less than 40% coverage in 1984. By 1986,
without another fertilizer application, 14 of the grasses
provided less than 40% coverage. Entries ofred fescue, hard
fescue, tufted hairgrass, Bering hairgrass, and purple
reedgrass afforded well over 50% coverage. The once
fertilized portion had declined to less than 20% and in many
cases less than 10% coverage for most of the grasses.
Growth was extremely short. Litter accumulation was much
less at this site than at Poker Flat probably owing in part to
the longer time interval between fertilizer treatments.

The Gold Run Pass trial was on clay loam overburden,
thus had higher water and nutrient retention capacity than
the sandy loam of the other two sites. However, its subalpine
location at about 2500 ft subjected it to a more severe
climate, characterized by a shorter growing season, colder
temperatures, and stronger and possibly more frequent
winds. The area had been seeded about six to seven years
prior to the 1982 trial seeding, but it sustained a scant cover
of about 10% or less of the seeded grasses. Possibly, this
was due in part to poor establishment initially.

Good establishment was obtained of most of the entries
in the seeded trial. By 1984 most were still providing 40%
or better coverage without receiving additional fertilization
beyond the initial application (Table 5). By the fifth year
(1986) a number of grasses had declined below 40% in
coverage. Arctared fescue, the hard fescues, Bering and
tufted hairgrass, and Nugget bluegrass maintained the
highest coverage values. Applying fertilizer in 1984 in
creased average coverage 80% over that for the once-fertil
ized portion (Figure 4). In 1986, the twice-fertilized portion
provided 71% greater coverage than the once-fertilized
portion. Most grasses were still providing over 40% cov
erage on the twice-fertilized portion in 1986. Only a few
plants of Anik alfalfa survived, and these were low in vigor.

Some plants of green alder CA1nl.l£~ and willow
CSal.iK sp.) had established in the grass plantings at the trial
sites. These are important woody invaders of the reclama
tion seedings at the mine.

Time-of-PlantingTrial

Three plantings conducted about one month apart,
commencing May 27, 1982 at Vitro provided information
on the effect of planting date on performance in subsequent
years. The later plantings survived the first winter equally
as well as the earliest planting and provided as much or more
coverage (Table 6). After being fertilized again in 1984, by
1986 the twice-fertilized portion averaged over 50% cover
age for five of the seven grasses. The test indicated no
advantage for the early planting date.

Other trial plantings that were conducted in mid July at

•

•
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• TABLE 2
Plant-material entries included in minesoil plantings at

various sites.

•

•

Entry
Scientific Name: Common Name ( )1

Bromus inermis: Smooth bromegrass (r)
'Manchar'3
'Polar'

Phleum pratense: Timothy (t)
'Engmo'
'Climax'

Festuca rubra: Red fescue (r)
'Boreal'
'Pennlawn'
'Arctared'
lAS 3744

Festuca longifolia: Hard fescue (t)
'Scaldis'
'Tournament'
'Durar'
lAS 517

lAS 650

Poa pratensis: Kentucky bluegrass (r)
'Nugget'

'Sydsport'
'Merion'

Poa compressa: Canada bluegrass (r)
'Reubens'

Poa glauca: Glaucous bluegrass (t)
'Tundra'
lAS 254
lAS 253
lAS 252

Alopecurus pratensis: Meadow foxtail (r)
Common commercial

Alopecurus arundinaceus: Creeping foxtail (r)
'Garrison'

Phalaris arundinacea: Reed canarygrass (r)
Common commercial

75

Possible Origin2

Manchuria in origin
Native x introduced material

Norwegian cultivar
Canadian cultivar

Canadian cultivar
Pennsylvania cultivar
Alaska cultivar, indigenous
Experimental, Alaska native

Introduced cultivar, Netherlands
Introduced cultivar, Netherlands
Introduced cultivar, Holland
Experimental, Alaska collection,

probable introduction
Experimental, Alaska collection,

probable introduction

Alaska cultivar, probable
introduction

Swedish cultivar
Pennsylvania cultivar

Introduced cultivar

Alaska cultivar, arctic native
Experimental, Alaska native
Experimental, Alaska native
Experimental, Alaska native

Oregon grown

North Dakota cultivar

Native to Minnesota



TABLE 2 (Cont.)

Entry
Scientific Name: Common Name ()1

Deschampsia beringensis: Bering hairgrass (t)
Norcoast'
lAS 73

Deschampsia caespitosa: Tufted hairgrass (t)
lAS 243
lAS 239
lAS 458
lAS 371
lAS 560
lAS 389

Arctagrostis latifolia: Polargrass (r)
'Alyeska'
lAS 571
lAS 572

Possible Origin2

Alaska cultivart indigenous
Experimentat Alaska native

Experimental t Alaska native
Experimental t Alaska native
Experimental t Alaska native
Iceland native
Iceland native
Iceland native

Alaska cultivart indigenous
Experimental t Alaska native
Experimental t Alaska native

•

Calamagrostis canadensis: Bluejoint reedgrass (r)
'Sourdough' Alaska cultivart indigenous
lAS 477 Experimental t Alaska native

Calamagrostis pUWurnscens: Purple reedgrass (t)
lAS 625 Experimental t Alaska native

Elymus sibiricus: Siberian wildrye (t)
lAS 626 Experimental t Alaska native

Agropyron desertorum: crested wheatgrass (t)
Nordan' North Dakota cultivar

Agropyron riparium: Streambank wheatgrass (r)
'Sodar' ldaho/Washington cultivar

Agroj)yron subsecundum: Bearded wheatgrass (t)
lAS 623 Experimental t Alaska native

Agropyron spicatum: Bluebunch wheatgrass (t)
lAS 627 Experimental, Alaska native

Agropyron trachycaulum: Slender wheatgrass (t)
'Revenue' Canadian cultivar
lAS 267 Experimental, Alaska native

•

Puccinellia sp.: Alkaligrass (t)
lAS 215

Panicum clandestinum: Deer tongue (r)
Common

76

Experimental, Alaska native

Introduction •
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TABLE 2 (Cont.)

Trifolium repens: White clover (s)
Commercial Introduction

Possible Origin2
Entry

Scientific Name: Common Name ()1

Medicago falcata: Yellow-flowered alfalfa (t)
lAS 628 Experimental, introduced

Medicago sativa: Alfalfa (t)
AsynB Experimental, introduced

Trifolium hybridum: Alsike clover (t)
Common commercial Introduction

•

Medicago media (sativa x falcata): Variegated alfalfa (t)
'Anik' Canada cultivar

•

1 Growth form: (t) - tufted plants, producing new tillers from the base of the
stem; (r) or (s)-spreading plants producing new tillers from a laterally growing,
below ground rhizome (r) or above ground stolon (s).

2 Hanson (1972) was a source of information on origins of a number of

introduced cultivars.

3 Names enclosed in single quotes are cultivar (variety) names.

4 Numbering system for experimental entries in research program.

Vitro and atPoker Flat, for which dataare not presented here,
also produced good results.

Matanuska Coal Field -Jonesville Mine

Doubtlessly this resulted from the development of their
nitrogen fixing capacity. This indicates that nitrogen defi
ciency was an important limiting factor to the grasses.

•

Despite the very coarse nature of the Jonesville mine
site, excellent stands were obtained for the grass plantings
there. Applying fertilizer in consecutive years provided
good to dense coverage for most of the grasses in the second
year of growth (Table 7). However, without additional
fertilization after the 1981 application, most grasses de
clined severely in coverage (Figure 5). Only Arctared
fescue, Scaldis hard fescue, and tufted hairgrass 371 pro
vided coverage of40% or better by 1986. Nugget bluegrass
approached 40% in coverage. The coarse nature of the site
obviously resulted in excessive leaching with serious loss
of nutrients.

The alfalfas, on the other hand, showed an increase in
vigor over that of the initial years on this alkaline soil (Table
I). Though the number ofplants persisting in each plot were
few, their tall, bushy growth provided excellent coverage.
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Green alder and balsam poplar (populus balsamifera)
were woody invaders on this site (Figure 5). The spread of
balsam poplar was assisted by vegetative propagation
(suckering) from laterally-growing roots. This characteris
tic appears worthy ofexploiting for the use ofbalsam poplar
in reclamation plantings.

Beluga Coal Field

Trial results obtainedat the alpine site adjacent to Capps
glacier indicate it was the most severe of the test sites.
Without fertilization in 1981, relatively low coverage was
obtained by most of the grasses in their second year of
growth (Table 8). A number of grasses experienced an
increase in coverage in 1983 owing to the fertilizer that was
applied in the fall of 1982. However, some grasses contin
ued in a pattern of declining growth. By 1986, without any
further fertilization, only the tufted hairgrasses still provided



over 40% coverage. The polargrasses were the next best
TABLE 3 performers (Figure 6). The alfalfas failed at this site.

Poker Flat trial. Coverage estimates for •three different years for entries seeded in The Lone Ridge site at the edge of timberline afforded
Spring, 1980 at Poker Flat mining area, more favorable growing conditions than the Capps site.

Usibelli coal mine, Nenana coal field, central However, portions of the trial area were subject to excessive
~ interior Alaska l . moisture accumulation. Furthermore, by 1986 native

bluejoint reedgrass had invaded and taken over a portion of
Entries the trial with vigorous growth. Thus, the number of plots

------------------------------ that could be evaluated were reduced.
Grasses 1981 1983 l28.5.

Grasses that demonstrated fair to good adaptability for
Arctared red fescue 98 58 57 the site included the tufted hairgrasses, polargrass, reed
Boreal red fescue 93 53 23 canarygrass, and red fescue (Table 9 and Figure 7). Norcoast
Pennlawn red fescue 95 53 38 Bering hairgrass did well in some plots. Alfalfa failed at this

~
Red fescue 374 83 72 55 strongly acidic site. The seeded bluejoint did not do as well
Scaldis hard fescue 93 82 40 as the invading bluejoint. Other plants that were invading
Tournament hard fescue 89 85 38 the trial included willow and green alder. The moist con-
Durar hard fescue 98 38 14 dition of the site favors invasion by willows.
Hard fescue 517 80 58 30
Manchar bromegrass 57 40 27 Both of the Beluga sites are characterized by a deep
Polar bromegrass 77 54 38 accumulation of snow that does not thaw until well intot
Engmo timothy 73 50 7 spring or early summer. This is a condition that is propitious

'" Nugget bluegrass 87 70 52 for the development of snow mold (Sclerotinia borealis,
Merion bluegrass 80 42 28 possibly others). Though the trials have not been observed
Sydsport bluegrass 89 40 25 early in the growing season when direct evidence of snow
Glaucous bluegrass 252 70 30 22 mold damage can readily be seen, it would seem that sus-
Tundra glaucous bluegrass 77 18 0 ceptible grasses have been subject to snow mold effects at
Meadow foxtail 89 47 0 these sites, particularly at the Capps site, appears warranted. •Garrison creeping foxtail 87 27 0
Nordan crested wheatgrass 63 22 4 Soil-B uilding Effects
Sodar streambank wheatgrass 73 30 12
Bluebunch wheatgrass 627 80 28 0 Soil samples taken at the Poker Flat site at the Usibelli
Siberian wildrye 626 77 27 8 coal mine in 1985 provided some information on soil-
Sourdough bluejoint reedgrass 63 37 30 building by established grasses. The soil under Arctared
Bluejoint reedgrass 477 53 37 37 fescue in its sixth year of growth was compared with soil
Purple reedgrass 625 47 37 18 under bare plots, and with soil under bare ground adjacent
Alyeska polargrass 77 57 35 to the plots. The bareplots had been seeded but the plantings
Tufted hairgrass 371 83 80 45 had failed; they were fertilized the same as the Arctared
Tufted hairgrass 243 92 60 33 plots. The bare ground had not been seeded or fertilized.
Tufted hairgrass 239 21 BQ 55- The soil was analyzed for pH nitrogen (N), phosphorus (P),

Average 80 49 27 potassium (K), and organic matter (o.m.). The results for
the N content were so erratic for the three samples from the

Legumes Arctared plots that this measurement was not included in the
Anik alfalfa 47 57 43 analysis.
AsynB alfalfa 68 30 27
Yellow alfalfa 63 67 63 The bare-soil plots reflected the effects of the fertilizer
White clover 5 0 0 treatments applied in 1980 and 1981, having significantly

Average 46 39 33 greater amounts of P and K than the bare-ground soil, but
--------------------------------------------------------------------- were similar in o.m. content (Table 10). Soil from the

Arctared fescue plots showed the effects of retention and
1 Fertilized when seeded in 1980, 49-105-491bs/acre of recycling of nutrients, containing more P (not statistically
N - P205 - K20 and fertilized again in the spring of significant, however) and significantly more K and o.m. than
1981, 70-70-531bs/acre ofN - P205 - K20. the bare-plot soil. •
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• TABLE 4
Vitro trial. Coverage estimates for three different years for

entries seeded spring 1981 at Vitro lining area, Usibelli coal mine,
Nenana coal field 1.

Entries
-----------------------------
Grasses 1982 1983 19842 19863

Arctared red fescue 40 44 83 - 35 58
Pennlawn red fescue 37 46 80 - 24 47
Red fescue 427 40 41 72 - 43 57
Scaldis hard fescue 43 48 78 - 47 58

~Tournament hard fescue 40 46 82 - 40 57
Durar hard fescue 40 41 60 - 30 27
Hard fescue 517 47 51 78 - 45 55
Manchar bromegrass 33 32 48 - 17 32
Polar bromegrass 30 32 50 - 20 38
Engmo timothy 27 37 40 - 3 13 ..
Climax timothy 14 6 13 - 0 0
Nugget bluegrass 30 31 65 - 19 43 '"
Merion bluegrass 27 28 56 - 10 25
Glaucous bluegrass 254 30 25 60 - 14 7
Tundra glaucous bluegrass 33 26 51 - 15 0
Meadow foxtail 37 23 27 - 2 4

• Garrison creeping foxtail 37 28 22 - 6 3
Nordan crested wheatgrass 23 23 22 - 7 0
Sodar streambank wheatgrass 30 34 15 - 4 33
Bearded wheatgrass 623 13 4 2 - 0 0
Sourdough bluejoint reedgrass 27 27 47 - 20 35
Bluejoint reedgrass 477 27 31 55 - 18 37
Purple reedgrass 625 37 35 70 - 27 67
Alyeska polargrass 23 25 60 - 15 43
Polargrass 571 37 41 52 - 21 43
Norcoast Bering hairgrass 40 38 68 - 28 67
Tufted hairgrass 371 30 36 62 - 28 40
Tufted hairgrass 560 43 38 68 - 32 53
Tufted hairgrass 239 40 40 80 - 28 57
Tufted hairgrass 458 30 37 77 - 24 62
Alkaligrass sp. 215 27 23 13 - 0 6
Deer tongue Q Q -!!--!! -!!

Average 32 32 52 19 33
----------------------------------------------------------------------

1 Fertilized when seeded in 1981,80-80-60 lbs/acre ofN - P20S - K20. Three-foot
portion of each plot fertilized again in spring 1984,63-63-63 lbs/acre of N - P20S -
K20 .

2 Left-hand column for twice-fertilized portion, right-hand column for once-fertilized
portion.

• 3 For twice-fertilized portion only.
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TABLE 5
Gold Run Pass trial. Coverage estimates

for entries seeded in 1980 at Gold Run Pass
mining area, Usibelli coal mine, Nenana coal

field 1.

12M.l2BQ .l2B1.l2B.6
- - - - - - % coverage - - - - -

Entries
Once

Fertilized
Twice

Fertilized

fertilizers and other additions. But little can feasibly be done
about the aerial environment overextensiveareas, except for
some modifications to surface features.

It can be difficult to assess why plants fail or do poorly.
Some plants in these trials, however, obviously lacked
sufficientwinterhardiness. These includedReubens Canada
bluegrass, Climax timothy, deer tongue, and white clover.
With others, it was probably a combination of factors,
including marginal hardiness.

•

DISCUSSION

To succeed, plants must be adapted to the soil and to
the aerial environment, as affected by temperature, wind,
and length ofgrowing season.The soil can be amended using

1 Fertilized when seeded in early summer 1980,54-54-54
lb/acre of N - P20S - K20, and a 3-foot portion of each
plot fertilized again in 1984, 63-63-63 lb/acre of N -
P20S - K20. Coverage of 3-foot, twice fertilized portion
is compared with coverage on remaining 5-foot, once
fertilized portion.

Revegetation of mine soils, consisting of coal-seam
overburden material, involves working with soil materials
very low in nutrient and organic matter contents. However,
these overburden soils of the Nenana, Matanuska, and
Beluga coal fields have not demonstrated the presence of
harmful substances in toxic amounts (Mitchell et al. 1980);
futhermore, while the pH range ofabout 5.5 to 8.3 has effects
on plant performance, these effects are not extreme.

•

•

The tufted glaucous bluegrasses of native origin, in
general, were poorperformers. The variety Tundra glaucous
bluegrass native to the Arctic and recommended for arctic
use (Mitchell 1979), failed to persist at these northern sites.

Bromegrass, timothy, and meadow foxtail were com
ponents of seed mixes used over the last 14 years for
reclaiming mined land and other disturbed areas at the
Usibelli coal mine. None has persisted well on the extensive
areas overburden material. In one instance meadow foxtail
has persisted as the dominant grass over a large area that

Grasses such as glaucous bluegrass, wildrye, and some
of the wheat grasses are often found in open stands where
each individual plant has ample room in which to grow.
Forcing establishment in dense stands, with a consequent
buildup of litter, appears to be detrimental to their maintain
ing sufficiently healthy growth. Some, by nature, may be
short-lived perennials that depend on reseeding themselves
to perpetuate a stand, as has been suggested for Siberian
wildrye (Weintraub, 1953), and slender and bearded
wheatgrass (Hafenrichter et al. 1968).

It is more difficult to assess the poor performance of
some of the other grasses. Hardy varieties of bromegrass
and timothy are important forage grasses in Alaska (Kle
besadel1983). Meadow foxtail has been used for forage and
revegetation purposes, mainly on acidic soils. The evidence
indicates that these grasses require the maintenance of
higher fertility levels than were used on the overburden
materials in these trials. Without repeated fertilizer appli
cations, drastic reduction in coverage occurred.

Indigenous Alaska origin, which presumably would
confer sufficient winterhardiness upon the entry, did not
necessarily mean superior performance. Bluebunch
wheatgrass, bearded wheatgrass, and Siberian wildrye, all
native tufted grasses of a related group, did poorly, some
after establishing good stands in their early years. A native
slender wheatgrass performed comparably to the introduced
Revenue slender wheatgrass in the Gold Run Pass trial. The
rhizomatous Sodar streambank wheatgrass originating in
Oregon did as well or sometimes better than the native
wheatgrasses.

51098
Legume
Anik. alfalfa

Arctared red fescue 67 52 92 72
Boreal red fescue 40 33 88 48
Scaldis hard fescue 42 43 72 78
Hard fescue 560 50 48 88 83
Manchar bromegrass 27 17 50 33
Nugget bluegrass 40 40 87 70
Reubens Canada bluegrass 4 0 11 0
Glaucous bluegrass 254 37 27 78 52
Meadow foxtail 32 6 81 28
Sodar strearnbank wheatgrass 47 27 73 47
Slender wheatgrass 267 40 22 63 45
Revenue slender wheatgrass 38 27 58 40
Slender wheatgrass 267 40 22 63 45
Bluejoint reedgrass 477 43 37 75 62
Norcoast Bering hairgrass 43 45 93 63
Tufted hairgrass 371 ~ 42 B2 TI

Average 40 31 72 53
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•
TABLE 6

Time-of-planting trial, Vitro site. Coverage estimates for entries
seeded in 1982 on three different dates at Vitro mining area, Usibelli

coal mine, Healy coal field 1.

-------------------------------------------------------------------
Planting Dates: May 27 Jun 24 Jul22 May 27 Jun 24 Jul22
Entries - - - - - - - - - - - - - - - - % coverage - - - - - - - - - - - - - - - -

1983 1986
---------------------- -------------------------

Avg.

Arctared fescue 50 56 58 63 65 65 64
Boreal red fescue 47 55 57 52 53 58 54
Manchar brome 37 28 41 32 22 33 29
Bluejoint rg. 34 50 35 57 63 43 54
Norcoast B. hg. 40 52 56 53 72 78 68
Tufted hairgrass 51 61 57 63 60 68 64
Meadow foxtail 41 1l 47 11 11 IE 17

Avg. % covg. 43 49 50 48 50 52
Avg. ht., cm 12 13 14 NA NA NA

1 Fertilized when seeded in 1982, 76-60-60 lb/acre ofN - P20S - K20, and a 3-foot
portion of each plot fertilized again in 1984, 63-63-63Ib/acre of N - P20S - K20.

•

•

resulted from a mud flow that incorporated subsurface and
surface soil materials. It also has persisted in some low
sheltered areas. Bromegrass has persisted as a dominant on
some disturbances involving surface soil materials. Timo
thy is probably marginally-adapted to areas subject to the
drying and other stressful effects of winter winds.

The soils of the Beluga coal field were too acidic for
bromegrass and Garrison creeping foxtail, which also per
formed poorly in forage trials on strongly acidic soils (below
pH 5.5) ofsouthcentral Alaska (Mitchell, 1986A). The poor
showing of timothy and meadow foxtail on these acid soils
must have been due to other reasons, however, as these
grasses have tolerated strongly acidic soils of southcentral
Alaska (Mitchell 1986A).

The introduced or exotic grasses that tended to do the
best in the various trials included the red fescues and hard
fescues followed by Kentucky bluegrass. The variety
Arctared, based on an Alaskan collection (Hodgson et al.
1978), generally outperformed the introduced varieties
Boreal and Pennlawn. Boreal outperformed Arctared at the
BelugaCapps site, however. The hard fescues were stronger
performers in the Nenana and Matanuska coal fields than in
the Beluga coal field. The varieties Scaldis and Tournament
hard fescue were far superior to Durar, which is the variety
that has been used in some revegetation seedings in Alaska.
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Introduced reed canarygrass was one of the best per
formers at the Beluga Lone Ridge site at the edge of tim
berline, but failed at the Beluga Capps site in the alpine
region. Reed canarygrass was a component of the reclama
tion seedings at the Usibelli coal mine, but it has persisted
only on sites that have been protected from the wind and
favored with snow accumulation in the winter because of
drifting or snow plowing.

Bluejoint reedgrass, a native grass expected to do well
in the revegetation trials, was a disappointing performer.
Bluejoint is one of the most abundant native grasses in
Alaska and is one of the principal native invaders on rec
lamation seedings at the Usibelli coal mine, often forming
conspicuous, vigorously growing clumps (Figure 8), and
was a strong invader at the Lone Ridge test site. In most
of the trials, however, seeded bluejoint did not develop
vigorously growing stands. A relative of bluejoint, purple
reedgrass, did particularly well at the Vitro site.

Grasses providing the most consistently good perform
ance over all of the trials were the tufted hairgrasses, native
to Alaska and Iceland, and red fescue. Bering hairgrass,
native to Alaska, also did well at many of the sites as did
the indigenous polargrass, particularly in the Beluga coal
field.



TABLE 7
Jonesville trial. Coverage estimates for

three different years for entries seeded in 1980
at the Jonesville coal mine, Matanuska coal

field, southcentral Alaska!.

Entries

TABLE 8
Beluga Capps trial. Coverage estimates for

entries seeded in early summer 1980 at Capps
Glacier test pit, Beluga coal field l .

Entries •
Arctared red fescue 98
Boreal red fescue 95
Scaldis hard fescue 83
Hard fescue 517 90
Manchar bromegrass 80
Polar bromegrass 93
Nugget bluegrass 87
Merion bluegrass 90
Sydsport bluegrass 86
Glaucous bluegrass 254 70
Meadow foxtail 93
Garrison creeping foxtail 95
Nordan crested wheatgrass 80
Sodar streambank wheatgrass 67
Sourdough bluejoint reedgrass 57
Norcoast Bering hairgrass 77
Tufted hairgrass 371 90
Tufted hairgrass 243 83
Tufted hairgrass 239 83
Siberian wildrye 57

Average 83

Legumes
Anik alfalfa
AsynB alfalfa
White clover

53
57
o

50
47
57
52
20
23
40
47
42
28
35
28
22
23
32
25
50
28
40
15
35

80
57
o

42
25
50
35
13
18
38
30
30
o

15
16
12
15
32
8

47
24
33
9

25

91
73
o

Arctared red fescue 37
Boreal red fescue 30
Scaldis hard fescue 43
Hard fescue 517 47
Manchar bromegrass 10
Polar bromegrass 17
Nugget bluegrass 43
Merion bluegrass 33
Sydsport bluegrass 47
Glaucous bluegrass 254 33
Tundra glaucous bluegrass 17
Meadow foxtail 33
Garrison creeping foxtail 0
Engmo timothy 27
Reed canarygrass 11
Sourdough bluejoint reedgrass 20
Bluejoint reedgrass 477 30
Alyeska polargrass 33
Polargrass 572 37
Norcoast Bering hairgrass 43
Bering hairgrass 73 50
Tufted hairgrass 371 57
Tufted hairgrass 243 57
Tufted hairgrass 389 53
Tufted hairgrass 239 47

Average 34

55
63
55
50
3

14
57
38
57
40
2

22
o

28
2

18
23
38
47
55
58
77
68
75
68
41

16
28
23

1
o
o

23
o

10
o
o

11
o
4
2

17
8

33
30
8
5

47
45
42
52
16

•
1 Fertilized when seeded in 1980, 54-54-54Ib/acre ofN 
P20S - K20, and fertilized again in 1981,63-63-63
lb/acre of N - P20S - K20.

Legumes
Anik alfalfa
AsynB alfalfa
White clover

o
o
o

o
o
o

o
o
o

On the northern plains, the introduced crested
wheatgrass and, to a lesser extent, smooth bromegrass have
proved to be too competitive in mixtures with native grass
species (Schuman etal. 1982; Holechek etal. 1981; Laycock
1980). At Usibelli mine, the predominant survivor of a
number of seed mixtures used in their reclamation program
has been the Canadian variety Boreal red fescue (Figure 8).
In the research trials at Usibelli, however, the Alaskan
variety Arctared generally outperformed Boreal. Observa
tions ofreclamation seedings along the trans Alaskapipeline
route have shown Arctared fescue to be the dominant sur
vivor at a number of sites where it was included in mixes
with introduced grasses. The success of some native entries
relative to that of the introduced entries in the trials reported
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1 Fertilized when seeded in 1980, 70-150-70 lb/acre of N
- P20 S - K20, and fertilized again in September 1982,
70-70-53 of N - P20S - K20.

on here indicates that, at these north latitudes, the use of
properly identified native materials can be expected to
produce a stand with substantial native plant representation.
Experience with growing grasses in Alaska has shown,
however, that some qualifications to this statement are
necessary. Under favorable circumstances, the introduced
grasses such as bromegrass, meadow foxtail, reed ca
narygrass, and timothy often grow more vigorously in their
seeding year than do the native entries. Thus, initial year •
competition from heavy seedings of introduced grasses



•

•

•

TABLE 9
Beluga Lone Ridge trial. Coverage

estimates for entries seeded 1982 at Lone
Ridge test pit, Beluga coal field,

southcentral Alaska1.

Entries 1983 1986
------------------------------
Grasses - -% coverage--
Arctared red fescue 68 48
Pennlawn red fescue 70 45
Scaldis hard fescue 72 20
Durar hard fescue 65 10
Polar bromegrass 7 0
Nugget bluegrass 62 23
Glaucous bluegrass 253 57 0
Engmo timothy 50 0
Meadow foxtail 55 13
Garrison creeping foxtail 58 7
Reed canarygrass 73 60
Sourdough bluejoint reedgrass 52 32
Bluejoint reedgrass 477 57 27
Alyeska polargrass 58 43
Polargrass 572 72 65
Norcoast Bering hairgrass 65 38
Tufted hairgrass 371 72 63
Tufted hairgrass 243 70 70

Average 60 31

Legumes
Anile alfalfa 2 0
Alsike clover 48 0

Average 25 0

1 Fertilized when seeded in early summer 1982, 87
195-87 lb/acre of N - P20S - K20.

TABLE 10
Analysis of soils sampled from Poker

Flat trial and adjoining bare ground in
1985.

Treatment pH P K o.m.
----------------

----lb/acre--- %
Arctared-plot soil 6.5 84a 154 a 1.58 a

Bare-plot soil 6.8 68a 2b 1.03 b

Bare-ground soil 6.7 6b 66c 1.07 b

Soils sampled from 0-4 inch depth; three samples
taken of each. Figures within a column not
followed by the same letter differ significantly at
the 5% level of probability according to Duncan's
multiple range.
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could be a barrier to adequate establishment of some of the
slower growing native grasses. Of the more successful
native grasses, polargrass, bluejoint reedgrass, and tufted
hairgrass show less seedling vigor than red fescue and
Bering hairgrass.

Exposure has been a critical factor for the survival of
a number of plants in the Usibelli reclamation seedings.
Among these are the alfalfa varieties used in these seedings,
which have required the protection of sheltered positions
with good snow cover for their survival. The alfalfas used
in the research trials, however, displayed good hardiness at
two locations, although failing at others. The results indi
cated a limitation in their use to sites below timberline with
soil acidities above pH 6.0.

In some of their reclamation seedings, the Usibelli coal
mine has produced some microrelief by gouging furrows
with rippers on a bulldozer before seeding. This has bene
fited the seedings by providing some protection and concen
trating moisture and nutrients in the furrows.

Snow mold infection may be a factor at some sites with
snow cover of long duration in the Beluga field. This could
affect entries of timothy, red fescue, Kentucky bluegrass,
Bering hairgrass, meadow foxtail, and possibly others.
Snow mold infestations vary in intensity, permitting differ
ent degrees of recovery.

Recommendations

Theresults ofthe trials indicated the following grass and
alfalfa varieties most suited for use in seeding on minesoil
overburden material in southcentral to central interior
Alaska.

Red fescue - variety (var.) Arctared (Boreal or
Pennlawn second choice)

Hard fescues - var. Scaldis or Tournament

Tufted hairgrass - var. Nortran (Mitchell 1986B)

Bering hairgrass - var. Norcoast (Mitchell 1985)

Polargrass - var. Kenai (Mitchell, In press) or var.
Alyeska (1980)

Kentucky bluegrass - var. Nugget (Hodgson et al. 1971)

Reed canarygrass (below timberline in Beluga field)

Alfalfa - Anik or Denali (below timberline on soils
above pH 6.0)

Though not performing as well as the above grasses in
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Figure 1. Lush, third-year growth of trial at Poker Flat, Usibelli coal mine. Trial had been fertilized in previous

two years.

Figure 2. Sixth-year growth oftrial at Poker Flat, showing accumulation of litter in grass plots and vigorous
growth of alfalfas, var. Anik on left and accession AsynB on right.

Figure 3. Fourth-year growth oftrial at Vitro, Usibelli coal mine, showing effect of once-fertilized treatment on
the left and twice-fertilized treatment on the right in each plot. Fertilizerwas applied overall when
seeded in 1981 and to portion on rig ht in 1984.

Figure 4. Fifth-year growth of Norcoast Bering hairgrass in foreground and Boreal red fescue in background,
with mostly barren bromegrass plot in between at Gold Run Pass, Usibelli coal mine. Right hand
portion of plot was fertilized in 1982 and again in 1984, left hand portion in 1982 only. Willow plants
have established in the grass plots.

Figure 5. Seventh-year growth oftrial at Jonesville mine, Matanuska coal field. After making good growth with
aid offertilization in the firsttwo years, grasses declined severely in coverage in later years owing to
leaching ofnutrients in coarse overburden material. Nitrogen-fixing alfalfas, however, grewvigor
ously.

Figure 6. Best performing grasses at alpine site in Beluga coal field were tufted hairgrass, in foreground, and •
polargrass, the tall grass visible in various plots, as shown in seventh year of growth.

Figure 7. Fifth-year growth oftrial at Lone Ridge, Beluga coal field. Red fescue, polargrass,tufted hairgrass,
Bering hairgrass, and bluejoint reed grass are visible here provid ing fair to good coverage. A number
of plants of willow and green alder have established in the plots.

Figure 8. A reclamation seeding at the Usibelli coal mine, Poker Flat area, in its eighth year of growth. Boreal
red fescue, low green growth, is the predominant survivor ofthe seeding mix. The large, vigorously
growing clumpsare invading plantsofbluejoint reedgrass. The reddish stalks are invading plantsof
tall fireweed (Epilobium angustifolium)which, once established, spread by rhizomes. Also invading
are plants of willow and green alder.

•
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most of the trials, previous experience with bluejoint
reedgrass has shown it to be a durable grass.

Plantingsconductedfrom late May to lateJuly indicated
that seedings can be conducted successfully into the third 4.
week ofJuly. Precipitation patterns are such as to favor July
plantings for a more certain moisture supply.

two seed mixtures on mined land in southeastern
Montana. J. Soil and Water Conserv. July-Aug:241
244.

Hodgson, HJ., R.L. Taylor, A.C. Wilton, and LJ.
Klebesadel. 1971. Registration ofNugget Kentucky
Bluegrass. Crop Science 11:938.

10. Mitchell, W.W. 1980. Registration of Alyeska
polargrass. Crop Sci. 20:671.

11. Mitchell, W.W. 1985. Registration of Norcoast
Bering hairgrass. Crop Sci. 25:708-709.

9. Mitchell, W.W. 1979. Three varieties of native
grasses for revegetation purposes. Univ. of Alaska
Agric. Exp. Sta. Circular 32.9 pp.

12. Mitchell, W.W. 1986A. Perennial grass trials for
forage purposes in three areas ofsouthcentral Alaska.
Univ. of Alaska-Fairbanks Agric. and For. Exp. Sta.,
Bull. 73. 30 pp.

Klebesadel, LJ. 1983. Forage crops in Alaska. Univ.
of Alaska. Agric. Exp. Sta. Bull. 63. 16 pp.

Laycock, W.A. 1980. What is successful reclama
tion? A look at the concepts of adaptability, produc
tivity, cover, and diversity of seeded species. North
west Colo. Land Reclam. Seminar II Proceed.,
Steamboat Springs, Colo. p. 1 - 17.

Hodgson, HJ., R.L. Taylor, LJ. Klebesadel, and
A.C. Wilton. 1978. Registration of Arctared red
fescue. Crop Science 18:524.

8. Mitchell, G.A., W.W. Mitchell, and J.D. McKen
drick. 1980. Soil characterization of Alaskan coal
mine spoils. p. 412-417. In: Focus on Alaska's Coal
'80. P.D. Rao and E.N. Wolff, ed. Univ. of Alaska
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With the identiftcation and use of plants adapted to the
climatic conditions of the region, the fertility level of a site
becomes the most critical question for the development of
a self sustaining community at an adequate growth level.
The addition of small amounts of fertilizer, as signalled by
declining vigor, would ensure the development of a healthy
community and further promote soil building. Regulations
prohibiting the use of fertilizer beyond the fIve-year limit
should be reviewed. Encouraging good grass growth, with
legumes where possible, improves the site for the future
development of a diverse community including invading
woody species.

Theresults recommend a scheduleofapplying fertilizer
in the frrst and third growing years. Another application in
the fifth or sixth growing year also is recommended to help
establish the threshold of fertility necessary for a self
sustaining community providing adequate cover. A fertil-'
izer containing nitrogen, phosphate, and potash in percent
ages of 20, 20, and 15, respectively, applied at 350 to 400
lb/acre in each treatment should be adequate.

Results further indicated that to sustain an adequate 5.
cover on these overburden soils fertilization is necessary
beyond the initial year. Fertilizing consecutively in the fIrst
two years at Poker Flat stimulated vigorous growth in the
early years and the buildup of considerable litter, possibly 6.
to the detriment of some plants. At Vitro most grasses
declined to an inadequate level of vigor by the fourth year
without a second fertilizer application. Two fertilizer 7.
applications were inadequate to maintain good stands on the
coarse textured site at Jonesville and the alpine site in the
Beluga field.
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COAL · THE LOGICAL CHOICE FOR RAILBELT POWER

NEEDS

John Sims
Usibelli Coal Mine

•

•

There is gloom and despair and much gnashing of teeth
and beating of chests in the land of Alaska. The flood of
shekels has slowed to a mere trickle - and the people are sore
afraid. Prospects ofmighty earthworks together with visions
ofbountiful water energy have vanished - gone like a dream.
Yet in the land of Alaska there is opportunity at hand;
opportunity to utilize hidden strengths and create a climate
of hope that will move Alaska from a land ofdespair to one
of expectation and fulfillment.

One such strength is COAL - Alaskan Coal- found in
an abundance almost unrivaled anywhere else on this planet
Earth. There is opportunity for the people of Alaska to
appraise this resource and prosper mightily from its utiliza
tion. Such is my message to you today.

Electrical power development policy for Alaska's
Railbelt region has to be a paramount concern for all who
reside in this corridor broadly defined by the route of the
Alaska Railroad. Presently we appear to be at a watershed
in terms ofdeciding upon the generation mode, location and
size of power plants which will be needed to satisfy future
electricity usage and growth.

With the apparent demise of Susitna has come the
opportunity for other generation modes. Coal has been
served up the chance to become the energy work-horse for
this entire region by satisfying base-load requirements.
Soon the die could be caste for generations to come and coal,
aided and abetted by some hydro and natural gas generation,
should be the logical fuel of choice.

"Logical" - defined as "according to the principles of
correct reasoning" - is the key word in the title of my
presentation.

There is, I maintain, a strong compelling logic, rooted
in a whole range of factors, which collectively dictate that
COAL be the number one choice for energizing the Railbelt.
In my view Alaskan coal is the energy provider whose time
has come!

Factors that I will briefly expand upon in my presen
tation include:
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1) The resource - its size, location and quality.

2) The optimal sizing of power plants in relation to
power demand projections.

3) A discussion of competing energy sources in
terms of capital and fuel costs.

4) The environment - a valid concern.

5) "The Coal Economy" - maximum benefit for
Alaska.

6) The impact of new technology benefiting power
generation and utilization of coal as a fuel.

7) Appropriate roles for Government and the private
sector.

1) THE RESOURCE

In total, Alaska's coal resource, measured in terms of
contained energy, far exceeds all other non-renewable
sources combined. By some estimates Alaska contains over
40% ofthe entire resource ofcoal in the United States. While
much of this immense resource lies north of the Brooks
Range, the coal fields which straddle or flank the Railbelt
contain impressive quantities of proven coal reserves. The
Usibelli leases at Healy are known to contain more than 150
million tons of economically recoverable coal while close
to a billion tons of mineable reserves have been outlined by
drilling on Diamond Alaska's Chuitna Project and Placer
U.S.'s Beluga area. Elsewhere several hundred million tons
of coal were delineated in the Yentna Basin by Mobil and
significant tonnages of both strippable and underground
reserves quantified in the Wishbone Hill and other locations
within the Matanuska coal field.

The quantity of the resource cannot be questioned nor
can its location relative to Alaska's main population axis -
the Railbelt. With such an abundant, ideally-located re

source it is logical to me, and I would hope to you, that there
should be an expanding commitment to coal in the Railbelt
for power generation. Railbelt coal, with the exception of



the geologically-conditioned higher rank coals of the
Matanuska field, are classified sub-bituminous Band C.
They possess some excellent attributes chief among which
is the extremely low sulfur content. Inherently these are
clean-burning, low pollution coals. Other attributes include
relatively low ash content, and good combustion and han
dling characteristics. Less desirable properties include
rather poor grindability, low-range ash-fusion temperatures
and high moisture content - on the average, 27-28%.

Such coals have been used for power generation, both
in Alaska and the Lower '48, for several decades, and
improvements in combustion technology continue to be
made. Transportation and rehandling costs, especially for
low rank coals, can amount to a significant proportion of
delivered fuel price to power plants. The logical step would
be to site incremental coal-fired power plants close to the
resource - at the mine mouth.

2) OPTIMUM SIZING OF
POWERPLANTS IN RELATION TO
POWER DEMAND PROJECTIONS

Using modest peak demand growth estimates of 1.6%
annually through the year 2000 (compared with historical
demand growth of 9.6% annually between 1965-1984) the
Alaska Power Authority (APA) concluded that 650 mega
watt (MW) of new capacity would be needed in the Railbelt
by 1999. This is a composite of to-be-retired existing
generation, and required new-growth capacity. The Railbelt
electric power utilities view demand growth over the next
13 years as increasing by 3.8%, a figure which is signifi
cantly lower than historic experience. It should be noted that
both the above projections were made before the dramatic
collapse of oil revenues. The economic stagnation predi
catedby the APA estimates for theRailbelt region is, I assert,
broadly unacceptable to many Alaskans since it runs counter
to state goals of diversification and economic expansion
especially in the relatively energy intensive extractive re
source sector. It appears reasonable to conclude that a
minimum of 650 MW and perhaps as much as 1000 MW
of new installed-generation capacity will be needed by the
turn of the century.

A serious flaw in the Susitna plan - one of many
was the fact that Susitna represented almosta 100% increase
in generating capacity, an amount which potentially was
extremely disruptive.

Increments of 15% to 20% of the projected need to the
turn of the century translate to power plants of the range 150
to 200 MW. Hydroelectric projects certainly could not
satisfy this increase on a cost effective basis. Natural gas
fired generation has the capability and at a capital cost much
lower than that of coal burning plants; however there is a
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big question relating to both assurance of supply of natural
gas and its future price. My enquiries indicate that on the
basis of present proven reserves, and the probability of
incremental discoveries, the Cook Inlet region has a reserve
index (R.1.) based on a current annual use (not considering
growth in demand) of a mere 23 years. This has to be of
serious concern to utilities contemplating new gas-fired
generation.

Coal on the other hand possesses no such constraints 
it is abundant, ideally located, and the 150-200 MW incre
ment is well suited to highly-efficient, modularized plants
employing the latest coal combustion technology. Once
again, a compelling logic favors coal.

3) DISCUSSION OF COMPETING
ENERGY SOURCES IN TERMS OF
CAPITAL AND FUEL COSTS

The APA estimated the capital cost in dollars per
installed kilowatt (KW) ofa 200 MW coal-fired power plant
at $3115 to $3310, depending upon location. I contend these
figures are grossly inflated and more realistic capital cost
estimates would be in the range of $1200 to $1500 per
installed KW. I base this assertion on numerous discussions
with project engineers and plant manufacturers, and on the
recent example of the Montana Power Company's expan
sion at Colstrip. In a climatic regime with extremes similar
to parts of the Railbelt, new capacity was built at a cost of
less than $1200 per KW, including all financing costs. I was
informed that the use of modularized and prefabricated
components designed for standard increments, as proposed
by a consortium of interests represented by Brown & Root,
Combustion Engineering and Westinghouse, would trans
late to capital expenditures within the range that I have
stated.

These capital costs still exceed simple-cycle gas turbine
generation by a factor of more than two, however they are
much, much more attractive financially than previously
represented by APA.

For those who still argue in favor of hydro, let's look
at the current Bradley LakeProject. With a design capability
of 90 MW, this project has been licensed by the Federal
Energy Regulatory Commission (PERC) for "peaking only"
which means an assured output of 45 MW at most. With
total project costs expected to be more than $350 million for
the dam and powerplant plus $150 million for a transmission
system to tie-in to the Railbelt, in reality we are looking at
over $10,000 per installed assured KW of power from this
project - in my humble view not a good investment.

I would maintain that the case for coal generation looks
increasingly attractive when weighed against these consid-
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erations.

Fuel costs have to be considered in evaluating alterna
tives. The one compellingargument for hydro is that the fuel
is basically free - but this advantage in no-way overcomes
the enonnous front-end cost and debt-servicing load inher
ent in hydroelectric projects.

Oil and gas prices, particularly with respect to the time
lines applicable to long-tenn power generation, are headed
in one direction -upwards. These commodities are essen
tially market-driven and, without subsidy, their price is
detennined in the global economy. Logical reasoning
implies thatonce thepresentcontrived situation ofdepressed
prices ends we will again see oil and gas prices climb and
competitiveness, both in relation to generation mode and
fuel price, will again widen in favor of coal.

Coal pricing is much more predictable since it is cost-
rather than market-driven. Thus a power utility can lock
into long-tenn supply assurance at a price indexed to pro
duction costs and a few other variables. Try obtaining such
assurance for oil or gas supplies over a 20, 30 or 40 year
period. Only coal here in Alaska can provide a long-tenn
price assurance.

At the mine mouth, servicing a power plant of up to 200
MW, a constant price in 1986 tenns of less than $1.50 per
million Btus is a safe prediction for coal. To compete at this
price level fuel oil would have to be less than $0.20 a gallon
delivered or much lower than recent prices which bottomed
at $0.35. Similarly natural gas prices would need to be
secured over long-tenn contractual supply period at $1.50
per thousand cubic feet.

With an eye to the future of energy costs coal, has to
be the fuel of choice - simple logic supports this assertion.

4) THE ENVIRONMENT

Ever a concern in Alaska and rightly so, environmental
issues must be resolved. The state program governing
surface mining and reclamation, which is monitored by
Office of Surface Mining (OSM), ensures compliance with
the law~ Let us not overlook the fact that before the present
law was in place Usibelli Coal Mine practiced a highly
successful voluntary reclamation effort. For those who need
assurance, or doubt the sincerity and commitment of our
industry, such results are indeed food for thought.

The clean burning attribute of Railbelt coal, combined
with current coal combustion and gasification technology,
guarantees that future power plants will handily meet strict
air quality provisions. Even the Airshed 1 designation for
new emission sources can be met in the Healy area.
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Coal is today a clean energy source for electrical power
generation. Logic leads me, however, to comment that as
an industry we need to get the word out to ensure that
enlightened decisions on power development are made from
a factual base responsive to modern technology.; and not
influenced by hysteria rising from memories of soot-laden
atmospheres from bygone days.

5) "THE COAL ECONOMY"

A commitment to coal for future power generation in
the Railbelt would strengthen the micro economy which
surrounds its usage. As a rule of thumb each million tons
of annual productive capacity would create approximately
100 new year-round jobs at the mine-site. Employment
multipliers will ensure at least another 150 jobs for each
million tons of production expansion whether the coal is
used in-state or is for export to Pacific-Rim countries. The
"coal economy" means well-paying, year-round jobs for
Alaskans; it means financial benefits staying in-state; it
means utilizing wisely an abundant natural resource, and
providing assured inexpensive power for Alaskan homes
and industries. It also means providing an essential cushion
to promising export efforts to places like South Korea. I say
this because all our major competitors in the export market
enjoy the benefits ofsubstantial domestic utilization ofcoal.
We must have the commitment of use here in Alaska if we
intend to have a lasting presence as a competitive supplier
to Pacific-Rim markets. The "coal economy" is one of the
most promising means of economic diversification - a
professed goal of the State of Alaska.

Yet again the application ofreasoning or logic supports
coal development and utilization.

6) THE IMPACT OF NEW
TECHNOLOGY

There are developments in coal combustion technology
which use fluidized-bed systems of various types, and coal
gasification advances such as the mile-stone project, the
Coolwater Integrated Gasifier Combined-Cycle (IGCC)
plant in the Mojave Desert of California.

Alaskan coals may very well be ideally suited to new
combustion and gasification technologies such as these 
certainly we will see the latest, best and most cost-effective
systems used to satisfy future generation needs in Alaska.

7) THE ROLE OF GOVERNMENT

Most of what I have discussed is achievable within the
private sector of the economy. There will, however, have
to be political commitment and support to help establish the
"coal economy" with the implicit benefits that it offers. The



abandonment of subsidies for competing fuels, and an end
to state capital-funding of generation modes - hydro
projects - would help the coal industry. Perhaps the most
appropriate role for Government is in the distribution of
electrical power where state funding of transmission sys
tems and orderly oversight of consumer interests could be
the focus.

90

Should logic prevail there will be a bright future in the
land of Alaska. A future in which coal, the most abundant
of her non-renewable energy resources, will figure promi
nently. Coal is indeed the energy provider whose time has
come in the land of Alaska. •
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ABSTRACT

Two sets of coal samples were collected from the No.
3 bed in the Usibelli Coal Mine, Nenana coal field, Healy,
Alaska, and were analyzed for major-, minor-, and trace
element contents. The coal was sampled in 4.5 foot vertical
increments at two locations, 200 feet apart. Four benches
were collected at each site and the total thickness of 18 feet
represents the entire bed thickness at these locations. The
coal, which is subbituminous C, is overlain by a poorly
consolidated fluvial sandstone (approximately 60 feet thick)
which is light gray above the first channel (location A) and
yellowish brown above the second channel (location B).
The mean sulfur content of this coal is extremely low
(0.12%) with the highest content in the upper 4.5 foot
interval of the bed at location A and in the upper 9.0 foot
interval at location B. The contents of Si, Al, K, Ti, Mg, Mo,
La, and Li show a high correlation with the ash content
(correlation coefficients >0.7) and are higher in the upper
and lower intervals at location A and higheronly in the upper
interval at location B. These elements are probably asso
ciated with aluminosilicates and/or stable oxides dispersed
within the coal and may result from detrital influx during
the beginning and ending stages of peat formation. In
contrast, the contents of Be, Cr, Mo, Nb, Sc, V, Yb, and Y
are anomalously higher (2-400 times) in the upper interval
of the bed at location B when compared to the upper interval
ofthe bed at location A. These elements show no correlation
with ash content and may have been transported by oxy
genated solutions moving through the overlying sandstone.
They were probably removed from solution by the interac
tion of ground water with the upper portion of the coal.

INTRODUCTION

Unweathered samples of coal and associated non-coal
rocks from well documented regional and depositional
settings can help identify the geological and geochemical
controls that affect the quality of coal. The Usibelli Mine,
in the Nenana coal field, is the only active coal mine in
Alaskaand is an ideal location to study and model geochemi
cal trends in Alaskan coal beds. These studies can then be
applied to other less accessible coal-bearing areas in Alaska
where data are scarce. Only three studies (Rao, 1968; Rao
and Wolff, 1981; and Affolter and others, 1981) have
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summarized the elemental composition of coal from the
Usibelli Mine. None of these studies have determined the
vertical and lateral trends in coal composition. Although the
quality (ash, sulfur, and heat-ofcombustion) ofthe coal from
the mine is well documented (Merritt and Hawley, 1986),
little is known of the element distribution. This investiga
tion was initiated to evaluate the vertical and lateral element
distribution from several coal beds in the Usibelli Mine. A
large sampling interval (4.5 foot) was utilized during this
stage to determine if future detailed sampling could be
justified. This paper documents the reconnaissance stage
of this study for samples collected from the No.3 coal bed
during 1984.

GEOLOGIC SETTING

The Nenana coal field consists ofa series ofdiscontinu
ous basins which includes the Tatlanika Creek, Wood River,
Healy Creek, Lignite Creek, and several smaller basins.
These Tertiary basins extend 150 miles in length and 1-30
miles in width along the northern foothills of the Alaska
range in central Alaska (Wahrhaftig and others, 1969;
Sanders, 1981). The areal extent of the field is estimated
at 200-350 square miles. Coal from the Nenana field is
found in the Healy Creek, Suntrana, Lignite Creek, and
Grubstake Formations (Figure 1), with the thickest and
greatest number of coals in the Healy Creek and Suntrana
Formations (Wahrhaftig and others, 1969; Affolter and
others, 1981). The Nenana coal field clastic sediments were
deposited in braided-channel and lacustrine environments,
and the peats in alluvial plain swamps. Buffler and Triple
horn (1976) noted 23 fining-upward cycles of fluvial
sedimentation in coal-bearing strata near the town of Healy
that reflect changing sedimentation rates broughton by basin
uplift and subsidence and stream channel avulsion. The
Usibelli Mine is currently mining in the Lignite Creekbasin,
Poker flats area, 4 miles north of the town of Healy (Figure
2). In the vicinity of the mine, the coal-bearing Suntrana
Formation consists ofsandstone, siltstone, claystone, shale,
and several coals. The coals, which are subbituminous C,
are designated (bottom to top) by numbers one through six
(Wahrhaftig and others, 1969)(Figure 3). In the study area
the No.3 coal bed is overlain by a poorly consolidated
fluvial sandstone and is underlain by a carbonaceous shale.
Only one small carbonaceous shale parting was observed



Figure 3. Typical section ofthe Suntrana Formation
at Poker Flats (after Denton, 1981, p.141).
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Figure 1. Stratigraphic nomenclature ofthe coal
bearing rocks ofthe Nenana coal field, Alaska,
modified from Wolfe and Tanai, (1980, p. 9).

Figure 4. Illustration of locations A and 8 and the
thicknessesof sample benches collected forthis

study.

chemical analysis according to analytical procedures used
by the U.S. Geological Survey to determine major-, minor-
and trace elements in coal (Swanson and Huffman, 1976).

A flow chart showing sequence of sample preparation and
analyses is shown in Figure 5 (modified from Hildebrand,
1986). All eight coal samples were analyzed for major-,
minor-, and trace elements; ash content; and forms-of
sulfur. Overlying rocks were investigated by SEM (scan
ning electron microscope) with X-ray energy dispersive
analysis capabilities. Element contents discussed in this
paper are reported on the whole coal basis in order to
evaluate and compare geochemical trends.

!
f--
I

OVER9lJROEN

NUMBER THREE BED

-~------:'~.::'::"'~'-=---------._-------j
Figure 2. Location ofthe Lignite Creek and Healy

Creek coal fields.

METHODS OF INVESTIGATION

in the coal at the study area.

Two sites (designated in this paper as location A and
location B), separated by 200 feet were selected for sam
pling (Figure 4). Samples were collected from fresh
exposures along the working face in the Usibelli Mine. Coal
thickness at these two sample locations was 18 feet. Four
vertical benches (4.5-foot intervals) were collected from the
top of the coal to the bottom at each location. Each sample
was carefully wrapped in plastic bags and submitted for

The analytical results were statistically evaluated using
the students-t test, 95% confidence level and the Pearson
product moment correlation statistic. Chemical summary
tables were generated using the geometric mean as the
estimate of the most probable concentration (mode). The
geometric mean is calculated by taking the logarithm of each
analytical value, summing the logarithms, dividing the sum •
by the total number of values, and obtaining the antiloga-
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Figure 5. Flow diagram of sample preparation and chemical analysis of coal (after Hildebrand, 1986, p.4).
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rithm of the result. The measure of scatter about the mode
used here is the geometric deviation (GD), which is the
antilog of the standard deviation of the logarithms of the
analytical values. These statistics were used because the
quantities of trace elements in natural materials commonly
exhibit positively skewed frequency distributions; such
distributions are normalized by analyzing and summarizing
trace element data on a logarithmic basis (Connor and
others, 1976). Results from the Usibelli coal samples were
compared with chemical summaries of 20 samples of
Tertiary coal from the Healy quadrangle (consisting of 8
samples from the older Usibelli Mine workings and 12
samples outside of the mine; Affolter and others, 1981) and
with 454 samples of Tertiary coal from various localities
in the western United States (Affolter and Hatch,
1984)(Table 1). Statistical comparisons of the vertical and
lateral analyses were also determined for locations A and B
(Table 2).

RESULTS

Statistical comparisons of the geometric mean contents

of ash and the contents of 38 elements and forms of sulfur
indicate the following.

(1) Usibelli coal Mine (8 samples) versus the Healy
quadrangle (20 samples)(Table 1):

Usibelli coal is significantly lower in ash, Si, AI,
Mg, K, Ti, Cd, Co, Cu, Ga, La, Li, Mo, Ni, Pb,
Sb, Se, Th, U, Y, Zn, S, and pyritic sulfur, and
higher in Na, Hg, and Sr. AIl otherelements show
no significant differences.

(2) UsibelliMine (8 samples) versus western Tertiary
United states coal (454 samples)(Table 1):

Usibelli coal is significantly lower in Si, AI, Mg,
Na, Fe, Ti, B, Be, Ga, Li, Mo, Pb, Th, D, Y, Yb,
Zn, S, Pyritic sulfur, and sulfate sulfur, and higher
in Ca, F, Mn, Ni, and Se. All other elements show
no significant differences.

(3) Dsibelli coal location A (4 samples) versus loca-
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Table 1. Comparison of mean content
of ash, and 38 elements from the Usibelli

mine (this study) with summaries from
western United states Tertiary coal

(Affolter and Hatch, 1984), and the Healy
quadrangle (Affolter and Others, 1981)

[All analyses are in percent or parts per million
and are reported on the whole-coal basis. Leaders
(---) indicate not detected.]

Usibelli Mine Tertiary coal Healy quad
(8 samples) (454 samples) (20 samples)

PERCENT

tion B (4 samples)(Table 2):

Location A is significantly higher in Fe and Ba.
All other elements show no significant differ
ences.

These summaries indicate that almost 48% of the
elements analyzed are statistically lower in content from the
Usibelli mine when compared to other Tertiary coals
(Figure 6 and Table 1).

DISCUSSION

•
Ash
Si
Al
Ca
Mg
Na
K
Fe
Ti
P

As
B
Ba
Be
Cd
Co
Cr
Cu
F
Ga
Hg
La
Li
Mn
Mo
Nb
Ni
Pb
Sb
Se
Sc
Sr
Th
U
V
Y
Yb
Zn
Zr

7.6
.74
.39

1.7
.16
.05
.028
.22
.02
.74

1.52
23.8

490
.18
.01

1.5
7.8
6.9

84
.4
.10

1.8
.534

61
.85

1
6.9
1.8
.3

2.4
2.2

300
.5
.5

12
3.2

.3
2.2

15

9.35
1.21
.61
.91
.24
.18
.036
.42
.04
.40

PPM
.62

70
500

1
.02

2
7
7.5

38
3

.07

.53
38

1.5
1
2
3.4

.5

.5
1.5

200
1.1
1

10
5

.5
11
15

11.5
.8
.97

1.3
.21
.012
.091
.32
.059
.30

.6
30

500
.2
.07

3
15
17
82

3
.06

7
.7

46
1.5
1.5

10
4.5
1.3
8
3

100
2.5
1.1

20
7

.7
8.8

15
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According to Hatch (1983), factors that control
elemental composition in coal include 1) geochemical
conditions in the peat swamp and composition of the
original plants, 2) composition and depositional environ
ment ofcoal roofrocks, 3) thermal maturity (rank), 4) nature
and intensity of any epigenetic mineralization, 5) composi
tion of ground water in contact with coals, and 6) degree
of weathering. Of the above listed factors items 1, 2, and
5 seem to have played a major role in the distribution of total
sulfur, ash, and some of the anomalous element contents for
the No.3 coal bed.

The evaluation of analytical data from the eight coal
samples suggests that there is 1) vertical and lateral variation
in the contents of sulfur and ash and 2) anomalously higher •
element contents in the top 4.5 foot interval of the coal at
location B than in the top 4.5 foot interval at location A.

Sulfur Content

The total sulfur content for the samples ranges from
0.03-0.28%, with a mean of0.12%. When locations A and
B are compared the following distributions can be identi
fied:

(1) The highest content of sulfur is within the top 4.5
foot interval at location A (0.28%) and in the top
9 foot interval at location B (0.21 %)(Figure 7).

(2) The lowest content of sulfur is in the bottom 9
13.5 foot interval at both locations. At location
A sulfur averages 0.03% and at location B it
averages 0.06%.

The mean contents of pyritic sulfur (less than 0.01 %)
and sulfate sulfur (0.006%) are extremely low and do not
vary vertically. The mean contentoforganic sulfur (0.11 %)
parallels total sulfur in vertical profile for both locations.
Along with increased organic sulfur the contents of Pb, V,
and Zn, are also enriched in the upper interval. It can be
speculated, that the distribution of total sulfur and Pb, V, •
and Zn may be the result of the activities of the growing
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Table 2. Comparison of the mean

contents from location A with location B•
[All analyses are in percent or parts per

million and are reported on the whole-coal
basis]

portion of the swamp. Sillanpaa (1972) reported that during
the peat forming stageplants have the ability to uplift certain
elements (Mn, Pb, Sn, V, and Zn) needed as nutrients from
the lower portion of the peat deposit. This could result in
a depletion of these elements in the lower and middle
intervals of the deposit and enrichment in the top interval.

PERCENT
7.82 7.23

.77 .71
045 .34

1.69 1.64
.15 .16
.072 .039
.025 .031
.308 .162
.031 .015
.70 .78
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Ash
Si
AI
Ca
Mg
Na
K
Fe
Ti
P

Ag
As
B
Ba
Be
Cd
Ce
Co
Cr
Cu
F
Ga
Hg
La
Li
Mn
Mo
Nb
Ni
Pb
Sb
Se
Sc
Sr
Th
U
V
Y
Yb
Zn
Zr

Location A
(4samples)

.037
2.7

23
600

.12

.011
10

104
2
6.3

110
047
.09

1.7
.6

65
.7
.8

6.6
1.9
.2
.7

1.7
290

.5

.5
704
2.9

.1
2.1

14

PPM

Location B
(4 samples)

.034
1.6

24
410

.26

.010
11

1.7
11
7.6

65
Al
.11

1.8
.5

58
1.1
1.2
7.2
1.6

.3

.8
2.8

300
.6
.5

25
3.6
.6

2.2
17
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Ash Content

The ash content for all samples ranges from 6.0-904%
with an average of 7.65%. When locations A and B are
compared the following distributions can be identified:

(1) The higher ash content is at the top and bottom 4.5
foot intervals at location A and at the top 9 foot
interval at location B.

(2) The contents of Si, AI, Mg, K, Ti, Mn, La, and
Lishow a strong correlation with ash content
(correlation coefficient> 0.7) and are probably
associated with aluminosilicates and/or stable
oxides. These elements are also higher in the top
and bottom intervals at location A and in the upper
9 foot interval at location B (Figure 8).

Some of the variation in aluminosilicates and/or stable
oxides in the top and bottom intervals may be the result of
the detrital influx during the establishment and termination
stages of the coal-forming environment. However, it would
be extremely difficult to determine the exact timing of the
detrital influx because of the large sampling interval (4.5
feet).

Anomalously High Element Contents

The contents of Be, Cr, Mo, Nb, Sc, V, Yb, and Y are
enriched anywhere from 2 to 400 times in the top 4.5-foot
interval of the coal at location B when compared to the top
interval at location A (Figure 9). These elements show no
correlation with either total sulfur or ash (aluminosilicates
and/or stable oxides) content and appear to have been
concentrated by other processes. This suite of elements in
the upper interval at location B are also enriched in com
parison to Tertiary western coal (Affolter and Hatch,
1984)(Table 3).

X -ray diffractograms ofthe coal LTA (low temperature
ash) for the top portion at both locations show little differ
ences in the mineral assemblage which consists of quartz
and kaolinite. X-ray diffractograms of the overlying fluvial
quartz sandstone for both locations are also identical. The
major difference between locations A and B is in the iron
content and colors of the overlying sandstone. At location
A the sandstone is light gray (N7)(Goddard and others,
1980) and at location B it is moderate yellowish brown (lOY
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Figure 6. Plots showing the average mean values of ash and 39 major, minor, and trace elements for Tertiary
western, Healyquadrangle, and Usibelli coal samples.

R5/4) (Goddard and others, 1980). Analysis of the sand
stone using SEM with energy dispersive capabilities indi
cates several iron encrusted quartz grains for the sandstone
at location B and none at location A. Semiquantitative
evaluation of the overlying sandstone indicates that it is two
to four times higher in iron content at location B when
compared to location A. This evidence suggests that the
higher element content at the top of location B may be the
result of the interaction of oxygenated ground water with
the upper portion of the coal (Figure 10).

Distribution ofOther Elements

The remaining elements show inconsistent or irregular
distribution patterns. Some of these elements may have
several different modes of occurrence in the coal, therefore

making specific identification of distributions difficult.

Distribution ofBaand B are relatively constant whereas
Br, Hg, and Sr show irregular random distribution. Several
of the elements (Cs, Hf, Ta, Sm, Eu, and Tb) are higher in
the top intervals butdo not seem to correlate with ash, sulfur,
or any other element.

Most Alaskan coal appears to be rather low in element
content when compared to other United States coal of
comparable age and rank, and has some of the lowest
reported sulfur contents of any United States coal (Mfolter
and others, 1981; Affolter and Stricker, 1984; and Affolter
and Stricker, 1987). Cecil and others (1982) have suggested
that one of the controlling factors for elemental concentra- •
tion in coal may be the pH conditions of the original swamp.
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andB.

They have suggested that peat associated with noncalcare
ous sediments could result in unbuffered depositional and
interstitial waters within the peat forming environment.
These unbuffered solutions would then have a low pH (3
4.5), resulting in leaching ofmetallic ions from the peat. The
overall effect of low pH would result in decreased activity
of sulfate reducing bacteria and lower contents of sulfur, ash
(aluminosilicate and/or stable oxides), and minor and trace
elements. (Cecil and others, 1982). This appears to be a
possible explanation for most Tertiary age United States
coal from the Rocky Mountain and Northern Great Plains
Provinces and also may be responsible for the low elemental
concentrations observed in the Usibelli Mine samples.

SUMMARY

The data collected for the rust year of this study shows
that vertical and lateral differences can be observed between
two locations even with rather large bench sample incre
ments. Even though the vertical distribution within the bed
varies considerably, the mean elementcontents are low. The
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contentofsulfur and ash (and associated elements) indicates
that many factors contribute to the final element distribution
within the coal. The effect of the apparent oxidizing front
has resulted in a change in the element composition of the
upper interval of coal at location B. Future studies from
the Usibelli Mine will involve detailed mineralogical and
petrological investigations of coal, overburden, underbur
den, and partings to further understand the vertical and
lateral trends established in this paper. Samples collected
during the second and third year of this study were taken at
much smaller vertical increments and were based upon
natural breaks within the coal. Detailed samples of the
overburden were also taken in order to explain the exact
effect of the proposed oxidizing front. It is believed that
these additional samples will further our understanding of
the element distributions for coal from the Usibelli Mine.
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(Affolter and
Hatch,1984)

4.1
200

2.8
5.3

22
790
24
21

Beryllium
Chromium
Molybdenum
Niobium
Scandium
Vanadium
Ytterbium
Yttrium

Element Content Top portion of
No.3 coal
bed from
location B

[All analyses are in parts per million and are reported on
the whole-coal basis]

Table 3. Comparison of beryllium,
chromium, molybdenum, niobium, scandium,

vanadium, ytterbium, and yttrium from the top
portion of the No. 3 coal bed at location B

with average mean values of 454 samples of
western United States Tertiary coal.
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SUNEEL'S SEWARD COAL TERMINAL OPERATIONS AND
MARKET OUTLOOK

William C. Noll
Suneel Alaska Corporation •

I am going to cover operations at the Seward Coal
Terminal and our perspective of a market outlook for coal
in some of the Pacific Rim.

First. let me cover the Seward Coal Terminal. Physi
cally. the terminal is located on ice-free Resurrection Bay
within the city limits of Seward. It is operated year around.
It is 362 miles from Usibelli Coal Mine's tipple at Healy to
our terminal. Suneel Alaska Corporation has leases ranging
from 15 to 55 years with the AlaskaRailroadfortheapproxi
mately 35 acres on which the terminal is situated.

The Seward Coal Terminal is owned and operated by
Suneel Alaska Corporation. a wholly-owned subsidiary of
Sun Eel Shipping Co.• Ltd.• ofKorea. Sun Eel Shipping Co.•
Ltd.• is itself owned 50-50 by Tae II Kim and Hyundai
Merchant Marine.

The terminal was designed and constructed after the
signing of a contract to provide coal to the Korea Electric
Power Corporation (KEPCO). The basic design and func
tional characteristics for the facility can be found in our
brochure. Although the coal contract with KEPCO has a
base volume of 800.000 metric tons per year. Suneel is
confident that the Seward Coal Terminal can handle an
annual throughput of 3.000.000 metric tons as is. with the
addition only ofmore operators and maintenance personnel.
To arrive at that figure we have used our shiploader as the
critical point of our operation. We are now experienced
enough to know that our shiploader. with a design rate of
1.000 metric tons per hour. will reliably and consistently
average at least 16.000 metric tons per day in actual ship
loading. Multiplying that by 365 days. and then discounting
thatby 40% for a wide margin ofsafety. still yields well more
than our estimated capability of 3.000.000 metric tons.

The shiploading record of the Seward Coal Terminal is
shown in Table 1. This record covers the fIrst 18 ships we
have handled. from January 1985 to September 1986.during
which time we shipped more than 1.000.000 metric tons to
Korea.

I will describe something ofour day-to-day operations.
Lees start with the coal as it is delivered to the terminal. The
Alaska Railroad normally carries the coal from Healy to

Seward in 60 hopper-cars. bringing about 5.000 metric tons
each trip. These deliveries are scheduled to take place three
times per week: loading at the Usibelli tipple on Monday.
Wednesday and Friday; unloading at the terminal on Tues
day. Thursday and Saturday. The hopper-cars are bottom
dump types. exactly the same as those that haul gravel into
Anchorage or coal to Fairbanks. When the train arrives at
Seward. Alaska Railroad personnel continue to operate it.
pushing the hoppers through our receiver-hopper building
with the road locomotives. More often than not. the 60
hoppers are broken into two 30-car sections during this
phase because ofspace limitations in pushing the entire train
length.

The receiving-hoppers (Figure 1) and stacker are de
signed to handle 3.000 metric tons per hour. In practice. the
best time we have recorded in train unloading has been about
one hour. fIfty-fIve minutes. On average. during summer •
operations we expect to unload a train in 2 1/2 to 3 hours.
The hopper-car doors are opened and closed manually by
terminal personnel.

During the winter months of 1984-85 and 1985-86 we
experienced much longer unloading times. sometimes 6 to
12 hours or more. This was due to the coal sticking to the
sides and bottoms of the hopper-cars. While we keep the
train in continuous motion during summertime unloading.
we have had to stop the train in the winter and shake the coal
out of each car. In an effort to improve our coal-handling
efficiency in the winter months. this year Suneel and Usibelli
will use a product developed by an ARCa subsidiary. Chem
Link. This product is sprayed onto the sides and bottoms
of the hoppers before putting the coal in. This product is
supposed to prevent the sticking which has plagued us and
allow the coal to fall freely. The product has been in
successful use in coal carried from Wyoming to Nebraska.
eliminating a problem exactly like ours. Our general
manager visited coal mine operators in Wyoming and the
facility in Nebraska before we ordered the product, and we
received excellent testimonials. Weare hopeful for the same
results here.

The stockpile capacity at Seward is about 120.000
metric tons (Figure 2). In fact. we make every attempt at •
inventory control so that we have as little as possible on the
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• TABLE 1
SUNEEL ALASKA CORPORATION SEWARD COAL

TERMINAL SHIPLOADING RECORD

Motor Vessel Loading Date Tonnage T.P.H. T.P.D.
--------------------------------------------------------------------------------------
Northern Lights 01-14-85 to 01-26-85 57,369 MT 247MT 5,928 MT
Wistaria 03-21--85 to 03-27-85 55,595 MT 539MT 12,936 MT
Berge Helene 03-31-85 to 04-07-85 62,912 MT 449MT 10,776 MT
Tatra 04-28-85 to 05-02-85 63,951 MT 780MT 18,720 MT
Moanna 05-22-85 to 05-25-85 58,991 MT 814 MT 19,536 MT
Moanna 06-30-85 to 07-04-85 59,009 MT 825MT 19,800 MT
Moanna 08-05-85 to 08-09-85 59,053 MT 832MT 19,968 MT
Vigan 09-25-85 to 09-29-85 60,093 MT 766MT 18,384 MT
K. Challenger 12-03-85 to 12-06-85 57,770 MT 613 MT 14,712 MT
St. Cergue 01-05-86 to 01-09-86 61,504 MT 609MT 14,616 MT
Morelia 02-19-86 to 02-23-86 60,947 MT 709MT 17,016 MT
Arnica 03-21-86 to 03-24-86 60,844 MT 801 MT 19,254 MT
Melete 04-16-86 to 04-19-86 66,089 MT 870MT 20,914 MT
Melete 05-20-86 to 05-23-86 65,511 MT 910MT 21,837 MT
Hyundai Atlantic 06-25-86 to 06-28-86 59,755 MT 830MT 19,918 MT
Hyundai Atlantic 08-04-86 to 08-07-86 59,926 MT 856MT 19,975 MT
Fort Dufferin 08-19-86 to 08-23-86 62,481 MT 672MT 16,021 MT
Fort Dufferin 09-21-86 to 09-27-86 63,094 MT 751 MT 9,013 MT

• ---------------------
NOTES:
TOTAL TONS SHIPPED TO DATE (All Ships) 1,094,894 MT

•
Figure 1. The receiver-hopper building at Seward

Coal Terminal, with adesign capacity of 3,000 metric
tons per hour for unloading bottom-dump hopper

cars. Coal cars are opened and closed manually by
Seward Coal Terminal personnel.
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Figure 2. These ten conveyors carry coal from the
recelver-hopperbuildingtootherconveyorsleading
tothe stacker unit at Seward Coal Terminal.



ground after shiploading. A safe percentage in this regard
is considered by the industry to be a ship and a half on the
ground when the ship arrives. Since we have been using
Panamax class ships in the 60,000 dwt range, that would be
90,000 metric tons. In practice, we have often had a train
load or two less than one ship on the ground, and, because
of reliable deliveries to us, we have no problem meeting
shiploading. The design rate of the reclaiming function of
our stacker-reclaimer is 1,000 metric tons per hour, match
ing the design rate of the shiploader (Figures 3,4 and 5).

For personnel, the Seward Coal Terminal has 11 full
time employees and 4 part time employees. Five of these
are in supervision and administration, including Smokey
Knapp, ourgeneral manager. There are six full time and four
part time operators and maintenance employees. From the
size of our complement you can see that we are very much
a family style company. We have had only one personnel
turnover since opening our doors. We have all Alaskans
employed, most of them from Seward, except for In Jae Kim
and Sung Hwa Na, who are assigned to the terminal from
Korea under standard work visas. Both have their families
with them in Seward.

Figure 3. The stacker-reclalmer at Seward Coal
Terminal, with design capacltiesof3,000 metric tons
per hour for stacking (stockpiling) and 1,000 metric

tons per hour for reclaiming.

Figure 4. Tower 13 at the Seward Coal Terminal. At
this tower isthe automaticsampling system, through
which coal that is being loaded on ships is sampled
for quality testing. The terminal's office and control

center is located next to the tower.

Figure 5. The shiploader at the Seward Coal Termi
nal, with a design capacity of 1,000 metric tons per

hour.

Although we ourselves are not a union company, we
contract the tie-up and let-go of our ships with Northern
Stevedoring, who uses ILWU union longshoremen. Seward
is a great place to work, and our relations throughout the
community have always been and are excellent, whether it
be with the City government, local suppliers or labor. I
would sincerely recommend Seward as an industrial port
location in Alaska.

Regarding a market outlook, Korea is planning a series
of seven 500 MW coal-fired power plants to be built from
1993 to 1996. These power plants will each consume about
1.5 million tons of coal, and they will be designed to handle
high-moisture sub-bituminous coal, such as we are now
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supplying to KEPCO's Honam Power Plant

In Japan, a Mitsui report dated April 1986 showed that
Japan is importing almost 14 million metric tons of steam
coal in 1986. If Japan's schedule for new-built coal-ftred
power plants doesn't change, that ftgure will jump to 35.7
million metric tons in 1995 and to 48.6 million metric tons
after 1995, according to the Mitsui forecast.

These ftgures, then, show that the power plants to be
built in Korea and Japan represent very large opportunities
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for Alaska to expand its market share. Not covered in the
numbers I justcited is a special situation which is developing
in Japan. There the recent cost for domestically-produced
coal for the utility and steel industries has been three times
that ofimportedcoal. For that reason, dramatic and unprece
dented cut-backs in the take of domestic coal have been and
are being scheduled in Japan. Exact nation-wide tallies may
be difftcult to forecast today, but these actions will no doubt
throw open to international suppliers a market of millions
of tons of coal formerly supplied by domestic mines.



INTERNATIONAL
ALASKA'S COAL

COAL TREND AND THE
EXPORTS TO PACIFIC

Ramesh Malhotra
NERCO Coal Corp., Cincinnati

FUTURE OF
RIM NATIONS •

INTRODUCTION

U.S. coal producers, in general, face stiff competition
at home and abroad. Domestically, there is an excess supply
of coal, an increased use of nuclear power, and important
Canadian electricity are making the lives ofU.S. producers
difficult.

Internationally, the decline in oil prices, and a strong
U.S. dollar combine with stiff competition from Australia,
S. Africa, and Colombia to threaten the future ofU.S. coals
in world trade. Also, a growing concern over acid rain
legislation, and the changing structure of coal and coal
related industries, are making it difficult to predict the future
of the U.S. coal industry.

The objective of this presentation will be to:

First, review current status of world coal trade; second,
consider business opportunities available in the Pacific Rim
for stearn coal; and third to consider the future of Alaskan
coal in the Far East market.

STATUS OF THE WORLD COAL
TRADE

There has been a downward revision of coal demand.
In the late 1970s and early 1980s, the consensus of opinion
was that world economies would grow rapidly and energy
needs would expand accordingly. It was expected that the
international stearn coal demand would increase from 100
million metric tons in 1980 to the 150-175 million metric ton
range in 1985. By 1990, the demand for steam coal trade
was expected to increase to 230-285 million metric tons.

However, a worldwide slowdown in economic growth
was realized in 1982, and energy forecasts were revised
downward. Early in 1984, the world steam coal demand
for 1990 was revised downward by 25-100 million metric
tons. Chase Econometrics' recent estimate projects that by
1990 world stearn coal demand could be only 175 million
metric tons, which is an additional 10-20 million metric ton
reduction. In the mid-1980s, the optimism of 5-8 years ago
has now turned into pessimism.

There have also been unexpected changes in the world
oil industry. Five years ago, in 1981, there was greatconcern
over the future availability ofoil and gas supplies. The price
of oil was projected to escalate to over $40 per barrel. It
was anticipated that the oil- and gas-based economy would
shift to other sources of energy such as coal. However, the
present excess supply of oil and gas, in relation to demand,
has changed the perspective, and international oil politics
have had a dramatic impact on customer buying patterns.

Inter-fuel competition has put downward pressure on
coal prices which are already depressed. The prospects of
coal becoming a primary base-load source of energy has
dampened. Oil to coal and gas to coal conversions have been
delayed, if not cancelled. Low ocean freight has provided
Australia, Colombia and S. Africa the ability to gain a larger
share of the distant coal market.

There has also been the initiation of construction of
nuclear power plants around the world, because of the
projected increase in demand for electricity, and the cus
tomers' desire to diversify. Nuclear power plants are highly
capital-intensive and a delay or stoppage of a nuclear
project, while in advance stages of construction, is very
expensive. Even after the world community realized the
optimism in forecasted coal demand, they had no alternative
but to complete the power plants and defer construction of
new coal-fired units.

Although commitments were made around the world to
develop new coal deposits, several projects, which were in
initial phases of development, have been cancelled or
postponed. However, a number of projects are continuing
to be developed as scheduled for political, economic,
business or strategic reasons. The continued development
of these projects has resulted in a worldwide over-supply
and a sharp decline in world coal prices.

There is also a major problem because of the apprecia
tion of the U.S. dollar. In the international trade, disparity
in foreign exchange rates can have a large impact on the
competitiveness of products. Five years ago, in 1981, the
U.S. dollar maintained a parity with other world currencies.
The dollar has gained strength and this, in tum, has created
a disparity in foreign exchange. U.S. coal, by no fault of
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its own, has become non-competitive in the world coal trade.

BUSINESS OPPORTUNITIES FOR
STEAM COAL IN THE PACIFIC RIM

In 1985, Japan, Korea and Taiwan, the three major
customers for coal in the Pacific Rim, purchased 44 million
tons ofcoal for stearn use. Recent demand forecasts indicate
very little new growth in coal demand between now and
1990. For example, Japan projects coal-rued power gen
eration to increase from 58 billion KWH in 1985 to 68 billion
KWH in 1990. In 1985, Japan consumed 22.4 million tons
of coal to produce power. It is estimated that, even after
adding 3,900 MW, coal-fIred consumption will only in
crease to 26 million tons in 1990. In Korea and Taiwan,
the coal consumption is projected to remain at current levels
through 1990.

For a number of reasons, the demand for coal in the
Pacific Rim region will begin to grow at a faster pace after
1990. In Japan, between 1990 and 1995, it is projected that
65 new coal-fued units will be constructed, to add approxi
mately 22,600 MW of new capacity. It is estimated that the
construction of these plants will result in Japan's coal
demand increasing to 38 million tons - 16 million tons over
1985. Similarly, in Korea, the construction of new plants
is projected to increase its coal needs from 6 million tons
in 1985 to 8 million tons in 1993 and 12.5 million tons in
1996. Depending on how nuclear power plants go, this
demand could increase even further. Taiwan and other
countries in the PacifIc Rim are also anticipating growth in
coal demand beyond 1990.

In the PacifIc Rim area in the 1980s, most of the coal
needs were purchased under long-term contracts which left
a very limited market for open trade. A number of these
contracts are scheduled to expire in the late 1980s or early
1990s. It is anticipated that a large portion, if not all, of this
currently committed demand may open for trade and may
not be contracted under long-term agreements. The roll-

over ofexisting demand, in combination with coal needs for
new power plants, could open large business opportunities
in the PacifIc Rim in 1990.

There are also discussions in progress in Japan to cut
back or shut down the domestic coal industry. Currently,
approximately 10 million tons of coal are supplied from
domestic mines. Similar discussions are in progress to shut
down local coal operations in Korea. The shut down, or cut
back, could further provide additional business opportuni
ties for coal trade in the PacifIc Rim area.

FUTURE OF ALASKAN COAL IN
THE FAR EAST

Becauseofits proximity to the FarEastmarket, Alaskan
coal will play an important role in the future PacifIc Rim
coal market. However, Alaskan coal will face tough
competition from Australia, Colombia, China, Canada and
other U.S. coals. The ability of Alaskan coal to compete
and capture a large share of this market will depend upon
several factors:

a. Competitiveness of Alaskan coal on a bus bar
basis.

b. Acceptance of subbituminous coal as a primary
source of energy for new power plants.

c. Confidence in a given project and equity partici
pation.

d. Recognition of benefits of developing trade with
Alaska.

e. U.S. governmental policies and trade negotia
tions.

f. Commitments by the Alaskan coal industry to
win.

In conclusion, although itisdiffIcult to predict the future
of the coal industry, and in general, there is a good deal of
pessimism, the future opportunities in the Pacific Rim area
provide a bright spot on the horizon.
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ABSTRACT

Hoseanna Creek Basin of Central Alaska is a rapidly
eroding watershed that provides an excellent opportunity to
measure short-term erosion rates. Typical sub-arctic climate
patterns have produced discontinuous permafrost and allow
for continued cryogenic activity. Major cyclonic storms
produce large runoff events that have a great potential for
erosion.

The prevailing geologic structure of mildly folded
Tertiary strata, and a ubiquitous presence of clay horizons
are conducive to landsliding. Poorly consolidated Tertiary
lithologies are exposed on cliffed badlands and rapidly
breakdown to yield large quantities of sediment. Local base
level has decreased at least 100m since the Late Quaternary,
enhancing stream power and causing HoseannaCreek Basin
to enlarge headward through weak Tertiary lithologies.

Over76 landslides (or 5.3% ofbasin area) are identified.
Coal-bearing lithologies produce 98% of all the sliding.
Seven slides were monitored for movement, and had average
horizontal displacements from 0.6-23.0 meters/annum (m/
a), and average vertical displacements from 0.05-3.7 m/a.
Landslide motion is not constant throughout the year, nor
during the period of landslide activity. Thermal erosion
catalyzes slide activity.

The normal sediment load for Hoseanna Creek ranges
from 100-2000 mg/L, during discharges of about 50 cubic
feet/second (cfs). Cyclonic storms measured during the
summer of 1986 increased the maximum discharge to 1500
cfs and the maximum sediment load to greater than 39,000

mg/L (or 1.8 short tons of sediment per second). The
estimated result of sediment loss averaged over different
parts of the basin range from 0.3 to 3.0 m/ka of land surface
lowering.

INTRODUCTION

Measuring the effects of erosion is difficult because
erosion rates are normally imperceptibly slow. However,
if erosion rates are extremely high, then measuring erosion
is more feasible. High erosion rates imply sediment-produc
ing landforms and sediment-laden streams. Hoseanna Creek
Coal Basin ofCentral Alaska is a rapidly eroding watershed.
Many of its hillslopes display landforms that have high rates
of sediment yield. As a result, the streams in this watershed
are heavily laden with sediment. Thus, the geomorphic
characteristics ofthis basin provide an excellentopportunity
to measure and describe the short- and long-term effects of
erosion.

This paper presents preliminary and general results of
an on-going study of long-term natural erosion rates along
Hoseanna Creek. We outline some of the principle factors
governing the high erosion rates, aild present some of the
results compiled from June, 1985 to September, 1986.

GEOGRAPHIC INTRODUCTION

Hoseanna Creek Coal Basin is part of the Nenana Coal
Field, which is located on the north flank of the Alaska
Range about halfway between Fairbanks and Anchorage.
The basin is 124 square kilometers in area, trends east-west
parallel to the main structural grain in the region, and is
drained by a small tributary to the northward-flowing
Nenana River (Figure 1). The mouth of Hoseanna Creek
(also known as Lignite Creek) meets the NenanaRiver about
eight kilometers north of the old Healy townsite. Currently
the Usibelli Coal Mine has its operations on the south side
of the basin near the mouth of Hoseanna Creek in an area
called Poker Flats. Usibelli Peak, at the southeastern edge
of the basin, is the highest point (1610 m). Most of the basin
is at much lower elevations ranging from 360 m at the mouth
to 1060 m on much of the southern divide.
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Figure 2. A comparison ofthetemperature and
precipitation records between the McKinley Park

station and Poker Flats(see Figure 1 for locations).
Because the average annual temperature Is -3.1 °c

(26.5OF) and the average number of days with
temperatures below freezing Is209, this region's
climate Is conducive to permafrost formation and

cryogen Ic activity. Althoughthe temperature records
are very similar, Poker Flats receives 30-45% more

rainfall during the summer.
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As with temperature we can compare the short-term
record at Poker Flats with the longer record at McKinley
Park to estimate precipitation. The summer months atPoker
Flats during the years 1979-1985 show a consistently higher
average precipitation than the 1979-1985 and 1925-1985
McKinley Park average. We conclude that the Hoseanna
Creek Basin receives about 30% to 45% more rainfall than
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cryogenic activity. Indeed, we fmd many ofthe north-facing
slopes in the region underlain by permafrost. and covered
by typical periglacial landforms such as patterned ground.
solifluction lobes, frost scars. and frost-heaved boulder
fields.
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This region's climate follows typical interior Alaskan
patterns. Temperature and precipitation have been recorded
only recently, and only during the months ofMay to October.
The short-term temperature record at Poker Flats (1979
1985) is quite similar to the short-(1979-1985) and the long
term (1925-1985) records at McKinley Park, situated about
26 kilometers south along the Nenana River (Figure 2).
Because the summer temperature patterns at McKinley Park
and Poker Flats are very similar, we believe we can estimate
the long-term patterns for Poker Flats and more generally
for the Hoseanna Creek basin from the McKinley Park data.
For example, the average annual temperature at McKinley
Park is -3.1°C, and the average annual number of days with
temperatures below freezing is 209. This suggests that
Hoseanna Creek Basin's temperature regime is typically
"periglacial" and conducive to permafrost formation and

CLIMATIC CONTROLS

Temperature

Figure 1. Location of Hoseanna Creek Coal Basin.
Hoseanna Creek Is a small westward-flowing tributary
ofthe Nenana River of Central Alaska. The Uslbelll
Coal Mine Is located near the mouth of Hoseanna
Creek along the southern divide ofthe basin In an

area called Poker Flats.
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the McKinley Park station during the summer (Figure 2).

What is more important to erosion than the average
annual precipitation is the duration and intensity of storms.
The precipitation records indicate a major portion of the
summer precipitation is produced by only a few major
cyclonic storms which typically dump three to six em during
each event. Thus 7-15% of the annual precipitation may fall
during a very short period (e.g.: 48 hours). In addition, the
winter precipitation falls as snow and is held in storage until
spring break-up occurs during late April and early May. The
high runoff during the short spring produces a result similar
to that of summer storms. Thus, the precipitation typically
arrives in spurts which produce high runoff events, great
stream power and therefore, a great potential for erosion.

GEOLOGIC CONTROLS

westward-plunging Lignite Creek Syncline. In the east part
of the basin there are a number of north-south-trending
normal faults. Although tectonism has continued into the
late Quaternary as evidenced by offset drainages, sag ponds
and displaced and warped late Quaternary stream terraces,
the style of deformation since the Late Cenozoic has
changed (Wahrhaftig, personal communication 1986).

The most important aspect of the deformation is the
resultant structural attitude of the Tertiary sedimentary
strata. The predominant strike of the Tertiary beds is about
N70E, and they dip to the north from 6-25 degrees (Figure
3). This structural relationship is very conducive to landslide
formation and has enhanced rapid erosion in the Hoseanna
Creek Basin.

Lithologies

•

Lithologic differences among rock-types in the Hose
anna Creek Basin are significant, because each rock-type is
associated with specific landscape features and processes
which result in different erosion rates. Seven formations are
recognized in the basin, but these can be grouped into three
lithologic differences of importance to erosion. The three
principal rock-types are: (from oldest to youngest) the
highly-deformed precambrian birch creekschist, the mildly
deformed and poorly consolidated Tertiary coal-bearing

Structure

The regional structural grain trends east-west
(Wahrhaftig 197Oc,d). A large scissor-like high angle
reverse fault with a maximum offset of more than 1()()() m
(south side down) runs closely parallel to the southern
drainage divide in the southwest part of the basin (Figure 3).
Generally, north-south compression has produced this fault,
along with folds in the Tertiary rocks, which includes the

- ""- .Y

~ ........
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•

Figure 3. Geology of Hoseanna Creek Basin. The prevailing attitudes ofthe Tertiary strata strike N70W and
dip 6-20N. A major high angle reverse fault borders the southern divide, while the Tertiary strata in the eastern

part ofthe basin Is broken up by several north-south-trendlng faults. Seven formations are recognized, but
only three dlstlnctlonsare Importantto describe the principal controlson erosion. Thethree Important litholo
gies are the late Tertiary Nenana Gravel, the mid Tertiary coal-bearing group, and the precambrian birch creek

schist (after Wahrhaftig 1970 C).
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rocks, and the gently-tilted (locally) gravel-sandstone beds
of the Nenana Gravel (Wahrhaftig, Hickcox and Freedman
1951; and Wahrhaftig, Wolfe, Leopold andLanphere 1969).

The "birch creek schist", the most resistant rock-type,
forms the core of the major anticline to the south and is the
principal rock-type in the high southern half of the basin
(Figure 3). The schist is unconformably overlain by coal
bearing rocks comprised of sandstone, silt, clay and coal
sequences. Four formations are distinguished (locally) on
the basis of coal bed thickness and lateral persistence, and
by thickness, color, pebble lithology and grain size. The
oldest unit is the Healy Creek Formation of early Miocene
age. It has lenticular coal beds (from 1-14 m thick), thick
sequences ofpebbly to coarse-grained sandstone, and minor
thin clay horizons. Overlying the Healy Creek Formation
is the middle Miocene Sanctuary Shale, which is principally
a gray claystone that weathers to brown mud. Overall
thickness varies from 1 m in the west to more than 60 m in
the east. Overlying the Sanctuary Shale is the middle to late
Miocene Suntrana Formation, which has very continuous
coal beds (6 to 15 m thick), clay horizons (up to 3 m) and
thick sequences of fine to coarse-grained sandstone. The
youngest coal-bearing formation is the late Miocene Lignite
Creek Formation. It contains thick silt-clay zones (many
greater than 3 m), many thin beds of coal or lignite (0.2 to
2 m) and a fundamental change in sand mineralogy from the
underlying Suntrana Formation.
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The overall thickness of the coal-bearing strata ranges
from about 390 m in the western part of the basin to more
than 900 m in the east. The two most important character
istics causing rapid erosion of the coal-bearing rocks are
their poorly consolidated nature, and the presence of many
clay horizons. Analyses of clay mineralogy indicate three
different clay mineral associations exist: a lower interval in
the Healy CreekFormation with little or no montmorillonite,
an upper interval in the Lignite Creek and Suntrana Forma
tions with abundant montmorillonite, and a relatively thin
intermediate layer with predominant kaolinite (Triplehorn,
1976). These mineralogic associations may account for
some of the variability in landslide susceptibility.

Overlying the coal-bearing strata is the very thick
(greater than 1000 m ?) late Tertiary Nenana Gravel. This
rock-type has a distinct stained orange-brown outcrop color,
and is composed mainly of large cross-bedded coarse
sandstone to thick gravel sequences. Generally, bedding in
the Nenana Gravel has little effect on the way it erodes.

Base Level Changes

The third geologic control governing erosion is the
dramatic reduction of local base level that has occurred
during the late Quaternary. Superimposed on the downward
trend have been periods of aggradation which have accom
panied glaciation in the Nenana River valley. Figure 4 (and

200,000 100,000 o

•
Years Before Present

Figure 4. Hoseanna Creek base-level changes during the late Quaternary. Peaks correspond to maximum
glacial advances Inthe Nenana Valley. Aggradation ratesoffluvialterracesareslowerthan the erosion rates

because glacial advances are believed to take longer than retreats. The rate of bedrock Incision (connect
troughsofcurve) has not been constant and reflects changes In the local uplift rates(i.e.: faUlting). Referto

Table 1 for references to the terrace tops marked by the letters a-g.
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TABLE 1.

Hoseanna Creek base level changes during the late Quaternary. Terraces are
named following Wahrhaftig (1958) and revised by Brink (1983) and Thorson
(1983). Terrace elevations were determined from large scale maps (1:2400)
provided by the Usibelli Coal Mine. The source for the terrace dates is given by
the last column. See Figure 4 for plot of base level changes during late
Quaternary.

•
Quaternary Terrace Elev. Top

(ft)
Elev.Bot.

(ft)
Date Source

----------------------------------------------------------------------------------------------------
a. Healy Glaciation I 1580 1405 140,000 TL - this study

-230,000

b. Healy Glaciation IT 1486 ?1385 54,000 TL - this study
74,000

c. Riley Creek I 1365 ?1330 17,000 Ten Brink (1983)
-25,000

d. Riley Creek II ? ? 13,500 Ten Brink (1983)
-15,000

e. Riley Creek lIT 1290 1280 11,800 Ten Brink (1983)
-12,800

f. Riley Creek IV 1225 1213 9,500 Ten Brink (1983)
-10,500 •g. Recent 1207 1202 1,000 C14 - this study

1,100

see Table 1) shows how the estimated elevation of the
confluence of Hoseanna Creek and the Nenana River has
decreased more than 100 m during the last 200,000 years.

The data suggests that the rate of downcutting has not
been constant. Downcutting ofthe fluvial terraces was most
rapid following deglaciation, but slowed during bedrock
incision. In addition, the rate ofbedrock incision varied due
to changes in the local uplift rate. Furthermore, because the
onset ofglaciations are believed to be slower than retreat the
rate ofaggradation of fluvial terraces is relatively slow. The
effect of changing base levels throughout the Late Quater
nary has probably resulted in non constant erosion rates as
well as in the production of periods of aggradation.

SEDIMENT-PRODUCING LANDFORMS

The interaction ofclimate and geology in the Hoseanna
Creek Basin has produced distinct landscape features, which
are closely associated with specific erosion processes. The
two landscapes that are the primary sources ofsediment (i.e.:

erode most rapidly) are the "badlands" and the landslides.

Badlands

The badlands occur in two different lithologies, the
Nenana Gravel and the coal-bearing rocks (Wahrhaftig and
Birman 1954). Each lithology produces a distinctive bad
land form. All ofthe badlands can be described as very steep
vegetationless cliffs with characteristic spires, re-entrants,
and vertical walls. The cliffs are commonly fronted by broad
talus cones. During major storm events the talus cones are
either cut at their bases by streams or become saturated with
water and produce mudflows. At some ofthe olderbadlands
the talus cones have become vegetated, indicating reduced
erosion of the cliff walls.

Badlands can be found throughout the basin in the
Tertiary rocks, are most commonly found along stream
courses, and total 3-6% of the basin area. Individual bat
lands cover from a few square m to as much as 0.6 km .
Based on repeated photography over periods of 10 to 70
years, Wahrhaftig (1986) has estimated that many badlands
are being eroded at an average rate exceeding 1 cm/a.
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The badlands are persistent landfonns evidencing long
tenn high erosion rates. Because the Tertiary rocks are
poorly consolidated they easily disintegrate. Vegetation is
unable to stabilize the cliffs because erosion is too rapid.
Once initiated, badlands erosion eats headward and laterally
into cliffs progressively exposing more rock to breakdown
and erosion. Clyde Wahrhaftig is continuing his study to
determine the rate at which badlands erode, and the quantity
of sediment they supply to the streams.

Landslides

As can be seen from Figure 5, landslides are common
in all parts of the the basin. As much as 5.3% of the basin
area is in landslide. Over76 slides (active and inactive) have
been identified during field mapping and photogeologic
studies. Almost all the slides occur in the coal-bearingrocks.
For example, the birch creek schist comprises 26% of the
basin's area, butonly 1%ofits area (or0.3%ofthe total basin
area) is in slide (Figure 6). Similarly, the Nenana Gravel
comprises 21% of the basin's area, but only 0.8% of its area
(0.2% ofthe total basin area) is in slide. In contrast, the coal
bearing formations produce 98% of all the sliding. The
Sanctuary Shale has 20% of its area in slide, the Suntrana
Fonnation 10%, the Lignite Creek Formation 8% and the
Healy Creek Fonnation 5%. Because the Lignite Creek and
the Suntrana Formations cover the largest areas, they con
tribute to more than 69% of the sliding in the basin. The
strong lithologic control to sliding probably reflects the
ubiquitous presence of clay horizons in the Tertiary strata.

The tendency to failure in the Tertiary coal-bearing
strata is intensified by the prevailing structure. Many of the
landslides slip or flow down bedding planes in the gently
folded beds. The predominant north to northwest direction
of landsliding is perpendicular to the regional strike of all
the Tertiary beds, indicating the slides mainly move down
dip (Figure 7). Landsliding is also facilitated by the presence
of frozen bedrock in almost all of the slides that face north
to northwest. Slide activity exposes the frozen ground to
thermal erosion, which further increases the rate of sliding
and sediment production.

Sediment Production From Landslides

Seven of the slides were monitored for movement
during the past year. Four slides had average horizontal
movement rates of 0.6 - 1.5 mla (Figures 8A-D and Table
2). Two slides moved on an average of3.0 - 5.0 mla (Figures
9A,B and Table 2), and one had an average horizontal
displacement of23.0 mla (Figure 9C and Table 2). Note on
the figures the presence ofa stream at the base of each slide
and also the variabilityofmotion. Also shown on each figure
are, the amount of vertical movements (.05 - 0.8 m/a), and
the relative orientation of movement (generally north to
northwest).

The fastest recorded movements are shown for the slide
on Figure 9C. The vectors shown on the figure are not
exaggerated; they show the actual displacements of slide
material. Note that the vertical displacements are also very

Figure 5. Location of landslides in Hoseanna Creek Basin. 98% of all the slides are In the areas underlain by
the coal-bearing group. In addition, most ofthe slides are located along major streamcourses.•
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•Figure 6. Lithologic control of landslldlng. Bar graph shows the fractions of the basin area for each formation
and the fraction of each formation In landslide. Forexample, 26% olthe basin area Is underlain by birch creek
schist, but only 1% olthat is In slide. In contrast, 18% olthe basin area Is underlain by the Suntrana Forma

tion, and 10.3% olthat Is In slide.

•

All seven slides appear on U.S. Anny photos taken in
1949. suggesting that motion has continued for more than
35 years. However. significant changes in the areas of these
landslides have also occurred during this time span. Slides
9A and 9C. which are most active now. were not well
developed in 1949. Slide 9C. for example. has enlarged
headward over 280 m since 1949 and almost 150 m since
photos were taken of this area in 1974. We believe landslide
motion has not been constant. Initially. for each slide. there
is a period of extremely high activity followed by progres
sively slower motion. Slide motion can be rejuvenated
during periods of headward enlargement. Table 2 summa
rizes some of the general characteristics of the slides. We
have estimated the slope of hillsides prior to sliding and

high (0.3 - 10.0 m/a). Horizontal and vertical displacements
are greater in the upper regions of the slide. indicating that
considerable compression is occurring in the lower portions
of the slide. Therapidity ofmotion suggests the significance
of erosion due to landsliding.
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Figure 7. Rose diagram showing the preferred
orientation of slid Ing. The majority of slides slip or
flow down bedding planes that dip 6-20N and strike

N45W-N15E.
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TABLE 2.

Figures SA-D. Horizontal and vertical displacements offour slides in Hoseanna Creek Basin. location of
slides is shown on Figure 5. See Table 2 for summary. Note the presence ofthe stream undercutting the base

ofthe slides and thatthe general orientation offlow/slip is north to northwest.•
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Summary of landslide movements of seven slides. Location of slides is shown on Figure 5.
The fonnation underlying the slides is given along with the attitude of the bedding planes.
The slides flow/slip directions indicate the slides are moving roughly parallel with the
bedding planes. Also the pre-slide slopes have been estimated from large scale maps
(1 :2400). In all cases the pre-slide slope is greater than the structural dip of the bedding
planes.

ill

Average
Horizontal
Movement

(m/a)

Average
Vertical Lithology

Movement *
(m/a)

Bedding

Dip

Attitude

Strike

Flow/Slide Pre-slide
Direction Slope

•

8A 1.3 .15 Tsn/Tsc 12-14N E-W N 16
8B 1.5 .18 Tsn/Tsc 12-15N E-W NI0E 14
8C 1.1 .55 Thc 10-15N N80E N20W 20
8D 0.9 .06 TIc 6-7N N70E W 27

- - - - - - - - - - - - - - - - - - - -- - - - - - - - - -
9A 4.9 .61 Tsn 12-15N N70E N20W 17
9B 3.1 .88 TIc 6-10N N70E N40W 16
9C 23.0 3.66 TIc 6-10N N70E N35W 10
---------------------------------------
*Tlc-Lignite Creek Fonnation

Tsn-Suntrana Fonnation
Tsc-Sanctuary Shale
Thc-Healy Creek Fonnation
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Figures 9A-C. Horizontal and vertical displacements ofthree slides in Hoseanna Creek Basin. location of
slides is shown on Figure 5. See Table 2 for summary. The fastest movements were recorded for slide ge.

Notethat the horizontal displacement vector scales are different between 9A, 98 and ge.

found that they were greater than the structural dip of the
beds.

We believe landsliding in the Hoseanna Creek Basin is
a significant natural erosion agent, and is capable of eroding
and transporting large amounts of sediment to the local
stream systems. Because of continuing landslide activity,
the poorly consolidated Tertiary rocks are constantly ex
posed to the erosion agents. Where pennafrost is present,
the sliding exposes the frozen bedrock to thawing. collapse
and disintegration, further increasing erosion.

velocity, and make itpossible for the streams to entrain large
amounts of sediment stored in alluvial fans. talus cones, and
in their beds and banks. During 1986 the effects of two such
stonns were measured (Table 3). A stonn on July 20
increased the discharge ofHoseanna Creek at its mouth from
about 50 cfs to about 1310 cfs. The estimated average
suspended load during maximum discharge was about
39,000 mg/L. This corresponds to a sediment discharge of
1,470,000 g/s or about 1.62 short tons of sediment per
second. A stonn on August 22 yielded about 1,680,000 g/
s or about 1.85 short tons of sediment per second.

Sediment Yield - the effect of two summer storms

The large volume ofsediment contributed by landslides
and badlands results in high suspended sediment loads (100
2000 mg/L) being carried during nonnal flow conditions.
Hoseanna Creek is muddy every day during the summer.
The coarser sediment, and some silt and clay, may be
temporarily stored in alluvial fans and talus cones. Large
cyclonic stonns greatly increase stream discharge, depth and

Calculations of the effect of sediment loss from each
stonn averaged over the entire basin are equivalent to a land
surface lowering of .23 and .27 mm. If the sediment yield
during spring runoff and other smaller stonns is equivalent
to the two major events then about 1.0 mm/a of erosion
would occur annually. If erosion rates are assumed to have
been constant over the last 1()()() years, and 1985 was a
"nonnal" year. the entire Hoseanna Creek Basin may have
been lowered as much as 1 m (or 3.3 ft/Ka). •
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• TABLE 3•

Estimated annual sediment yield. Major storms and spring runoff are the primary sediment
removers. Their combined effect equates to an estimated land surface lowering averaged over
the entire basin of about 1 mm/a. Calculations assume an average dry bulk density for
sandstones equal to 2.2 glee (Triplehorn 1976). and the flood events lasted 24 hours with an
average Qs equal to half the maximum Qs. Hoseanna Creek Basin is 124 km2.

Q
(cfs)

Ts
(gIL)

Qs Qs
(gls) (S.tons/s)

Qs for
Event

Land Surface
Lowering (mm)

Normal 50 .1-2.0 145-2900
July 20 1310 39 1,470.000
August 22 1500 >39 >1.680.000
Spring Runoff & other minor storms*

.002
1.62

>1.85

86
69,900

>79,900

.00

.23
>.27

.50

1.00

•

* Estimated as equivalent to 2 major storms

However. in the last 1000 years. land surface lowering
was not uniform throughout the basin; it has been geologi
cally controlled. Erosion has been insignificant in the areas
underlain by birch creek schist, while areas underlain by the
Tertiary lithologies have undergone rapid degradation; it is
likely that erosion rates differ by an order of magnitude.
Hence. erosion rates in the coal-bearing rocks and the
Nenana Gravels may be as high as 3 m/ka. while the birch
creek schist erosion rate is only .3 m/ka.

the coal-bearing group near Healy, Alaska; Alaska
Div. of Geol. and Geophysical Surveys, Geologic
Report No. 52, 14 p.

United States Weather Bureau Records

Wahrhaftig, C. 1958. Quaternary geology of the Nenana
River Valley and adjacent parts of the Alaska Range.
U.S.G.S. Prof. Paper 2 66 pp.

Estimated erosion rate of0.3 to 3.0 m/ka are within the
necessary range of values to account for the amount of base
level change that has occurred during Late Quaternary time
(see Figure 4). Hence, itis safe to assume that the processes
observed today contributing to very high sediment yields
have occurred in Hoseanna Creek Basin for much ofthe Late
Quaternary.
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GEOLOGY AND COAL RESOURCES OF THE WOOD
RIVER FIELD, NENANA BASIN

Roy D. Merritt
Alaska Division of Geological and Geophysical Surveys

•
ABSTRACT short tons.

The Wood River coal field occupies one of a series of
isolated basins of the Nenana coal province on the northcen
tral flank of the Alaska Range. It lies about 60 miles due
south of Fairbanks, 40 miles east-northeast of Healy, the
Alaska Railroad, and the Parks Highway, and 65 miles west
northwest of the Richardson Highway and the Jarvis Creek
field. The Wood River field lies about 2 miles northeast of
the Mystic Creek field, which is of considerable less impor
tance. The Wood River field encompasses an area of less
than 40 square miles stretching northeastward from Mystic
Mountain, and is generally restricted to the north and west
side of Wood River. A high-angle fault cutting across the
north flank ofMystic Mountain forms the southern boundary
of the coal field.

The belt includes a nearly complete stratigraphic sec
tion of the Tertiary coal-bearing group from the Healy Creek
Formation upward to the Grubstake Formation. The coal
bearing group strata are products of terrestrial (continental)
sedimentation, including fresh-water stream-laid, lacus
trine, and poorly-drained swamp deposits. Economically
mineable coals are found in a 600-ft thick stratigraphic
interval of the Suntrana Formation. The series is exposed
dipping (20-45

0
) from the schist ridge of Mystic Mountain

beneath Pliocene Nenana Gravels and unconsolidated
Quaternary terrace deposits north of Coal Creek. The beds
considered currently mineable include an aggregate 50 ft of
coal of which 30 ft are estimated to be recoverable. The
thickest seam is about 12 ft. No drilling has been done in
the field and the continuity of the seams to the north is
unknown. Indeed, regional uplift and crumpling of the beds
may have given them an exaggerated thickness on outcrop.

The coals are of subbituminous C rank, and average
7600 Btu/ lb, 0.5% sulfur, 11 % ash, and 23% moisture on
an as-received basis. Mean-maximum vitrinite reflectance
(Rom) is 0.27%. Petrologically, the coals are composed of
83.7% huminite, 13.5% liptinite, and 2.5% inertinite.

INTRODUCTION

The Wood River coal field occurs within the Bonnifield
region (Prindle, 1907; Capps, 1912) of interior Alaska on
the northcentral flank of the Alaska Range. The Bonnifield
region was named after John E. Bonnifield, an early explorer
of this region, lies between the Nenana and Delta Rivers.
The Wood River field occupies one of at least 10 subbasins
comprising the Nenana basin proper (Figure 1). The coal
field encompasses less than 40 square miles. It is best
exposed along the headwaters of Coal Creek, a tributary of
Wood River, in southwestern Fairbanks A-2 quadrangle and
northwestern Healy D-2 quadrangle. The coal field stretches
northeastward from Mystic Mountain and is generally
restricted to the north and west side of Wood River.

HISTORY

Prindle (1907) studied the coals of the Wood Riverarea.
Capps (1912) delineated the coal fields of the Nenana basin
in nearly their currently known configuration. Clyde
Wahrhaftig began work in the Nenana basin in the early
1940s and has continued intermittently until the present day
with the publication ofnumerous geologic and coal resource
studies. His maps of the Healy D-2 and Fairbanks A-2
quadrangles, which include the Wood River field, were
published in 1970. Wahrhaftig did much of the early work
that defined the geology and coal resources of Wood River
field.

PHYSIOGRAPHY

The Wood River field lies in the foothills belt of the
northcentral Alaska Range south of the TananaFlats. Wood
River is one of the main northward-flowing drainages
running transverse to the ridges of the foothills and ulti
mately joining the Tanana River.

•

Potentially-mineable coal resonrces of the field to a
projected overburden limit of 500 ft, and including all beds
greater than or equal to 2.5 ft thick, are estimated to be at
least 65 million short tons and may be as much as 200 million
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The coal field stretches northward from a rim of large
badland or gully exposures cut in the coal-bearing rocks
flanking Coal Creek and dipping from the schist ridge of
Mystic Mountain on the south (Figure 2). The Wood River •
field includes one of the best (if not the best) displays of
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•

•
Figure1. Major coal fields ofthe Nenana basin and

northern limits ofdeposition of formations (after
Wahrhaftlg and others, 1969). Key: 1=northern limit

of deposition of Grubstake Formation; 2=approximate
zone of interfingering ofthe coal-bearing and non
coal-bearing faclesofthe Lignite Creek Formation;

3=northern limIt of deposition of Suntrana Formation;
4=northern lim it of deposilion of the Sanctuary
Formation; 5=northern limit ofdepositron ofthe

Healy Creek Formation; and 6=coal field.

castellated, differentially-weathered badland-type topogra
phy in the Nenana basin. Coal Creek fonns a low-cut valley,
essentially a bolson-like feature, surrounded on all sides
except for the relatively narrow drainage outlet on the east
side of the coal field.

GENERAL GEOLOGY

A generalized geologic map of the Wood River coal
field and vicinity is shown in Figure 3. The field includes
a 10-mile long by 3-mile wide outcrop belt of coal-bearing
group rocks stretching northeastward from the high-angle
Mystic Mountain fault. The coal field is located on the
downthrown block (footwall) of the Mystic Mountain fault.
Metamorphic and metavolcanic rocks of the Totatlanika
Schist bound the coal field on the south, and the broad
Tanana Flats area fonns its northern boundary. Keevy Peak
is located 7-6 miles southwest of the coal field. The Mystic
Creek coal field is situated between Keevy Peak and Mystic
Mountain only 2-3 miles from the Wood River field. The
West Delta field is about 15 miles east of the Wood River
field. Of these fields, Wood River is clearly the most
important, containing substantially more coal resources with
a potential to be mined.

The coal-bearing rocks of the Mystic Creek and West
Delta fields are currently mapped as an undifferentiated unit.
The rocks are generally thought to be broadly correlative
with those of the Healy Creek Fonnation (Wahrhaftig and
others, 1969). General stratigraphic relations of the fonna
tions of the coal-bearing group are shown in Figure 4.

A more detailed geology map and cross section of the
Wood River field are shown in Figure 5, as adapted from
the inch: mile quadrangle maps of Wahrhaftig (1970 a,b).
It appears that the coal-bearing rocks dip fairly rapidly out
of the zone of economic viability beneath substantial thick
nesses of Quaternary sediments of the southern Tanana
Flats.

STRUCTURE

The Wood River field is one of a series of structurally
similar, disconnected subbasins that comprise the Nenana
basin. The axis of the relatively small, isolated, Wood River
subbasin is aligned east-west parallel to the general trend of
the mountains in the foothills belt. The coal beds in exposed
sections north of Coal Creek in the Suntrana Fonnation
generally dip from 20-45°. A high-angle fault slices across
the northern side of Mystic Mountain (Wahrhaftig, 1970)
separating Paleozoic metamorphic-metavolcanic and
granitic rocks from coal-bearing-group rocks. Healy Creek
Formation beds near the fault are highly contorted to
moderately deformed as shown in a ravine south of Coal
Creek on the northeast side of Mystic Mountain.
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STRATIGRAPHY

The coal-bearing group of the Wood River field rests
directly on an irregular surface of Paleozoic (Mississip
pian?) metamorphic-metavolcanic rocks of the Totatlanika
Schist (Mystic Creek, Chute Creek, and California Creek
Members) that forms the base on which the coal field
developed (Wahrhaftig, 1970). Paleozoic granite also
bounds the coal field on the south.

The Tertiary coal-bearing group is an informal geologic
unit that was subdivided by Wahrhaftig and others (1969)
into five formations (in ascending order) based on bio- and
lithostratigraphy and age dating: Healy Creek Formation,
Sanctuary Formation, Suntrana Formation, Lignite Creek
Formation, and Grubstake Formation. (Wahrhaftig (in
press) has recently formally renamed the coal-bearing group
the Usibelli Group.)

The Wood River field includes a nearly complete stra
tigraphic section of the coal-bearing group. This is one of
only a few occurrences of this type in the Nenana basin. The
series of coal-bearing rocks of the field are exposed dipping
from the schist ridge ofMystic Mountain beneath the gravels

north of Coal Creek.

The Healy Creek Formation (late Oligocene-Miocene)
of the Wood River field includes interbedded sandstones,
conglomerates, claystones, and subbituminous coals. Strata
of the formation adjacent to the Mystic Mountain fault in the
ravine at the south side of the field are highly contorted to
moderately folded. It contains abundant naturally-baked
rocks which are competent and stand out in reliefalong local
ridge crests. Claystones within the formation contain
abundant siderite-cemented concretions from inches to
several feet in diameter. These concretions weather deep red
to bright orange and are found scattered on the slopes of the
badland outcrops in the southern part of Wood River field.

The Sanctuary Formation (middle Miocene) is present
exposed on Coal Creekand includes some thin coal and bone
layers near the top of the unit. It is primarily a chocolate
brown to yellowish-brown weathering shale that is gray on
fresh exposures.

The Suntrana Formation (middle Miocene) exhibits a
maximum thickness of 1,000 ft on Coal Creek. It consists
mainly of sandstone, claystone, and coal. Paleocurrent

•

•

Figure 2. General viewofthe main exposure of rocks In the coal-bearing group on the north side of Coal •
Creek(foreground), Wood River field. Note the excellent development ofcastellated, differentially-weathered

sandstones in the badland topography.
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•

directions measured from persistent crossbedding in sand
stones of the unit are westward in the Wood River field
(Wahrhaftig and others, 1969).

The Lignite Creek Formation (middle to late Miocene)
consists of a coal-bearing facies and a noncoal-bearing
facies. The coal-bearing facies is exposed in the southern
part of the Wood River field, where it is about 800 feet thick
(Wahrhaftig and others, 1969). The facies includes inter
bedded buff sandstones, greenish-gray claystones, arkosic
conglomerates, and relatively thinner and more discontinu
ous coal beds than in the Suntrana Formation.

The Grubstake Formation (late Miocene) is over 1500
feet thick north ofCoal Creek, but the base of the unit is not
exposed in the field. It consists predominantly of dark
claystone and sandstone and fine conglomerate. Ash beds,
which have been found in the Grubstake Formation in other
areas, have not been observed in the Wood River field

(Wahrhaftig and others, 1969).

The Nenana Gravel (pliocene) forms an escarpment
north ofCoal Creek, and Quaternary and Holocene terraces
have formed above the Nenana Gravel.

Four main stratigraphic sections (MMI-MM4) were
described and measured in the coal-bearing exposures north
ofCoal Creek (Table 1). The sections were used to construct
the cross section of Figure 6. Six of the thicker coal seams
were sampled at section MM2. These samples were ana
lyzed in the laboratory, and will form the basis for further
discussion in later sections of this paper. Figure 7 shows the
upper five seams sampled at site MM2.

DEPOSITIONAL ENVIRONMENTS

The Wood River field represents one of several depo
centers formed toward the southern margin of the paleo-
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general northward dip of coal-bearing group rocks.

COAL QUALITY

The coals of the Healy Creek Formation sampled from
the structurally defonned strata at the south end of Wood
River field are not economically mineable although they are

The coals of the Suntrana Fonnation sampled from the
exposures north of Coal Creek, Wood River field, are
potentially mineable. They average 7800 Btu/lb, 23%
moisture, 11 % ash, and 0.5% sulfur on an as-received basis
(Table 4). They average 8850 Btu/lb on a moist, mineral
matter free basis and are of subbituminous C rank. They are
comparable in quality to Susitna lowland, Alaska and
Powder River basin coals.

summarizes the petrology ofWood River field coal samples.
The ternary plot of Figure 8 shows the similar petrologic
composition of Suntrana Fonnation and Healy Creek For
mation samples from the field.

Mean-maximum vitrinite-reflectance values (Roffi)for
analyzed Sun~na Fonnation coal samples of Wood River
field average Roffi of 0.27%. Samples from the Healy
Creek Fonnation reveal an average of 0.42% (Table 3).

Healy Creek Fonnation

- MAJOR UNCONFORMITY-

Intrusive ilDeous rocks,
undivided and

highly generalizedI{

Petrologically, the coals of the Wood River field are
composed of 53.7% huminite, 13.5% liptinite, and 2.5
percent inertinite on average. This suggests that the coals
fonned mainly from tree-vegetation peats with abundant
preservation of woody materials as huminites. Table 2

Figure 4. General stratigraphic relations and correla-
tion for geologicunitsas depicted on Figure 2.

basin where subsidence was greatest and substantial thick
nesses of coal-fonning materials accumulated. The coal
bearing rocks of the field are products of continental fluvial
deposition, including streamlaid, lacustrine, and poorly
drained swamp deposits. Clastics are generally believed to
have a northern provenance.

I
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TABLE 1

Coal loeallty summary and sample Inventory for the Wood River field.
~

Locale Locale Town- Outcrop Section Number of Maximum Coal Coal
~Name Code ship Range Section Thickness Measured Coal Beds Bed Thickness Dip Samples Comments

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mystic 305 ft Exposures of Suntrana

Mountain MMI 11S. 2W. (93 m)+ 12 12 ft 100 and Lignite Creek For-
'1j

mations on north wall of J
Coal Creek canyon north-

~east of Mystic Mountain,
Wood River field, with
dramatic, differentially-
weathered castellated sand-
stones.

Mystic 545 ft 15- 6, MM2-1 ~
Mountain MM2 11S. 2W. (166 m)+ 15 12 ft 300 to MM2-6 See Figure 6. ~

Mystic 435 ft IMountain MM3 11S. 2W. (133 m)+ 10-12 8 ft 300 See Figure 6.

Mystic 280 ft ~

Mountain MM4 11S. lW. 6 (85 m)+ 8-10 8 ft 200 See Figure 6.

• Mystic Folded coal bed occupying

Mountain MMa 11S. 2W. 1(?) core of small syncline in
Suntrana Formation
underlain by a whitish
sandstone.

Mystic Upper 3, Jumbled Healy Creek For-
Mountain MMb 11S. 2W. 3(?)+ 30 ft beds MMb-l, mation sediments adjacent

450 , -3,-5 to Mystic Mountain fault
lower bed about 0.5 mi (0.8 km)

70-75 0 south of Coal Creek.
Coal beds folded and lo-
cally contorted. Overlying
Sanctuary Formation and
Suntrana Formation strata
more regularly bedded.
Abundant baked rocks
occur in interval.

somewhat higher in overall quality. They average 8700 Btul
lb, 21.5% moisture, 4.5% ash, and 0.25% sulfur on an as
received basis (Table 4).

COAL RESOURCES

The Suntrana Formation contains the bulk of the eco
• nomically mineable resources of the Wood River coal field.
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Because of structural disturbance, it is not expected that the
coals in the Healy Creek Formation at the south side of the
field are mineable. Although the Wood River field is
somewhat isolated in the central part of the Nenana basin,
it is still considered to have high future coal-development
potential. An effective development plan would undoubt
edly involve a multiple-seam stripping (open pit surface
mining) operation.
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Figure 6. High Iy generalized and exaggerated west-east lithologic cross section of coal-bearing strata at Coal

Creek, Wood River field. Note the locations of described and measured sections MMI, MM2, MM3, and MM4 and
sampled coal beds 1-6.

million short tons.
No drilling has been done in the field and the continuity

of the seams to the north is unknown. The coal-bearing rocks
appear to dip into the subsurface beneath the southern
Tanana Flats. The sampled interval of the Suntrana Forma
tion in the Wood River field includes about 50 feet of coal
of which 30 feet is considered to be mineable in beds over
2.5 ft and up to 12 ft thick (Figure 9). However, regional
uplift and crumpling of the beds may have given the seams
an exaggerated thickness on outcrop.

Potentially mineable coal resources of the Wood River
field, to a projected overburden limit of 500 ft and including
all beds greater-than or equal-to 2.5 ft thick, are estimated
with high assurance to be at least 65 million short tons
(Merritt, 1965). In total, they may amount to as much as 200

CONCLUSIONS

The Wood River field, although relatively isolated in
the central part of the Nenana basin, nevertheless is consid
ered to be one of the most important fields of the region. It
is believed to hold high potential for future development as
a multiple-seam strip-mining operation. The Suntrana
Formation of the Tertiary coal-bearing group may contain
as much as 200 million short tons of potentially mineable
subbituminous coal resources in beds ranging to 12-ft thick.
A small-scale, well-defined drilling program is recom
mended for the future in order to determine the continuity
and delimit the true extent of the Wood River field coal
deposits.
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• Figure7. Outcropviewofthetopfive sampled coal seams at Coal Creek, Wood River field. Average
thicknesses of the seams here are: 1-12 It; 2-7 ft; 3-3.5 ft; 4-5.5 ft; and 5-2.5 ft.

Table 2. Quantitative Maceral Analysis of Wood River Field Coal Samples, Volume Percent, Mineral-Matter
Free Basis.

,

MM2-1
MM2-2
MM2-3
MM2-4
MM2-5
MM2-6

~.1

81.6
ffi.O
77.5
ffi.1
77.3

0.0
0.0
0.0
0.0
0.0
0.0

0.0 02
0.0 0.5
1.0 1.8
1.6 02
0.8 1.1

0.0 0.4

0.0 3.6
0.0 4.5
0.7 7.6
0.1 3.9
0.5 72
0.1 3.9

93.9 0.0
86.6 0.1
79.1 0.0
83.3 0.0
77.7 0.8
81.7 02

0.0
0.0
0.6
0.1
2.6
0.1

0.1
0.0
0.0
0.0
02
0.0

0.4 0.9
02 1.8
0.0 0.0
0.1 0.0
2.4 3.1
0.3 2.6

1.4
2.1
0.6
02
9.1
32

0.0
0.0
0.0
0.7
0.0
0.0

0.0 4.7 0.0
0.0 11.3 0.0
0.5 19.8 0.0
0.1 15.5 0.0
0.1 13.1 0.0
0.0 15.1 0.0

0.0 4.7
0.0 11.3
0.0 20.3

02 16.5
0.0 13.2
0.0 15.1

•
MMb-1 78.5 0.0 0.1 0.1
MMb - 3 81. 9 0.0 0.1 0.0
MMb - 5 83.2 0.0 0.9 0.0

0.8 4.8 84.3 0.0
0.5 0.6 83.1 0.0
12 13 86.6 0.1

0.0 02 0.1 0.8
0.0 0.0 0.3 0.1
0.0 0.7 0.0 03
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1.1 0.0
0.4 0.0
1.1 0.0

0.3 14.3
0.3 16.2
0.3 12.0

0.0 0.0 14.6
0.0 0.0 16.5
0.0 0.0 12.3
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Figure 8. General ternary plot for the petrologic composition of Wood River field coal samples. End members
shown are the three major maceral groups. As shown, all samples contain over 75% huminite.
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• TABLE 4
Proximate and ultimate analysis data for Wood River field coal samples.

VOLATILE FIXED HEATING
SAMPLE MOISTURE MAITER,CARBON, ASH VALUE C, H, N, 0, SULFUR, %
NUMBER BASIS (%) % % (%) Btullb % % % % PYRITIC TOTAL
---------------------------------------------------------------------------------------------------------------------------------------------------------_.

MM2-1 1 20.35 37.56 32.39 9.70 8322 48.62 6.09 0.77 34.09 0.04 0.73
2 21.58 36.98 31.89 9.55 8193 47.87 6.17 0.75 34.93 0.04 0.72
3 47.16 40.66 12.18 10448 61.04 4.79 0.96 24.90 0.04 0.92
4 53.70 46.30 11897 69.51 5.45 1.09 22.90 0.05 1.04

MM2-2 1 23.77 34.27 30.60 11.36 7547 44.32 6.02 0.63 37.27 0.02 0.41
2 24.49 33.95 30.31 11.25 7476 43.90 6.07 0.62 37.76 0.02 0.40
3 44.96 40.14 14.90 9901 58.14 4.41 0.83 25.60 0.02 0.54
4 52.83 47.17 11634 68.31 5.18 0.97 24.91 0.03 0.63

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

MM2-3 1 25.36 35.65 27.74 11.26 7725 0.68
2 24.16 36.22 28.18 11.44 7849 0.69
3 47.76 37.16 15.08 10350 0.91
4 56.24 43.76 12188 1.07

• MM2-4 1
2
3
4

23.48
23.28

34.70
34.79
45.35
51.59

32.56
32.64
42.55
48.41

9.27
9.29

12.11

7904
7924

10329
11752

0.53
0.53
0.69
0.78

MM2-5 1 22.84 34.60 26.25 16.31 7238 0.26
2 22.20 34.88 26.47 16.45 7298 0.27
3 44.84 34.02 21.14 9381 0.34
4 56.86 43.14 11896 0.43

____________________________________________________________4 ______________________

MM2-6 1 24.70 36.27 31.54 7.49 8114 48.23 6.38 0.66 36.96 0.01 0.28
2 24.61 36.32 31.57 7.50 8124 48.29 6.37 0.66 36.90 0.01 0.28
3 48.17 41.88 9.95 10775 64.05 4.80 0.88 24.75 0.01 0.38
4 53.49 46.51 11966 71.12 5.33 0.98 22.15 0.01 0.42

•

MMb-1

MMb-3

1
2
3
4

1
2
3
4

27.57
18.92

19.38
17.55

34.48
38.60
47.60
51.69

38.72
39.60
48.03
49.13

32.22
36.07
44.49
48.31

40.09
41.00
49.72
50.87

5.73 7771
6.42 8699
7.91 10729

11650

1.81 9379
1.85 9592
2.25 11634

11902
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0.19
0.21
0.27
0.29

0.35
0.36
0.44
0.45



TABLE 4 (Cont.)

VOLATILE FIXED
SAMPLE MOISTURE MATIER,CARBON, ASH
NUMBER BASIS (%) % % (%)

HEATING
VALUE
Btullb

C,
%

H, N,
% %

•0, SULFUR, %
% PYRITIC TOTAL

MMb-5 1
2
3
4

18.03
16.32

39.29
40.10
47.93
51.80

36.56
37.32
44.60
48.20

6.12 8958
6.25 9145
7.47 10928

11811

0.25
0.25
0.30
0.33

* I-As received; 2-Equilibrium moisture; 3-Moisture free; 4-Moisture and ash free.

TABLE 5
Estimates of potentially mineable coal

resources of Wood River field, Nenana basin,
projected to an overburden limit of 500 ft (150
m) and including all beds greater than or equal

to 2.5-ft thick.

High
assurrance 65 59

Moderate
assurrance 90 82

Low
assurrance 200 181

Figure 9. Close-up view of Seam 1 at the top of the
Coal Creeksectlon, Wood Riverfleld. Theseam is

about 12 feetth Ick.

Level of
geologic
assurrance

-----------------Resources-----------------
Million Million

short tons metric tons

•

investigations of mineral resources of Alaska in
1906: U.S. Geological Survey Bulletin 314, p. 205
226.

Wahrhaftig, Clyde, 1970a, Geologic map of the Fairbanks
A-2 Quadrangle: U.S. Geological Survey Map GQ
909, scale 1:63,360.

____, 1970b, Geologic map of the Healy D-2
Quadrangle: U.S. Geological Survey Map GQ 804,
scale 1:63,360.

Wahrhaftig, Clyde, Wolfe, l.A., Leopold, E.B., and
Lanphere, M.A., 1969, The coal-bearing group in the
Nenana coal field, Alaska: U.S. Geological Survey
Bulletin 1274-D, 30 pp.
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PLACER'S BELUGA COAL PROJECT - MINING AND

MARKETING PLANS

C.E. McFarland
Placer US, San Francisco

•

•

Placer U.S., Inc., a mining and exploration company
based in San Francisco, operates gold, mercury and coal
properties in the United States. Placer obtained a major coal
reserve position in the Beluga coal fields in the late 1960s
looking forward to coal conversion and minemouth power
generation as possible markets. The 1973-74 and 1979-80
energy crises and resulting fuel price escalation caused
Placer to increase coal exploration and development activity
which included engineering-feasibility studies for a mine
mouth power plant, a large coal-ta-methanol synthetic fuel
complex and a five million ton-per-year coal export project
The collapse of oil prices and sharp reduction in world
energy demand in the mid 1980s resulted in an extreme
oversupply of coal in the Pacific Basin. In response to the
limited and highly competitive coal market, Placer U.S. has
proposed a low capital cost export project. This one to two
million ton per year operation is designed to penetrate near
to mid-term markets at a price range competitive with long
term contractual suppliers. Placer's Beluga project will also
compete for coal-fired power generation in Alaska and the
Pacific Northwest in the 1990's. The favorable location of
the Beluga coal field to the existing port at Tyonek, on deep
water of Cook Inlet, is depicted in Figures 1 and 2.

Operating under the name of American Exploration &
Mining Co., Placer U.S., Inc. acquired the Evan Jones Coal
Mine located in the Matanuska Valley from the Hill-Ander
son interests in 1956. The company operated the Evan Jones
open pit bituminous coal mine until 1967 when the local
military bases and Chugach Electric converted their coal
fired boilers to natural gas. Placer U.S. presently operates
three open pit gold mines in Montana and Nevada, and
produced approximately 185,000 ounces of gold in 1986.
The company also manages the McDermitt mercury mine
in Nevada, which produced about 50 percent of the U.S.
prime virgin mercury requirements in recent years. A small
coal-loading facility is also operated on the Big Sandy River
near Ashland, Kentucky.

Following the two oil supply crises, and near panic in
world energy markets of the 1970s, it appeared as though
Beluga coal would be an early supplier of coal and/or coal
products to the western U.S. and other Pacific Rim markets.
As a result, Placer increased its rate of geologic exploration
and development drilling work to further delineate mineable

coal reserves. Surface pits provided bulk samples to aug
ment drill core samples for analyses of coal characteristics
and testing. Engineering and baseline environmental data
were obtained in order to develop mining and reclamation
plans. Theresulting information formed the basis for several
engineering feasibility studies which will hopefully lead to
mine development and sale of Beluga coal. The principal
studies are listed in chronological order:

1979 - Minemouth Coal-Fired Electric Power Generating

fla1U

This low budget study was completedfor Placer in 1979
by EBASCO and incorporated two 200 megawatt steam
turbines at an approximate capital costof$400 million. The
all-in cost of electric power was estimated at 4.6 ¢/Kwh.

1982 - Coal-lo-Methanol Complex

Placer U.S., Inc. and Cook Inlet Region (CIRI) received
and administered a $4 million Department of Energy grant
for a feasibility study proposing the Winkler process to
gasify 8.5 million tons per year (tpy) of Beluga coal for
manufacture of 54,000 bbls. per day of fuel-grade methanol
for distribution to west coast markets which could advan
tageously use this clean liquid fuel. Davy McKee was the
principal engineer.

1982-Five Million Metric Ton PerYear Coal ExporlProject

This $2.5 million effort was a three way joint pre
feasibility study with the Electric Power Development
Company (EPDC), Nissho Iwai Corporation (NIC), both
Japanese companies, and Placer. This comprehensive
engineering study incorporated truck and conveyor trans
port and a major new port complex. Morrison-Knudsen was
the principal engineer.

1983/86 - Reduced Tonna~ - Minimum Capital Cost
~

Placer has completed a number of studies in the 1 to 2
million metric tons per year range. This concept is designed
to minimize capital costs by using the existing dock and
other improvements at North Foreland near the village of
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Tyonek. The most recent engineering study of the Beluga
Export Project indicates a $65 million capital requirement
and is designed to sustain shipments of 1.5 million metric
tpy in 65,000 DWT (panamax class) vessels over a 20 year
period. The design incorporates expansion capability.

Placer U.S. has attempted, over the years, to gear its
development expenditures to realistic market potential for
Beluga coal. The extreme swings and prevailing uncertain
ties in demand and price levels for fuels have made it quite
difficult to gauge the appropriate project size and rate of
expenditures for an export coal project. A good example of
abrupt changes in market forecasts are the Japanese utility
projections of imported thermal coal requirements for 1990
that were provided between 1980 and 1985.

South African coal displaced in Europe has recently been
sold in the Pacific at distress prices, further depressing the
stearn coal market.

Current coal supply contracts are opened annually for
price adjustments, a practice that will continue until supplies
tighten. Conventional long term contracts are based on
prices that we believe will be above current spot levels. The
following table shows representative spot prices from major
supplier countries to the Japanese market:

September 1986 Coal Prices CIF Japan Ports
Supplier U.S. $ Per Kilo-Calories/
Country Metric Ton Kilogram Yen/Kilo-

Calorie

•

Date of Forecast

August 1980
May 1983
July 1985

Projected Thermal Coal
Imports by Japan for 1990
Million Metric Tons Per Year

62.7
28.0
17.0

Australia 36.78 6500 0.88
Canada 36.96 6350 0.90
China 41.40 6800 0.94
South Africa 37.25 6700 0.86
United States

Eastern 49.00 6400 1.18 ()
Beluga 26.00 to 30.00 4350 0.93 to 1.06 1

Similar reductions in coal projections also took place
for Korea, Taiwan and other Pacific rim countries. The
results ofthese drastic downward adjustments were substan
tive reductions in both quantity and price of contractual
commitment for steam coal, and curtailment or cancellation
of a number of major coal projects. A large coal oversupply
now exists, and it will take from 3 to 5 years, perhaps longer,
to work down excess production capacity to the point where
the development ofnew steam coal projects will be justified.
The current low crude oil prices serve to delay boiler
conversions and may even cause older oil-rued units to be
reactivated, thereby delaying new coal-fired plant construc
tion. At $12 per bbl. or less, oil might be consumed instead
of coal in those plants with fuel switching capability.
However, oil prices are not likely to impact on long term
plans to construct coal and nuclear power plants.

(1) Writer's Estimates: price varies with quantity shipped

Other factors including combustion efficiency, sulfur,
moisture, ash and ash characteristics, all impact on cost per
Kwh produced at the power plant bus bar. Nevertheless, the •
above coal prices reflect today's competitive market.

It would be appropriate at this point to wonder why a
company wouldbe attempting to get into a market so fraught
with uncertainty and tenuous contractual commitments.
There are a number of reasons:

1. The Pacific region will exhibit one of the greatest
per capita growths in the world over the next
several decades. A rapid increase in electric
energy needs is already underway.

The mix of electric power generating systems and fuel
buying practices of consuming countries will have signifi
cant impact on future coal demand. The major consuming
nations in the Pacific - Japan, Korea and Taiwan - have
aggressively pursued nuclear power development. There
also are take or pay LNG contracts which were made during
the 1979/80 fuel shortage. These contracts now fix a certain
level of required LNG power generation. These commit
ments to nuclear and LNG leave coal as the swing fuel to
meet additional load growth or to suffer reduction in pur
chases when the economy and electric load growth falter.
In short, by balancing nuclearandLNG developmentagainst
future electric power growth, consuming nations may be
able to maintain their coal "buyer's" market for some time.
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2.

3.

4.

Coal and nuclear generation will be expanded to
meet energy needs. New coal projects must soon
be planned and dedicated for coal delivery in the
1990's.

World coal prices have essentially bottomed out.

It is important for Japan, Korea and Taiwan to
increase their imports from the U.S. They need
to import coal and Beluga offers the lowest cost
U.S. steam coal and is reasonably competitive
with other Pacific suppliers on a long term con
tract basis. •



•
5. Diversification of supply will remain an impor

tant factor in the buying process. Favorable
Beluga combustion test results and Korean expe
rience with Usibelli coal, have caused the princi
pal Asian utility managers to consider Alaskan
subbituminous coal as a future alternate source of
steam coal.

useful in new mine development Wheeled loaders and
tracked hydraulic shovel/backhoe equipment will load
overburden and coal into 50 ton end-dump trucks and special
coal haulers. Scrapers will be used for road and ditch
construction and in top soil removal and reclamation.
Special emphasis has been placed on design of the drainage
control and sedimentation pond system.

A mine and reclamation plan has been designed using
construction-type equipment having the flexibility that is

6. New developments in coal technology such as
fluidizedbedcombustion, will permitboth greater
variation in quality ofcoal feed, and power plants
that can accept a coarser coal size, factors which
are beneficial to use of subbituminous coals.

7. Early establishment ofan export coal operation in
the Beluga field will provide port facilities and
will confmn successful mining, delivery and
commercial use ofBelugacoal. Such an operation
will provide the basis for expansion to meet the
increased demand forecast for the 1990s and
beyond.

Crushed coal will be reclaimed and loaded at a nominal
rate of 2000 tons per hour.The present pier will be extended
1000 ft and a new 750-foot berthing dock will be constructed
providing 50 ft of draft to accommodate 60,000 to 80,000
DWT vessels. These larger Panamax-sized ships allow a
substantial improvement in ocean freight rates.

The favorable handling and combustion characteristics
of Alaska subbituminous coal have been demonstrated
through the use ofUsibelli coal in Korean power plants and
through extensive testing ofBeluga coals. Coal from proven
reserves of Placer's proposed Center Ridge mine can be
delivered to Asian markets for significantly less than $2.00
per million Btu in 65,000 DWT vessels. The extremely low
sulfur content, large reserves, geographical location, buyer
need for diversity and security of supply,and reduction of
the trade imbalance between the U.S. and Xsian nations are
all good reasons for these countries to purchase Belugacoal.

The mine location and existing road and port facilities
will substantially minimize project impacts on the environ
ment. A considerable amount of baseline data has been
developed over the years and recently assembled in a draft
outline for the major permit applications. The formal permit
process will follow receipt of firm market commitments.

An access road has been constructed to the CenterRidge
mine area along the centerline of the future 21-mile haul
road. This road uses 15 miles ofexisting logging road which
will be widened and improved. Special 120 ton bottom
dump units will be used to haul coal from the Center Ridge
mine to the crusher and stockpile/reclaim system at the port
site.

Placer has a long term option/lease agreement with the
Tyonek Native Corporation for the use of facilities previ
ously constructed for the Kodiak Lumber Mills chip mill
operation. These existing facilities include the dock, fuel
storage, buildings, housing, airstrip and roads. Electric
power service is in place. Use of these facilities and roads
is an important factor in holding projectcapital costs to about
$65 million.

7848
11.2
25.0
0.11

>2275Op (initial deformation,
oxidizing conditions)

Placer's Beluga coal reserves are large, exceeding 500
million tons. For the current project we have delineated a
specific 35 million ton block to sustain mining 1.5 million
metric tpy for 20 years. Adjacent coal reserves at favorable
waste-to-coal stripping ratios will easily permit expansion
ofmine production. The bulk ofCenterRidge mine produc
tion will come from the "M" seam which averages justunder
40 ft in thickness. The 1986 drilling and sampling program
provided the following quality information on this low
sodium, high ash fusion temperature (non-slagging) coal:

Btu/lb. (as-received)
Ash %
Total Moisture %
Sulfur %
Fusion Temp.

Because ofthese factors and continuing encouragement
from potential buyers, Placer U.S. remains optimistic about
the future development of its Beluga Coal Project. As stated
earlier, the company's strategy to penetrate the highly
competitive Pacific market is to start small and grow. A key
part of this approach is to hold initial capital costs to a
minimum through use of existing infrastructure.•

•
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DIAMOND CHUITNA PROJECT SUMMARY

•Robert B. Stiles and Luke C. Franklin
Diamond Alaska Coal Company

The Diamond Chuitna Project is located within the
Beluga Coal Region of southcentral Alaska, approximately
45 miles westofAnchorage. See Figure 1, ProjectLocation
Map.

A demand for the use oflarge quantities of sub-bitumi
nous Chuitna coal on a long-tenn basis for power generation
is expected to arise in the foreseeable future, due to several
favorable conditions: the coal can be strip-mined; the
distance from the mining area to the loading port is as short
as 11 miles; and the ocean transport distance to Pacific Rim
markets is approximately 3,300 to 4,800 miles.

Geology and Coal Quality

The Beluga Region consists mainly of a broad plateau
ofgenerally low-to-moderate relief. Streams have dissected
the plateau creating valleys ranging from a few tens of feet
to several hundred feet in depth. Elevations range from
about 150 ft near the seacoast to about 1,400 feet near the
northwestern edge of the Diamond Chuitna Mine area.

The Beluga Region is drained primarily by the glacial
fed Beluga and Chakachatna Rivers and the clear water
Chuitna River. In addition, several minor streams such as
Tyonek Creek, Old Tyonek Creek, and Nikolai Creek drain
the area.

major seams to be mined. The core locations were spaced
throughout LMU-l to produce representative coverage of
the coal reserve.

Table 1 shows the projected as-mined quality ofLMU
1coal; this represents the quality any potential market would
expect to receive.

Coal Utilization

In 1983, a test pit was opened in the Chuitna reserve to
obtain a 5OO-ton bulk sample of coal to be used for various
utilization test purposes. Approximately 270 tons were
shipped to Mitsubishi Heavy Industries (MHI) in Japan for
tests involving pulverized coal combustion. The following
are the general results of these tests which were concluded
in 1984.

1. Combustion Characteristics

Ignition Stability: - good, same as average bituminous
coal.

Combustibility: - very good, lower unburned carbon
than most bituminous coal.

NO : - low emission level.
x

•
The stratigraphic column within the mine area can be

divided into sediments of two general age groups: an older,
coal-bearing sequence, and glacial outwash deposits. Some
recent alluvium exists in stream valleys.

The coal-bearing sediments in the mine area are part of
the Tertiary-aged Tyonek Fonnation of the Kenai Group. At
least 18 coal seams (including stringers) are known to occur
within the mine lease area, of which five are of adequate
areal extent and thickness to be significant to mining. These
are the Red 1 (Rl), Red 2 (R2), Red 3 (R3), and, in limited
locations, the Blue and Green Seams.

The projected as-mined quality of Chuitna Coal from
LMU-l was detennined from two coring programs, the fIrst
completed in 1982 and the second in 1986. This resulted
in a total of64 quality cores with 181 analyses from the five

Flame Temperature
and Radiated Heat
Flux: - slightly lower than average bituminous coal.

2. Slagging Potential

- high slagging rate but less than some bituminous coals
used in Japan.

3. Fouling Potential

- more ash collected on convection tubes than average
bituminous coal but easily removed by soot
blowing.

- fouling rate decreases when Chuitna blended with •
bituminous coals.
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Japan - Cook Inlet. 3,300 .Ues (6,100kll)
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Fairbanke
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Ladd - Se"ard.

Coal Utilization - Environmental

added pulverizing capability, would achieve this goal.

Chuitna sub-bituminous coal enjoys the unique position
of having an unusually low sulfur content, lower than any
known coal reserve in the world. With a projected as
received sulfur content of .12%, the S02 emission would
be 0.321bs per million Btu, or about 14(Yparts per million
(ppm) assuming no sulfur retention in the ash during
combustion. Typical U.S. Powder River sub-bituminous
coals range from about 0.5 to 1.81bs of SO2 per million Btu,
averaging 1.21bs, which is equivalent to approximately 500
ppm. Lower sulfur bituminous coals used extensively in
the Pacific Rim countries average from about 0.5 to 1.21bs
of S02 per million Btu, equivalent to approximately 200 to
500 ppm.

The significance ofan unusually low-sulfur coal can be
seen from both the economic and environmental stand
points. Highly industrialized nations have recognized the
need for S~2 emission control in new generating facilities
since the 1970s. Current regulations in the U.S. require
sulfur removal systems for all coals regardless of sulfur
content. Japan has an emission limit ofabout 80 ppm which

ItUl Pier
(elliet. O.5ka, Handy .ille)
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Ocean Transport Distance

Figure 1. Project Location Map
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4. Pulverized Perfonnance

- total mill capacity mustbe greater than for bituminous
coal.

- nonnal particle size, moderate ash resistivity.

- good collection efficiency for both hot and cold side
applications in spite of low sulfur content.

The MHI tests confirmed and quantified the corrective
measures that would be required in furnaces which would
burn Chuitna coal efficiently. They demonstrated that
current U.S. design practice for sub-bituminous coals, with

5. Electrostatic Precipitator Perfonnance

There were no unexpected results from these tests.
Chuitna coal quality is projected to be very similar to the
U.S. Powder River sub-bituminous coals about which
extensive combustion experience has been gained. The
slagging and fouling potential are identical to the Powder
River coals and require a larger furnace to mitigate potential
combustion problems.

•

•

•
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Mine Facilities

As nations experience increased industrial activity,
there is increased awareness of the potentially harmful
environmental consequence of uncontrolled emissions of
sulfur. Judging from the past, increased industrialization
brings a higher standard of living which hastens awareness
and results in actions toward control.

In countries where no sulfur removal is required, the
reduction of uncontrolled emissions alone should be given
serious consideration. Such reduction could delay the time
when S02 control is required. Table 2 shows the approxi
mate annual sulfur emissions from a 500 MW generating
unit with no S02 removal system.

Regulations in the U.S. have gradually become more
stringent since the Clean Air Act of 1970. New legislation
is pending to combat effects of acid rain. The economic
advantage of using lower-sulfur coals will become more
evident as time progresses. Elimination of the necessity to
install S02 removal equipment can reduce the steam-gen
erating capital cost by as much as 30%.

•

•

•
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requires sulfur removal systems. Where all coals must
undergo S02 cleanup to some degree, an unusually low
sulfur coal such as Chuitna reduces the size and capital cost
of the removal system, the limestone or lime additive
requirement, and the amount of scrubber sludge (environ
mentally classified as hazardous waste) and/or dry waste to
be handled and disposed. These added costs are significant
and penalize the utilization cost of higher sulfur coals,
adversely affecting their competitiveness when coal selec
tions are made.

As with any large mine, extensive in-mine support
facilities will be necessary for operation of the Diamond
Chuitna Mine. Mine shops, offices and material-handling
facilities would be identical in design for all cases. Diamond
Alaska Coal Company has developed potential mine cases
for three different production rates. See Table 3, Case Study

Table 2. Annual Sulfur Emissions from a
500 MW Generating Unit With no S02

Removal
Approximate Sulfur Emitted

Type of Coal % Sulfur ppm S02 STons Per Year
Chuitna 0.12% 140 2,500

Table 1
Cbuitna Coal Projected As-Mined Quality 

LMU-l

Nominal Range Std. Deviation
Heating Value-Dry

Btu/lb 10485 10020 - 11000 250
Kca1/Kg 5830 5570 - 8110 140

Total Moistme 27.1 23.9 - 29.7 1.5
Heating Value-As Reed.

Btu/lb 7650 7370 - 7980 140
Kca1/Kg 4250 4090 - 4430 80

Total Sulfur-Dry 0.17 0.10 - 0.24 0.03
Proximate-Dry

Volatile Matter 45.3 42.5 - 48.0 1.0
Fixed Carbon 40.8 36.9 - 44.4 1.6
Ash 13.9 10.7 - 18.1 1.6

Ultimate-Dry
Carbon 61.0 58.2 - 64.3 1.4
Hydrogen 4.2 2.8 - 4.8 0.6
Nitrogen 1.0 0.8 - 1.2 0.1
Oxygen 19.7 18.0 - 21.9 0.7
Chlorine 0.02 0 - 0.15 0.04

Ash Minerals
Silica 41.0 32.9 - 48.5 3.8
Alumina 20.2 16.1 - 24.3 2.1
Titania 1.3 0.8 - 1.6 0.2
Iron 8.9 3.3 - 16.3 3.5
Lime 13.4 8.6 - 20.3 3.1
Magnesium 4.1 2.0 - 6.9 1.4
Potassium 1.1 0.7 - 1.6 0.2
Sodium 1.6 0.2 - 3.2 0.8
Sulfur 2.5 0.8 - 3.9 0.8
Phosphorus 1.0 0.1 - 2.7 0.8
Strontium 0.3 0.2 - 0.5 0.1
Barium 0.8 0.3 - 1.4 0.3
Manganese 0.1 0.1 - 0.4 0.1

Hardgrove Index 32 26 - 43 3.6
(21 % moisture)

Ash Fusion Temp 0 F
Reducing -Initial 2130 2040 - 2260 45

-Soft. 2160 2080 - 2290 50
-Hem. 2210 2120 - 2370 65
-Fluid 2270 2130 - 2400 75

Oxidizing-Initial 2250 2130 - 2380 60
-Soft. 2280 2150 - 2420 60
-Hem. 2320 2210 - 2440 60
-Fluid 2380 2240 - 2550 70

Ash Fusion Temp 0 C
Reducing -Initial 1170 1120 - 1240 25

-Soft. 1180 1140 - 1250 30
-Hem. 1210 1160 - 1300 35
-Fluid 1240 1170 - 1320 40

Oxidizing-Initial 1230 1170 - 1300 35
-Soft. 1250 1175 - 1330 35
-Hem. 1270 1210 - 1340 35
-Fluid 1300 1230 - 1400 40

Sulfur Forms
Pyrite 0.04 0.01 - 0.09 0.02
Sulfate 0.04 0.01 - 0.12 0.03
Organic 0.09 0.03 - 0.16 0.03

Water Soluble Alkalies
Sodium 0.11 0.01 - 0.17 0.04
Potassium 0.01 0.01 - 0.06 0.01

Specific Gravity 1.30 1.22 - 1.33 0.02

~......
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Summary.

The only difference in facilities between the various
cases, is that construction of the facilities would be phased
to match fleet and production requirements.

The following facilities will be located in or adjacent
to the area to be mined:

Table 3. Case Study Summary
Present Cases

Initial Case Case 1 Case 2
Annual Scale 12MMSTPY 12 5

- Truck dump
- Coal crushing and handling system
- Administration and service buildings
- Electrical substations
- Sewage and water treatment
- Fuel and lubricant storage
- Erection area

All facilities have been located to simplify access,
provide a logical flow in the coal handling system and
maximize recovery.

Mining Plan

Mining Method Truck/shovel do.
dragline

l.aJd l.aJd
(newly built, (newly
barge-loading built,
and receiving barge-
Cape class loading)
vessel)

Inland Transport -Under 5
haul

• Port

-Under 5

MMSTPY; MMSTPY;
truck haul truck haul
18 km 21 km
-Over 5 -Over 5
MMSTPY;belt
MMSTPY;belt
conveyor conveyor
18 km 21 km

Granite point
(newly built,
receiving
Cape class
vessel)

do.

Truck

21km

The mine plans for the Initial Case, and Cases 1 and 2,
are based on the same general design and operating criteria.
The production build-up rates for all cases are shown in
Table 3.

The pit layout for all Cases consist of a north pit and
a south pit with the initial boxcut located along the east
subcrop and outcrop of the Red 1, Red 2, and Red 3 seams.
In the initial years of production, approximately 22 million
bank cubic yards of overburden would be hauled from the
boxcut area to a permanent overburden stockpile located
south and east of the mining area. The pit layout maximizes
recovery of in-place coal reserves without loss of reserves,
regardless of the production rate buildup.

Individual mine plan cuts, or pits, are located on the top
of each coal seam in order to take into account the overall
slope of the highwall. Based upon geotechnical analysis
ofoverburden and interburden material, an overall highwall
slope of 1.4 horizontal to 1.0 vertical has been utilized.

Production Year Recovered Coal
(x 1000 short tons)

Initial Case Case 1 Case 2
-3 construction
-2 construction
-1 construction
1 2000 600 600
2 4000 2500 2500
3 6000 3500 3500
4 12000 3500 3500
5 12000 5000 5000
6 12000 5000 5000
7 12000 5000 5000
8 12000 5000 5000
9 12000 5000 5000
10 12000 6000 5000
11 8000
12 10000

• 13 12000

The mine plan and production build-up schedules are
designed so that the strip ratio each year would be approxi
mately equal to the life-of-mine strip ratio. The life-of-mine
strip ratio is approximately 4.3 bank cubic yards per ton of
coal.

Initial overburden/interburden would be mined using a
single 27 cubic yard electric shovel matched with a fleet of
170-ton trucks. After initial) pit development and prestrip
ping, and as production increases, one or more 57-cubic
yard draglines, as well as additional overburden stripping
shovels and associated truck fleets would be added to meet
the stripping requirements. The truck and shovel operations
would pre-strip ahead of the draglines and back-fill material
above the dragline spoil in the mined-out pits.

Coal would be mined and loaded into 170-ton trucks
using 17-cubic-yard front-end loaders and 11-cubic-yard
backhoes. Coal would be hauled to a primary crusher
located at either the central mine facilities or near the edge
of the active pit, depending on the production level.
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Figure 2 is a generalized range diagram for dragline
operations at various locations within the mine plan area.
Figure 3 illustrates the general operation plan.

Equipment schedules are based on the coal production
schedules shown in Table 3. Prime movers consisting of
shovels, draglines, trucks and coal loading equipment have
been scheduled to maintain production over the 338-day
per-year operation. Special considerations for weather,
winter conditions, darkness, material characteristics, and
surface and ground water have been taken into account in
equipment scheduling.

The support equipment would include crawler tractors,
rubber-tired tractors, motor graders, maintenance equip
ment, scrapers, and other support equipment required to
complete the miscellaneous items necessary for efficient
operations.

A list ofthe required prime movers for all cases is shown
in Table 4, Main Mobile Equipment List. The equipment
requirements for the Initial Case and Case 1 are identical;
the only difference being in the year of purchase.

Major changes in the mine mobile equipment fleet
include the addition of a second 57-cubic-yard dragline
instead of a 37-cubic-yard dragline; a decrease in the total
number of coaVoverburden haul trucks and the elimination
of one shovel (20- to 27-cubic-yard class).

The use oftwo draglines ofidentical size would increase
overburden removal productivity; simplify parts inventory;
and facilitate machine construction, repair and mainte
nance.

Increasing the coal truck size from the 100 to ISO-ton
class to the 120 to 170-ton class allows for the same produc
tivity with fewer trucks. In addition, coal trucks and over
burden trucks are interchangeable, thus simplifying inven
tory as well as maintenance and repair.

Port Facilities

Granite Point and Ladd are the alternative sites for the
Coal Terminal/PortFacilities. Comprehensive engineering
investigations have been conducted at both sites and design
and operating plans have been developed.

Both sites are located approximately the same distance
from the mine facility area as shown on Figure 1.

The vessel loading facility for the Initial Case would be
located at Granite Point. No barge loading facilities are
planned for the Initial Case.

. Ladd, the site of an existing barge landing, would be
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developed as the primary point for construction and oper
ating supplies for all cases (Initial Case, Cases 1 and 2). In
addition to a receiving port, barge loading facilities would
be constructed at Ladd for Cases 1 and 2. When production
levels exceed 5 MMSTPY (Case 1), the barge loading
facility would be expanded to include vessel loading capa
bility (120,000 DWT). The layoutofthe facilities at Granite
Point and Ladd are shown in Figures 4 and 5, respectively.

The barge loading facilities have been designed to load
a typical 20,000 DWT ocean going barge. The barge-loader
design capacity of 3,500 STPH would ensure berthing,
loading and unberthing of a barge within a single 12-hour
tide cycle. No warping of the barge is required. Loaded
barges will travel to markets in the Asian Pacific Rim, the
West Coast of the U.S., or to the Coal Terminal at Seward,
Alaska. Coal arriving in Seward would be transferred into
Panamax -Class vessels.

A comparison of the two sites (Granite Point vs. Ladd)
is given in Table 5.

Inland Transportation

The inland transportation system, regardless of devel
opment case, would be developed in two phases. Initially,
a main access road would be constructed from Ladd (the
site of an existing barge landing) to the mine. Ladd would
be developed as the primary receiving point for construction
and operating supplies. The road would be used for trans
port of these materials during the construction and operating
phases.

Once production begins, for all cases, coal would be
hauled by trucks at production levels below five MMSTPY.
Once production exceeds five MMSTPY, an overland
conveyor would be constructed between the mine and coast.
The Initial Case will require the construction ofthe conveyor
and additional haul road to Granite Point. Development
Case 1 would require the construction of a conveyor to the
expanded (Cape Class loader and berth) Ladd facility.
Development Case 2 requires no conveyor since production
does not exceed five MMSTPY.

The conveyor would transport coal at a nominal rate of
1,500 STPH, would be a continuous belt, 48 inches wide
and approximately 11 miles long.

Both the Ladd and Granite Point roads would be
constructed across similar terrain and utilize similar con
struction methods. The alignment for the Granite Pointroad
as well as the road to Ladd (Proposed North Road) are shown
in Figure 1.

The North Road alignment to Ladd offers several
advantages over the Granite Point alignment. Since Ladd

•

•
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• Table 4. Main Mobile Equipment List

EQ.uipment Type Ouantity
Initial Case and 1 Case 2

Table 5. Site Comparison between Granite
Point and Ladd

Granite Point ~

Overburden Removal
Dragline (55 to 60 cubic yard class) 2
Shovel (20 to 27 cubic yard class) 3
Rock Truck (120 to 170 ton class) 16
Bulldozer (450 to 500 horsepower class) 9
Cable Reel Truck 2
Scraper (31 cubic yard class) 2

Coal Removal
Hydraulic Backhoe 3
Coal Truck (120 to 170 ton class) 10
Front-end Loader (7 to 10 cubic yard class) 2

1
1
5
4
1
1

1
4
1

Lease Area (acres)

Haul distance from
mine

Surface

wetlands

Availability of
suitable fill and
gravel

700

8.3 miles

Extensive
wetlands I

Must be
trucked in

790

10.3 miles

Upland forest
w/some

Extensive
deposits nearby

Overconsolidated Overconsolidated
glacial till glacial till
nearshore nearshore

•

is north of the Chuitna River, it will not be necessary for
the North Road to cross the Chuitna River. This will
eliminate the need for a highway bridge across the Chuitna
and will eliminate steep sections of the road descending and
ascending from the river valley. Additionally, since the
conveyor alignment to Ladd is north of the river, the
conveyor bridge across the Chuitna river will be eliminated.

Barging Operations

Barging operations out of Ladd would be conducted
using one or more tug/barge units of the typical specifica
tions listed in Table 6. Each tug/barge unit wouldbe capable
of handling approximately one MMSlPY.

The current plan would be to barge one to two
MMSlPY from Ladd to the Coal Terminal located at
Seward, Alaska. At annual shipment rates greater than two
MMSlPY, shipments could be handled through a mid
stream transloading facility or the "through-put" capacity
of the Seward facility could be increased.

Bluff height at beach 135 ft.

Existing facilities None
and local road
network

Distance from top of N/A
bluff to barge berth

Distance from top of 12,500 ft.
bluff to Cape Class
berth

Alignment of currents ± 180<>
between ebb and flood
tides

Offshore soil
conditions

85 ft.

Barge landing

2700

10,200 ft.

± 180<>

Table 6. Tug and Barge
Specifications

Poorly
consolidated
claystone,
siltstone,
farther out
from shore

Current annual thru-putat the Seward facility is 600,000
to 800,000 metric tons. It would be necessary to add a barge
unloading facility at Seward in order to accommodate
barges from Ladd. The operators of the Seward facility have
evaluated the possibility of adding the required facilities;
they determined that an unloading facility with a 1,000
SlPH unloading capacity is both technically and economi
cally feasible. Barges arriving from Ladd would be un
loaded at Seward and the coal would be stored in the Seward
coal yard and subsequently loaded onto Panamax or Cape
Class vessels for shipment to Pacific Rim receiving ports.

Markets along the Pacific Rim of the U.S. could pos
.Sibly be supplied by tug/barge units directly from Ladd with

no transloading required.
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Tug Specifications
-4000 HP
-8 knot average speed
-fuel consumption
-18 long ton/day

Glacial fluvial
silts and clays
farther out from
shore

Barge Specifications
-380' LOA, 64' beam
-24' draft fully loaded
-13000 short ton
capacity
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CRANDALLITE GROUP MINERALS IN THE CAPPS AND Q
COAL BEDS, TYONEK FORMATION, BELUGA ENERGY •

RESOURCE AREA, SOUTH-CENTRAL ALASKA

Michael E. Brownfield, Ronald H. Affolter, and Gary D. Stricker
U.S. Geological Survey, Denver

ABSTRACT

Phosphate minerals of the crandallite group have been
identified in several coal and altered tuff samples from the
lower Oligocene through middle Miocene Tyonek Forma
tion, Beluga Energy Resource Area, south-central Alaska.
Forty-three samples from eight different subbituminous C
to subbituminous B coal beds in the Tyonek were collected
andanalyzedformajor-, minor-, and trace-elementcontents.
These analyses indicated that several samples from the
Capps and Q coal beds have anomalously high contents of
phosphorus and strontium. Phosphorus values (4,100 ppm,
whole coal) in these samples are 100 times higher and
strontium values (l,400ppm, whole coal) are 7 times higher
than in other U.S. Tertiary coals. X-ray diffraction analysis
of low temperature ash and selected hand picked grains
reveal a predominance of kaolinite, varying amounts of
quartz, and the presence of several hydrated aluminum
phosphate minerals of the crandallite group. The crandallite
minerals are difficult to differentiate by X-ray diffraction
since they are members of a solid solution series that
includes crandallite (CaAI3(P°4\(0H)s'H20), goyazite
(SrAI/P04)2(OH)s'H20), and gorceixite
(BaAl/PO4)i0H)s·H20). Therefore, chemical composition
was determined using scanning electron microscope (SEM)
energy-dispersive technique and electron microprobe
analysis.

Crandallite group minerals present in the Capps and Q
coal beds include crandallite, gorceixite, and goyazite. The
mineral species occur as 2-25 micrometer anhedral to
subhedral grains in thin kaolinitic partings consisting of
altered nonmarine tuffs. The enrichment of phosphate may
be due to the alteration of apatite-bearing air-fall tuffs that
were deposited into the reducing environment of a coal
swamp. Evidence from this study suggests that the crandal
lite minerals formed early during diagenesis of the peat
swamps and were localized in the kaolinitic altered ash
partings.

INTRODUCTION

Four core holes were drilled during 1979-1982 to
acquire geotechnical data on the Tyonek Formation (see
Odum, this volume) within the Beluga Energy Resource

Area (Figure 1): USGS lC-79 (397 ft deep) and USGS 2C
80 (200 ft deep) in the Capps coal field, and USGS CW 81
2 (335 ft deep) and USGS 82-1 (377 ft deep) in the Chuitna
coal field (Figure 2). The Capps and Chuitna coal fields
are located in the Cook Inlet basin approximately 56 miles
west of Anchorage (Figure 2). The two coal fields are
separated by the Castle Mountain fault, a major northeast
trending fault which makes correlation between the two
fields difficult.

Forty-three samples from eight different coal beds
(Capps, Waterfall, M, 0, Q, and three unnamed beds) in the
Tyonek Formation were collected over a 4-year period and
analyzed. Statistical summaries of proximate and ultimate
analyses, heat-of-combustion, forms-of-sulfur, and 40
major-, minor-, and trace-elements were compiled and
evaluated (Affolter and Stricker 1982, 1984, 1986).
Analyses ofTyonek coals show an apparent rank that ranges
from subbituminous C to subbituminous B, with a mean ash
content of 10.6%. Total sulfur ranges from 0.08 to 0.33%.
The results of these analyses also indicate that several
samples from the Capps and Qcoal beds have anomalously
high contents of phosphorus, strontium, barium, and cal
cium (Table 1; Stricker and others, 1986). Phosphorus
values (4,100 ppm, whole coal) in these samples are 100
times higher and strontium (1,400 ppm, whole coal) are 7
times higher than in other western U.S. Tertiary coals.
Barium and calcium are about 2 times higher (barium, 560
ppm, whole coal; calcium, 17,000 ppm, whole coal) than
values found in other western U.S. coals (Affolter and
Hatch, 1984).

The purpose of this preliminary report is to describe a
new occurrence of hydrated aluminum-phosphate minerals
of crandallite group in the lower Oligocene through middle
Miocene coal bearing Tyonek Formation, Beluga Energy
Resource Area.

GEOLOGY

The Tertiary sedimentary rocks of the Cook Inlet basin
are continental in origin and include forearc basin deposits
of early to late Cenozoic age (Figure 3). The coal-bearing
rocks of the Kenai Peninsula were defined originallyby Dall
and Harris (1892) as the Kenai Group. Primarily as a result

•
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Figure 1. Location map oftlle Beluga Energy
Resource Area.

- -

of subsurface data compiled during oil and gas exploration.
the Tertiary rocks of the Cook Inlet basin were called the
Kenai Formation. The Kenai was raised to group rank by
Calderwood and Fackler (1972) and subdivided into five
formations. The formations. in ascending order. are West
Foreland. Hemlock Conglomerate. Tyonek. Beluga. and
Sterling. The West Foreland Formation was removed from
the Kenai Group (Boss and others. 1976; Magoon and
others. 1976) in recognition ofthe widespread unconformity
between it and the overlying fonnations.

The Tyonek Fonnation of early Oligocene through
middle Miocene age is a 4.000- to 7.700-foot-thick se
quence of nonmarine massive bedded sandstones.
siltstones. and mudstones with interbedded thick subbitu
minous coals and minor altered tuffs (Odum. this volume).
The Tyonek is confonnable with the underlying Hemlock
Conglomerate and disconfonnable with the overlying
Beluga Formation. Coal beds are far more extensive in the
Tyonek than any other unit of the Kenai Group and contain
over 1 billion short tons of coal within the Beluga Energy
Resource Area (Stricker and others. 1986). Hite (1976)
suggests that the Tyonek accumulated in poorly drained
alluvial lowlands adjacent to tectonically active highlands
containing sporadically active volcanoes (Figure 4).

Figure 2. Location map showing USGS drill holes in the Capps and coal fields, upper Cook In let region,
Alaska.

•

•
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Table l--Comparison of 'the contents of
phosphorus, strontium, barium, and calcium

from the Beluga Resource Area with other
Tertiary western U.S. coal (after Affolter and

Hatch, 1984).

TERTIARY WESTERN COAL

Fleischer's classification is used in this report; the general
formula for the crandallite group is
X~(P04)i0H)5·HO. The minerals of concern here
include crandallite ()(=calcium), goyazite (X =strontium),
and gorceixite (X = barium). These minerals usually occur
as a solid solution rather than pure end members. •

ELEMENT BELUGA EOCENE PALEOCENE
(ppm whole coal) AREA

~ Alluvium and glacial

5 deposits

~ ~ F~~~~I~~N DESCRIPTION
c(::) (IN FEET>

Phosphorus
Strontium
Barium
Calcium

4100
1400
560

17000

150
200

8500

40
200
500

9100

Crandallite minerals have been reported from several
different modes of occurrence: 1) in igneous rocks, related
to late-stage crystallization in carbonatites (McKie, 1962);
2) from weathered igneous rocks (Wolfenden, 1965;
Loughnan and Ward, 1970); 3) in lateritic soils (Norrish,
1968); as nodules in sedimentary rocks (Milton and others,
1958; Ferguson and others, 1979); 4) as an alteration product
in the leached zone of the Florida phosphate deposits
(Altschuler and others, 1955; Altschuler and others, 1958,
James B. Cathcart, oral commun., 1986); and 5) in kaolinitic
claystones or tonsteins associated with coal and coal-bearing
rocks (Loughnan and Ward, 1970; Loughnan, 1971; Wil
liamson, 1970; Wilson and others, 1966; Strickerand others,
1986).

•

Crandallite-group minerals have been reported from
Carboniferous (Williamson, 1970) and Cretaceous (Triple
horn and Bohor, 1983) tonsteins and it appears that cran
dallite and goyazite are the most common minerals reported
from the tonsteins. Because of their fine-grain size (2-25
micrometers), the existence of solid solution, and the dif
ficulty in preparing concentrates, uncertainty exists about
the exact identification of the mineral species reported.
Crandallite-group minerals near Cook Inlet, south-central
Alaska, occur in kaolinite-rich tonsteins within the Capps
and Q coal beds in the Tyonek Formation.
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Sandstona and
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OLDER TERTIARY ROCKS

Figure 3. Stratigraphic nomenclature ofthe Tertiary
Kenai Group, upper Cook Inlet region, Alaska (modi

fied from Calderwood and Fackler,1972).

MINERALOGY

Hydrated aluminum-phosphate minerals are uncom
mon in coal bearing sediments and are not commonly
reported in coal. When found, they are generally associated
with kaolinite-rich claystone beds or partings.

The hydrated aluminum-phosphates were grouped by
Palache and others (1951) as the plumbogummite group and
later regrouped by Fleischer (1987) as the crandallite group.

Initial identification of the hydrated aluminum-phos-
phate minerals of the crandallite group in this study was
based on X -ray powder diffraction (XRD) of low-tempera-
ture coal ash (LTA) and selected hand-picked grains of
kaolinitic parting material from the Q bed (Stricker and
others, 1986) which contained unusually high contents ofP,
Sr, Ba, and Ca (Table 1). Core and outcrop samples of the
Capps bed tonstein were also analyzed. XRD analysis of
the samples reveals a predominance of kaolinite, varying
amounts of quartz, and the presence of crandallite group
minerals. Figure 5 is an XRD pattern ofa bulk LTA sample
AK243108. It displays peaks at 5.76, 3.53,2.96, and 2.22
angstroms, ascribed to the crandallite minerals (C), as well
as the characteristic peaks ofkaolinite (K) and minor quartz
(Q). Hand-picked grains of light-brown, kaolinitic, altered
ash parting from the same sample were analyzed by XRD
and the resulting pattern (Figure 6) also displayed prominent
crandallite mineral peaks at 5.71, 3.50, 2.97,2.21,1.90, and
1.75 angstroms. XRD analysis of samples (79AC-52.7 and
79AC-7) from a tonstein in the Capps bed also displayed
prominent peaks ascribed to goyazite, crandallite, and •
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CRANDALLlTE GROUP MINERALS

Table 2--Chemical formulas of the
crandallite group minerals present in

the Beluga Energy Resource Area (after
Fleischer and others, 1984).

General formula -- XAI3(P04h(OH)S"H20)
where X equals: Ba, Ca, Sr

tonstein and the Q bed occuras 2- to 25-micrometer irregular
to subhedral grains within kaolinitic partings consisting of
altered tuffs. Figure 7 is a scanning electron micrograph
of a subhedral grain of gorceixite (Ba member) surrounded •
by kaolinite and other clay minerals from the Capps bed

C

C

?400 3b.0~

Degrees Two Theta Cu K Alpha

C

12.00

The crandallite minerals present in the Capps bed

Figure 6. X-raydiffractogram of hand-picked ash parting material from the Q bed in the Chuitnacoal field,
Beluga Energy Resource Area, Alaska (C =crandallite).

kaolinite. The crandallite minerals are difficult to differ
entiate by X-ray diffraction since they are members of a
solid solution series (Table 2). Joint Committee on Powder
Diffraction Standards (JCPDS) data for members of the
crandallite group are similar in terms of their major peaks
but differ in the relative intensities and the presence or
absence of minor peaks. Major peak intensities of all the
samples analyzed in this study have been assigned to the
crandallite group but the minor peaks do not correspond
exactly to anyone of the JCPDS patterns for the individual
minerals of the crandallite group. Because the crandallite
minerals occur as fine-grained masses which are usually
impure and are also variable in composition (Botinelly,
1976), the minor peaks present can be assigned to either
crandallite (JCPDS cards 25-119, 25-1457), gorceixite
(JCPDS card 19-535), or goyazite (JCPDS card 11-194).
XRD patterns alone will not permit precise characterization
of the mineral phases present. Therefore, analyses using
a scanning electron microscope (SEM) with energy disper
sive X-ray (EDS) capability and an electron microprobe
were used to determine the individual species present.
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tonstein (sample 79AC-7). The EDS scan indicates that the
barium content is greater than calcium or strontium. Figure
8 is an SEM micrograph of the mineral crandallite (Ca
member) from crushed fragments of kaolinitic parting
material from the Q bed (sample AK243108). The subhe
dral, blade-like crystal is surrounded by clay minerals. The
EDS scan indicates that the calcium content is greater than
barium; and strontium is missing.

Energy dispersive X-ray and electron microprobe data
indicate that the minerals present in the samples analyzed
are mainly crandallite (Ca) variety with minor amounts of
the gorceixite (Ba) and goyazite (Sr). All samples displayed
variable Ba, Ca, and Sr contents, which supports the solid
solution mode of occurrence. The presence of individual
mineral species was determined by recalculating the energy
dispersive X-ray and electron microprobe data for Ba, Ca,
and Sr and establishing which variable element had the
highest concentration.

SUMMARY AND CONCLUSIONS

The crandallite minerals are unusually common in the
kaolinitic coal-bed partings in the Tyonek Formation,
Beluga study area, south-central Alaska. Crandallite
minerals have been found in three samples from the Beluga
study area:

1) Crandallite (Ca member) and goyazite (Ba
member) in the Q bed (sample AK243108).

2) Gorceixite and crandallite in the Capps bed ton
stein recovered in core hole 1C-79 (sample
79AC-52.7).

3) Crandallite in an outcrop sample of the Capps bed
tonstein collected near the 1C-79 drill site (sample
79AC-7).

The Tyonek accumulated in poorly drained alluvial
lowlands adjacent to tectonically active highlands contain
ing sporadically active volcanoes. The unusually high
contents of Ba, Ca, P, and Sr in these samples is, in part,
the result of the alteration of apatite-bearing air-fall tuffs
which came from the nearby volcanoes and were deposited
into the coal swamp. The close association of cranda1lite
minerals with kaolinite and the lack of evidence of these
minerals replacing kaolinite in the altered nonmarine tuffs
suggest that the crandallite-group minerals are authigenic
and formed during early diagenesis of the nonmarine tuffs
deposited in the peat swamps.
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POINT-LOAD INDEX AND LABORATORY UNCONFINED
COMPRESSIVE STRENGTHS OF SOME UNITS OF THE COAL- •

BEARING TYONEK FORMATION, BELUGA COAL RESOURCE
AREA, UPPER COOK INLET REGION, ALASKA

Jack K. Odum
u.s. Geological Survey, Denver

ABSTRACT

The Tyonek Formation of early Oligocene through
middle Miocene age is composed of nonmarine sequences
of sandstone, siltstone, claystone, carbonaceous claystone,
subbituminous coal, and lignite, probably deposited in a
poorly drained alluvial-basin environment. Four continu
ously cored drill holes penetrated part of this coal-bearing
formation to obtain lithologic and geotechnical information
useful in evaluating the stability of natural and manmade
slopes, blasting effects, and equipment selection for exca
vation.

Drill holes USGS lC-79 (121 m deep) and 2C-80 (61
m deep) were drilled in the Capps coal field, approximately
100 km west-northwest of Anchorage, Alaska. Drill holes
USGS CW 81-2 (102 m deep) and CE 82-1 (115 m deep)
were drilled in the Chuitna coal field, approximately 100 km
west of Anchorage, Alaska. Analyses of lithologic abun
dances and stratigraphic-unit characteristics indicate that
the Capps coal field strata are probably representative of a
basin-margin setting, whereas the Chuitna coal field strata
were deposited in a more basinward position, and thus in
a finer grained environment.

Test-result ranges of point-load strength index and
laboratory unconfined compressive strength differ widely
for specific lithologies. On the basis of computed means,
however, lithologies within a drill hole or coal field area can
be arranged in the following order of increasing strength:
weakly lithified sandstone, siltstone, claystone, carbona
ceous claystone, coal, and rare calcareous sandstone.

INTRODUCTION

Two principal coal fields are present westofAnchorage
(Figure 1); the Capps field is located about 100 km west
northwest of Anchorage, and the Chuitna field is located
about 80 km west of the Anchorage. In the Capps field, two
holes were drilled. The first drill hole, USGS IC-79, 121 m
deep (Figure 2A), is situated on a relatively flat upland
surface located in the NEV4 sec. 23, T. 14 N., R. 14 W.,
Tyonek B-5 quadrangle, Alaska, approximately 38 km from
Cook Inlet (Figure 1). The second drill hole, USGS 2C
80,61 m deep (Figure 2B), is located in the NEV4 sec. 26,

T. 14 N., R. 14 W., Tyonek B-5 quadrangle, Alaska,
approximately 1.3 km southwest ofUSGS IC-79. Stratigra
phic correlation of the Waterfall coal bed between both drill
holes indicates that the lower two-thirds ofUSGS 2C-80 lies
stratigraphically below the bottom of USGS IC-79. Cores
from both holes are believed to be representative of the
lower part of the Tyonek Formation, which is early Oligo
cene through middle Miocene in overall age (Wolfe and
Tanai, 1980). Preliminary lithologic observations, field test
data, and geophysical log interpretation for these two drill
holes were reported by Chleborad and others (1980, 1982).

Two holes were drilled in the Chuitna coal field. The
first drill hole, USGS CW 81-2, 102 m deep (Figure 2C),
is situated on the edge of a small, gently sloping basin
draining northwestward into the Chuitna River. The site
is located in the SEV4 NWl/4 sec. 33, T. 13 N., R. 13 W.,
Tyonek A-5 quadrangle, Alaska, on the west side of the •
Chuitna River, approximately 97 km west of Anchorage.
The second drill hole, USGS CE 82-1, 115 m deep (Figure
2D), is situated on a north-trending interfluve between
branches of a tributary to Chuit Creek, about 5.6 km north
of its confluence with the Chuitna River. The site is located
in the SWl/4 SWV4 sec. 24, T. 13 N., R. 13 W., Tyonek A-
S quadrangle, Alaska, about 104 km west of Anchorage and
30 km northwest of Tyonek, a native village on the north-
west side of Cook Inlet (Figure 1). Strata from these two
drill holes are believed to be representative of probably the
middle to upper part of the Tyonek Formation (Odum and
others, 1986). However, because oflocal faulting, folding,
and limited surface exposures in the area, a more precise
stratigraphic relationship between the two Chuitna field drill
holes cannot be determined at this time. The Chuitna coal
bed of Barnes (1966), which crops out intermittently for 1.3
km along the Chuitna River canyon, is correlated with the
stratigraphically highest coal bed in the Pan American well
(Calderwood and Fackler, 1972; Figure 1), and is also
considered to correlate with the informally named brown
coal bed (Ramsey, 1981) in the Chuitna coal field east of the
Chuitna coal field. Five other coal beds have been recog-
nized beneath the brown coal bed, and in stratigraphically
descending order they are referred to as: the yellow, green,
blue, orange, and red coal beds (Ramsey, 1981). The two
major coal beds in drill hole USGS CE 82-1 may correlate •
(BJ.G. Patch, Placer U.S. Inc., San Francisco, California,
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Figure 1. Index map showing the location ofthe four U.S. Geological Survey drill holes in the Upper Cook
Inlet region, south-central Alaska.

(written commun., 1981) with the green and blue beds, as cally determined coefficient (ranging from 22 to 35), by
described by Ramsey (1981) and R.B. Sanders (Diamond which the point-load strength index is multiplied to obtain
Alaska Coal Co., oral commun., 1982). Preliminary lithol- an approximation of unconfined compressive strength,
ogic observations, field test data, and geophysical log appears in the literature (Dunrud and Osterwald, 1980). For
interpretation for drill holes USGS CW 81-2 and USGS CE consistency with previously published USGS field data
82-1 were reported on by Odum and others (1983,1986). (Chleboradandothers,1980, 1982;Odumandothers, 1983,

1986), all the approximated unconfined compressive
STRENGTH strength values presented in this paper were computed by

multiplying the resultant value, (ls(50)), by Brock and
Point-load strength index Franklin's (1972) empirical coefficient of 24.

The point-load strength index is an inexpensive and
rapid field-orientated means of approximating unconfmed
compressive strength from measured ten2Ie strength. The
point-load strength, Is, is defmed as P/D , where D is the
diameter of the core between the loading points ofthe testing
apparatus and P is the load applied. As prescribed by the
International Society of Rock Mechanics (1972), the point
load strength value, Is, is "normalized" to a reference
diameter of 50 mm using the chart developed by Brock and
Franklin (1972). The resultant value, Is(50),is then referred

• to as the point-load strength index. More than one empiri-

The point-load test method is optimally applied to core
having horizontal- to low-angle bedding so that diametral
tests are parallel and axial tests are perpendicular to bedding
planes. Both drill holes in the Capps coal field encountered
strata displaying essentially horizontal bedding. Drill holes
USGS CW 81-2 and USGS CE 82-1, in the Chuitna coal
field, encountered zones of strata with dips of 50 _20

0
and

25
0

_35
0

, respectively. However, diametral tests on the
Chuitna-area core still failed along recognizable bedding
planes. For a few axial tests of the Chuitna-area core, the
degree of bedding dip in the core sample made it difficult
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to obtain through-breaks. and the failure occurred along
bedding planes. These failed tests are not included in this
report.

Figure 3 summarizes and compares the range and mean
values of both axial and diametral tests performed on core
from the Capps and Chuitna coal fields. The horizontal bars
in each column indicate the mean value for a specific
lithology. For the Capps coal field cores. test-result range
and mean values for the fmer grained lithologies (siltstone.
claystone. and carbonaceous claystone) are very similar
regardless of loading orientation. The testable sandstone
samples. which are typically very fme to fine-grained and
silty to clayey. have a small numerical range of test results
and a very low mean strength overall. Sandstone and
siltstone from the Chuitna coal field show range and mean
values similar to the corresponding lithologies in the Capps
field. although. the Chuitna-field claystone and carbona
ceous claystone show wider ranges for diametral tests and
narrower ranges for axial tests than do similar lithologies
from the Capps field. The lower axial mean for Chuitna
field claystone. as well as the difference in ranges. may be
a reflection of the nonhorizontal bedding planes found
within some zones of the Chuitna area cores; overall. the
claystone mean values are not appreciably different from
those determined for the Capps field core. The subbitumi
nous coals have strength values notably higher than those
of the other common lithologies. and the overall mean
values for the coalsofeach field areapproximately the same.
Two diametral tests were performed on the rare calcareous
cemented sandstone units from drill hole USGS CW 81-2.
A weakly cemented sample from a depth of 39.9 m meas-

2
ured 6.4 MN/m ,and an extremely well cemented. 1.I-m-
thick, pebbly to coarse-grained sandstone unit at 50.1 m had
a very high measured strength of 55.2 MN/m2

.

Table 1 lists the range and mean values in terms of
lithology and load orientation for all tests to core from both
coal fields. Also displayed is the anisotropy index, which
is the ratio of the strength perpendicular to the bedding to
the strength parallel to the bedding. Increasing anisotropy
values reflect the increase in the fissile characteroftherocks
in response to an increase in clay-mineral content and
decreasing grain size.

Laboratory unconfined compressivestrength

Samples collected for unconfined compressive strength
testing were prepared and tested according to the standards
(D 2938-71a) of the American Society for Testing Materials
(1971). Specimens had a length-to-diameter ratio of 2.0
2.5. and core-cylinder end planes were within 0.024 mm of
being perpendicular to the core axis. The moisture content
of the samples was maintained as close as possible to natural
conditions by rapid waxing in the field and subsequent
storage in a controlled, high-humidity room in the labora
tory. Because of the naturally weak character of many of
the Tyonek Formation lithologies and the additional sample
loss during specimen preparation (paralleling of core
cylinder ends), laboratory test results must be considered
as somewhat skewed toward the more competent end
member values of a specific lithology. Figure 4 shows the
distribution of test results with respect to specific lithology.
Results allow for a comparison of similar lithologies be-

J,.

Figure 3. Comparison of point-load strength Index range and mean values. Graphed In terms of approximate
unconfined compressive strength and loading orientation forthe Cappsand Chuitnacoal field lithologies.•
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[ (A,#), Axial loading (perpendicular to bedding planes),
number of tests,; (D,#), Diametralloading (parallel
to bedding planes), number of tests; --- indicate no
available data]

Table 1. Approximate unconfined
compressive strength ranges and means,

composite derived from all axial and diametral
point-load tests. Results are grouped by

lithology and loading orientation and arranged
in order of increasing anisotropy.

tween the two coal fields. Table 2 presents the range and
mean values for a composite ofall test results. The ordering
of lithologies, in terms of increasing mean strength, is
similar to that determined from axial point-load strength
index testing in that siltstone is slightly stronger than clay
stone, although the values are similar. Preparation of
cylinder ends to achieve parallelism may have weakened
the claystone specimens, especially where inclined bedding
planes were present.

•

•
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Calcareous sandstone (4) 32.1-116.8 59.0
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CHARACTERIZATION OF CHUITNA COAL FROM DEEP

DRILL CORE WITH POSSIBLE APPLICATIONS TO
SEAM CORRELATION

P.O. Rao and Jane E. Smith
University of Alaska-Fairbanks

•

•

INTRODUCTION

The Mineral Industry Research Laboratory obtained a
deep drill-core from the Chuitna River Coal Field, courtesy
of Diamond Alaska Coal Company, for the purpose of
detailed characterization of coal seams representing the
deposit. The coal field is located approximately 50 miles
west of Anchorage, in the southern part of an area generally
referred to as the Beluga-Yentna Region.

The drill hole is located in T13NR22W Sec. 22 and the
total thickness of coal recovered was 75ft. Core from the
top coal bed, the Green Bed (with a thickness of 37 ft.), and
the top 8.5 feet of the next lower Blue Bed could not be
recovered and are not included in this study. The seams
sampled were: top Blue Bed, Red-3 Bed, Red-2 Bed, Red
1BedandPurpleBed. Thecorewas subdivided into samples
representing one-foot intervals, resulting in a total of 75
samples. Characteristics determined from these foot-by
foot samples were: ash, equilibrium moisture, petrographic
composition, major and trace elements in ash, and fusibility
of ash under oxidizing and reducing conditions. These
samples were recombined into approximately 5 foot inter
vals for proximate and ultimate analysis.

ORIGIN OF MINERAL MATTER IN
COAL

Mineral matter may be found in coal as discrete mineral
grains, such as quartz and kaolinite. Most mineral matter
is fine-grained; about20 microns, and few grains exceed 100
microns (Renton, 1982; Mraw,etal., 1983). Elements,other
than carbon (C), hydrogen (H), nitrogen (N), sulfur (S), and
oxygen (0), which usually make up the organic matrix,
compose what is generally termed inorganic matter. A
knowledge of the mineral and inorganic matter contained in
coal is important, not only to evaluate coal utilization, but
also to understand the environments of coal deposition.

Most Alaskan coals are autochthonous, meaning that
they are formed in place. These contrast with allochthonous
coals, which form from vegetal matter that is transported
and deposited. This latter type tends to contain a high
percentage of inorganic matter and a variety of mineral

matter. "Syngenetic" minerals are those that are formed or
incorporated at the time of coal formation; their abundance
and composition reflect the early peat-forming and coal
forming environment. "Epigenetic" minerals are emplaced
after the coalification process is complete. Unlike their
organic counterparts, minerals survive the effects of di
agenesis with little or no change and can be used to recon
struct early history, and to study the origin of coal.

Detrital mineral matter in coal is transported by water
or wind. As a result, wind-born detritus could be deposited
throughout a swamp. Coals of the Kenai and Beluga fields
contain considerable wind born volcanic ash. This ash,
contained within the coal seam, occurs as finely-dissemi
nated ash particles or as ash partings.

Most of the inorganics in coals with low mineral matter
are of vegetal origin. For example, the inorganic matter in
woody tissue is on the order of 1-2%. The decomposition
of such material results in the concentration of inorganic
matter in the peat swamps.

Minerals are also formed by chemical precipitation or
by reactions with inorganic or organic material in the coal.
Chemical sources of ions in the coal swamp are: 1) the
weathering of rocks in surrounding highlands; 2) the
decomposition of plant material; and 3) the existence of
water soluble salts contained in plant tissue. The Jarvis
Creek coal deposit exemplifies the first source. Drainage
from nearby sulfide ore bodies resulted in a high concen
tration of trace elements as well as sulfur in this coal.

Time ofEmplacement ofInorganic Matter in Coal

During the early syngenetic phase, peatification occurs.
The less resistant plant tissue is decomposed and converted
to gases and water. The Lignin and some cellulose compo
nents survive and are compacted. During this stage silica
aluminum (Si-Al) containing amorphous materials are
released into the peat, thereby forming precursors to silicate
mineral assemblages.

The late syngenetic phase begins after the peat is buried
and during the humification and gelification stages.
Minerals introduced at this stage are of purely chemical
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origin, namely not of detrital or vegetal origin. Lignin and
cellulose now begin to tum into humic acids, which are
capable of complexing calcium, aluminum and iron. This
humification starts at the surface and continues at depth.
Humic acids contain several functional groups which are
capable of cation exchange. Calcium (Ca++), sodium
(Na+), barium (Ba++), strontium (Sr++) ions dissolved in
ground water can be exchanged for the hydrogen (H+) ion
associated with the humic acid constituent of the peat.
Significant portions of inorganic matter in Beluga and
Usibelli coals can be traced to this process.

During gelification, fundamental changes occur in the
structure ofthe coal. Carboxylic acid groups release carbon
dioxide (CO ) and complex organic molecules, such as
humins, are firmed which are precursors of vitrinites. The
inorganic component of organometallics are released into
solution, and the organic material becomes increasingly
aromatic. The acidity (PH) of the environment is raised to
neutral or alkaline. CO2, released upon decarboxylation of
the humic acids, reacts with calcium and other ions to form
calcite, ankerite and, rarely, other carbonates. Siderite is
formed if sulfide ion activity is low, as is the case with most
Alaskan coals. Carbonates occur as filling in fusinite and
in fractures. Kaolinite is also formed during this phase,
filling micro-fractures. Iron minerals can form at this time,
as well as during the late syngenetic phase. The late
syngenetic phase accounts for a large variety of minerals
found in coal. Burial and compaction reduce the pore space,
restricting the entry of necessary hydrate ions, thus termi
nating the syngenetic phase of mineral emplacement.

In the epigenetic phase, cleats are developed in the coal
allowing permeation of mineral-forming ions from the
ground water. This results in cleat-filling by carbonates,
pyrite andkaolinite. Calcite is the most importantepigenetic
mineral.

Based on the mineral assemblage present in the coal,
much can be said regarding a coal's depositional environ
ment. Siderite is a definite indicator of a fresh-water
environment. Matanuska and Chuitna coals as well as coals
from UpperLignite Creek in the Nenana field have abundant
siderite. Sulfate ions are abundant in marine environments
and alkaline fresh-water environments, which favor the
formation of pyrite. The presence of dolomite is an indi
cation of a marine environment.

2. To assess the potential application of inorganic
component distribution for seam correlation.

3. To apply petrological and mineralogical data to
help interpret environments of coal deposition.

COAL CHARACTERIZATION DATA

Analytical information for the samples is presented in
Tables 1 through 7. Table 1 shows the distribution of
moisture and ash in raw coals. Proximate and ultimate
analyses are presented in Table 2. Table 3 shows reflectance
rank distribution. Distribution of macerals are presented in
Table 4. Concentrations of major and trace elements are
presented in Table 5 and 6. Table 7 shows fusibility
characteristics of ash in oxidizing and reducing atmos
pheres.

X-ray diffraction analysis of low temperature ashes of
selected samples showed the presence of the following
minerals:

BlueBed

133.7 - 134.7 Major - Quartz, Minor - Kaolinite
134.7 - 135.7 Major - Quartz and Kaolinite
139.7 - 140.7 Major - Quartz, Minor - Crandallite
141.7 - 142.7 Major - Siderite (nearly all iron in coal
was acid extractable), Minor - Quartz

Seam Profiles

Figure 1 shows the variation of ash and equilibrium
moisture of coals. For the low ash portion of the seams,
equilibrium moisture is fairly uniform at about 27 percent.

Figure 2 shows variation of petrographic composition.
The profiles show cyclic variations in maceral composition
reflecting the environment during deposition.

Abundant fusinite indicates dry periods which caused
forest fires. On the other extreme, the absence of fusinite
may imply a higher water table level. Dry conditions
promote formation of inertinite macerals. High liptinite, as
in Red-2 and Red-l Beds, indicates conditions that pro
moted decomposition of vegetal matter thus concentrating
resistant exinite.

•

•

OBJECTIVE

The objectives of the study were:

1. To evaluate variations in coal composition 
inorganic and organic components - both within
each seam and between seams.

Preliminary palynological study indicates Early
Middle Miocene based on the presence of warm temperate
genera such as oak, beech, hickory, petrocarya, elm, and
walnut; both stream side-type vegetation (alder, birch) and
tree swamp vegetation (cypress) appear to be present.

Figures 3-11 shows seam profiles of the distribution of •
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major oxides and trace elements. Major elements in coal
expressed as oxides of potassium (ISO), silica (Si02),
aluminum (Al20 ) and titanium (Ti02) show similar
profiles (Figures! and 4). This can be expected since the
three are components of detrital minerals. Since these are
expressed as concentration in coal, these profiles somewhat.
reflect the ash profile shown in Figure 1.

From the chemical fractionation studies it is generally
concluded that:

1. Very little of the iron is in ion-exchangeable form.
In general more than 50 to 100% is acid ex
tractable, indicating primarily a carbonate origin.
Siderite was identified in the low temperature ash.

Chemical fractionation was undertaken using IN
ammonium acetate to remove ion-exchangeable inorganic
components followed by extraction with 5 N HCI. For
sample Red-3 Bed, 149.2-150.2, results were as follows:

Figure 6 shows the distribution of iron and manganese
oxides as concentration in ash. They have very similar
geochemicalbehavior. Both ofthese elements are contained
in coal principally as carbonates in siderite. Certain portions
of the coal contains in excess of 40% iron oxide (Fe20 3)
in ash, which significantly effects ash fusibility in reducing
atmosphere (Table 7).

Expressed as concentration in ash, CaO, MgO and
N~O show similar profiles (Figure 5). These three
elements occur in coal mostly as carboxylates, and 90% of
these elements could be exchanged with ammonium ion by
agitating with ammonium acetate. It is not unusual to find
20-30% CaO in the ash of these coals. However, N~O is
fairly low.

Crandallite
Water Free

Atomic Conc. %

Red 3 Bed 149.2-150.2
Normalized

Atomic Conc. %
(Average of 20 analyses)

4. About 30% of potassium is in ion-exchangeable
form and very little is acid extractable.

3. Most of the sodium is in ion-exchangeable form.

2. 20-40% of the manganese is in ion exchangeable
form and 40-60% is in acid extractable form,
probably in siderite.

6. Most of calcium and magnesium is in ion-ex
changeable form. Only in high phosphorous
containing samples, was a significant portion of
Ca in acid extractable form, possibly as a phos
phate.

5. Very little of titanium and aluminum are in ion
exchangeable form. However, 20-40% ofTi and
20-60% of Al are acid extractable.

Samples containing high phosphorous in ash yielded
higher amounts of Ba, Sr, Ca, and Al as well as phosphorous
with acid extraction. Extraction profiles for the three
elements, Ba, Sr, and P20S' were similar for all the seams
indicating that these elements are contained in a mineral that
is decomposed with 5N HCI.

The electron microprobe identified phases containing
Ca, Ba, Sr, AI, and P in Red-3 Bed, 149.2-150.2 sample
confirming the above conclusions. Quantitative electron
microprobe analysis was done for 20 points using a 20 mesh
polished grain pellet. The 20 points did not vary much in
composition. The average atomic concentration of the 20
analyses is compared to crandallite below:

Acid Extractable
Concentration

in coal
(M.P. basis) Extraction

ppm Percent

Element Ion Exchangeable
Concentration

in coal
(M.P. basis) Extraction

ppm Percent

Figure 7 shows profiles for barium (Ba), strontium (Sr),
and phosphate (P20 ). Although such similarity is to be
expected for Ba and ~r, it is surprising that P20S followed
these elements. Triplehorn and Bohr, (1983) reported
occurrences of unusual aluminum phosphate minerals
associated with ash partings in coals. This mineral group,
the plumbogummite series has the general formula x Al3
(PO4)2 (OH)s H20. End members of interest include
gOyazIte (where x=Sr), gorceixite (Ba) crandallite (Ca) and
florencite (Ce,U and other rare earths). Blue Bed sample
139.7-140.7 containing 17.03% P20 S in ash did show the
crandallite peaks in low temperature ash.

•

Fe 12 0.5 1,630 67.6
Mn 69 43 22 46
Ca 11,500 63 5,950 37
Mg 5,861 95 180 5
Ti Tr Tr 450 26

• Al Tr Tr 11,400 44
P20S Tr Tr 5,500 53
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Ca 5.24}
Ba 1.21 7.05
Sr 0.60
Al 17.60
P 10.09
Si 2.02
CI 0.50°(Stoichiometric) 62.74
Total 100.00

6.06

18.18
12.12

~
100.00



The mineral is therefore principally crandallite with
substitutions of Ba and Sr. Considering the similarities in
profiles of concentrations ofP, Ba and Sr in coal ash, as well
as acid extraction profiles for Ca, Ba, Sr, Al and P, it is
concluded that this mineral phase is present over the 75 ft
coal section. Similar profiles were reported by Rao,
Youtcheff, and Smith (1986) for two seams in northwestern
Alaska. If the source is of volcanic origin, the application
of Ba, Sr, P seam profiles for seam correlation appears very
promising.
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Figure 3: Distribution of Si0
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Figure 5: Distribution of CaO, MgO and Na
2
O. •
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Figure 6: Distribution of Fe20
3

and MnO.
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Figure 7: Distribution of Sa, Sr and P20S" •
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•
Figure 8: Distribution of Ti02 and Zr.
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Figure 9: Distribution of Cu and Zn.
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• Figure 10: Distribution of V, Cr and Be.
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Figure 11: Distribution of Co and Ni.
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Table 1. Moisture and Ash Content of Raw Coals• Drill Hole Depth Equilibrium Moisture Basis Drill Hole Depth Equilibrium Moisture Basis
Interval, Feet Moisture, % Ash, % Interval, Feet Moisture, % Ash, %
----------------------------------------------- ------------------------------------------
Blue Bed (Red 3 Bed Cont.)
130.4 - 131.7 27.75 3.72 188.5 - 189.5 25.19 6.34
131.7 - 132.7 28.13 3.73 189.5 - 190.5 25.09 5.80
132.7 - 133.7 27.09 3.82 190.5 - 191.5 27.06 4.99
133.7 - 134.7 26.86 4.35 191.5 - 192.5 28.03 3.21
134.7 - 135.7 26.91 8.82 192.5 - 193.1 27.18 4.45
135.7 - 136.7 28.39 4.23 ---------------------------------------------------
136.7 - 137.7 28.17 3.33 Red 1 Bed
137.7 - 138.7 26.15 3.26
138.7 - 139.7 25.85 12.10 195.4 - 196.3 25.00 22.56
139.7 - 140.7 29.00 7.27 196.3 - 197.3 25.62 20.58
140.7 - 141.7 27.32 3.63 197.3 - 198.3 25.07 19.82
141.7 - 142.7 26.81 5.55 198.3 - 199.3 23.16 30.10
142.7 - 143.7 26.22 4.85 199.3 - 200.3 23.28 24.02
143.7 - 144.7 28.58 3.80 200.3 - 201.3 24.08 11.30
144.7 - 145.7 28.71 4.82 201.3 - 202.3 27.25 7.92
-------------------------------------------- 202.3 - 203.3 26.52 11.89
Red 3 Bed 203.3 - 204.3 27.92 9.12
148.0 - 149.2 24.47 14.83 204.3 - 205.3 27.87 5.12
149.2 - 150.2 26.93 12.83 205.3 - 206.3 26.52 9.03
150.2 - 151.2 27.73 4.51 206.3 - 207.3 29.15 3.58
151.2 - 152.2 26.93 7.40 207.3 - 208.3 27.64 4.97
152.2 - 153.2 26.37 3.98 208.3 - 209.3 28.41 4.57

• 153.2 - 154.2 27.16 3.56 209.3 - 210.3 27.14 12.22
154.2 - 155.2 28.32 4.51 210.3 - 211.3 20.80 38.17
155.2 - 156.2 28.11 4.20 ---------------------------------------------
156.2 - 157.2 26.74 8.36 Purple Bed
157.2 - 158.2 26.29 10.63
158.2 - 159.2 27.90 7.55 284.0 - 285.3 19.69 40.26
159.2 - 160.2 28.08 4.87 285.3 - 286.3 23.99 24.45
160.2 - 161.2 27.58 6.11 286.3 - 287.3 21.38 29.04
167.5 - 168.0 24.83 10.71 287.3 - 288.3 25.45 18.02
168.0 - 169.0 23.86 22.02 288.3 - 289.3 25.71 5.86
169.1 - 170.5 24.06 18.75
170.5 - 171.5 22.35 17.45
171.5 - 172.5 22.53 19.83
172.5 - 173.5 23.62 15.38
173.5 - 174.5 22.84 22.65
174.5 - 175.5 27.66 5.16
175.5 - 176.5 27.22 3.02
176.5 - 177.5 27.08 3.77
177.5 - 178.5 25.97 4.95
178.5 - 179.5 25.69 3.93
179.5 - 180.5 27.55 3.44
180.5 - 181.5 28.04 3.60
181.5 - 182.5 28.47 9.55
182.5 - 183.5 27.81 3.16
183.5 - 184.5 25.57 10.07
184.5 - 185.5 26.74 4.80
185.5 - 186.5 26.18 3.62
186.5 - 187.5 27.84 4.37

• 187.5 - 188.5 27.10 2.79
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Table 2. Proximate and Ultimate Analyses of Raw Coals

Heating
Drill Hole Depth Moisture Volatile Fixed Ash Value Sulfur
Interval, feet Basis* % Matter, % Carbon,% % Btu/lb C,% H,% N,% 0,% Pyritic Total

BLUE BED
130.4 - 135.7 1 29.80 33.52 32.06 4.62 8,019 46.41 6.89 0.70 41.25 0.02 0.13

2 27.35 34.69 33.18 4.78 8,299 48.03 6.74 0.72 39.59 0.02 0.14
3 47.75 45.67 6.58 11,423 66.11 5.06 1.00 26.13 0.02 0.19
4 51.11 48.89 12,227 70.77 5.42 1.07 22.55 0.02 0.20

•
135.7 - 140.7 1

2
3
4

30.80
27.51

33.67
35.27
48.65
52.89

29.99 5.55 7,744 44.93 6.91 0.66 41.81
31.41 5.81 8,113 47.06 6.71 0.69 39.58
43.33 8.01 11,191 64.92 5.01 0.96 25.90
47.11 12,166 70.58 5.45 1.04 22.71

0.02 0.14
0.02 0.15
0.02 0.21
0.02 0.21

140.7 - 145.7 1 30.60 36.09 29.09 4.21 7,883 45.95 6.93 0.68 42.11 0.02 0.12
2 27.53 37.69 30.38 4.40 8,232 47.98 6.74 0.71 40.04 0.02 0.13
3 52.01 41.92 6.07 11,359 66.21 5.06 0.97 26.57 0.03 0.18
4 55.37 44.63 12,093 70.48 5.38 1.04 22.91 0.03 0.19

--------------------------------------------------------------------------------------------------------------------------------------------------
:" RED 3 BED

148.0 - 155.2 1 29.70 32.86 30.33 7.11 7,809 44.92 6.83 0.83 40.13 0.01 0.19
2 27.45 33.91 31.30 7.34 8,059 46.36 6.69 0.85 38.57 0.01 0.19
3 46.74 43.15 10.11 11,109 63.90 4.98 1.18 24.55 0.01 0.27
4 52.00 48.00 12,358 71.09 5.54 1.31 21.76 0.01 0.30

155.2 - 161.2 1
2
3
4

29.70 30.71
27.45 31.69

43.68
48.34

32.82 6.77 7,632 44.82 6.54 0.75 40.99 0.01 0.13
33.87 6.99 7,876 46.25 6.39 0.78 39.46 0.01 0.13
46.68 9.63 10,856 63.75 4.58 1.07 25.36 0.01 0.18
51.66 12,013 70.54 5.07 1.19 23.00 0.01 0.20

•
167.5 - 168.0 1 25.29 32.03 32.07 10.62 7,741 45.11 6.24 0.78 37.05 0.01 0.19

2 24.83 32.22 32.26 10.68 7,788 45.39 6.21 0.78 36.74 0.01 0.20
3 42.87 42.92 14.21 10,361 60.39 4.57 1.04 24.10 0.01 0.26
4 49.97 50.03 12,078 70.39 5.32 1.21 22.77 0.01 0.30

------------------------------------------------------------------------------------------------------------------------------------
168.0 - 169.0 1 25.66 27.51 25.11 21.73 6,257 36.51 5.76 0.67 35.19 0.01 0.14

2 23.86 28.17 25.71 22.26 6,409 37.40 5.63 0.69 33.89 0.01 0.14
3 37.00 33.77 29.23 8,417 49.12 3.88 0.90 20.57 0.01 0.18
4 52.28 47.72 11,893 69.40 5.49 1.28 23.57 0.02 0.26

169.1 - 175.5 1
2
3
4

25.10
23.84

30.40
30.91
40.58
51.74

28.35 16.15 7,076 41.00 6.07 0.67 35.96
28.83 16.42 7,195 41.69 5.99 0.68 35.07
37.85 21.56 9,447 54.74 4.36 0.89 22.61
48.26 12,044 69.79 5.56 1.13 23.27

0.01 0.15
0.01 0.15
0.01 0.20
0.01 0.25

RED 1 BED
175.5 - 181.5 1 28.50 33.30 34.56 3.64 8,319 48.89 6.81 0.73 39.81 0.01 0.12

2 26.92 34.03 35.33 3.72 8,503 49.97 6.71 0.75 38.73 0.01 0.12
3 46.57 48.34 5.09 11,635 68.38 5.06 1.02 25.34 0.01 0.17
4 49.07 50.93 12,260 72.05 5.34 1.08 21.36 0.01 0.18
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• Table 2. (Continued)

Heating
Drill Hole Depth Moisture Volatile Fixed Ash Value Sulfur
Interval, feet Basis* % Matter, % Carbon,% % Btu/lb C,% H,% N,% 0,% Pyritic Total j

(RED 1 BED Cont)
181.5 - 187.5 1 29.10 33.01 31.91 5.98 7,785 45.96 6.73 0.71 40.52 0.01 0.10

2 27.10 33.94 32.81 6.15 8,005 47.26 6.61 0.73 39.16 0.01 0.10
3 46.56 45.01 8.43 10,980 64.83 4.90 1.00 25.60 0.01 0.14
4 50.85 49.15 11,991 70.79 5.35 1.09 22.61 0.01 0.16

RED 2 BED
195.4 - 200.3 1 24.60 26.55 25.41 23.45 6,051 35.53 5.62 0.60 34.65 0.01 0.15

2 24.42 26.61 25.47 23.50 6,065 35.62 5.60 0.60 34.53 0.01 0.15
3 35.21 33.70 31.09 8,025 47.13 3.80 0.80 20.78 0.01 0.19
4 51.10 48.90 11,647 68.40 5.51 1.16 24.65 0.02 0.28

187.5 - 192.5

192.5 - 193.1

1
2
3
4

1
2
3
4

30.20
26.49

30.88
27.18

33.46
35.24
47.94
51.20

32.21
33.94
46.60
49.77

31.89 4.45 7,881 45.94 6.70 0.67 42.16
33.58 4.69 8,300 48.38 6.46 0.71 39.68
45.69 6.38 11,291 65.81 4.75 0.97 26.73
48.80 12,060 70.29 5.08 1.03 23.47

32.51 4.39 7,912 46.09 6.90 0.63 41.85
34.25 4.63 8,336 48.56 6.67 0.66 39.34
47.04 6.36 11,447 66.69 4.98 0.91 25.86
50.23 12,225 71.22 5.32 0.97 22.29

0.02 0.08
0.02 0.09
0.02 0.12
0.02 0.13

0.01 0.13
0.01 0.13
0.01 0.18
0.01 0.20

• 200.3 - 205.3 1 28.70 31.91 30.35 9.04 7,465 43.75 6.52 0.64 39.93 0.01 0.13
2 26.73 32.79 31.19 9.29 7,671 44.95 6.39 0.65 38.58 0.01 0.13
3 44.76 42.56 12.68 10,469 61.35 4.64 0.89 24.90 0.01 0.18
4 51.26 48.74 11,990 70.26 5.31 1.02 23.20 0.01 0.20

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

205.3 - 211.3 1 29.60 28.79 29.90 11.71 6,918 41.32 6.34 0.64 39.84 0.01 0.16
2 26.61 30.02 31.17 12.20 7,211 43.07 6.13 0.67 37.76 0.01 0.16
3 40.90 42.47 16.63 9,826 58.69 4.30 0.91 23.55 0.01 0.22
4 49.06 50.94 11,786 70.40 5.16 1.09 23.09 0.01 0.27

284.0 - 289.3 1
2
3
4

PURPLE BED
24.90 25.75 26.42 22.93 6,083 36.21 5.54 0.59 34.54 0.02 0.18
23.24 26.32 27.01 23.44 6,217 37.02 5.42 0.61 33.34 0.02 0.19

34.28 35.18 30.53 8,099 48.22 3.67 0.79 20.22 0.02 0.24
49.35 50.65 11,659 69.42 5.29 1.14 23.81 0.03 0.35

•

* I-As Received, 2-Equilibrium Moisture, 3-Moisture Free, 4-Moisture and Ash Free
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l
Table 3. Reflectance Rank Distribution of Vitrinites •Vitrinite Class Mean Maximum Vitrinite Class Mean Maximum

•
Reflectance Reflectance

r Sample Number V2 V3 V4 Vs Rom Sample Number V2 V3 V4 Vs Rom
------------------------------------------------- --------------------------------------------------------

t Blue Bed (Red 2 Bed Cont.)
130.4 - 131.7 6 89 5 0.34 185.5 - 186.5 68 32 0.35
131.7 - 132.7 4 96 0.34 186.5 - 187.5 76 24 0.38
132.7 - 133.7 17 83 0.34 187.5 - 188.5 15 85 0.41
133.7 - 134.7 2 98 0.34 188.5 - 189.5 27 73 0.40
134.7 - 135.7 100 0.35 189.5 - 190.5 16 84 0.42

• 135.7 - 136.7 5 95 0.33 190.5 - 191.5 44 56 0.40
136.7 - 137.7 7 82 11 0.35 191.5 - 192.5 20 80 0.41
137.7 - 138.7 93 7 0.36 192.5 - 193.1 83 17 0.48
138.7 - 139.7 100 0.34 ----------------------------------------------------------
139.7 - 140.7 2 94 4 0.36 Red 1 Bed
140.7 - 141.7 90 10 0.37 1954- 1963 35 65 0.31
141.7 - 142.7 95 5 0.34 196.3 - 197.3 7 85 7 1 0.35
142.7 - 143.7 8 87 5 0.34 197.3 - 198.3 11 84 5 0.35
143.7 - 144.7 72 28 0.38 198.3 - 199.3 20 72 8 0.32
144.7 - 145.7 3 93 4 0.35 199.3 - 200.3 14 82 4 0.34
--------------------------------------------------- 200.3 - 201.3 50 46 4 0.30

Red 3 Bed 201.3 - 202.3 57 43 0.29
~ 148.0 - 149.2 33 65 2 0.30 202.3 - 203.3 2 80 18 0.36

r
149.2 - 150.2 32 56 12 0.33 203.3 - 204.3 12 78 10 0.35
150.2 - 151.2 4 96 0.32 204.3 - 205.3 20 77 3 0.32
151.2 - 152.2 93 7 0.36 205.3 - 206.3 16 83 1 0.32
152.2 - 153.2 96 4 0.34 206.3 - 207.3 6 92 2 0.34 •153.2 - 154.2 23 77 0.31 207.3 - 208.3 2 74 24 0.35

~
154.2 - 155.2 100 0.34 208.3 - 209.3 16 83 1 0.32
155.2 - 156.2 77 23 0.38 209.3 - 210.3 39 61 0.30
156.2 - 157.2 46 54 0.30 210.3 - 211.3 5 82 12 1 0.36

J. 157.2 - 158.2 3 93 4 0.36 ------------------------------------------------------------

~ 158.2 - 159.2 15 85 0.32 PuwleBed
159.2 - 160.2 12 88 0.32 284.0 - 285.3 88 12 0.36
160.2 - 161.2 15 85 0.32 285.3 - 286.3 89 11 0.36
--------------------------------------------------- 286.3 - 287.3 98 2 0.34

Red 2 Bed 287.3 - 288.3 71 29 0.37
167.5 - 168.0 100 0.44 288.3 - 289.3 51 49 0.39
168.0 - 171.5 100 0.47
169.1 - 170.5 37 63 0.40
170.5 - 171.5 18 82 0.42
171.5 - 172.5 32 68 0.41
172.5 - 173.5 19 81 0.40
173.5 - 174.5 100 0.44
174.5 - 175.5 64 36 0.39
175.5 - 176.5 49 51 0.40
176.5 - 177.5 15 85 0.33
177.5 - 178.5 37 63 0.31
178.5 - 179.5 8 92 0.35
179.5 - 180.5 97 3 0.36
180.5 - 181.5 83 17 0.37
181.5 - 182.5 89 11 0.37
182.5 - 183.5 61 39 0.38
183.5 - 184.5 44 56 0.40
184.5 - 185.5 40 60 0.41 •
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Table 4.
Distribution ofMacerals

B
B• ·S

:E ·c
~

·C
~ ~a) B ~...

~ B B ·Sa) ·S
:~ =s B ~... :E :§ B :5 B ·E ·2B ·c .c B ~ 1Drill Hole ;.:= ~

0. a) B ·c a) B en ·S a) ";j

j .g ·c ...
~ ~ "3 "0a)

:Q :5 :5 ·C
~ :5 ·c ~

0

Depth Interval bI) ·8 ::s .B ~
I-<::s 5 u ~·c a) en ... en 0. en ~ 0 a) ,§: .c en 0. a) ::s ~ ::s ::J ::s =s G ~
u

fret P-4 P-4 tI) ~ U r..Ll tI) ~ tI) - tI)

BLUEBED
130.4 - 131.7 78.9 1.0 4.7 1.3 5.1 2.8 .9 2.9 2.4
131.7 - 132.7 82.0 2.2 .4 2.2 7.9 3.2 1.3 .4 .4
132.7 - 133.7 73.9 1.9 2.2 1.7 6.6 5.0 .3 .2 .9 2.2 1.2 3.1 .7 .1
133.7 - 134.7 74.7 2.3 2.7 4.3 4.7 2.0 .4 .9 3.5 2.7 1.8 •134.7 - 135.7 69.5 2.3 1.3 4.7 9.5 7.1 .4 1.3 .4 1.3 2.2
135.7 - 136.7 70.6 2.0 4.1 3.1 4.3 8.4 4.3 2.7 .5
136.7 - 137.7 78.5 1.8 1.2 3.5 4.7 4.4 2.7 1.3 .9 .8 .2
137.7 - 138.7 74.4 1.4 1.3 2.8 6.5 3.9 .4 1.4 .5 .5 4.0 .8 .4 1.1 .6
138.7 - 139.7 65.9 2.0 1.9 1.4 13.7 6.2 .5 .4 3.5 .8 2.8 .9
139.7 - 140.7 67.5 .4 3.3 1.8 11.8 6.3 .5 4.5 .9 2.1 .7 .2
140.7 - 141.7 73.7 1.4 1.3 1.0 5.7 6.0 .1 .3 4.5 1.7 3.9 .4
141.7 - 142.7 74.7 1.8 3.0 1.4 4.1 8.6 1.0 1.0 1.3 2.6 .5
142.7 - 143.7 70.6 .9 3.6 2.4 6.2 7.5 .9 2.3 3.3 1.7 .2 .3

~
143.7 - 144.7 77.7 1.9 1.7 2.7 8.9 2.6 .1 .2 .2 1.7 .4 1.4 .3 .2
144.7 - 145.7 85.4 .4 2.1 3.8 2.6 3.1 .4 1.8 .3 .1 ~

1
RED 3 BED

148.0 - 149.2 68.3 1.8 1.3 2.7 8.9 4.6 1.3 6.9 2.3 1.1 .8• 149.2 - 150.2 59.6 .8 1.6 3.2 8.0 6.2 0.4 2.2 4.0 7.2 2.0 .4 4.4
150.2 - 151.2 74.4 2.0 1.2 1.6 8.0 1.6 .8 4.0 3.6 .8 .8 .4 .8

~151.2 - 152.2 74.6 2.8 .9 3.0 5.6 5.7 .9 .1 4.9 1.5
152.2 - 153.2 66.4 2.4 .8 2.0 8.0 4.0 1.6 .4 6.4 1.6 4.0 2.0 A
153.2 - 154.2 76.9 1.1 3.1 4.0 3.3 4.2 1.3 .4 3.3 .9 1.3 .1 .1

~154.2 - 155.2 66.2 3.6 10.0 1.4 8.0 4.1 .5 .5 2.6 .9 .9 1.3
155.2 - 156.2 64.5 4.0 6.4 2.8 11.1 1.1 .9 1.3 .8 3.6 .9 1.3 .9 A
156.2 - 157.2 74.6 12.7 6.7 .4 5.7 3.5 1.3 .4 2.4 .5 1.8
157.2 - 158.2 73.5 2.2 10.2 3.1 4.6 1.5 1.3 1.9 .4 .5 1.3 .5
158.2 - 159.2 66.8 2.1 12.4 4.0 5.3 2.9 .8 .9 1.7 2.2 .5 A
159.2 - 160.2 68.8 3.2 10.0 2.8 6.8 .8 1.2 .4 1.6 2.0 2.4
160.2 - 161.2 6004 3.0 11.3 1.3 9.2 4.2 .5 1.4 .5 5.5 2.5 .5

RED 2 BED
167.5 - 168.0 81.2 1.3 4.2 2.2 4.1 3.4 .8 .2 .7 1.5 .2 .2
168.0 - 169.0 79.2 1.8 4 8 5.3 3.1 .5 1.4 3.3 1.1 1.4 1.3 A
169.1 - 170.5 74.5 2.5 1.2 .9 6.2 4.4 .2 1.3 .2 .9 .7 3.6 2.1 1.3
170.5 - 171.5 63.6 4.0 2.2 2.7 6.3 7.0 2.7 .9 3.5 3.8 .5 .7 1.7 A
171.5 - 172.5 59.1 3.1 3.6 1.3 904 5.3 4.9 A .8 .5 7.2 3.2 .8 A
172.5 - 173.5 73.9 .8 1.3 .5 5.1 1.4 .1 1.8 .9 .9 A 8.0 2.1 1.6 1.2
173.5 - 174.5 84.9 4.1 2.3 2.1 1.4 1.3 .3 .2 3.4
174.5 - 175.5 65.3 3.4 2.5 1.3 10.9 6.1 1.6 .5 .6 .4 4.9 .4 1.2 .9
175.5 - 176.5 77.7 .5 1.4 .9 6.0 2.6 1.8 .4 3.6 1.8 1.6 .8 .9
176.5 - 177.5 73.0 4.2 1.4 9.5 2.8 .4 .4 .9 4.7 1.8 .9
177.5 - 178.5 64.5 1.9 2.4 1.2 10.1 4.5 .1 2.9 .7 4.3 4.5 1.9 1.0
178.5 - 179.5 69.7 1.2 2.1 1.0 9.2 2.7 .3 1.8 1.1 1.3 504 2.8 .5 .9• 179.5 - 180.5 70.4 .9 .8 .9 9.7 4.0 .4 .9 1.0 4.5 5.2 .8 .5
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Table 4 (Continued)

~
B •·8

:E ·2
~

·C

:1B B Co)

~
~ B ~

B '2 0 ·8 ~ BDrill Hole :E :c ·8 B
.....

:5 B ..8 .S B li :5Depth Interval B ~ §" B B .~ :5 a.> B tI) '8 a.>
'8 Q)

~ '0
·8 :5 :5 '0 1-0 ~ :5 @ ·c =' ~ "0

Feet ·s bO ..9 =' ·C =' a.> e ~
~ ~'C 8. tI) ..... tI) .g tI) ..9 1-0a.> .9- a.> U5 0 ..c:: tI) a.> =' ~ =' a.>

~~ ~ ~ en ~ U u.:l en ~ ~ en CJ s::: en~

(RED 2 BED Cont,)
180.5 - 181.5 69.0 1.7 1.8 1.4 6.9 2.5 1.6 .1 .2 8.2 2.3 3.3 1.0
181.5 - 182.5 68.2 .5 2.1 1.7 11.7 4.3 .4 .4 4.6 2.3 . 2.8

• 182.5 - 183.5 73.6 1.0 1.7 .9 9.5 1.9 .4 3.7 1.9 5.0 .4
183.5 - 184.5 63.1 2.2 2.6 2.2 5.5 10.9 3.4 .4 2.8 6.4 .4 .1
184.5 - 185.5 76.2 1.0 1.3 2.6 5.9 4.0 .3 5.5 .9 1.7 .5 .1
185.5 - 186.5 74.3 .8 3.6 1.3 7.1 4.8 2.6 .9 3.7 .9
186.5 - 187.5 65.7 2.4 2.4 1.6 6.7 6.2 1.2 3.0 .4 5.6 1.2 2.8 .8
187.5 - 188.5 62.8 .4 2.5 3.7 10.3 6.6 1.0 .1 1.4 4.6 2.8 1.2 1.7 .9
188.5 - 189.5 63.4 .9 4.5 4.2 4.5 12.4 1.4 3.7 1.4 3.6
189.5 - 190.5 67.3 1.3 3.7 1.4 6.5 12.9 .1 .3 2.1 3.3 1.0 .1
190.5 - 191.5 72.0 .9 3.6 2.9 4.0 8.3 .4 .4 .1 4.3 2.7 .3 .1
191.5 - 192.5 70.8 3.2 4.8 3.6 7.6 4.8 .4 2.4 2.4
192.5 - 193.1 77.4 1.7 1.9 2.8 9.0 3.0 1.4 2.1 .7

RED 1 BED
195.4 - 196.3 71.4 2.8 7.9 2.3 2.7 4.6 .9 1.8 2.1 1.6 .5 .5 .5 .4
196.3 - 197.3 81.6 3.0 3.1 .5 3.1 2.3 .4 1.6 .4 .4 2.0 .6 .6 .4
197.3 - 198.3 76.4 1.1 5.1 .4 1.9 4.6 .9 1.9 1.3 .5 .5 3.0 2.2 .2 •198.3 - 199.3 72.3 2.8 3.6 1.2 5.9 7.4 .5 1.8 1.3 .9 .8 1.0 .4 .1

~ 199.3 - 200.3 74.1 3.1 4.5 .9 2.7 5.8 .5 1.5 .5 .4 2.4 2.8 .4 .4
200.3 - 201.3 62.4 3.6 2.0 .4 8.0 9.8 1.2 5.4 .8 .4 .4 1.6 1.4 1.4 .8 .4

t
201.3 - 202.3 74.4 4.7 2.4 .4 5.1 4.1 .9 .5 .8 .4 1.9 1.5 2.1 .8
202.3 - 203.3 64.4 3.2 1.6 1.2 7.6 9.2 .4 3.2 3.6 .6 2.6 .8 1.6
203.3 - 204.3 68.4 2.4 2.0 .8 4.4 7.6 4.4 1.2 .8 1.2 4.4 2.0 .2 .2
204.3 - 205.3 65.1 3.8 .9 .5 8.8 9.1 .9 6.3 .4 1.2 .8 1.7 .5
205.3 - 206.3 68.1 3.1 6.9 1.4 8.0 4.1 .8 3.7 .4 1.8 1.7
206.3 - 207.3 70.5 4.1 5.5 1.4 3.1 4.0 1.3 .9 .5 4.3 1.7 2.3 .4
207.3 - 208.3 66.9 3.7 1.2 1.5 5.0 3.4 .4 2.5 .4 2.4 .4 1.8 .4
208.3 - 209.3 75.2 1.8 3.2 1.6 8.0 3.6 .8 1.5 1.3 1.8 .3 .5 .4
209.3 - 210.3 72.8 2.3 6.9 1.4 8.8 2.3 1.7 .4 .5 .8 1.7 .4
210.3 - 211.3 75.5 2.2 1.2 1.3 5.0 3.9 .4 3.5 1.0 2.3 2.8 .9

PURPLE BED
284.0 - 285.3 74.4 1.2 6.4 1.6 6.0 2.0 1.2 .8 .4 4.0 1.6 .2 .2
285.3 - 286.3 77.2 1.3 9.6 1.2 1.8 3.0 .1 .5 .4 2.7 1.8 .4
286.3 - 287.3 73.0 1.1 8.1 1.7 7.6 5.1 .4 .3 1.4 .4 .9
287.3 - 288.3 80.1 1.2 5.2 .4 4.0 1.4 .7 2.3 .9 3.3 .5
288.3- 289.3 69.9 .9 2.7 1.2 12.3 4.1 .9 .5 3.8 1.0 1.4 1.3

•
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• Table 5. Concentration of Major Elements in Coal Ash, percent

Drill Hole •Depth
Interval Ft. SiOZ AlZ0 3 FeZ03 MgO CaO NazO KzO TiOz MoO PzOs S03
-----------------------------------------------------------------------------------------------

Blue Bed
130.4-131.7 19.3 22.6 24.6 2.72 20.0 .46 .55 1.10 .35 3.16 5.4
131.7-132.7 12.1 23.5 25.8 2.69 22.4 .32 .40 1.19 .37 5.54 5.3
132.7-133.7 24.0 21.3 24.0 2.81 19.4 .39 .76 1.12 .37 2.14 4.9
133.7-134.7 27.4 25.5 21.9 2.25 16.2 .31 .83 0.81 .30 .41 4.0
134.7-135.7 37.7- 32.7 11.0 1.37 8.81 .22 .39 2.00 .17 1.15 2.5
135.7-136.7 3.07 7.40 63.6 3.22 16.7 .24 .12 .34 .76 .74 4.3
136.7-137.7 3.18 9.64 49.2 3.40 21.1 .26 .20 .36 .70 .60 7.1
137.7-138.7 11.0 16.0 35.4 3.14 23.9 .36 .30 .70 .60 2.24 6.6
138.7-139.7 25.6 28.5 8.59 1.25 11.2 .19 .57 2.66 .14 13.06 2.3
139.7-140.7 8.64 28.9 15.01 1.73 17.4 .19 .18 2.00 .22 17.03 3.2
140.7-141.7 6.04 10.2 51.8 3.56 22.5 .34 .18 .42 .64 .68 4.9
141.7-142.7 0.58 2.86 57.2 3.60 14.1 .18 .04 .11 .65 .54 3.3
142.7-143.7 2.58 4.04 51.2 5.21 19.6 .21 .08 .20 .70 .36 3.8
143.7-144.7 2.48 6.28 50.8 5.24 21.3 .32 .16 .26 .56 .54 4.4
144.7-145.7 29.0 21.4 15.4 3.25 20.3 .30 1.02 .87 .26 2.89 5.5
--------------------------------------------------------------------------------------------------------

~
Red 3 Bed

~148.0-149.2 50.5 21.11 3.32 2.71 7.33 .18 1.27 .98 .04 0.56 3.8
149.2-150.2 26.8 31.0 2.17 3.21 14.2 .12 .47 1.78 .04 12.66 2.6 t150.2-151.2 34.9 18.71 5.78 8.70 22.0 .30 .72 .87 .07 0.26 5.2
151.2-152.2 41.5 21.0 4.03 5.65 14.0 .22 1.42 .80 .06 0.09 4.6• 152.2-153.2 19.3 18.3 6.65 13.7 32.2 .52 .55 .73 .08 1.57 5.7
153.2-154.2 8.11 18.7 8.17 15.1 35.9 .56 .24 1.00 .11 4.26 5.6
154.2-155.2 26.6 19.5 4.96 11.6 26.6 .97 .68 .85 .05 2.24 4.3
155.2-156.2 18.8 20.9 5.66 12.4 27.2 1.48 .76 .63 .04 4.40 4.2
156.2-157.2 37.5 21.0 3.03 5.19 11.7 .82 1.43 .85 .02 2.46 1.9
157.2-158.2 52.2 23.6 3.19 4.80 9.3 .89 2.18 .98 .02 0.67 1.8
158.2-159.2 42.2 22.3 3.48 5.62 12.5 1.43 1.93 .82 .02 1.12 2.6
159.2-160.2 36.2 22.1 4.92 8.18 17.8 2.31 1.96 .80 .02 0.94 3.6
160.2-161.2 37.3 21.0 4.43 6.55 15.7 1.98 1.60 .86 .04 1.77 3.3
----------------------------------------------------------------------------------------------

Red 2 Bed
167.5-168.0 46.0 22.1 2.79 4.03 9.73 0.95 1.66 0.82 0.01 1.12 3.3
168.0-169.0 58.5 23.9 1.79 2.74 4.55 0.56 2.06 1.08 0.01 .67 1.3
169.1-170.5 55.1 27.1 2.30 3.22 5.44 0.58 2.11 1.08 0.01 .23 1.5
170.5-171.5 51.5 25.0 2.22 3.03 6.06 0.43 1.25 1.01 0.01 .16 1.3
171.5-172.5 55.0 25.7 1.97 2.50 4.81 0.28 1.63 0.87 0.01 .12 1.4
172.5-173.5 48.2 24.0 4.73 3.10 6.97 0.28 2.09 0.90 0.03 .50 2.3
173.5-174.5 54.1 32.7 1.83 2.26 4.49 0.19 0.86 1.39 0.01 .33 0.8
174.5-175.5 18.1 16.2 30.92 8.29 17.8 0.62 0.59 0.51 0.31 .19 3.9
175.5-176.5 10.8 17.4 9.71 14.0 34.2 1.15 0.40 0.52 0.03 3.28 6.9
176.5-177.5 20.0 17.6 6.62 11.5 27.9 1.11 0.55 0.69 0.02 2.36 5.9
177.5-178.5 30.4 23.9 5.40 9.55 23.0 0.97 0.84 1.58 0.02 1.33 4.0
178.5-179.5 25.8 18.3 7.48 12.0 27.2 1.20 0.94 0.79 0.02 3.49 3.8
179.5-180.5 9.34 21.6 7.49 13.0 32.5 1.18 0.30 1.27 0.02 5.90 5.4
180.5-181.5 21.4 23.6 7.18 11.9 27.2 1.13 0.76 0.84 0.02 .15 6.3
181.5-182.5 40.9 37.3 2.54 3.77 9.60 0.40 0.25 2.04 0.01 1.47 2.1
182.5-183.5 10.4 20.7 10.09 13.4 32.7 0.90 0.33 0.65 0.04 3.92 5.7
183.5-184.5 1.87 4.25 53.40 6.75 12.7 0.30 0.06 0.17 0.54 .38 2.0• 184.5-185.5 3.41 8.17 43.98 9.68 23.4 0.97 0.17 0.26 0.48 .48 4.6
185.5-186.5 4.25 9.55 33.72 8.94 23.1 1.03 0.18 0.34 0.36 .82 5.3
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Table 5. (Continued)

Drill Hole •Depth
Interval Ft. SiOZ AlZ0 3 FeZ0 3 MgO CaO NaZO KZO TiOZ MoO PZOS S03
----------------------------------------------------------------------------------------

(Red 2 Bed Cont.)
186.5-187.5 11.6 24.0 5.69 9.63 28.3 1.41 0.42 1.30 0.03 8.44 3.7
187.5-188.5 5.71 7.65 32.10 12.3 37.7 1.52 0.18 0.29 0.23 .12 5.3
188.5-189.5 1.00 3.26 52.72 9.33 20.3 0.83 0.10 0.07 0.24 .23 2.5
189.5-190.5 2.23 3.85 49.78 9.03 19.2 0.99 0.12 0.17 .40 .22 2.7
190.5-191.5 7.23 12.0 14.03 14.9 39.8 1.64 0.17 0.41 0.12 .07 3.4
191.5-192.5 9.93 14.7 7.72 10.8 30.0 2.20 0.47 0.50 0.03 1.97 7.0
192.5-193.1 23.5 20.0 5.52 7.53 23.6 2.04 0.93 0.70 0.03 3.35 4.4
--------------------------------------------------------------------------------------------------------------------------

Red 1 Bed
195.4-196.3 55.0 23.1 2.15 2.14 4.84 0.59 2.08 1.06 0.01 .99 1.1
196.3-197.3 55.1 26.7 2.47 2.31 4.91 0.71 2.47 0.99 0.01 .85 1.2
197.3-198.3 55.5 27.1 2.85 2.41 5.20 0.78 2.62 1.06 0.01 .80 1.5
198.3-199.3 60.4 25.8 2.37 1.92 3.37 0.54 2.22 1.08 0.01 .31 0.8
199.3-200.3 58.8 26.8 2.96 2.22 4.47 0.66 2.42 1.05 0.01 .25 1.4
200.3-201.3 47.5 24.4 3.66 3.52 lOA 1.20 1.32 1.12 0.01 .38 2.2
201.3-202.3 38.8 26.0 9.67 4.16 13.6 1.75 1.23 1.89 0.05 .19 2.3
202.3-203.3 19.8 16.9 37.1 3.65 10.9 0.99 0.60 0.46 0.32 2.01 2.1
203.3-204.3 30.01 29.5 6.76 4.21 16.2 1.45 0.74 1.63 0.05 7.33 2.4
204.3-205.3 28.5 21.6 5.55 6.43 23.0 2.28 0.83 0.98 0.02 1.91 3.7
205.3-206.3 22.9 14.3 35.0 4.92 14.0 1.33 0.97 0048 0.33 .77 2.8
206.3-207.3 15.0 17.8 7.08 8.91 35.0 2.83 0.31 0.67 0.03 4.69 4.7
207.3-208.3 31.8 20.2 5.71 6.90 25.5 2.15 1.17 0.91 0.03 1.80 3.3 •208.3-209.3 25.9 19.3 6.05 6.16 24.3 1.96 0.83 0.80 0.03 1.35 5.3
209.3-210.3 52.5 23.0 3.76 3.31 9.69 0.88 2.10 1.02 0.02 042 3.1
210.3-211.3 61.8 25.8 2.16 1.75 2.51 0.33 2.77 1.00 0.01 .06 1.2
--------------------------------------------------------------------------------------------------------------------

Purple Bed
284.0-285.3 55.2 27.4 1.61 2.35 2.85 0.18 1.64 1.51 0.02 .22 1.0
285.3-286.3 57.7 23.8 1.70 3.08 4.89 0.23 2.16 1.00 0.03 .08 1.3
286.3-287.3 61.6 24.5 2.00 2.54 4.82 0.28 2.14 1.10 0.02 .19 0.9
287.3-288.3 54.5 24.5 2.33 3.31 7.60 0044 2.50 1.05 0.02 .55 1.5
288.3-289.3 39.8 1804 4.79 8.23 2504 1.02 1.15 0.78 0.04 2.64 6.3

•
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• Table 6. Concentration of Trace Elements in Coal Ash, Parts Per
Million

Drill Hole
Depth
Interval Ft. Ba Be Co Cu Cr Ni Sr V Zn Zr
------------------------------------------------------------------------------

BLUE BED
130.4-131.7 7,400 2.4 280 190 130 110 3150 330 70 90
131.7-132.7 11,900 3.4 30 170 120 130 520 290 80 100
132.7-133.7 5,900 4.7 40 140 140 100 2650 280 80 30
133.7-134.7 2,400 5.6 35 110 120 110 1050 260 60 460
134.7-135.7 3,400 3.7 25 170 80 65 1100 190 80 320
135.7-136.7 2,600 2.8 5 75 50 130 990 55 110 80
136.7-137.7 2,550 2.4 10 240 180 210 1200 100 200 120
137.7-138.7 7,500 2.8 65 320 130 220 2500 110 680 220
138.7-139.7 26,300 1.0 45 100 75 80 10700 210 50 280
139.7-140.7 37,400 1.9 30 110 60 120 12100 170 70 480
140.7-141.7 3,100 1.7 55 320 110 410 1210 200 840 120
141.7-142.7 1,450 1.4 55 55 25 260 610 45 310 30
142.7-143.7 2,200 2.7 160 40 85 420 850 55 460 40
143.7-144.7 3,050 4.0 210 70 75 360 1120 50 640 70
144.7-145.7 9,950 20.3 260 270 470 280 3000 1190 550 120
-------------------------------------------------------------------------------------------

RED 3 BED
148.0-149.2 2,900 2.6 30 120 150 70 850 270 50 230
149.2-150.2 30,900 3.9 30 2000 65 80 9350 170 500 370
150.2-151.2 4,850 3.0 5 420 140 160 1450 290 70 160

• 151.2-152.2 3,100 3.2 10 180 180 95 900 350 40 170
152.2-153.2 9,450 3.0 30 210 130 180 3050 260 75 100
153.2-154.2 15,400 2.8 30 420 95 210 5550 180 460 260
154.2-155.2 9,850 3.6 40 210 190 210 3250 340 75 70
155.2-156.2 14,300 4.8 85 240 160 260 5400 290 95 100
156.2-157.2 7,100 4.6 50 140 160 240 2850 300 75 110
157.2-158.2 4,200 4.6 35 150 190 120 1200 350 100 150
158.2-159.2 5,700 5.1 35 160 200 150 1850 390 140 100
159.2-160.2 6,600 5.5 85 230 190 270 2000 390 320 85
160.2-161.2 7,100 9.4 95 330 220 290 2500 420 560 90
---------------------------------------------------------------------------

RED 2 BED
167.5-168.0 4,100 7.6 45 260 260 160 1400 610 210 110
168.0-169.0 3,000 4.8 15 90 200 75 840 380 130 170
169.1-170.5 2,500 3.6 15 140 200 85 640 360 100 190
170.5-171.5 2,200 4.6 15 180 180 85 580 360 110 230
171.5-172.5 1,900 3.7 10 190 200 70 490 380 90 200
172.5-173.5 3,100 4.0 15 140 190 75 910 360 100 210
173.5-174.5 2,000 3.2 10 60 95 45 610 180 60 450
174.5-175.5 4,100 5.4 30 730 110 90 1400 240 260 440
175.5-176.5 13,000 3.2 45 180 120 180 5100 230 100 75
176.5-177.5 9,000 2.4 25 170 130 160 4100 280 75 70
177.5-178.5 7,900 2.2 25 320 130 95 2900 340 120 120
178.5-179.5 8,200 3.0 30 220 150 120 3000 290 90 110
179.5-180.5 14,400 3.0 30 290 110 120 7100 270 120 180
180.5-181.5 7,400 5.1 50 150 100 120 2800 290 160 410
181.5-182.5 5,000 6.2 25 100 40 30 1900 260 70 370
182.5-183.5 14,100 7.4 45 180 100 150 5600 230 120 270

• 183.5-184.5 2,800 2.9 5 25 200 140 1100 50 180 35
184.5-185.5 6,200 3.5 15 100 55 120 2500 130 200 65
185.5-186.5 6,900 4.1 25 110 65 170 2700 110 160 110
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Table 6. (Continued) •Drill Hole..
Depth
Interval Ft. Ba Be Co Cn Cr Ni Sr V Zn Zr
----------------------------------------------------------------------------------------------------------------------

RED 2 BED (Cant.)
186.5-187.5 10,900 4.8 55 150 85 160 8400 220 140 290
187.5-188.5 7,700 4.0 110 110 140 320 3200 120 440 100
188.5-189.5 4,500 3.2 55 70 210 330 1900 40 370 10
189.5-190.5 4,600 3.3 75 50 30 240 1900 80 460 50
190.5-191.5 9,900 4.8 70 190 150 360 4300 190 220 130
191.5-192.5 11,200 12.7 790 300 160 350 4800 300 660 60
192.5-193.1 9,700 27.6 260 270 1050 240 5200 2900 620 620
---------------------------------------------------------------------------------------------------------------------

RED 1 BED
195.4-196.3 4,300 .3 25 180 230 55 1200 420 140 130
196.3-197.3 4,200 .1 20 120 200 60 1200 360 140 150
197.3-198.3 4,400 3.0 15 150 210 65 1300 410 130 150
198.3-199.3 2,600 3.0 10 130 190 60 700 360 100 160
199.3-200.3 2,800 3.0 25 160 210 70 800 400 120 160
200.3-201.3 4,300 76.5 25 120 190 90 1600 400 140 200
201.3-202.3 4,800 1.7 40 200 150 100 2100 510 160 230
202.3-203.3 6,800 2.6 25 100 70 80 2400 210 220 130
203.3-204.3 20,200 3.5 25 130 100 110 7400 250 120 280
204.3-205.3 5,500 3.0 35 220 150 190 4300 360 90 110
205.3-206.3 5,400 2.0 20 80 110 100 2100 230 200 110
206.3-207.3 12,000 3.2 50 110 120 230 8200 210 100 130
207.3-208.3 5,500 4.4 85 120 190 140 4800 330 70 90 •208.3-209.3 8,700 5.2 70 150 150 160 4200 290 70 90
209.3-210.3 4,700 5.8 35 170 200 70 1700 370 60 170
210.3-211.3 2,000 6.0 10 140 200 50 440 380 150 150
--------------------------------------------------------------------------------------------

PURPLE BED
284.0-285.3 2,100 6.1 15 120 140 120 570 350 160 270
285.3-286.3 2,400 6.7 20 150 190 60 860 420 70 220
286.3-287.3 2,900 6.2 30 150 190 65 960 370 85 170
287.3-288.3 5,000 6.3 25 130 210 65 1700 370 85 160
288.3-289.3 11,200 17.1 120 200 260 120 6300 590 120 400
-------------------------------------------------------------------------------

•
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• Table 7• Fusibility of Ash, of

Oxidizing Atmosphere Reducing Atmosphere

Drill Hole Depth Initial Initial
Interval, feet Deformation Softening Fluid Deformation Softening Fluid

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

Blue Bed
130.4 - 131.7 2399 2464 2503 2110 2135 2155
131.7 - 132.7 2510 2537 2552 2345 2395 2455
132.7 - 133.7 2319 2355 2464 1990 2000 2010
133.7 - 134.7 2427 2464 2528 2050 2200 2280
134.7 - 135.7 2596 2679 2715 2365 2505 2520
135.7 - 136.7 2374 2436 2800+ 2160 2195 2210
136.7 - 137.7 2244 2311 2360 2105 2217 2220
137.7 - 138.7 2437 2470 2505 2315 2375 2415
138.7 - 139.7 2139 2217 2570 2195 2210 2290
139.7 - 140.7 2150 2788 2800+ 2180 2210 2290
140.7 - 141.7 2367 2411 2596 2225 2260 2293
141.7 - 142.7 2326 2800+ 2800+ 2135 2185 2305
142.7 - 143.7 2280 2800+ 2800+ 2088 2220 2295
143.7 - 144.7 2266 2384 2800+ 2140 2230 2305
144.7 - 145.7 2195 2307 2357 2025 2095 2205
------------------------------------------------------------------------------------------------

Red 3Bed
148.0 - 149.2 2280 2360 2478 2215 2295 2470
149.2 - 150.2 2347 2395 2473 2257 2365 2375
150.2 - 151.2 2212 2215 2260 2155 2163 2180

• 151.2 - 152.2 2290 2317 2470 2180 2285 2325
152.2 - 153.2 2478 2800+ 2800+ 2425 2480 2485
153.2 - 154.2 2290 2754 2800+ 2130 2320 2343
154.2 - 155.2 2302 2334 2437 2103 2347 2350
155.2 - 156.2 2411 2434 2766 2315 2450 2470
156.2 - 157.2 2217 2326 2437 2180 2293 2295
157.2 - 158.2 2269 2325 2437 2173 2273 2288
158.2 - 159.2 2205 2300 2353 2077 2250 2273
159.2 - 160.2 2133 2151 2376 2025 2090 2105
160.2 - 161.2 2164 2228 2353 2070 2160 2175
---------------------------------------------------------------------------------------------------------

Red 2Bed
167.5 - 168.0 2140 2302 2420 2102 2287 2311
168.0 - 169.0 2091 2558 2662 2059 2514 2625
169.1 - 170.5 2355 2596 2681 2120 2527 2542
170.5 - 171.5 2458 2570 2675 2347 2530 2554
171.5 - 172.5 2517 2658 2712 2382 2583 2614
172.5 - 173.5 2299 2388 2573 2105 2343 2445
173.5 - 174.5 2700 2800+ 2800+ 2315 2800+ 2800+
174.5 - 175.5 2400 2800+ 2800+ 2225 2257 2315
175.5 - 176.5 2326 2532 2800 2177 2427 2475
176.5 - 177.5 2392 2417 2531 2305 2473 2475
177.5 - 178.5 2096 2174 2570 2110 2240 2245
178.5 - 179.5 2416 2432 2490 2395 2405 2410
179.5 - 180.5 2048 2585 2800+ 2200 2503 2537
180.5 - 181.5 2484 2503 2545 2180 2493 2532
181.5 - 182.5 2460 2583 2800+ 2130 2595 2605
182.5 - 183.5 2390 2800+ 2800+ 2050 2447 2460

• 183.5 - 184.5 2800+ 2800+ 2800+ 2237 2345 2515
184.5 - 185.5 2295 2800+ 2800+ 1975 2093 2173
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Table 7. (Cont.) •Oxidizing Atmosphere Reducing Atmosphere

Drill Hole Depth Initial Initial
Interval, feet Deformation Softening Fluid Deformation Softening Fluid

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

Red 2 Bed (Cont.)
185.5 - 186.5 2377 2586 2648 2143 2295 2447

~
186.5 - 187.5 2486 2671 2694 2055 2365 2375
187.5 - 188.5 2390 2418 2428 2155 2167 2180
188.5 - 189.5 2374 2800+ 2800+ 2180 2285 2325
189.5 - 190.5 2367 2759 2800+ 2410 2480 2485
190.5 - 191.5 2348 2581 2644 2170 2370 2520
191.5 - 192.5 2430 2551 2553 1970 2330 2355
192.5 - 193.1 2278 2298 2320 2277 2292 2310
-----------------------------------------------------------------------------------------------------------------

Red 1Bed
195.4 - 196.3 2379 2625 2683 2162 2524 2548

~ 196.3 - 197.3 2447 2685 2740 2157 2623 2662
15 197.3 - 198.3 2295 2670 2780 2013 2590 2613

198.3 - 199.3 2616 2800+ 2800+ 2140 2760 2784
199.3 - 200.3 2535 2709 2790 2051 2660 2699
200.3 - 201.3 2172 2402 2664 2098 2369 2434
201.3 - 202.3 2172 2432 2555 2240 2351 2415
202.3 - 203.3 2501 2549 2670 1965 1984 2127
203.3 - 204.3 2302 2369 2393 2144 2339 2380
204.3 - 205.3 2200 2227 2284 2138 2222 2250
205.3 - 206.3 2319 2459 2700 2007 2033 2055 •206.3 - 207.3 2431 2546 2566 2441 2503 2522
207.3 - 208.3 2034 2206 2220 2045 2206 2213
208.3 - 209.3 2306 2318 2336 1975 2310 2314
209.3 - 210.3 2297 2344 2446 2050 2320 2370
210.3 - 211.3 2652 2800+ 2800+ 2133 2771 2800+

~ ----------------------------------------------------------------------------------------------

PunJle Bed
284.0 - 285.3 2106 2800+ 2800+ 2353 2800+ 2800+
285.3 - 286.3 2196 2560 2660 2287 2469 2602
286.3 - 287.3 2260 2570 2716 2125 2575 2657
287.3 - 288.3 2275 2370 2616 2125 2328 2625
288.3 - 289.3 2080 2141 2200 2054 2115 2137
-------------_.._------------------------------------------------------------------------------------

•
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AGE AND CHARACTERISTICS OF COALS IN THE

CANYON CREEK AREA, SOUTH CENTRAL ALASKA

Michelle N. Lamberson and William Spackman
Pennsylvania State University

•
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INTRODUCTION

The Canyon Creek Coal District lies approximately 70
miles northwest of Anchorage, Alaska at a latitude of
61°50'N and a longitude of 154°43'W. To date, a minimum
amount of information has become available on "high
latitude" coals and little has been published detailing the
characteristics of the coals of Canyon Creek. In excess of
500 million tons of subbituminous coals have been iden
tified in the area (Blumer, 1980), but detailed descriptions
of the seams are lacking. Although a mid-Tertiary age has
generally been assigned to the coal-bearing sediments, no
effort has been made to be more specific about the age of
the coals. Thepalynological data that mightbe useful in both
establishing a more specific age and providing additional
information on depositional environments have similarly
not been generated.

In an effort to supply some of the above described
information, the study of eight coal seams from five bore
holes in the Canyon Creek district was undertaken. Con
ventional coal analyses were coupled with petrographic
analyses and palynological studies to provide the desired
data. Comparisons were then made with lower latitude coals
of similar rank using data available in the Penn State Coal
Data Base. A portion of the results of this investigation are
described herein.

SITE LOCATION AND LOCAL
GEOLOGY

The Canyon Creek Coal District is located in south
central Alaska, northwest of the Cook Inlet, along the
southern margin of the Yentna Coal Field (Figure 1). The
coal-bearing strata are included in the Tyonek Formation
of the Kenai Group (Figure 2). Tyonek Formation sedi
ments in the Canyon Creek area are preserved in a structural
graben (Figure 1B). These sediments consist of alternating
beds of siltstone, sandstone and claystone interbedded with
massive subbituminous coal beds (Calderwood and Fackler,
1972). In addition, therearea number ofconglomeraticbeds
(C. Kiven, pers. comm., 1987). An undifferentiated Jura
Cretaceous marine metasedimentary unit and early Tertiary
granitic bodies comprise the basement rocks of the area. The
eastern border of the basin is defmed by a relatively straight

north-south trending high angle fault; the saw-toothed
western border of the basin is defined by a series of cross
cutting faults (not illustrated in Figure 1B, C. Kiven, pers.
comm., 1987). The contact between the Tyonek Formation
and the basement rocks is deeply weathered and erosional
(Bames, 1966).

According to Kirschner and Lyon (1973), two sediment
sources were active during Tyonek deposition: the interior
of Alaska inluding western Canada and the ancestral
southern Alaska Range. The Canyon Creek area is believed
to have been located on the northwestern edge of the
depositional basin (outlined in Figure 1A). The most likely
source for the clastic sediments was the southern Alaska
Range. According to Rite (1976), the depostional environ
ments of the Tyonek formation were similar to the environ
ments found in the Susitna Lowland today. The Susitna
Lowland (Figure 1A) is a heavily vegetated, relatively flat,
poorly drained region cut by meandering and anastomizing
streams.

SAMPLING SCHEME

Samples of eight seams from five bore holes were
donated by Mobil Mining and Coal for this study. Figure
3 illustrates the areal distribution of the drill holes and the
sampling scheme used (the exact locations of the drill holes
and the true depths ofeach seam is proprietary). An attempt
was made to obtain seam samples of varying thicknesses.
Four of the seam samples are relatively thin (less than 1.0'),
the other four seam samples vary in thickness from 5.8' 
14.15'. The seam samples were subdivided into fifty five
subsamples. Splits of each sample were taken for maceral
analyses, palynological analyses and conventional coal
analyses.

AGE OF THE DEPOSIT

The coal-bearing sediments in the Canyon Creek area
are correlated with the late Oligocene to middle Miocene
aged Tyonek Formation of the Kenai Group (Figure 2). A
palynological analysis was performed on each sample of
seams #1, #3 and #8 in order to more precisely determine
the coals' geologic age. The palynomorphs were extracted
by oxidizing the coal with a strong acid (concentrated nitric
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Figure 1B
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acid) followed by treatment with a dilute base (10% potas
sium hydroxide). The procedure results in the destruction
of the cellulose and lignin derived coalified plant tissues,
thus concentrating the more resistant sporopollenin derived
material, i.e., the pollen and spores. The acid-base treatment
was followed by a series of"cleanup" steps which removed
the material larger than 210 microns and smaller than 7
microns.

Wolfe and various co-workers (Wolfe et al., 1966;
Wolfe and Tanai, 1980) defined four provincial "Floral"
stages based on the interpretation of plant me~afossil

collections, i.e., Angoonian, Seldovian (informally subdi
vided into upper and lower Seldovian), Homerian and
Clamgulchian (Figure 2). There has been no definitive
palynostratigraphic study of the Kenai Group sediments
published, so the geologic age of a particular deposit is
difficult to determine using palynological methods.
However, in the appendix to a publication concerned with
volcanic ash partings in Kenai Group coals, Turner et al.
state that samples taken from a Chuitna River cutbank
(Figure 1) contain "...broadleaved exotics Carya,
Pterocarya, Fagus and Quercus. The last two are unknown
in beds younger than Seldovian" (Turner et aI., 1980). The
authors further support thedetermined age by confmning the
presence of fossil pollen of Carya, Pterocarya, Fagus,
Quercus, Ulmus/Zelkova,Liquidambar, Tilia and Ilex. The
Liquidambar and Tilia, according to Turner et aI., are more
indicative of upper, rather than lower Seldovian.

With the exception of Liquidambar, all of the above
palynomorphs were found in the Canyon Creek sediments
(several of which are illustrated in Plate 1). The sediments
of Canyon Creek, therefore, are referrable to Wolfe's
(upper) Seldovian Stage, or late early to early middle
Miocene in age. It should be noted that the palynomorphs
illustrated in Plate 1 are never abundant in the samples.
Fossil pollen from Alnus, Betula, Pinus(?), and the Taxodi
aceae, along with lesser amounts of Ericales pollen and
Sphagnum spores, dominate the palynmorph counts.

PETROGRAPHY

The maceral composition of a given coal seam deter
mines the chemical and physical properties of a coal.
Variation in the maceral compositon ofcoals will affectsuch
properties as grindability, size of product, cleanability,
calorific value and suitability for liquefaction. A petrogra
phic analysis was performed on each the 55 samples using
a Zeiss Universal reflected light microscope attached to a
Swift Point counter. Point counts of 500 were performed
on two 2X2 cm crushed particle pellets, for a total of 1000
points per sample.

The average maceral composition of all of the (55)
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samples is 55.5% ulminite, 5.5% humocollinite, 25.6%
humodetrinite, 2.4% total inertinite and 10.9% total
liptinite. Seam averages were also calculated for the six
complete seam samples, i.e., #3, #4, #5, #6, #7 and #8, in
order to have a basis for comparison with the whole seam
maceral analysis data found in the Penn State Coal Data
Base. Table 1 indicates the range in variation of the maceral
groups of the six seam samples, along with a comparison
with the petrographic composition of low rank coals found
in coal fields located in the conterminous United States
("Lower 48"). On the average, the Canyon Creek coals
contain about the same amount of the huminite, although
the distribution within this maceral group is different (the
Canyon Creek coals generally contain more humodetrinite
relative to the amount of ulminite). Of interest is the fact
that the distribution of liptinite and inertinite in the two
sample sets is reversed. The Canyon Creek coal generally
contain more liptinite and less inertinite than coals of the
"Lower 48" that are included in the Penn State Coal Data
Base.

As shown in Figure 4, the two thicker Canyon Creek
coal seams (#3 and #4) are stratified rock bodies as opposed
to being composed of a single coal tyPe. Nine different
layers, or lithobodies, make up seam #4. Such lithobodies
arise in response to changes in the original wetland envi
ronment. Each different coal type reflects an origin in a
particular peat-forming environment and each tends to
display a distinctive set of physical properties. Because of
the latter, knowledge of the lithobody composition is useful
in anticipating the behavior in a preparation plant and in
estimating power consumption during mining operations.
Lithobody analysis has also been successfully applied in
resolving coal seam correlation problems, hence valuable
in making accurate resource evaluations.

Figure 4 also displays the lithobody composition of
seams #3 and#4. Theircompositonaldifferences are evident
from the Figure and include differences in in sequence and
in lithobody thickness. In addition, two coal types occur
in seam #4 (6 and 7) which do not occur in seam #3, and
one lithotype is present in seam #3 (3) that is not present in
seam #4. Th full range oflithotypes (coal types) encountered
in the samples is not contained in these seams. In the other
seams studied, coal types occur in which humodetrinite is
the dominant maceral, as opposed to the ulminite-dominant
types which are common in seams #3 and #4. In contrast
with many Paleozoic coals, the Canyon Creek coals do not
contain coal types dominated by combinations of liptinite
and inertinite. This is a reflection of major changes in the
prevalent reproductive mechanisms that occurred in the
plant kingdom between the Pennsylvanian and Tertiary
Geologic periods, as well as an illustration of how the
evolution of plant structures and plant substances can
influence coal composition.
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The compositional differences between the various
lithotypes (=coal types) are only partly revealed by the
presentations of the type used in Figure 4. Particle grain
size, particle sorting and other aspects of texture are also
important. In addition, other features such as the extent of
degradation ofprecursor materials and the degree of hetero
geneity (i.e., the diversity and relative concentrations of the
maceral materials present) often serve to distinguish differ
ent lithotypes, thus indicating significant differences in the
original depositional environments. Differences in the
concentrations of inertinite macerals, particularly fusinite,
may be indicative of fire-prone environmental settings and
their unique geochemistries. An ulminite:humodetrinite
ratio provides a measure of the extent of degradation of
lignified and cellulosic maceral precursors and the ratio of
ulminite + humocollinite to all of the other maceral material
present is some indication of the degree of heterogeneity
displayed by the lithotype. Table 2 presents these ratios for
each lithotype class along with the inertinite concentration
characteristic of each. Lithotypes 5 and 7 stand out as
inertinite-rich coal types and lithotype 6 is equally conspicu
ous as the coal type displaying the lea:;t degradation.
Lithotype 4 is characterized by a moderate level of degra
dation and less compositional diversity than any of the other
lithotypes, with the exception of type 6. Of the remaing
three, lithotype 2 is characterized by the greatest amount
of degradation and is clearly the most heterogeneous. This
type of data analysis is helpful in further characterizing
lithotypes and in evaluating the validity of distinguishing
between those that appear superficially similar.

The indices presented in Table 2 are new concepts and
have not been thoroughly refined. A more complete discus
sion of the petrography of the Canyon Creek coals will be
published at a later date.

CONVENTIONAL ANALYSES

The standard analyses, including proximate analysis,
ultimate analyses, calorific value detennination, equilib
rium moisture detennination, sulfur fonns analysis and high
and low temperature ash detenninations were perfonned at
the Pennsylvania State University Mineral Constitution
Laboratory (MCL)and the University of Alaska, Fairbanks,
Mineral Industry Research Laboratory (MIRL). The stan
dard analyses were perfonned on 51 of the 55 samples
(sample 2g and the three samples from seam 8 were not
processed).

The values of the rank parameters of the coals studied,
in accordance with the American Society for Testing and
Materials (ASTM), are given in Table 3. The infonnation
is presented for all 51 samples analysed, and for the five
whole seams analysed. The average rank of the coal seams
analysed is subbituminous C; the rank ranges from lignite
A to subbituminous C. The results of the proximate and
ultimate analyses (dry, ash free basis) and the sulfur fonns
analyses are reported in Table 4. A notable aspect of these
coals, as in most of the south central Alaska coals, is the
low sulfur content (0.5%). The majority of the sulfur is
organic.

•

•
TABLE 1
Comparison of the maceral content of Canyon Creek coal seams with comparably ranked coals from four U.S. coal
provinces.

MACERAL Canyon Creek Total Lower 48 N. Great Plains Rocky Mountain Pacific Province Gulf Province
VARIETY (6 seams) (85 seams)" (34 seams)" (7 seams)" (1 seam)" (43 seams)"

OR Mean (range) Mean (range) Mean (range) Mean (range) Meal Mean (range)
GROUP (%) (%) (%) (%) (%) (%)

Textinite - 0.1 (0.0-0.8) 0.1 (0.0-0.8) - - 0.1 (0.0-0.3)
Ulminne 50.0 (25.2-60.5) 73.0 (28.9-97.0) 72.5 (28.9-89.8) 93.2 (84.6-97.0) 73.0 70.1 (46.5-84.0)
Humocollinne 4.2 (2.6-5.2) 2.6 (0.0-17.8) 3.9 (0.4-17.8) 1.2 (0.2-2.3) 11.7 1.7 (0.0-83)
Humodetrinite 30.1 (22.6-50.3) 10.3 (0.0-37.3) 5.1 (0-27.2) 0.3 (00-1.1) 5.5 16.2 (2.8-37.3)
Total Huminite 84.3 (78.1-92.5) 86.0 (58.0-97. 7) 81.6 (58-94.6) 94.7 (88-97.7) 90.2 88.0 (80.6-94.7)
Total Inertinite 1.9 (0.7-4.2) 12.0 (1.>.38.0) 16.4 (3.9-380) 2.1 (1.5-2.7) 3.3 10.3 (3.7-17.5)
Total Liptinite 13.8 (6.0-21.1) 1.9 (0.4-9.7) 1.9 (0.]-5.2) 3.2 (0.4-9.7) 6.5 1.7 (0.442)

'Oata from Penn State Coal Data Base

TABLE 2
Comparison of lithotypes on the basis of extent of degradation, degree of diversity and inertinite content.

LITHOTYPE DEGRADATION INDEX HETEROGENEITY INDEX INERTINITE
Ulminne Ulmin~e +Collinite

Humodetrinite Others

1 2.9 (2.3-4.0) 3.1 (2.4-3.7) 1.5 (0.7-2.9)
2 1.5 (1.3-2.4) 1.2 (1.0-16) 2.8 (1.1-3.7)
3 3.0 1.8 2.5
4 5.2 (4.8-5.6) 4.3 (4.1-4.5) 0.9 (0.7-1.2)
5 2.0 (1.9-2.2) 1.5 (1.4-1.7) 6.2 (3.5-7.8)
6 13.5 9.0 0.3
7 1.3 1.3 10.3
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A qualitative low temperature ash analysis was per
formed on seven samples (the sample with the highest
mineral matter content of seams #1, #2, #3, #4, #5, #6 and
#7). The results of the analyses are given in Table 5. The
most abundant mineral in the coal seams is quartz, with
lesser amounts of kaolinite, illite, bassanite, feldspars and
siderite. The bassanite, a hydrated calcium sulfate, is proba
bly a product of the low temperature ashing process.

As with the maceral analysis data, the high temperature
ash and the whole coal basis results were calculated to a
whole seam basis in order to compare the results with the
dataavailable in thePenn StateCoal DataBase. The average
composition of the high temperature ash (RTA) of the 5
whole seams is reported in Table 6; the whole coal (calcu
lated) results are presented in Table 7. In addition, Tables
6 and 7 contain the same information for fifty whole seam
samples of low rank coals collected from locations in the
"Lower 48" (data are from the Penn State Coal Data Base).

DISCUSSION OF INORGANIC
CONSTITUENTS

In low rank coals the inorganic component, according
to Falcone and Schobert (1986), may occur in three ways:
as ion-exchangeable cations, as coordination complexes or
as discrete mineral phases. Unfortunately, the methods used
to isolate the inorganic components may alter the chemical
phase of the species either by destroying the site in which

the species was located or by forcing a temperature driven
reaction so thata new phase is formed in the asher. Therefore
interpretation of the results of a high and low temperature
ash analysis must be undertaken with care.

Interpreting high temperature ash data on a whole coal
basis, rather than simply on an ash basis in order to ascertain
both the original source of an inorganic species and the
chemical site in which the species is occurring is particularly
important. An ash basis analysis may not indicate the the
fluctuation in the amountofan a particular inorganic species
in the coal itself, but rather, relative to the amount of ash.
For example, an element may always occur in organic
combination, and in constant amount relative to the amount
of organic matter present. However, the amount of mineral
matter introduced into the system may vary quite a bit.
When the ash content is high, the concentration of the
element, expressed as a percentage of the ash, appears to
be low; when the ash content is low, the concentration of
the element, expressed as a percentage of the ash appears
to be high. Similarly, if an element always occurs in a
mineral phase, its concentration will vary with the amount
of ash (as long as the mineral is present in the ash), and its
variability will mimic the variation in the amount of high
temperature ash.

Figures 5 and 6, and Figures 7 and 8 illustrate the
vertical variability of the constituents of high temperature
ash expressed on both a whole coal and ash basis for seams
3 and 4, respectively. Several of the elemental (or oxide)

TABLE 3
Rank indicators for Canyon Creek coals.

PARAMETER SEAM SUBSAMPLES (51) WHOLE SEAM VALUES (5 seams)
MEAN RANGE MEAN RANGE

Calorific Value (mmmf) 8760 Btu/lb 6498-9545 Btu/lb 8702 Btu/lb 8067·9303 Btu/lb
Volatile Matter (dmmf) 52.4% 46.3% - 58.2% 52.3% 49.76% - 54.02%
Fixed Carbon ldmmf) 47.6% 41.8% - 53.7% 47.7% 45.98% - 50.24%

ASTM RANK Subbnuminous C Lignne A-Subbituminous B Subbnuminous C Lignne A-Subbnuminous C

+=Present
- =Not Detected

TABLE 5
Qualitative mineralogical analyses -low temperature
ash
MINERAL SAMPLE

lc 2f 3g 4a 5b2 6b2 7b2

Quartz, % 15·30 30-45 15-30 10-25 20-35 15·30 10·25
Kaolinne + + + + + + +
Illite + + + + + + +
Bassanite + + + + - + +
Feldspars + + + + + + -
Siderite - - + + - ? +
Carbonate
Carbon, % 0.08 0.04 1.15 0.55 0.024 0.04 0.25

bResults of conventional analyses· seam su samples
ANALYSIS MEAN RANGE

As received moisture, %(51) 10.6 4.0 - 14.6
Equilibrium moisture, % (7) 23.3 20.3 - 27.8
Ash (dry), % (51) 16.1 4.0 • 64.4
Proximate analysis (51):

volatile matter (d.a.f.), % 53.4 48.4 - 61.7
fixed carbon (d.aJ.), % 46.7 38.3·53.3

Ultimate analysis (51):
carbon (d.aJ.), % 68.81 59.23 - 82.45
hydrogen (d.a.f.),% 5.44 4.97 - 7.17
nitrogen (d.a.f.), % 1.29 0.70 - 1.91
sulfur (d.a.f.), % 0.54 0.01 - 1.43
oxygen (d.a.f.), % 24.06 8.71 ·33.34

Sulfur forms (27):
sulfate, % 0.005 0.0 - 0.01
pyritic, % 0.01 0.0 - 0.02
organic, % 0.48 0.14 - 0.98
total,% 0.49 0.16-1.01

TABLE 4

NOTE: Number of samples analysed given In parentheses•
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trends are different when expressed on the two bases. For
example, the oxides of calcium, magnesium and sodium
follow similar trends when expressed on an ash basis.
However, on a whole coal basis, calcium tends to mimic
the trends of phosphorous, strontium and barium. Magne
sium and sodium, on the other hand, tend to mimic the trends
of the elements which follow the trend of the amount ofhigh
temperature ash.

The whole coal basis results are very interesting. There
are three basic groupings of elements. Silicon, aluminum,
potassium, magnesium, titanium, sodium, nickel, copper,
chromium, vanadium and zirconium all appear to be fol
lowing the trend of the amount of high temperature ash, in
dicating that the elements are found primarily in the mineral
component of the coal. Considering that the major sediment
source for the Tyonek Fonnation sediments in the Canyon
Creek area is thought to be the southern Alaska range, this
combination is not surprising. The southern Alaska Range
consists primarily of two rock types: the Jurassic through
Tertiary intrusives and extrusives of intennediate compo
sition of the Alaska-Aleutian Range batholith and a Jura
Cretaceous marine metasedimentary unit consisting of the
graywacke sandstones, slates and argillites (Reed and
Lanphere, 1973).

The second major grouping of elements (whole coal
basis) is calcium, barium, strontium and phosphorous. This
combination is difficult to explain. One explanation could
be the plumbogummite mineral series, recognized by
Triplehorne and Bohr (1986) in volcanic ash layers of the

TABLE 6
Major oxide and minor element concentrations in high
temperature ash: comparison between Canyon Creek
coals and comparably ranked coals from four U.S. coal
provinces

Tertiary coals of Washington state. The plumbogummite
series are aluminophosphate minerals in which Ca, Sr, and
Ba, as well as several different rare earth elements substitute •
into a hydrated aluminum phosphate structural framework.
Volcanic ash layers are common in the coals of the Cook
Inlet, although none have been noted in the Canyon Creek
area (C. Kiven, pers. comm., 1987). Further study of the
coals is necessary to solve this problem.

The third grouping of elements (whole coal basis) is
iron, manganese and pyritic sulfur. This grouping has a
rather straightfoward explanation. When the geochemical
conditions are favorable for the formation of sulfide min
erals, the Fe, Mo, and pyritic sulfur are found in the sulfide
minerals. When the coditions are not favorable (hence no
pyritic sulfur is present), the Fe and Mo, being of similar
ionic radii, occur in similar chemical sites in the coal.
Beryllium and organic sulfur do not exhibit any consistent
grouping, and are not illustrated.

COMPARISON WITH OTHER LOW
RANK COALS

Tables 6 and 7 summarize the average and range of
composition in the high temperature ash elements or oxides
expressed on an ash (Table 6) and whole coal basis (Table
7) for the Canyon Creek samples and 54 whole seam
samples from low rank coal fields located in the contenni-
nous United States. On the average, the concentrations of •
particular elements and oxides do not vary markedly be-
tween the two areas, with a few notable exceptions. The

TABLE 7
Major and minor element concentrations in whole coal:
comparison between Canyon Creek coals and
comparably ranked coals from four U.S. coal provinces

VARIABLE CANYON CREEK "LOWER 48"
(5 seams) (4 provinces - 54 seams)

MEAN (range) MEAN (range)

Si02,% 38.3 (21.0-57.9) 33.0 (14.0 -55.6)

Fe203, % 8.99 (3.50 - 16.78) 8.31 (262 -21.90)

Cao,% 15.33 (6.62 - 27.99) 17.89 (463 - 38.80)
MgO, % 3.92 (2.77 - 7.08) 4.42 (0.56 - 9.51)
MnO,% 0.10 (0.04 -0.21) 0.11 (0.01 -0.26)

Na20, % 1.66 (0.37 - 2.42) 1.86 (0.17 - 10.40)

Ti02, % 0.83 (0.56 - 1.06) 0.94 (0.31 -3.22)

A1203, % 19.35 (13.07 -23.03) 15.78 (6.91 -36.10)

K20, % 1.62 (011-2.50) 0.51 (0.10 - 1.49)

P20S, % 2.31 (068 -3.80) 0.55 (0.03 -4.72)

Ba,ppm 12,014 (4200 - 17,575) 4730 (437 -20,520)

Be, ppm 8.1 (4.4 - 11.3) 7.2 (3.0 - 18.0)

Cu,ppm 178 (104 -220) 126 (35 -220)

Cr, ppm 241 (136 -460) 88 (15 -220)

Ni,ppm 68 (48 - 99) 75 (15 -250)

Sr, ppm 2797 (900 - 4967) 3456 (470 - 8100)

V,ppm 540 (301- 1070) 159 (34 -330)

Zr, ppm 199 (20 -374) 262 (25 - 720)
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VARIABLE CANYON CREEK "LOWER 48"
(5 seams) (4 provinces - 54 seams)

MEAN (range) MEAN (range)

Si,% 4.12 (0.83 - 8.53) 1.88 (0.27 -817)
Fe,% 0.79 (0.34 - 1.57) 0.62 (0.10 - 1.75)
Ca,% 1.22 (0.74 - 1.62) 1.29 (0.27 - 2.49)
Mg,% 0.32 (0.20 - 044) 0.27 (0.03 - 0.73)
Mn,% .010 (.006 - .022) .093 (0.005 - 0.233)
Na,% 0.09 (0.05 - 0.13) 0.14 (0.008 - 085)
Ti,% 0.09 (0.02 - 0.17) 0.07 (0.01 - 0.40)
AI,% 2.03 (0.56 - 3.28) 0.99 (027 -4.43)
K,% 0.32 (0.05 - 0.61) 0.05 (0.01 -0.31)
P,% 0.14 (0.05 - 0.27) 0.02 (0.001- 0.16)
Ba,ppm 1925 (902 - 4867) 451 (64 - 1546)
Be,ppm 1.2 (0.6 -2.3) 0.8 (0.1 -3.9)
Cu,ppm 28 (17-43) 15 (2- 58)
Cr, ppm 37 (12-67) 10 (1-39)
Ni,ppm 9 (5-13) 8 (1-27)
Sr, ppm 343 (167 - 549) 340 (42 - 742)
V, ppm 79 (27 -138) 20 (4 -103)
Zr, ppm 26 (3 - 60) 32 (2 - 149)
Pyritic S, % 0.01 (0.00 - 0.02) 0.27 (000 - 1.76)
Organic S, % 0.57 (0.31 - 0.93) 0.77 (0.21 -2.07)
Total S, % 0.58 (0.33 - 0.93) 1.08 (0.29 -3.16)
HTA,% 18.12 (7.80 -29.19) 11.20 (3.14 -3209) •
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percentage of potassium, aluminum, phosphorous, barium
and vanadium is higher in the Canyon Creek coals on both
an ash and a whole coal basis, although there is overlap in
the ranges. Thedifference is morepronounced when the data
is expressed on a whole coal basis. Manganese concentra
tions are lower in the Canyon Creek coals when the data
is expressed on a whole coal basis, but similar when
expressed on an ash basis. Strontium concentrations, on the
other hand, are higher when the data is expressed on an ash
basis, but similar when expressed on a whole coal basis.

SUMMARY

Coal samples collected from the Canyon Creek area of
Alaska are, on the average, of subbituminous Crank.
Palynological analysis suggests that the Tyonek Formation
sediments in the Canyon Creek area are referrable to
Wolfe's (upper) Seldovian Stage, or late early to early
middle Miocene in age. On the average, the coal is
composed of 55.5% ulminite, 5.5% humocollinite, 25.6%
humodetrinite, 2.4% total inertinite and 10.9% total
liptinite.

Differences exist between the Canyon Creek coals and
low rank coals of the conterminous United States in both
petrographic composition and the relative amounts of
certain components ofhigh temperature ash. Although coals
from both area are composed primarily of huminitic mac
erals, the coals collected from Canyon Creek tend to be
higher in humodetrinite and lower in ulminite. In addition,
the distribution of the inertinite and liptinite groups are
reversed. The Canyon Creek coals have a higher amount
of liptinite than inertinite; the coals of the conterminous
United states have a higher amount of inertinite than
liptinite. The coal seams are stratified rock bodiescomposed
of layers of varying maceral composition which arise in
response to changes in the original depositional environ
ment. Variation in lithology of the seams will causechanges
in the chemical and physiscal properties ofthe coal. In terms
of the inorganic component of the coal, the Canyon creek
coals significantly higher quantities of potassium, alumi
num, phosphorous and barium than samples from the
conterminous United States.
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INTRODUCTION

A coal-assessment project on the southern lowland of
the Kenai Peninsula was initiated in spring of 1986 by the
Alaska Division ofMining and Geological and Geophysical
Surveys (DMGGS) in cooperation with the U.S. Geological
Survey (USGS). The project is administered through a
program called COGEOMAP, which is designed to share
USGS funds with state geological surveys to assist with
geological mapping and related problems. Under the terms
ofouragreement, DMGGS received funding from theUSGS
for field work, analysis ofcoal and rock samples, and report
production, as well as assistance in the field by two USGS
coal geologists. In return, we funded field work by four
ofour geologists and two graduate students and are currently
analyzing the coal samples and other data. A final report
to the USGS is due by June 1987.

The Kenai Lowland (Figure 1) is part of the Cook Inlet
Tertiary Basin, a trough about 70 mi wide by 200 mi long
and up to 26,000 ft deep that developed as a forearc basin
of the Alaska-Aleutian Range (Kelley, 1985). Sediments
in this basin are deepest around East Foreland, a few tens
of miles north of our study area; they gradually thin north
eastward and southwestward along the basin axis, eastward
where they lap onto rocks of the ancestral Kenai and
Chugach Mountain Ranges, and westward toward the
Alaska Range (Calderwood & Fackler, 1972).

Previous investigations have left enough unanswered
questions about the stratigraphy and structure of the coal
bearing rocks in the southern Lowland to warrant further
work at the scale of a COGEOMAP project. In addition,
few coal analyses have been reported from this area. Our
motive for remapping these rocks is to fill important data
gaps; our strategy includes: (1) measuring and describing
the coals and other sedimentary rocks to refme and complete
previous correlations; (2) collecting baseline data on the
coals; (3) determining the surface contactbetween the Upper
Miocene Beluga Formation and the Upper Miocene to
Pliocene Sterling Formation, the two defined stratigraphic
units in the study area; (4) collecting paleontological and
lithological samples to help distinguish units; (5) cooper
ating with an investigator (Reinink-Smith) who is studying
volcanic-ash partings in the area in hopes of establishing

some distinctive, widespread marker beds; (6) collecting
and integrating unpublished borehole data with previously
reported information and our own results; and (7) planning
diamond-drill coring, with electric logs, in critical areas in
anticipation ofpossible additional funding. All of this work
is in progress and will produce an improved synthesis of
the geology of the southern Kenai Lowland.
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GEOGRAPHY

The Kenai Lowland occupies about 3,600 mi2 (Figure
2). Elevations are around 2,700 ft in the Caribou Hills and
up to about 2,000 ft elsewhere in the interior, but much of
the area is 500 ft or less above sea level, with local relief
up to 250 ft. Surface drainage is not well integrated over
most of the Lowland, reflecting a history of late Pleistocene
glaciation (Reger, 1985). Most of the coast is bounded by
steep wave-cut cliffs from tens to hundreds of feet high,
broken intermittently by gullies, streams, and covered inter
vals. These cliffs have the most continuous outcrop in the
area (plate I).

Important physiographic features (Figure 2) include the
bluff north of Homer that Barnes & Cobb (1959) called the
Homer Escarpment; tall cliffs just west of Homer at Bluff
Point; deeply incised stream valleys near the head of
Kachemak Bay that we informally call "the canyons"; and
several other large stream valleys, such as those of the
Ninilchik River and Deep Creek along Cook Inlet, Diamond
Creek and Bidarki Creek west of Homer, and Fritz Creek
and McNeil Creek along Kachemak Bay. These are almost
the only places except the seacliffs where bedrock and coal
are exposed, because most of the Kenai Lowland is covered
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Figure 1. Location of the Kenai Lowland.

Figure 2. Study area with approximate locations of Beluga and Sterling Formation exposures.
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Plate I. South corner of McNeil Canyon. Three coal beds are visible in the background.

•

•by Quaternary till and other surficial deposits.

Towns include Clam Gulch, Ninilchik, Anchor Point,
and the regional center, Homer (Figure 2). Transportation
depends largely on the two-lane Sterling Highway along
the west coast from Soldotna to Homer, landing strips at
several towns, an airport at Homer, and shipping in and out
of the Homer Spit. Smaller residential and other roads
provide access to some of the Lowland interior, mostly
around Homer.

PREVIOUS INVESTIGATIONS

Bames and Cobb (1959) is the only previous study that
describes the Tertiary rocks along the east shore of Cook
Inlet. These authors summarized the results of their field
work on the Lowland, including detailed descriptions of
many of the thicker coal beds; partial stratigraphic columns
of continuous bedrock exposures; and proximate analyses,
rank, and heating values of 18 coal seams. Although Bames
& Cobb (1959) is an excellent basic report, these authors
did their work before current stratigraphic units had been
defined for the area, and thus show only a single Tertiary
unit - the Kenai Group - for all bedrock on their map.
Also, they omitted detailed stratigraphy between their coal
beds, which makes some of their locations uncertain, and
their stratigraphic columns are sometimes uncorrelated or

correlated with queries. Therefore, we measured this entire
section, paying special attention to problem areas.

Calderwood & Fackler (1972) divided the Kenai Group
into five formal formations, whose names have been widely
accepted. The oldestofthese, theWestForeland Formation,
was later removed from the Group because it is not coal
bearing (Fisher & ~Iagoon, 1978). The upper two forma
tions - the Beluga and Sterling Formations - crop out
in the Kenai Lowland. Rocks of these formations were de
posited near sea level by fluvial processes. Their type
sections are defined only in the subsurface based on various
borehole logs (e.g. resistivity, sound-wave velocity, radi
oactivity); the contact between the two formations needs
to be redefined based on criteria identifiable in outcrop.

Adkison & others (1975) measured an incomplete
section of the Beluga Formation over 3000 ft thick where
it is well exposed near Homer. Rather than duplicate the
work of these investigators, we have used their stratigraphic
column in the field to locate our samples. However, the
stratigraphy of Adkison & others (1975) needs to be better
correlated with the rocks along the eastern shore of Cook
Inlet and along Kachemak Bay.

Rawlinson (1984) did a detailed study of the Beluga
and Sterling Formations on the Kachemak Bay side of the
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Kenai Lowland. However, he did no coal analyses, treating
the material simply as one rock type among many in his
section. Also, he did not definitely correlated his measured
section with the southwestern sections of Barnes & Cobb
(1959) and Adkison &others (1975), orwith the stratigraphy
ofthe northeastcanyons whereBarnes & Cobb also did some
work.

Sisson (1985) summarized many aspects of the geology
in and around the study area; a portion of plate I from his
guidebook has been modified as Figure 2 and as a base map
in the present report. Contacts between the Beluga and
Sterling Formations shown in Figure 2 are obviously ap
proximate. Kremer & Stadnicky (1985) referred to a dis
conformable contact between the Sterling and Beluga
Formations but provided no location for it other than this
generalized map. We are combining various geologic
information to better define this contact in outcrop.

FIELD OPERATIONS

Preliminary field work began in late May 1986 when
we took continuous, overlapping, low-angle 35-mm pho
tographs of the bedrock exposed in the sea cliffs along Cook
Inlet and Kachemak Bay. The photographs, done simul
taneously in black & white prints and color slides, provide
a nearly complete pictorial record of the formations along
more than 50 mi of coast and can be assembled into a
continuous mosaic for any desired stretch. We have used
the photos effectively for planning field work, plotting
sample locations in the field, and studying bedding and
structure since the end of field work. We plan to make the
negatives and slides available to the public as a separate
publication.

In June 1986, three teams of two geologists worked for
sixteen days to measure, describe, and sample rocks and
coal in the study area. Two of us measured and sampled
a continuous section from about 2 mi north of Clam Gulch
southward to Cape Starichkof, where a mostly covered
interval about 6 mi long begins. The other two teams started
with better stratigraphic information and mainly addressed
gaps in correlation and sampling southeastward from
Anchor Point and north and northeastward from Homer.

FIELD RESULTS

Barnes & Cobb (1959) worked with the Kenai Group
as a single unit; we must do the same until the boundary
between the Beluga and Sterling Formations has been
mapped in outcrop. In general, the rocks of the Group are
monotonously similar; however, there are some exceptions
to this apparent uniformity. First, in the far northwest part
of the study area, in the Homer Escarpment, and northeast
of McNeil Canyon, the Tertiary strata change northward by

201

decreasing in induration, decreasing in quality and rank of
coal, and increasing in the proportion of sandstone. Some
of these sandstones become very thick toward the north (on
the order of tens of meters) and the coal is often dull brown
and lignitic rather than shiny black as it generally is in other
parts of the section.

Abrupt color changes also relieve the uniformity of the
rocks. A change from gray upsection to light brown occurs
in the bluffs north of Homer and near McNeil Canyon on
Kachemak Bay. The color change near McNeil Canyon
occurs atCoal BedB ofBarnes & Cobb (1959), the boundary
defined between the Homerian and Clamgulchian floral
stages by Wolfe & others (1966). We think it may also
approximately mark the contact between the Beluga and
Sterling Formations.

Another distinct color change occurs far upsection
where the prevailing light-brown rocks of the Sterling
Formation give way upward to bluish-gray rocks with
similar lithologic texture that are notably deficient in coal.
Barnes and Cobb (1959) noted this change in Fox Creek
Canyon and thought that it probably occurs along a bedding
plane, but could not locate the contact exactly nor confi
dently tie the bluish-gray beds in Fox Creek Canyon with
beds further upsection to the north. This change from light
brown to bluish-gray, which also occurs north of Clam
Gulch, probably has to do with differences in clay or mafic
mineral contents or both caused by a shift in provenance.
We are studying this bluish unit and believe that it may
deserve formal stratigraphic-member status within the
Sterling Formation.

Both in the canyons at the head of Kachemak Bay and
north ofClam Gulch these bluish-gray beds contain laterally
continuous volcanic-ash partings, some of which can be
traced for several miles. During field work in Fox Creek
Canyon we used some of these distinctive ash layers, along
with other marker beds, to complete correlations between
stratigraphic sections measured by Barnes & Cobb (1959).
Our work has thus closed some important information gaps
left in this area by previous investigations. It is also possible
that the petrographic and otherstudies ofReinink-Smith will
positively fingerprint at least one of these volcanic ash beds
in both the northeast canyons and north of Clam Gulch,
providing a unique marker bed across the northern Lowland,
which is critically lacking.

The third change in the rocks is an overall northward
decrease in the number and thickness of coal beds. This
change was noted by Barnes & Cobb (1959) north of Clam
Gulch and at their locality 177 (Figure 2) northeast of Fox
Creek Canyon; its cause merits further consideration in
terms of depositional environments, climate, and sediment
sources.
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The stratigraphically lowest beds in the study area are
assigned to the Beluga Formation and occur in the coastal
bluffs southeast of Anchor Point. The stratigraphically
highest coal-bearing beds are assigned to the Sterling
Formation and occur at the head of Fox Creek and north
of Clam Gulch. Available information indicates that except
for a few local reversals due to minor folding, progressively
younger beds are exposed northward along the coast from
Cape Starichkof. The stratigraphy there should generally,
if not in detail, repeat the sections along Kachemak Bay,
making it possible to correlate rock packages across the
Lowland.

The Beluga and Sterling Formations differ in ways that
can be identified without borehole logs. Figure 3 summa
rizes differences in degree of induration, provenance, clay
mineralogy, heavy-mineral suites, thickness and number of
coal beds, and age between the two formations. In addition,
each formation exhibits distinct lithologic successions,
sedimentary structures, and bedding characteristics. The
BelugaFormation was deposited by shallow braided streams
on broad alluvial fans, whereas the Sterling Formation was
deposited by meandering streams on broad flood plains
(Hayes & others, 1976). Therefore, 30- to 90-ft-thick beds
of coarse- to medium-grained sandstone with well-defined
upward fining and interbeds of siltstone, claystone, and coal
are characteristic of the Sterling Formation, whereas the
Beluga Formation is characterized by thinner beds and a
much lower proportion of sandstone. Although the contact
between the two formations in their type sections is uncon
formable (Figure 3), it may be gradational elsewhere. Other
than the color change and floral stage boundary discussed
above, field observations disclose no obvious interruption
in deposition that might mark the Beluga-Sterling contact
in our study area. However, scouring by overlying sedi
ments shows that coal beds in many cases mark hiatuses
(Triplehorn, 1982).

In addition to measuring thousands of feet of section,
especially on the Cook Inlet coast, we collected numerous
leaf fossils, overburden (carbonaceous shale, claystone, and
siltstone) that we expect contains Tertiary pollen, lithologic
samples for clay and heavy-mineral analysis, and samples
of volcanic-ash partings. We anticipate that the six or seven
distinguishing criteria listed in Figure 3, when applied to
all of our stratigraphic and sample data, will help to refine
the Beluga-Sterling contact in outcrop.

Most coal beds in the district are lenticular and seldom
more than 7 ft thick. Individual beds generally change
markedly in both thickness and composition within short
distances (Barnes & Cobb, 1959). Because exposures are
normally only two dimensional, little is known about the
areal extent of most coal beds. They may be interleaved
with other sediments throughout much the Lowland in
roughly the same proportions observed in the cliffs, but the

likelihood of lateral facies changes makes extrapolation
highly uncertain. Barnes & Cobb (1959) estimated coal
reserves in the Homer district to be about 400 million tons •
in beds 2 ft thick or thicker, down to 50 million tons in beds
greater than 5 ft thick, but did not attempt to make any
inferences about hypothetical concealed beds.

Historic coal mining in the area was always modest
(Barnes &Cobb, 1959). In 1888, the Alaska Coal Company
drove a tunnel into a bed called the Bradley Seam about
1 mi south of Millers Landing but production is unknown.
Prospecting occurred in Eastland and McNeil Canyons
between 1894 and 1897, and extensive preparations for coal
development were made between 1899 and 1902 near
Bidarki Creek west of Homer, but evidently little mining
resulted. Production from small mines in the Bluff Point
area between 1915 and 1923 totalled no more than a few
thousand tons. From 1946 to 1951, the Homer Coal
Corporation did some development, testing, and small-scale
mining at the old Bluff Point Mine in the so-called Cooper
Bed. For years, local residents have picked up coal from
the beach and elsewhere for home use but none is being
commercially produced.

ANALYTICAL RESULTS

Over 140channel samples were collected from exposed
coal beds in the study area. These include at leastone sample
from every coal bed 2 ft or greater in thickness, numerous •
thinner beds in relatively barren stretches, and several
multiple samples across faults and covered intervals.
Working at the MIRL laboratory, we have completed proxi-
mate analysis of 40 samples (Table 1) and microscopic
examination of20 samples. ASTM standards for laboratory
analysis of coal apply, strictly speaking, only to fresh,
unweathered samples. Nevertheless, we have carefully
followed ASTM procedures in analyzing our outcrop coal
samples so that results will be reproducible, if not directly
comparable to values that would be obtained by analysis
of fresh samples from the same beds.

Four different moisture determinations are listed in
Table 1for each sample. Air dried loss (ADL) is the percent
of weight lost during initial drying at 30°C for 24 hr. As
determined moisture (Mad) values are measured after fur
ther drying of the ADL samples in an oven at about 105°C
for 60 min. As-received moisture (Mar) values are mathe
matically derived from the ADL and Mad values, and
represent an approximation of in situ moisture contents of
the coals. Equilibrium bed moisture (EBM) values are
determined on separate sample splits that have not been air
dried and are meant to approximate the moisture content '
the coal would have if it had not been weathered. Because
the ASTM techniques we used to determine EBM are
unlikely to restore all the equilibrium bed moisture lost from •
some weathered samples, it is difficult to say how the EBM
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TABLE 1. PRELIMINARY ANALYSES OF KENAI LOWLAND COALS •Sample
Number ADL* Mad Mar EBM Ash VM FC Btu VR Sulfur

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

Zone I
86JL52-01 11.05 18.40 27.42 25.82 10.75 41.19 29.66 8393 .337 .337

33-01 9.49 19.99 27.58 24.96 12.55 38.49 28.97 8253 .374 .354
30-01 10.86 18.31 27.18 24.17 25.64 31.36 24.69 8283 .381 .329
25-03 7.30 19.26 25.15 25.19 10.88 37.31 32.55 8523 .394 .430
21-01 9.63 17.82 25.73 23.92 24.43 31.74 26.01 8292 .386 .377,
16-01 10.25 13.53 22.39 20.93 46.35 23.23 16.89 8228 .365 .380
09-01 9.73 16.45 24.58 20.04 34.22 28.97 20.36 8594 .343 .359
06-01 7.60 12.27 18.94 17.75 15.97 38.24 33.52 9340 .381 .292
02-01 13.29 10.57 22.46 23.78 1.89 54.86 32.68 8316 .308 .524

Zone II
86GR03-01 11.46 15.99 25.62 24.76 18.11 37.20 28.70 8224 .326 .332
86JL48-01 16.59 17.48 31.17 24.61 15.15 38.76 28.61 8505 .356 .417

45-01 14.94 16.98 29.38 24.49 11.23 41.06 30.73 8767 .387 .452
41-01 10.32 17.06 25.62 23.75 18.10 35.85 28.99 8697 .335 .351

57-01 7.55 19.81 25.86 25.34 8.72 37.21 34.26 8559 .382 .390
54-01 9.10 14.40 22.19 19.94 25.89 30.76 28.95 9144 .377 .645

86SM15-01 9.77 11.94 20.54 21.91 14.26 39.45 34.35 8847 .424 .425 •Zone III
86SM14-01 13.73 8.31 20.90 21.17 7.82 44.87 39.00 9646 .409 .489

14-04 14.52 7.91 21.28 21.43 14.97 40.65 36.47 9390 .417 .579

KLOO18 8.98 13.93 21.66 21.08 21.21 35.19 29.67 9195 .400 .497
0017 12.46 8.64 20.02 20.66 15.39 39.96 36.01 9516 .387 .581
0016 4.51 15.42 19.23 19.86 17.29 35.38 31.91 9454 .378 .499
0014 9.49 14.28 22.41 21.20 14.55 38.51 32.66 9391 .417 .346
0012 6.79 13.65 19.51 19.69 25.32 33.22 27.81 9280 .395 .349

86SM02-01 11.06 11.60 21.38 21.33 9.40 40.26 38.74 9392 .408 .353
01-01 11.42 8.60 19.04 19.31 22.03 36.37 33.00 9613 .375 .436
02-03 18.16 9.56 25.98 23.55 6.69 44.68 39.07 9068 .379 .529
03-02 18.12 13.21 28.94 23.63 8.74 41.46 36.59 9010 .360 .390
04-04 19.31 6.71 24.72 21.84 46.24 28.60 18.45 8494 .388 .347

Zone IV
86SM05-08 15.03 8.28 22.07 20.84 15.49 40.94 35.29 9618 .421 .526

06-05 14.89 8.77 22.35 22.06 19.04 38.54 33.65 9171 .400 .617
06-07 14.40 10.04 22.99 22.71 13.86 40.36 35.74 9082 .415 .460

06-09 15.31 10.44 24.15 24.25 6.89 42.66 40.01 8928 .382 .248
07-06 18.98 7.71 25.23 25.11 8.95 46.04 37.30 8562 .379 .474
07-10 22.41 7.69 28.38 24.90 14.58 43.34 34.39 8740 .372 .390 •
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TABLE 1. (CONT.)

• Sample
Number ADL* Mad Mar EBM Ash VM FC Btu VR Sulfur

~

86SM07-13 11.63 7.97 18.67 19.17 6.75 49.49 35.79 8777 .375 .319
09-07 9.17 8.80 17.16 19.78 10.41 47.37 33.42 8486 .409 .308
09-09 14.92 9.03 22.60 22.78 9.50 48.24 33.23 8265 .379 .337

09-13 11.40 7.96 18.45 20.29 19.49 43.52 29.03 8292 .363 .349
10-02 23.22 11.56 32.10 27.48 15.72 40.69 32.03 7834 .387 .340
11-01 18.18 8.45 25.09 24.51 9.62 44.08 37.85 8762 .334 .345

Range 4.51- 6.71- 18.94- 17.75- 1.89- 23.23- 16.89- 7834- .308- .248-
23.22 19.99 32.10 27.48 46.35 54.86 40.01 9646 .424 .645

Mean 12.68 12.47 23.65 22.50 16.35 39.25 31.93 8826 .380 .413
-----------------------------------------------------------------------------------------------------------------

*ADL =% air-dried loss; Mad =% moisture, as determined; Mar =% moisture, as received; EBM =
% equilibrium bed moisture; VM =% volatile matter; FC =% fIxed carbon; Btu =moist, mineral-
matter-free Btullb; VR =percent vitrinite reflectance; Sulfur =% sulfur content.

•

•

values in Table 1 would relate to values in unweathered
samples of the same coals. However, because EBM is the
best approximation we have of actual moisture contents it
is used in the following discussion. When added to ash,
volatile matter, and fIxed carbon, EBM does not equal 100%
(only Mad does).

In Figure 4 we have divided the study area into five
provisional zones to group and simplify the data for display.
The number of samples analyzed for each zone is given in
parentheses at the top of the respective set of graphs. Each
analysis is shown by a single bar, with left-ta-right on the
graphs corresponding to counterclockwise from northwest
to northeast on the map. Numbers on the left scale of each
graph give the high, mean, and low values for all 40 samples;
the lowest value for each analysis thus appears as a gap (all
four happen to be in Zone I). The last bar on each line
(hatched) represents the mean value of that variable in that
zone. Spacial distribution of the samples chosen for these
first analyses is uneven and the number of analyses is too
small to draw firm conclusions about the coals. However,
a few preliminary observations can be made.

First, we can predict that older, higher-ranked coals
should be lower in moisture content. From Figure 4 it is
evident that Zone TIl, the lowest part of the exposed section,
has the 10westEBM values. Ash content should be variable,
depending on random local conditions during deposition.
This variability is well illustrated (Figure 4) by the ash
contents of Zone I, which includes both the highest value
in the study area (46.35%) and the lowest (1.89%). The
former barely qualifies as coal by ASTM standards (over

50% ash =carbonaceous shale). The latter, from lower in
the section, is a peculiar coal that consists of little more
than pressed, barely coalified wood. Volatile matter (VM)
increases generally counterclockwise in Figure 4, which is
hard to account for, especially because we believe Zone I
must be geologically related across the Lowland to Zone
V. Resolution of this point awaits completion of all the
analyses. Fixed carbon (FC) is defIned as 100% minus the
other three variables (ifmoisture =Mad). It should increase
with depth, age, and increasing rank, which is what we
observe in Figure 4, where FC is highest in the Beluga
Formation coals of Zones III and IV.

Figure 5 shows heating values in moist, mineral-matter
free Btu's, vitrinite reflectance, and sulfur content for the
same 40 samples. Heating value, which is closely related
to rank, ranges from 7834 Btu/lb to 9646 Btu/lb (medium
lignite to high subbituminous C rank). Other things being
equal, we expect rank to increase downsection, as seen in
Figure 4, with Zones TIl and IV being highest in rank.
Vitrinite reflectances are also slightly higher in Zones III
and IV, although in such low-rank coals correlation between
rank and vitrinite reflectance is poor. The low sulfur content
in all the samples is typical ofmost Alaskan coal. Additional
analyses are not expected to greatly alter the ranges or means
of these values.

Figure 6 (M.A. Belowich, analyst) displays the maceral
analyses of 20 samples as pie graphs because the point
counts from each sample add up to 100%. In each graph,
by far the biggest segment represents the vitrinite group,
the woody part of the trees, which does not appear to vary
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ZONE I (9)

Figure 5. Heatingvalues{Btu), vitrinite reflectance (VR), and sulfurcontents{Sulf.)of Kenai Lowland coals
(data from Table 1; see Figure 4and text for further explanation).
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much between zones. Zone ITI is slightly higher than the
others in liptinites, the maceral group that includes spores,
waxes, fats, and oils of the plants. A substantial amount
ofmacroscopic amber was seen in the polished sections from
around Anchor Point. This higher liptinite count may be
random but could indicate a different type of vegetation,
perhaps with a higher proportion of gymnosperms than
higher in the section. Zone IV is marginally highest in
inertinites, possibly indicating a drier climate with more
forest fires, or fluctuating water tables that produced
oxidizing conditions.

Fisher, M.A., and Magoon, L.B., 1978, Geologic framework
of Lower Cook Inlet, Alaska: American Association
ofPetroleum Geologists Bulletin, vol. 62, p. 373-402.

Hayes, J.B., Harmes, J.C., and Wilson, T.W., Jr., 1976,
Contrasts between braided and meandering stream
deposits, Beluga and Sterling Formations (Tertiary),
Cook Inlet, Alaska, in Miller, T.P., ed., Recent and
ancient sedimentary environments in Alaska: Alaska
Geological Society Symposium Proceedings, p. J1
127.

•
Microlithotypes (Figure 7; M.A. Belowich, analyst) are

groupings of macerals in a microscope field of view that
are point counted with a 20-point graticule. Macerals rarely
occur singly but are usually associated with macerals of the
same or the other two maceral groups in microlithotypes
that can therefore be mono-, bi-, or trimaceralic. Micro
lithotypes have been used for determining environments of
deposition and can be valuable in seam correlation. Of the
five most prevalentkinds, the microlithotype vitrite contains
100% vitrinite. Clarite contains at least one liptinite maceral
with the other vitrinite macerals, or a minimum of 5%
liptinite. Therefore, larger clarite segments in Zones lIT and
IV (Figure 7) reflect the higher liptinite contents in these
areas. Other major microlithotypes include: vitrinertite =
vitrinite + inertinite; trimacerite = vitrinite + liptinite +
inertinite; and carbomineralite = mineral grains. The
carbomineralite content of the Kenai Peninsula coals, as
represented by 20 samples, clearly increases upsection on
both coasts, but especially on the west coast. Although
possibly not statistically significant, this elevated carbom
ineralite content may have resulted from increased volcan
ism in the Alaska Range during Sterling time. In spite of
the time consuming nature of the technique, we are con
tinuing with microlithotype analysis of the Kenai Lowland
coals because it can provide data critical to seam correlation
and determination of environments of deposition.
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THE ORIGIN, MINERALOGY AND GEOCHEMISTRY OF

INORGANIC PARTINGS IN COAL SEAMS NEAR HOMER,
ALASKA

Linda Reinink-Smith
University of Alaska-Fairbanks

ABSTRACT INTRODUCTION

•

•

Altered volcanic ash partings are more common than
detrital partings in Tertiary coal seams along the shores of
the Kenai Peninsula, Alaska. In the field, volcanic ash
partings are distinguished from detrital partings by mainly
pinkish-hued colors, homogeneous appearances and white
weathering. Detrital partings have grayish colors and a
"dirty", flaky appearance.

Ninety-eightpartings were sarnpled and analyzed by x
ray, chemical and petrographic methods: From the <2um
clay fraction, it can be determined that volcanic ash partings
always contain smectite and frequently kaolinite. Detrital
partings contain illite, chlorite, kaolinite and mixtures of
illite-smectite. Bulk, X-ray powder patterns show the
presence of siderite, rare plumbogummite minerals as well
as common quartz and feldspar. The Fox Creek, McNeil
Canyon and Ninilchik-Clam Gulch areas are characterized
by the presence of volcanic glass, minor halloysite and
quartz-feldsPar, respectively.

Cluster analyses, using major oxide and trace element
values, show that partings from McNeil Canyon and Fox
Creek may correlate with partings from the Ninilchik and
Clam Gulch areas.

Si0
2

concentrations are highest in the youngest parts
of the sampled areas and lowest in the oldest parts. For the
Al

2
0

3
, an opposite trend is observed. Detrital partings are

characterized by high Fe 03 content, which can be attrib
uted to common siderite. tow Ti/Al ratios of0.03-0.04 are
indicative of rhyolitic source volcanics for the ash partings.
Trace element concentrations of the younger partings
approach the original composition, with some depletion and
some enrichment in the older partings.

Most partings designated as volcanic contain one or
more minerals characteristic of volcanic origin, as well as
volcanic glass in various stages of transition to clay. The
altered glass can be recognized by its morphological fea
tures.
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Mineral matter in coal is important in terms of coal
utilization. It may act as a catalyst in technical processes,
or yield undesirable by-products and environmental con
taminants. Different mineral species produce different
reactions in coal utilization: For example, a high kaolinite
content may lead to a substantial rise in the ash fusion point,
an important factor in the evaluation of boiler coal (Stach
et al., 1982).

The origin of mineral matter in coal is varied and
complex and can be subdivided into three groups (Stach et
al., 1982; Bustin et al., 1983):

1) Syngenetic inorganic matter contained within the
original plants (inherent mineral matter). This
inorganic matter is intimately associated with the
coal substance and cannot be readily separated
from the coal by physical methods (O'Gorman
and Walker, 1971).

2) Syngenetic (or primary) mineral matter, minerals
that formed during or shortly after peat deposi
tion, during the first stage of the coalification
process. Such minerals can be either detrital or
authigenic, or introduced from the air by volcanic
activity. Syngenetic minerals can be readily
separated from the coal by physical means and
make up the greaterpart ofthe total mineral matter
in coal.

3) Epigenetic (or secondary) minerals; minerals
deposited or formed during the second stage of
the coalification process. Secondary mineral
matteroccurs in cleats and fractures in the coal and
can be removed effectively from the coal by
physical means.

Most coals in Alaska were deposited in non-marine
environments (Hayes et al., 1976; Rawlinson, 1979; Rao
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and Wolff, 1982): Fresh-water swamps have a low pH, and
authigenic minerals associated with reducing, organic-rich
environments will form. For example, clays such as
smectite, illite and mixed-layer varieties tend to alter in situ
to kaolinite. Kaolinite is a stable alteration product of
volcanic mineral matter in coal (clays minerals in general,
are the most common mineral group in coals) (Bustin et
al.,1983). In contrast, the best conditions for pyrite forma
tion occurs when marine or brackish water is introduced into
the coal-forming environment, where sulfide is produced
as a by-product of sulfate-reducing bacteria.

Coal-bearing units are developed along sea-cliffs of the
Kenai Peninsula near Homer, Alaska. Excellent exposures
of Tertiary coal seams here contain numerous partings of
inorganic origin. Mineral matter in the coal is dominantly
in the form of volcanic ash partings. Volcanic ash partings
in coal are especially useful for correlation and are relatively
common. Such partings are importantbecause they are time
markers and may provide much useful information. For
example, they have been used for radiometric age dating and
bed correlation (Triplehorn, 1976). Thereareotherpotential
uses to be explored, such as indicators of environments of
coal deposition and as a record of composition and relative
frequency of volcanic eruptions. In general, the presence
of mineral matter in coal, in terms of chemical composition
and patterns of distribution, may be better understood if the
characteristic properties of volcanic ash are considered
(Triplehorn and Bohor, 1984).

Characteristic authigenic mineral suites present in
volcanic ash partings are associated with certain physical
and chemical conditions in the coal-forming environment,
as well as in the post-depositional environment. Because
they may persist for considerable lateral distances, au
thigenic mineral suites can be used for seam identification
and correlation.

Altered volcanic ash partings have long been studied in
Europe but there they are mostly ofPaleozoic age and highly
altered to kaolinitic clay beds - or tonsteins (Bouroz et al.,
1983). In North America, Triplehorn and Bohor (1981) and
Triplehorn (1984) have conducted a number of studies in
the Rocky Mountains. Triplehorn and Turner (1982) and
Triplehorn et al. (1977, 1984), conducted the first radiomet
ric dating of volcanic ash partings in coals, including the
Tertiary coals of the Kenai Peninsula.

The purpose of this paper is to present an overview of
findings typical of the partings found in coal seams of the
Kenai Peninsula. Investigations concentrate on trying to
find out whether mineralogy, geochemistry and visual
inspection can be used to identify and correlate partings: An
attempt is made to reach an understanding in the following
categories:

1) how the chemical composition of these partings
relate to degree of alteration.

2) how volcanic and non-volcanic partings differ in
chemical composition and mineralogy.

3) whether volcanic ash partings can be used for
correlation of coal beds in this area.

4) whether volcanic and non-volcanic partings can
be differentiated visually and by X-ray diffrac
tion.

5) whether the mineralogy and geochemistry of the
partings vary with position within the stratigra
phic sections.

REGIONAL GEOLOGY OF THE
KENAI PENINSULA

Sediments of the Kenai Peninsula were deposited in the
Cook Inlet basin, which is a sedimentary, structural and
topographic basin bounded by the Seldovia fault to the east
and the Bruin Bay fault to the west (Figure 1). The Tertiary
sediments that comprise the Kenai lowlands of the basin are
of fluvial, estuarine, and deltaic origin (Fisher and Magoon,
1978). Dall and Harris (1892) originally defined 2,000 to
3,000 ft of coal-bearing strata exposed in the southwestern
partof the Kenai Peninsula as the Kenai Group, and assigned
an Eocene age. After years of considerable confusion
regarding the later nomenclature of these sediments, Barnes
and Cobb (1959) changed the rank of the "Kenai Group"
to the Kenai Formation. An estimated 4,700 ft of these beds
were measured by Barnes and Cobb (1959) along the
northwest shore of Kachemak Bay; total thickness was
uncertain because neither top nor base had been recognized.
As a result of the initial petroleum exploration in the area
in the 1960s, Kelly (1963) showed that the Kenai Formation
was actually 18,000 to 25,000 ft thick, that it containsat least
two unconformities and five thick sedimentary sequences
of contrasting lithology, and that the basal beds are of
probable Paleocene age. The Kenai Formation was re
elevated to group status by Calderwood and Fackler (1972),
who then named five lithostratigraphic formational units.
These rock units were defined on the basis of well samples
and electric-log characteristics, and are supported by
palynology and and heavy minerals studies. They are, from
oldest to youngest (Figure2): TheWestForelandFormation,
the Hemlock Conglomerate (in which oil was first discov
ered in the Cook Inlet basin), the Tyonek Formation
(identified by thick sandstone and thicker coal beds than the
overlying BelugaFormation), the Beluga Formation and the
Sterling Formation. Fisher and Magoon (1979) do not
include the West Foreland Formation in the Kenai Group
because it is mainly volcaniclastic with only small amounts
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Figure 2. Stratigraphic column ofthe Cook Inlet
Tertiary. Modified after Fisher and Magoon (1978).

Figure 1. Map showing the regional geology ofthe
Cook Inlet area, Alaska. After Fisher and Magoon

(1978), as shown by Rawlinson (1979).

Clamgulchian streams also flowed on a low-gradient,
northwestward sloping alluvial plain, similar to that of
Homerian times. Coarse-grained channel and point bar
deposits, as well as fine-grained oxbow lake deposits are
characteristic of Clamgulchian sediments (Rawlinson,
1979). These flood basins were larger than during Homerian
time, which resulted in greater lateral continuity and thick
nesses of Clamgulchian coal beds (Sterling Formation) as
compared with Homerian beds (Beluga Formation).

Calderwood and Fackler (1972), Hartman et al. (1972),
and Hayes etal. (1976) interpreted the deposits oftheBeluga
Formation to be of braided-stream origin, whereas Rawl
inson (1979) interpreted them as of both braided-stream and
meandering-stream origin. These Homerian streams flowed
on a low gradient, northwestward-sloping, wooded alluvial
plain and deposited sediments characterized by fining
upward sequences and basal conglomerates. The coal of
the area was formed in poorly drained flood basins.

The area of investigation encompasses the Beluga and
the Sterling Formations which crop out along the shores of
the Kenai Peninsula. These outcrops were described in
detail by Barnes and Cobb (1959), and were subdivided into
the Homerian and the Clamgulchianprovincial paleobotani
cal Stages by Wolfe et al. (1966).

Partings of inorganic material occur in nearly all coal
seams. These partings have been systematically sampled
with emphasis on sites where partings are abundant. The
partings occur in beach outcrops near Clam Gulch,
Ninilchik, Diamond Creek and McNeil Canyon as well as
in the canyon outcrops of Fox Creek. The locations are
marked on Figure 3, and are informally called "sections"
or "areas". Sections that were formally measured and
described by Barnes and Cobb (1959), Adkison (1975) and
Rawlinson (1979), do not necessarily coincide with the
sections mentioned in this report. The term "section" is
merely used in context with continuously-sampled out
crops. Most of the partings collected are between 1 and
IOcm thick. Partings less than 1/2 cm in thickness were not
always sampled, unless characterized by some unusual
property, such as distinctive texture or color.

GEOLOGIC SETTING OFTHE
BELUGA AND STERLING
FORMATIONS

of coal; the Kenai Group was originally defined as a "coal
bearing group" (Dall and Harris, 1892), so the inclusion of
the "barren" West Foreland Formation seemed technically
incorrect (Rawlinson, 1979).
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Sixty-six samples were collected in the Diamond Creek
area, where partings in coal seams are by far the most
common on the Kenai Peninsula. Although most partings
are of volcanic origin, many from this section are detrital,
and these were also sampled. Thick splits in the coal of
obvious detrital origin were not sampled, since these are not
considered to be typical partings. Two samples were col
lected from less than 1cm-thickpartings ina 3m-thickrecent
peat overlying the Diamond Creek section. One layer, with
all characteristics of a coal parting, was collected from an
organic-rich siltstone (the only "parting" discovered in a
non-coal lithology in the Diamond Creek section).

Thirty-two partings were sampled in the Fox Creek,
McNeil Canyon, Clam Gulch and Ninilchik areas. Coal
seams in these areas tend to be thicker but contain fewer
partings. This is unfortunate, because partings within these
sections may be the most useful for correlation of surface
exposures. Some seams have no partings. Detrital partings
are not as common as in the Diamond Creek area, and when
present they are thick (over 15 cm). In Fox Creek, a few
volcanic ash layers were also found in sandstone, siltstone
and shale. Such partings are quite unweathered and always
have a white color. They provide prominent marker hori
zons when not covered with rubble.

DISTINGUISHING BETWEEN
VOLCANIC AND NON-VOLCANIC
PARTINGS IN THE FIELD

Non-volcanic and volcanic partings can be visually
distinguished with high reliability at the sample site. This
has been confmned by subsequent X-ray diffraction data
and chemical analyses. Criteria used are as follows for non
volcanic partings:

1) Colors are commonly 10 YR 7/1 light gray to 10
YR 3/1 very dark gray (Munsell Soil Color
Charts), often with a blue or green tinge; the
common element for these partings is always
gray.

2) The partings tend to be flaky, fissile or crumbly
and only occasionally indurated.

3) Organic material,including parts of coalified
leaves and stems, have an orientation that is
parallel to the fissility - assumed to be the
bedding plane.

4) The detrital partings are finer-grained than most
volcanic ash partings.

5) They are commonly thicker than volcanic ash
partings.
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6) They have a heterogeneous texture.

7) When weathered, they commonly retain their
original color ormay develop a faded appearance.

8) Pumice fragments (coarse ash or lapilli) or other
visible products of volcanic activity are absent.

Criteria used to identify volcanic ash partings are as
follows:

1) Colors are commonly lOR 6/3 pale red to lOR 2.5/
2 very dusky red. The common element is pale
red. They rarely display the characteristic light
gray color of non-volcanic partings.

2) The partings are not fissile or flaky but clayey,
plastic, indurated or coarse-grained and crumbly.

3) Organic material, if present, shows no preferred
orientation.

4) The partings often are more coarse-grained than
the non-volcanic partings.

5) With only one exception, the volcanic ash part
ings are not thicker than about 10 cm.

6) The partings present a "clean", homogeneous
texture.

7) They commonly weather to a bleached pinkish
white color on the surface.

8) Pumice fragments may be visible, especially in
indurated partings, but also in the coal itself, as
"dispersed pumice-fragment partings".

Sedimentary structures were not found in either vol
canic or non-volcanic partings. Partings with mixed origin
are not readily identified in the outcrops, but any sedimen
tary layer that meets the criteria ofa "parting" was sampled.

X-RAY DIFFRACTION DATA

A) Clay mineralogy: Oriented samples

The <2um clay fraction was prepared for X-ray diffrac
tion by using the ceramic plate method of Kinter and
Diamond (1956), in which the sample is oriented onto a
ceramic plate using a suctioning device.

From the X-ray diffraction results, it can be determined
that partings of volcanic and non-volcanic origin can be
differentiated. This difference is particularly evident in the
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Diamond Creek area, where the sampling of non-volcanic
partings were nearly as common as that of volcanic partings
(Figure 4). The X-ray data has supported the visual distinc
tion of volcanic and non-volcanic partings. Partings of
volcanic origin invariably contain smectite and frequently
also kaolinite. These minerals form by complicated hy
drolysis reactions, and the mechanism of formation is not
well understood (Krauskopf, 1979). Even so, the formation
of smectite is known to require large amounts of silica, and
an environment that is more alkaline than acid for its
formation and preservation. Parent material is also impor
tant and alteration of volcanic material commonly results
in smectite formation. In this particular case, it will be
shown that smectite is a decomposition product of volcanic
feldspars and glass.

Kaolinite forms under more acid conditions, and length
of time of alteration may play an important role in its
formation. For example, marker beds of close to 100%
kaolinite (kaolin-tonsteins) are very important in correlating
coal seams over distances of several hundred kilometers in
the Permian and Carboniferous north European coal belts
(Stach et al., 1982). Thus, long periods of leaching seem
to aid in the formation of kaolinites. Kaolinite is not a
dominant species in the ash partings of the Kenai Peninsula,

Volcanic .111 partingl

Non-volcanic
partings

10

Figure 4. Oriented, <2um X-ray diffraction pattern of
t he clay minera logy of typ IcaInon-yoIcan ic and

yolcanlc partings.
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and it can therefore be postulated that kaolinite formation
in the sampled partings has not gone to completion.
Apparently, the partings have not been extensively leached
overa long period oftime. The varying amounts ofkaolinite
in the partings may be due to local variations in the chemistry
of percolating pore fluids, differing original compositions
and differences in thickness of the partings. Kaolinite may
be more common in thinner partings where leaching is
readily accomplished (Triplehorn and Bohor,1981; Rein
ink-Smith, 1982).

Partings of non-volcanic origin contain chlorite, illite,
smectite and kaolinite. Smectite and illite commonly occur
as a physical mixture, and are separated on the X-ray
patterns by the use of ethylene glycol solvation and subse
quent heating.

Mostchlorites (in general) are detrital in origin (Weaver
and Pollard, 1973). This also applies to the Cook Inlet basin
(Triplehorn, 1976), where chlorite is probably derived from
older shales and mudstones. Illite forms in sediments where
KINa and K/Mg ratios are high (Weaver and Pollard, 1973)
and is commonly a weathering product of K-spar and mica;
it is the name for a group, with compositions intermediate
between montmorillonite and muscovite, and may actually
consist of a mechanical mixture of fine-grained montmo
rillonite and muscovite (Krauskopf, 1979).

X-ray diffraction patterns that display major smectite
peaks and minor chlorite and/or illite peaks are not common
from the sampled partings. However, such samples, when
present, are interpreted to be ofvolcanic origin with detrital
contamination.

B) Bulk, powder X-ray diffraction data

X-ray diffraction ofrandom powder mounts ofvolcanic
ash partings shows that quartz and plagioclase are by far
the most abundant minerals (thin sections show various
accessory minerals). Such uniform data has little practical
use. However, X-ray patterns from the various sampled
areas seem to have their own characteristic, "finger-print".
X-ray patterns of ash partings from the Fox Creek area
typically show a non-crystalline pattern with only minor
quartz and feldspar peaks (Figure 5). This is attributed to
the large amount of glass typical of samples from the Fox
Creek section. The presence of unaltered glass to such a
large extent is consistent with the younger age (3-4m.y.?)
of this part of the section.

The X-ray diffraction patterns of the McNeil Canyon
area characteristically show the presence of small amounts
of halloysite in most samples. Of the halloysite identified,
the largest peak is at 4.42-4.46 A. Quartz and feldspar are
not characteristic and do not occur in every sample.

•
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Figure 5. BUlk, powder, randomly oriented X-ray
diffraction patterns.

Several samples contain siderite. The siderite is devel
oped as discrete partings in the coal, and these also com
monly contain chlorite, illite and kaolinite. There seems to
be no preference as to the location in the coal seams of these
siderite partings. Theyoccur at the top, in the middle or
at the base; they occur as nodules in sandy partings, as
extremely indurated, fine-grained partings and as shaly
partings.

Three partings from the Diamond Creek area contain
minerals of the plumbogummite series. This series has
lately been renamed the crandallite group (Fleischer et al.,
1984). The major peak on the diffraction pattern occurs at
2.95 A. The presence of up to 5% Sr in these partings,
suggests a goyazite-like mineral; goyazite is the Sr end
member of a hydrated alumino-phosphate mineral of the
crandallite group. The general formula is
XAl

3
(P04)2(OH) ·H20, whereXmaybeSr (goyazite),Ba

(gorceixite) or Ca (crandallite) and rare earths. Crandallite
minerals in Carboniferous tonsteins, have been reported by
Price and Duff (1969), Richardson and Francis (1971) as
well as many other workers, and Cretaceous crandallite
minerals have been reported in tonsteins by Triplehorn and
Bohor (1983) from the Dakota Group and the overlying
Mowry shale. In Alaska, the Ca-rich crandallite member,
or crandallite, occurs in Cretaceous coals in the Northern
Alaska Coal Field near Cape Lizbume (D.M. Triplehorn,
personal communication). Rao and Smith (1986) report a
goyazite-like mineral in coals in the Tertiary Beluga Coal
Field in south central Alaska. One can only speculate upon
the origin of these goyazite-like minerals. Strontium may

Non-volcanic partings contain siderite (FeC0
3

) or
minerals of the less common crandallite group, discussed
later. The reducing environment ofa coal swamp probably
providedan ideal setting for in situ siderite fonnation, where
CO

2
can react with iron-bearing minerals. Iron may have

been supplied by ground water or by detrital illite, chlorite
or biotite that occasionally washed into the swamp environ
ment. Some iron may also have been added by organic
colloidal complexes orby limoniteorgoethite that may fonn
coatings on clay particles (Blattetal., 1972). One unusually
thick (33 em) volcanic ash parting in the Clam Gulch area
is directly and continuously underlain by a siderite parting.
These partings are enclosed in a 2-meter thick coal seam.
The volcanic ash parting displays small-scale cross bedding
and ripple lamination (the only parting to display sedimen
tary structures), and is almost totally composed of glass
shards. Iron for the formation of siderite (in the siderite
parting) may have been supplied by the dissolution of iron
bearing minerals such as amphiboles, pyroxenes and biotite
that may have been present in the volcanic ash.

expected, known differences in age, degree of alteration,
and post-depositional history.
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Halloysite fonns fairly early in the weathering cycle of
volcanic glass and feldspar, and it is generally accepted that
because halloysite is more soluble than kaolinite, it will
eventually convert into kaolinite which is the more stable
mineral (Dixon and Weed, 1977). Senkayi et al. (1982)
report that halloysite occurs as a transitional phase fonned
during the alteration of smectite-rich bentonite to kaolinitic
tonstein, and Saigusa et al. (1978) found that reaction of
silica with Al released by organic matter in volcanic ash
results in the fonnation of halloysite.

Although the results from individual X-ray patterns
cannot be used to discriminate between partings from the
different areas mentioned above, "average" patterns tend to
show diagnostic characteristics for each area, reflecting, as

X-ray diffraction patterns ofpartings from the Ninilchik
area generally show major quartz and plagioclase peaks,
possibly with the presence ofminor halloysite. Thepatterns
do not show the typical non-crystalline features of volcanic
glass. This is to be expected because volcanic glass from
the McNeil Canyon and Ninilchik area appears fairly altered
in thin sections. Nevertheless, the presence of relic shards
confirms a volcanic origin for these partings.

•

•

•
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originate in Ca-bearing minerals where it replaces Ca, and
is also found in apatite. Ba may partly replace KinK
feldspar or Ca in CaC0

3
. Calcite is commonly available

as cement in sandstone and siltstone units between the coal
seams, and a small amount of apatite may be supplied by
the volcanic ash. The source of the phosphorus required
for goyazite formation is also somewhat of an enigma.
Phosphate-bearing sediments in coal basins are usually
attributed to marine or brackish-water influence. However,
the coals on the Kenai Peninsula have been consistently
interpreted as non-marine (Hayes et al., 1976; Rawlinson,
1979; Rao and Wolff, 1982). Phosphorus occurs as con
stituents in coal-forming plants. Wilson et al. (1966),
suggest that the phosphorus required for crandallite forma
tion in Carboniferous tonsteins may have been derived from
soil colloids produced by peaty, coal-forming plants.
Volcanic apatite and fecal matter may account for some
phosphorous. However, it seems likely that neither plant
material nor apatite or fecal matter can be the sole source
for the high percentage ofP2°5 found in some samples from
the Diamond Creek area (up to 22% P205).

PETROGRAPHY

A) Sample and thin section preparation

Of the 98 samples that were collected, only five were
indurated enough, and simultaneously coarse-grained
enough, for preparing standard thin sections. These indu
rated samples are mostly very fine-grained (clay fraction),
making petrographic interpretations of such samples diffi
cult. Instead, X-ray diffraction and chemical analyses are
substituted. Coarse-grained samples are usually too friable
for sectioning, and fme-grained samples are too clayey. In
order to petrographically examine these irregular samples,
the coarse fraction is separated out where possible. This
is done in conjunction with preparing the clay fraction
«2um) for X-ray diffraction. The sample is placed in a
beaker and repeatedly stirred with water. The clay fraction
is decanted each time. Ultrasonic treatment is used when
particles are cohesive. Mter the clay-sized fraction has been
removed, the coarse fraction is transferred to a watch glass
and any organic material remaining is swirled off. The
sample is then left to dry, and the thin section is prepared
as a grain mount. Twenty-two thin sections were fashioned
from coarse-fractions, and six thin sections were made from
complete samples (complete samples, meaning that coal or
silica cement act as binding material of phenocrysts and
glass, and that the sample is intact).

B) Coarse-fraction mineralogy

The apparent frequency of coarse material in the
samples is somewhat prejudicial, in that volcanic glass
(which is partofthe coarse fraction) is more common higher

in the stratigraphic section where most "coarse-fraction
samples" were collected. However, the presence of glass
can be useful in other ways: Glass is well preserved in the
younger sections and less preserved or totally altered in the
older sections. The gradual changes from fresh, unaltered
glass to completely altered glass are well represented in the
thin sections. The morphology of the unaltered glass varies
from elongate or equant shapes of fragmented glass in the
Fox Creek section to complete, stretchedpumice-fragments
found in recent peat overlying the Diamond Creek section.
In the Diamond Creek section where the glass has been
severely altered to clays, glass relics are barely or not at all
detectable. If glass cannot be recognized in thin sections
made from samples, it is questionable whether a volcanic
ash-fall origin can be inferred based solely on phenocryst
content. A volcanic affinity can be suggested, but only the
presence of volcanic glass strongly support an ash-fall
origin. Figure 6 illustrates the similarities of unaltered
pumice fragments to those of completely altered ones: The
fragments are the same size; the remains of vesicles (v) are
present in altered fragments, the remnant of a glass fringe
(g) can be seen on a plagioclase grain and an altered,
stretched pumice fragment (p) is visible. These similarities
mean that volcanic glass need not be fresh and unweathered
to demonstrate a volcanic ash-fall origin, provided the
volcanic affinity of the area is known. There appears to be
more quartz and feldspar present in the altered sample
(Figure 6b). That is because much glass is altered to clay,
and as a result quartz, feldspar, etc. have been concentrated
during coarse-fraction separation.

Additional evidence of euhedral crystal shapes, em
bayed quartz, volcanic rock fragments, sanidine, horn
blende, apatite, ortho-pyroxenes and zircon is helpful for
establishing volcanic ash-fall origin, but not necessary.
Normally, only someofthese phenocryst minerals are found
for any individual sample, and apatite, pyroxene and zircon
are not abundant. Biotite is not present in the the examined
thin sections, but others have cited hexagonal prisms of
biotite as particularly useful indicators of volcanic origin
(Triplehorn and Bohor, 1984). Practically every sample
from which the coarse fraction was examined appear to be
of volcanic origin. There may have been some reworking
of grains (and possible detrital contamination) in a few
samples as evidenced by slight rounding of the phenocrysts
and glass and the presence of trace amounts of muscovite.
X-ray (Figure 4) and chemical data (Table 1) verify the
volcanic origin of these partings. Of the six thin sections
that were made from intact samples, five are from "dispersed
pumice-fragment partings" in which pumice fragments are
dispersed as layers in the coal itself. Glass is practically
unaltered in such partings, and is clearly visible as ash or
lapilli fragments in the coal. None of the detrital partings,
mostly shales, were coarse-grained enough to separate out
the coarse fraction.
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Flgure6a). Unaltered pumice fragments. Thewell-
defined vesicles and sharp edges Indicate minimal

alteration.

\ ~
>,' ':~J

Figure 6b). Altered pumice fragments. Note the
rounded edges and poorly defined vesicles. G=
remnant g lass fringe on a feldspar. P=altered,
stretched pumice fragment. V=vesicles In an

altered pumice fragment.

GEOCHEMISTRY

Ninety-eight samples were analyzed for major oxides;
Si02 , AI203, Fe20 3,MgO, CaO,K20,Ti02,MnO,P205'
BaGandsrO were determined, using a direct currentplasma
atomic emission spectrometer (Beckman SpectraSpan V).
BaO and srO were included as major oxides in the analyses
because of their relative abundance. Trace elements; Cr, Ni,
Co, V, Cu, and Zr were analyzed specifically for 36 samples
with potentials for stratigraphic correlation, using an induc
tively-coupled argon plasma atomic emission spectrometer
(Beckman SpectraSpan V ICP).

A) Major oxide analyses

Several generalizations can readily be made based on
the results of the major oxide analyses (Table 1): The
volcanic ash partings of the Diamond Creek section have

the lowest Si02 content and highest AI20 3 content, with
an average of57.1% SiO and 27.6% AI2D 3

(Figure 7). The
lower Si0

2
content and m.gher AI

2
0

3
content, compared to

the other sections, are probably the results of longer periods
of leaching with subsequent alteration to clays, more
abundant kaolinite [AI (Si 01 )(OH) ] and the removal
of such elements as Na,~a, 11g,Ck and ~e, as well as much
Si (Triplehorn and Bohor, 1984). This is in agreement with
the postulated older age of this section as compared with
the other areas that were sampled (Figure 3). The stratigra
phic positions as recorded by Wolfe et al. (1966), show that
the older parts of the section lie towards the southwestern
tip of the Kenai Peninsula, and the younger parts in a
northeasterly direction. The lower Si02 content and higher
AI

2
0

3
content may also be the results of different parent

matenal and/or environments of deposition.

The most north-easterly sections (Figure 3), including
those at Clam Gulch and Fox Creek, have the highest SiO2
and the lowest Al20 3 concentrations in volcanic ash, willi
averages of 66.6% Si0

2
and 17.9% Al20

3
(Table 1).

Unaltered glass can be found in samples from the younger
areas, especially Fox Creek. This is indicative of minimal
leaching as well as insignificant clay formation, and can be
used as supporting evidence for the younger age of these
areas. The McNeil Canyon section actually has more of an
intermediate composition (averaging 61.6% Si02 and
23.4% Al

2
0

3
) as compared to the other sections. This

section occupies an "intermediate" position between the
oldest and youngest parts of the sections, the youngest part
(3-4 m.y.?) is assumed to be the Fox Creek area.

Plagioclase, K-Ar and zircon, fission-track dates of7.9
± 1.0 m.y. have been assigned for the Homerian-Clamgul
chian, provincial paleobotanical Stage boundary near the B
coal seam of the McNeil Canyon section (Triplehorn et al.,
1977). The same age applies to volcanic ash partings in
coals near Ninilchik.

The trend of Si0
2

and Al20 3 values does not neces
sarily reflect the onginal composition of the volcanic
material of these partings, although it seems likely that the
analyses of the partings in the younger sections do approach
the original composition, because the vitric fraction is
essentially unaltered.

Spears and Rice (1973), Spears and Kanaris-Sotiriou
(1979) and Zielinski (1985), used TiOiAl203 ratios to
estimate the composition of parent volcanic ash. Chemical
compilations of these workers and Wedepohl (1969) indi
cate that relatively low TilAl ratios of<0.05 suggesta silicic
ash precursor. Ti and AI (as well as Ga, Zr and Hf) are
considered to berelatively immobileduring low temperature
alteration to tonsteins, and TiOiAl203 ratios remain vir
tually unchanged as the ash alters. The partings considered
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Table 1. Normalized, average values of major oxide
analyses, from samples heated to lOOOoC. Each sample

was analyzed in quadruplicate.

VOLCANIC ASH PARTINGS NON-VOLCANIC PARTINGS
Diamond Creek (45)1 Diamond Creek (21)
Mean Min. Max. Mean Min. Max.

-------------------------------------------------------------------------------------
Si02 52.13 16.48 66.52 43.63 7.16 68.74

AI203 27.61 17.73 40.57 21.13 6.10 39.62

Fe203 2.05 0.41 6.99 18.01 0.48 65.21
MgO 1.57 <0.01 2.97 2.07 0.08 3.86

~ CaO 6.35 0.80 12.97 3.01 0.51 10.32
Na20 2.00 0.38 4.34 1.15 0.15 3.19
K20 0.46 0.12 2.70 1.70 0.11 2.91
Ti02 0.91 0.31 2.41 0.89 0.17 2.52
MnO 0.02 <0.01 0.14 0.38 <0.01 1.82

P205 4.86 0.02 22.32 4.80 0.05 28.79
BaO 0.63 0.01 4.38 0.80 <0.01 5.28
srO 0.76 0.01 3.74 1.14 <0.01 5.68

VOLCANIC ASH PARTINGS VOLCANIC ASH PARTINGS
McNeil Canyon (7) F.C., C.G.*, Nin. (23)

Mean Min. Max. Mean Min. Max.

•

---------------------------------------------------------------------------------------
Si02 61.60 57.21 66.06 66.20 51.45 76.85
AI203 23.44 20.67 27.84 17.92 14.15 21.72
Fe203 3.69 2.30 5.13 4.56 0.38 25.56 •MgO 1.89 1.10 3.02 1.29 0.13 2.50
CaO 4.00 1.11 5.72 2.89 1.11 7.39
Na20 2.91 1.16 4.28 2.84 0.93 5.30
K20 0.76 0.30 2.18 2.25 0.64 4.57
Ti02 0.61 0.34 0.84 0.64 0.16 1.22
MnO 0.01 0.01 0.04 0.09 0.01 0.54
P205 0.42 0.17 0.70 0.39 0.02 3.92
BaO 0.12 0.07 0.20 0.11 0.01 0.47
srO 0.10 0.06 0.17 0.18 0.02 0.79

1 =number of samples analyzed
* =except C.G.#4
------------------------------------------------------------------------------------------------
D.C. =Diamond Creek McNC =McNeil
Canyon Nin. =Ninilchik
C.G. =Clam Gulch F.C. =Fox Creek

in this work are not typical coal-tonsteins because alteration
to kaolinite is incomplete. However, the values of the Til
AI ratios should be considered equally reliable for samples
that are only partially altered to kaolinite, assuming that the
immobility of the AI and Ti holds true. The average Ti0

21
Al20 3 ratios for the volcanic ash partings of the Diamono
Creek section is 0.03, for the McNeil Canyon section 0.03,
and for Fox Creek, Ninilchik and Clam Gulch 0.04. These
ratios indeed indicate rhyolitic source volcanics.
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The average values, or the individual values ofthe major
oxide analyses alone, do not appear to uniquely characterize
individual partings for the purposeofcorrelation. However,
the average values used in combination with other data such
as diffraction patterns, can help to group or differentiate the
sections. The important point here is that the different
sections do display chemical characteristics that can be used
to either support or refute correlations between sections. •
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B) Cluster analyses

and Kanaris-Sotiriou (1979) report that trace elements can •
be used to determine the nature of the parent ash and believe
that tonsteins of acidic volcanic origin can be partly iden-
tified on the basis of low concentrations of Ti, Cr, V, Ni and
Co. Hypothetically, the relatively low values of the Clam
Gulch and Ninilchik sections may, again, reflect trace
element compositions very similar to the original volcanic
ash, an ash that may have been more acidic than that of Fox
Creek (as indicated by lower values of Ti, Cr, V, Ni, and
Co). Alternatively, initial dissolution and flushing with only
minor clay formation may have contributed to trace element
depletion. Krauskopf (1979) reports that a lack of fine-
grained clays and organic matter may inhibit ionic substi-
tution in sediments, as well as adsorption of ions onto the
clay surfaces. Thus, trace element enrichment may yet be
incipient in the Clam Gulch and Ninilchik sections. The
McNeil Canyon section, in general, shows an intermediate
trace element concentration. The partings of the McNeil
Canyon, similar in age to those of Clam Gulch and Ninilchik
sections, tend to contain largeramounts ofclay minerals than
the Clam Gulch and Ninilchik areas. One can postulate an
initial depletion of trace elements with gradual enrichment
during clay formation.

•~cNeil Canyon

Clam Gulch and
Ninilc hik

Fox Creek

20

040
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1040
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160

Figure 8. Average concentrations oftrace element
analyses. Baand Sr ppm need to be mUltiplied by

10.

B) Trace elements

The average trace element analyses of the Fox Creek,
McNeil Canyon, Clam Gulch andNinilchik sections present
somewhat puzzling results (Figure 8). The Fox Creek
section, which most surely is the youngest known section
on the Kenai Peninsula, evidently has undergone the least
dissolution with respect to trace element concentrations.
This perhaps should be expected, considering the abun
dance ofunaltered glass and the insignificantamountofclay
formation (as is evidenced by X-ray and petrographic data).
It can thus be assumed that the high values of the trace
elements in this section are inherited from the original
volcanic ash. However, the partings of the Clam Gulch and
Ninilchik sections do not appear (in the microscope) to be
significantly more leached than the partings of Fox Creek
(although the glass is more altered in the Clam Gulch and
Ninilchik partings), but these partings exhibit the lowest
concentrations of trace elements.

Spears and Kanaris-Sotiriou (1979) report that when
more than 1% of K20 is present in partings, a detrital source
can be inferred: K

2
D occurs as mixed-layer mica-montmo

rillonite or as detntal muscovite or illite in detrital partings.
In the Diamond Creek partings, a similar trend is also
observed, with an average of 1.70% K

2
0 in the non-volcanic

partings and 0.46% in the volcanic partings. The average
contents of P205 for volcanic and detrital partings of the
Diamond Creek area are nearly identical, but BaO and srO
compositions are higher for non-volcanic partings. The
higher srO and BaO compositions are attributed to the
presence of the crandallite minerals.

Partings of volcanic and non-volcanic origin can be
separated on the basis ofaverage major oxide compositions.
The values from the Diamond Creek section, where 45
partings of volcanic origin and 21 partings of non-volcanic
origin were sampled, show that the average Si02 content
of the non-volcanic partings is lower by nearly 10% (Table
1). This probably reflects the presence of silica-deficient
minerals and non-silicate minerals such as siderite. AI 0
is about 5% higher for volcanic partings. Fe

2
0

3
is r6~

higher for non-volcanic partings, again suggesting the
presence of iron-rich siderite (FeC03). "Ordinary" gray
shale partings contain up to 9-10% Fe 0

3
. Such shale,

besides containing small amounts of sitente, always con
tains iron-bearing chlorite and illite in the clay fraction (in
chlorite, Fe+2 and Fe+3 may substitute for Mg). The
average concentration of CaO is slightly higher for partings
of volcanic origin, 6.35% versus 3.01 %, whereas MgO is
higher for non-volcanic partings, 2.07% versus 1.57%.
Na20, K

2
0, TiO2 and MnO compositions tend to be slightly

higller for the detrital partings.

Low trace element concentrations may be indicative of
acidic, volcanic origin: Spears and Rice (1973) and Spears

A cluster analysis was performed for the volcanic ash •
partings to determine the similarity of a single parting to
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very similar with respect to trace element composition, and
that F.C.#l and Nin.#l are slightly less similar; F.C.#l,
Nin.#5, F.C.#l and Nin#l are grouped together in a small
cluster. In terms of major oxides, these same samples
(F.C.#5, Nin#5, F.C.#l and Nin#l) are again grouped
together. Considering that 12 variables are involved for the
major oxide analyses, the similarity of these four samples
implies that they are potential candidates to be used for
correlation across the Kenai Peninsula. Additionally, four
samples; C.G.#l, Nin.#2, McNC#l and McNC#4 fall in
similar clusters in the dendograms for both major oxides and
trace elements (Figures 9 and 10).

Cluster analyses are thus valuable in distinguishing
samples that are similar and those that are not. It should
be noted, however, that although two samples from the
opposite shores of the Kenai Peninsula show similarities in
compositions, such analyses cannot be used as the sole
criterion for correlating widely separated volcanic ash-fall
exposures. Variations of pore fluid circulation as well as
differing compositions of the overburden may be respon
sible for differences in the alteration products, and thus, for
differences in the bulk composition. Other criteria, such as
stratigraphic position, mineralogy, texture, color, location,
etc., will also have to be used in order to correctly correlate
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Figure 10 shows that samples F.C.#5 and Nin.#5 are

From the two dendograms it can be seen that a major
cluster forms in each dendogram, and that each majorcluster
can be divided into three smaller clusters (solid lines, wavy
lines and double lines). The samples that are grouped in
each cluster display a certain amount of similarity, depend
ing on clustering (or amalgamating) distances. The lower
the clustering distance between two or more samples, the
more similar the composition of these samples. For ex
ample, Figure 9 shows that samples McNC#1 and
McNC#la combine ataclustering distance of 0.238, which
is the lowest clustering distance for this dendogram. These
samples are therefore very similar (actually, they are from
the same parting, but some distance apart).

any other single parting. A single-linkage hierarchical
procedure, using a BMDP 2M program (cluster analysis of
cases; copyright (C) Regents of University of California)
was employed. Figure 9 shows the dendogram produced
from one cluster analysis. Standardized distances based on
the major oxide analyses (12 variables) are used as measures
of similarities or dissimilarities. A similar cluster analysis
was run for trace element values (6 variables). Its dendo
gram is shown in Figure 10.
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Figure 9. Dendogram from a cluster analysis of major oxide analyses, using a BMDP2M program.
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Figure 1O. Dendogram from acluster analysis oftrace element concentrations, using a BMDP2M program. •

partings: For example, it was initially suspected that
samples C.G#I, Nin.#2 and McNC#4 might correlate on the
basis of texture as well as stratigraphic positions; these
partings are unusually coarse-grained, brown in color and
of the same thickness. The results of the cluster analyses
support the textural correlation for these samples, warrant
ing further analyses for positive verification.

sections, for example around Diamond Creek
where about one third of the partings are of
detrital origin. Detrital partings are not as com
mon in the younger parts of the sections.

2) Volcanic and non-volcanic partings can generally
be differentiated in the field by the following
criteria:

The results of the cluster analyses have reduced the
number of samples with similar characteristics to a few that
show promises for correlation. Further analyses of the
volcanic glass of these samples will be attempted (if sepa
ration of the glass is possible), using energy dispersive x
ray fluorescence methods (XES). Sarna-Wojcicki et al.
(1979, 1981a, 1984) report that the chemical composition
of volcanic glass shows distinctive characteristics for each
volcanic event; distinctive enough to separate single erup
tions. Elements to be analyzed have to be carefully selected
according to predetermined criteria; only elements that are
reasonably stable during the alteration process should be
used.

a) The volcanic ash partings are normally not
thicker than 10 cm, and they always have a pale
red hue, whether the color is dark or light. The
texture is commonly clayey, plastic, indurated or
coarse-grained and crumbly, and organic material
show no preferred orientation. The partings have
a homogeneous appearance and weather nearly
white. Pumice fragments may be visible, espe
cially in coarse-grained partings, but the pumice
fragments also occur as discontinuous "pumice
fragment partings" in the coal itself.

CONCLUSIONS

1) Partings in coal are more common in the older

b) Non-volcanic or detrital partings are fre
quently thicker than lOem. They have gray colors
with bluish or greenish tints, and are fissile, •
crumbly and commonly fine-grained. The part-
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ings display a "dirty" appearance, and do not
significantly change colors when weathered.

3) Volcanic and non-volcanic partings can be differ
entiated on the basis of X-ray diffraction of the
of the clay minerals «2um):

a) The X-ray patterns of volcanic ash partings
consistently display major smectite peaks and
commonly also kaolinite.

b) The detrital partings invariably contain chlo
rite, illite, kaolinite and sometimes smectite.
With very few exceptions, the field identifica
tions of the volcanic and non-volcanic partings
agree with observed clay mineralogy: In nearly
every instance where a parting was interpreted as
volcanic, it contains smectite (and perhaps kaolin
ite).

4) The bulk powder X-ray diffraction data are most
useful in distinguishing the various sampled
sections. Each sample area displays a character
istic "average" pattern: Fox Creek X-ray samples,
on an average, show a non-crystalline pattern, the
McNeil Canyon data, a consistent presence of
minor halloysite, and the Clam Gulch and
Ninilchik data show crystalline patterns with
major quartz and feldspar peaks. From these
differences, local variations in the diagenetic
history can be inferred, which also may imply age
differences. Of all the minerals in partings
identified by bulk powder X-ray diffraction, it is
the hardest to conjecture the origin of the fairly
common siderite partings and the rare partings
containing the crandallite minerals. However,
using the criteria for visual identification as well
as chemical criteria for the formation of these
minerals, it appears that the siderites are ofdetrital
or mixed origin and the crandallite partings of
volcanic origin.

5) Volcanic and non-volcanic partings can be sepa
rated on the basis of the major oxide analyses:
Volcanic ash partings contain, on the average,
more Si02, Al

2
0 3 and CaO. Detrital partings

exceed by far in Fe
2

0 3, and are also higher in
MgO, K20 and srO. The remaining oxides are
similar in composition for either kind of partings.

6) The different sampleareas can be grouped accord
ing to the average major oxide analyses: The
younger sections are higher in Si0

2
and lower in

Al20
3

, which mayor may not reflect the original
composition of the partings. The Ti0

2
/A1

2
0

3
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ratios however, remain virtually constant during
alteration of volcanic ash, and the low ratios of
0.03 and 0.04 suggest that source-volcanics for
the Kenai Peninsula were of rhyolitic composi
tion.

7) Trace element values are highest in the Fox Creek
area, intermediate in the McNeil Canyon area and
lowest in the Clam Gulch and Ninilchik areas.
The analyses of the Fox Creek area may reflect
the original trace element composition, as the
partings are not as extensively leached as in the
other areas. Results for the other areas are less
clear, but suggest acornbination of trace element
depletion and enrichment. Analyses of glass,
using carefully selected trace elements, will
probably give exact correlation as long as the
same ash falls are represented, and were sampled
on either side of the peninsula.

8) Individual major oxide or trace element analyses
do not immediately appear to be significantly
useful for exact correlations. However, with
some statistical manipulation it becomes evident
that some analyses indeed are more similar than
others. Dendograms from cluster analyses show
that some samples, designated as possibly corre
latable on the basis of texture and other evidence,
are very similar in their chemical compositions.
These similarities, though not conclusive in
themselves, present promising leads for further,
potentially more conclusive analyses that could
lead to positive identification of individual ash
falls.

9) Thin sections were made for volcanic ash partings
only, because the detrital partings were too fine
grained. None of the thin sections contain
minerals that could be used to dispute the volcanic
origin (such as gamet, muscovite and chlorite),
but not every thin section contains detectable
glass. Thus, a volcanic ash-fall origin cannot
always be established petrographically. A vol
canic origin though, can be inferred for every thin
section by the presence of one or all of the
following: Embayed quartz, euhedral plagioclase,
sanidine, volcanic rock fragments, hornblende,
orthopyroxene, apatite and zircon. Trace
amounts of muscovite were found in a few
samples, that contain much glass; such partings
may have been slightly reworked.

10) Fine differences can be detected petrographically
in the degree of alteration ofvolcanic glass. Even
in completely altered partings the clayey remains
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of volcanic pumice fragments retain their mor
phological characteristics. It is important to be
able to identify altered pumice fragments as such,
to unequivocally demonstrate a volcanic ash-fall
origin.
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OF COAL FROM THE WISHBONE HILL DISTRICT,
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INTRODUCTION

The Wishbone Hill coal district is one of the four coal
districts ofthe Matanuska coal field. It is located in the lower
Matanuska Valley of south central Alaska, approximately
45 miles northeast of Anchorage (Figure 1). This district
has the greatest coal development potential of the four
districts because of its relatively simple structure, excellent
coal quality, location relative to existing infrastructure, and
surface mineable reserves. As a result of these favorable
attributes, theWishbone Hill district has produced more coal
than the other three districts combined.

The Wishbone Hill district is approximately 2 miles
wide and 8 miles long and takes its name from the prominent
conglomerate-capped hill that occupies its central part.
Rocky Mountain Energy (RME) and Hawley Resource
Group (HRG) have seven state coal leases that encompass
approximately 8,800 contiguous acres in both the western
and eastern portions of the district. These leases generally
extend northeastward along the north side of the valley from
a point about 7 miles north of the town of Palmer.

The location of the Wishbone Hill district is determined
by the known extent of the coal-bearing Chickaloon Forma
tion and extends eastward from Moose Creek to the head of
Knob Creek. Its northern extent is limited by the Castle
Mountain fault. The southern boundary of the district is
generally masked by glacial gravel, but lies a few miles north
of the Glenn Highway.

The principal factor that makes the Wishbone Hill
district a unique Alaskan coal deposit is that essentially all
required infrastructure is already established. The hard
surfaced Glenn Highway paSses about 1 to 3 miles south of
the district. Palmer and the lower Matanuska Valley is
served by a 7-mile long branch of the Alaska Railroad.
Export coal could be transported by the Alaska Railroad
from Palmer to the Port of Seward, a distance of approxi
mately 155 rail miles.

Coal was first discovered in the Wishbone Hill district
in the late 1800s, and by the early 1900s, all major geologic
features had been described by government geologists. The
first mining began in the southwestern portion of the district

in 1916 at the Doherty mine, which supplied coal to the
newly formed Alaska Railroad. As coal demand for the
railroad grew, emphasis shifted to the better quality reserves
in the east-central part of the field.

To secure a constant supply of coal, the federally
directed Railroad Commission opened the Eska mine and
operated it until a major private mine, the Evan Jones, could
meet railroad demand. There were a number of small
underground prospects during this time along Moose Creek,
on the north side ofWishbone Hill, but only the Premier and
Buffalo mines produced any notable quantities of coal. For
40 years production was used by the Alaska Railroad, but
with conversion of locomotives to diesel fuel in the mid
1950s, emphasis shifted temporarily to military bases near
Anchorage. After the bases converted to natural gas in 1963,
the domestic market was insufficient for the large Evan

WISHBONE HILL COAL DISTRICT
General Location Map
Figure 1
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Jones mine, and that mine closed in 1968. The entire field's
production is uncertain but probably totals about 7 million
tons, 6 million of which come from the Evan Jones mine.

The involvement of the federal government in develop
ing this district was extensive. The dedication and ability
of government geologists and engineers, as well as those
from private industry, is highly evident in the development
and history of the Wishbone Hill District. This report builds
on the early government investigations.

General Stratigraphy

The lower Matanuska Valley is a northeast-trending
structural trough composed predominantly of Mesozoic and
Tertiary sedimentary rocks. The sedimentary rocks are
underlain by metasedimentary rocks of Jurassic and Creta
ceous age which are exposed south of the valley in the
Chugach Mountains. North of the valley intrusive rocks of
the Talkeetna Mountains form a complex batholith com
prised primarily ofquartz diorite, granite, and granodiorite.

Many formations have been identified within the
Matanuska Valley structural trough. The tertiary Chicka
loon Formation is of particular interest because it contains
four economic coal zones in its upper section. The general
succession of rocks identified in the Wishbone Hill district
is shown in Figure 2 and briefly described in the following
paragraphs.

WISHBONE HILL COAL DISTRICT
GENERALIZED STRATIGRAPHIC COLUMN
Figure 2

The Matanuska Formation is the most widely exposed
formation in the valley today, and presumably underlies the
entire area of Tertiary deposition. This formation consists
of a basal dark shale unit overlain by a sequence of inter
bedded thin sandstones, shales, and siltstones. The forma
tion is more than 4,000 feet thick at its type section along
Granite Creek and ranges in age from Early to Late Creta
ceous (Grantz, 1964).

The Arkose Ridge Formation of Paleocene Age is
composed of highly indurated dark brown to gray conglom
erates, feldspathic sandstones, and a few thin shale beds. The
Arkose Ridge Formation is thought to be over 2,000 feet
thick in the lower Matanuska Valley. This formation is
arguably a part of the Matanuska trough sequence. It is
juxtaposed to the Castle Mountain Fault on its north side
where the formation unconformably overlies the plutonic
rocks of the Talkeetna batholith. Its similar age and prox
imity to the Chickaloon Formation suggest a sequential
relationship; however, theright-lateral movements along the
Castle Mountain fault have probably brought the two for
mations together from separate depositional areas. There
fore, this formation is not shown on the stratigraphic section.

The coal-bearing Chickaloon Formation unconforma:
bly overlies the Matanuska Formation and is at least 5,000
feet thick. Mineable coal beds are contained in the upper
1,000 to 1,800 feet of this formation, where they occur in
4 major groups and 1 isolated seam. K-Ar and fission-track
ages of 2 volcanic ash partings in upper Chickaloon Fonna
tion coals indicate thePaleocene-Eoceneboundary (55 m.y.)
lies within the upper part of this formation (Triplehorn and
others, 1984).
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There are discrete and sometimes subtle lithologic
differences between the lower, middle, and upper Chicka
loon strata. In general, there is a decrease in grain size in
gross aspect from the bottom to top of this fonnation. The
overall decrease in grain size indicates the energy associated
with the depositional environment of Chickaloon sediment
was decreasing. A decrease in energy regime coupled with
a warm, humid, reducing continental environment was
conducive to peat (coal) deposition, hence the major coal
groups are located in the upper Chickaloon Formation. The
depositional environment of the lower Chickaloon is be
lieved to be fluvial with braided and meandering stream
deposits. The sediments in the upper section appear to have
been deposited in a meandering stream and paludal environ
ment.

The lower 1,500 feet of the Chickaloon Formation
consist of dark gray shale gray siltstone, tan and gray fine
to medium-grained sandstone, and occasional conglomer

atic beds. No coal beds have been identified within this
portion of the Chickaloon Formation.
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The middle Chickaloon Formation consists ofdarkgray
shale, carbonaceous black shale, thin coaly beds, gray
siltstone, and tan fine-grain sandstone. The sandstone beds
in the middle Chickaloon Formation reach a maximum
thickness of 25 feet, and appear to be laterally continuous
up to a mile. A few scattered thin coal beds generally less
than 3 feet thick are present in the middle Chickaloon
Formation. These coaly beds contain numerous bony coal,
bone, and carbonaceous shale partings.

The upper Chickaloon Formation contains the only
known economic coal deposits. Highwalls ofthe abandoned
coal strip pits contain excellent exposures of the upper
Chickaloon strata. The predominant lithologic units found
in the upper Chickaloon Formation are dark gray shale,
carbonaceous black shale, gray claystone, bone, thick coal
zones, gray siltstone, tan and light gray fme- to coarse-grain
sandstone, and pebble conglomerate. The lithologic char
acter of the coarse units, coupled with their fairly localized
lateral extent, indicate they were deposited in or in close
proximity to a fluvial channel. The sandstones are generally
poorly indurated, contain more than 50% feldspathic detri
tus, and are generally cleaner and lighter-colored than lower
and middle Chickaloon sandstones. Siderite or ironstone
concretions are common within every lithologic unit, in
cluding coal.

Coal beds within the upper Chickaloon Formation are
generally concentrated into coal "zones", whereas individ
ual coal beds may vary within relatively shortdistances. The
coal "zones", however, tend to be laterally continuous from
one end of Wishbone Hill to the other, although they tend
to thicken measurably from west to east. Individual coal
"beds," and especially the thinner ones, tend to be more
variable and grade laterally into carbonaceous shales and
claystones. Generally, individual coal seams do not exhibit
radical thickness changes and the thicker a coal seam is, the
more laterally continuous it will likely be.

In the greater part of the Wishbone Hill district, the
Eocene Wishbone Formation overlies the Chickaloon For
mation. Barnes and Payne (1956) believed that the Wish
bone-Chickaloon contact was conformable and gradational
through several feet; however, in parts of the Wishbone Hill
district, they mapped the contact as a thrust fault. Capps
(1927, p. 42) believed that the contact was unconformable,
and Clardy (1974) mapped an angular unconformity be
tween the Chickaloon and Wishbone Formations at one
locality in the western portion of the district. Correlation
and thickness of lithologic units in the upper portion of the
Chickaloon Formation within the district suggest that there
could have been considerable erosion between the end of
Chickaloon time and the start of Wishbone deposition.
There is also evidence to suggest that some of the relatively
complex Chickaloon structure occurred prior to the depo-
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sition of the Wishbone Formation. Locally, the thrust faults
proposedby Barnes and Payne (1956; also Barnes, 1962) are
probably, in fact, significant erosional unconformities. The
lack of strippable coal in many areas of the district can be
attributed in part to the Wishbone/Chickaloon angular
unconformity.

The Wishbone Formation within the district is 1,800 to
2,000 feet thick and consists of massive to poorly stratified
conglomeratebeds, lenticularcoarse- to very coarse-grained
sandstone and siltstone beds, and a few thin lenses of
claystone. Clasts of Chickaloon strata can be occasionally
found in the lower conglomeratic units, indicating erosion
of Chickaloon Formation occurred before or during Wish
bone time. The synclinal structure ofWishbone Hill is made
easily visible by the resistive concentric ridges and cliffs
composed of this formation. The Wishbone Formation
sediments were derived from a predominantly volcanic
source terrain located to the north of the Matanuska Valley
(Clardy, 1974), and they were probably deposited in alluvial
fan and braided stream environments.

On Wishbone Hill the gently dipping Tsadaka Forma
tion rests unconformably on theWishboneFormation. Here,
the Tsadaka Formation truncates the Wishbone Formation
strata that dip into the Wishbone Hill syncline. In Tsadaka
Canyon, the basal Tsadaka Formation conglomerate lies
directly on middle Chickaloon strata. The Wishbone For
mation and upper Chickaloon Formation have apparently
been removed by erosion in this area prior to Tsadaka
deposition.

The Oligocene Tsadaka Formation is composed of
poorly indurated, very coarse conglomerate; fine- to coarse
grain sandstone; siltstone; silty carbonaceous shale; and thin
layers of bone. On Wishbone Hill, the Tsadaka is poorly
exposed because of its soft, very friable nature. In Tsadaka
Canyon this formation is more than 500 feet thick, and
contains a continuous basal conglomerate which is approxi
mately 50 feet thick. Thin pebble conglomerates, sandstone,
and siltstone with thin layers ofcarbonaceous shaleand bone
overlie the basalconglomerate unit. Conglomerateclasts are
generally composed of felsic plutonic rock types which
contrast sharply with the predominately volcanic clasts of
the underlying Wishbone Formation.

STRUCTURE

The dominant structural feature of the Wishbone Hill
district has been described in the geologic literature as a
northeastward-trending canoe-shaped syncline (the Wish
bone Hill syncline). The amplitude, width, and traceable
length of the Wishbone Hill syncline exceeds that of other
known synclinal structures in the district. The northeast end
of this syncline is located near Knob Creek, and the south-
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west end was believed to lie near the abandoned under
ground Premier mine. Simplistically, the skin of the canoe
contains the coal-bearing upper Chickaloon strata, and the
interior of the canoe is filled with Wishbone and Tsadaka
Formations (Figure 3). Several major transverse faults
bisect the syncline and were identified in previous geologic
investigations.

The dip of the coal beds in the east-central part of the
district range from 30 to 45 degrees, although dips as low
as 12 degrees near the synclinal axis have been reported in
underground mines. In the east central part of the district,
the Wishbone Formation conglomerate is confined to the
trough of the syncline where it appears to lie conformably
above the upper Chickaloon strata (Figures 3 and 4, Cross
Section B-B '). The two largest abandoned underground
mines are located in that portion of the district, hence the
geology of that area is known in more detail than elsewhere.

The northern limb of the Wishbone Hill syncline can
be traced along the entire length of the district. Upper
Chickaloon strata, although bisected by a few transverse
faults, appear to be present and correlatable along the
northern limb of the syncline. The largest identified un
faulted block of potentially strippable coal lies on the
northern limb of the syncline on the RME/HRG leases. The

WISHBQ\JE HILL COAL DISTRICT
Cross Section Index Map
Figure 3
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coal in this block is covered by 10 to 90 feet ofglacial gravel,
is continuous for 1.5 miles, and dips 40 to 80 degrees.

A fault with vertical offsetprevents the majorityofcoal
bearing strata from wrapping around the eastern end of the
syncline. That fault, with the southeast side downthrown,
has the effect of extending the coal-bearing strata of the
Wishbone Hill syncline eastward. The Wishbone conglom
erate and the very upper portions of the Chickaloon Forma
tion have been removed by erosion in the extreme eastern
portion of syncline (Figures 3 and 4, Cross Section C-C').

In the south western part of the district, the Wishbone
and Tsadaka Formations are not always confined to the
trough of the Wishbone Hill syncline. The Wishbone and
Tsadaka Formations truncate the coal-bearing upper
Chickaloon Formation at depth on portions ofboth synclinal
limbs. The angular unconformity resulting from the erosion
of the slightly deformed upper Chickaloon strata prior to
Wishbone and Tsadaka deposition is visible in outcrop and
can be inferred from drilling data (Figures 3 and 4, Cross
Section A-A'). The net economic effect of the erosion of
the coal-bearing upper Chickaloon Formation is the de
crease in potentially strippable coal, especially on the
southern limb of the syncline.

Longitudinal Cross Section

Northeast
0'

Matanuska

Formation
Elks
Creek

Northeast Fault
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WISHBONE HILL CO,.c..L OiSTPICT
Transverse Cross Sectio,',s
Figure 4

many minor faults (Figures 3 and 4, Cross Section D-D').
Many of the large transverse faults are tear faults in which
the most of the displacement is horizontal. These faults
probably represent secondary shears related to deformation
along the Castle Mountain fault system (Clardy, 1984, pers.
comm.).

North South

The Northeast fault near Eska is significant because its
displacement is primarily vertical (Figure 3, Cross Section
D-D'). The east side of the fault was downthrown approxi
mately 500 feet, and as a result, the coal seams on both limbs
of the Wishbone Hill syncline are extended eastward at
depths conducive to surface mining.
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In the north western part of the district, the Chickaloon
Formation has been compressed into a series of very tight
folds (Figures 3 and 4, Cross Section A-A'). The horizontal
distances from crest to trough of these northeastward plung
ing folds vary from 250 to 1,200 feet. In most instances, the
northwest limbs of the synclines dip more steeply than the
southeast limbs, creating asymmetrical folds. Numerous
faults are present in this tightly folded area.

Pleistocene glacial gravel deposits are fairly thick in the
west and have hindered geologic work for decades. As a
consequence, however, the area has been protected from
mining, and significant reserves remain. Recent drilling has
successfully penetrated the gravel and has delineated the
subsurface geology sufficiently to project an extension ofthe
Wishbone Hill syncline as well as define several unexposed
faults. Between the faults are several blocks ofcoal-bearing
Chickaloon Formation, the largest one of which is 1.5 miles
long.

Two Potential Surface Mining Blocks

Coal mining has taken place around Wishbone Hill
since 1916,butpractically all ofthe historic production came
out of the east central part of the field. Contrary to popular
opinion, there still exist surface mineable reserves, as well
as unexplored deep mineable reserves. Two areas of attrac
tive surface mineable reserves have been identifiedby recent
exploration in both the eastern and western ends of the
district.
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The Baxter syncline is part of the series of tight folds
which lie north of the larger Wishbone Hill syncline in the
western part of the district. This syncline is noteworthy
because it is the only known structural feature besides the
Wishbone Hill syncline that contains thick coal zones of the
upper Chickaloon Formation. The Baxter syncline is the
first synclinal structure northwest of the Wishbone Hill
syncline. The structural feature that separates the Wishbone
and Baxter synclines is unknown, but is believed to be a very
tight anticline.

The syncline in which the abandoned Premier mine is
located was previously believed to be an offset of the
Wishbone Hill syncline. A comparison of the geologic
structure from one side of the Premier fault to the opposite
side suggests this syncline is an offsetofthe Baxter syncline.

The Wishbone Hill syncline is divided into a series of
displaced segments by several major transverse faults and

Sufficient reserves have been found in the largest block
to warrantcontinued interest. All the major coal groups have
been found within this block, as well as one group previously
unknown. As a rule, the coal groups are very continuous
andconsistofseveral closely spacedseams interbedded with
carbonaceous shale and bone. While thin seams are lenticu
lar, the thicker seams (over 3 feet) tend to be quite continu
ous.

Approximately 75% of the coal reserves in the western
block are found within the Premier Group. The Premier
Group generally maintains a thickness of 85 to 95 feet and
consists of 10 to 12 discrete coal beds. Forty to 50% of the
whole group is either coal or bony coal, and most of the coal
is in the lower third of the zone. One bed averages about
8.5 feet thick, and where it outcropped, was mined under
ground at the Premier and Buffalo mines. The coal seams
sometimes grade imperceptively upward or downward into
dark gray shale, carbonaceo'us shale, or bone. The grada-
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WISHBONE HILL COAL DISTRICT
Generalized Coal Section
Upper Chickaloon Formation

tional contacts and similar coloring make the coal hard to
distinguish from the bounding strata. That characteristic
will present a problem for mine operators as they struggle
to maintain run-of-mine quality at the highest possible level. Figure 5 WEST EAST CENTRAL EXTREME EAST •
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methods all result in higher mining costs. Figure 6 is an
artist's conception of the typical truck/shovel, direct over
burden haulback operation.

The coal seams in the extreme eastern part ofthe district
are generally separated by noncarbonaceous strata and are
not as concentrated in groups or zones as they are in the
western part of the district. Thickness of the coal-bearing
upper Chickaloon Formation as well as the individual coal
groups rapidly increase from west to east (Figure 5), al
though the total quantities of coal in the coal groups remain
fairly constant. In the east, the overburden/interburden of
the coal-bearing strata is coarse grained (contains greater
quantities of sandstone and sandy shale) than in the western
partof the district. The contacts between the coal seams and
surrounding rocks is generally sharp and not gradational.
The coal seams in the east tend to have fewer internal
partings than further west.

A second block of surface mineable coal has been
delineated at the extreme eastern end of the district. In this
area, upper Chickaloon strata is exposed on the north limb,
and part of the south limb of the Wishbone Hill syncline.
Complex folding and faulting appear to be absent from much
of the block, and glacial gravel cover is very thin, ifpresent
at all. Coal beds are found throughout the entire 4,000-foot
length of the block, with dips ranging from 5 to 60 degrees.
Two to three coal seams remain at fairly shallow depths, 250
feet or less, along the axis of the syncline, and should be
amenable to surface mining.

The stratigraphic variations of the coal have several
implications- both geologic and practical. The thicker,
generally coarse-grained interburden sediments in the east
ern Part of the district suggest sediment transport was from
the east-northeast. This sediment transport direction is
further confrrmed by sharper coal-rock contacts in the
eastern part of the district. From a mining standpoint, the
east to west stratigraphic variations will result in the produc
tion of a higher quality run-of-mine coal from the east
because of lower amounts of diluting rock. On the other
hand, the ratio of tons of coal per cubic yard of overburden/
interburden of the eastern mining block is higher than the

west block since the seams are not confined to zones.

Mining Method

The proposed mining method for both surface mineable
coal areas is a truck/shovel, direct overburden haulback
operation. This mining method is extremely flexible and
will allow for economic extraction of coal under fairly
difficult mining conditions. Other mining methods, such as
dragline area stripping, scrapers, or underground mining,
were briefly examined, but these less flexible mining

This flexible mining method was selected because of its
ability to deal with the reserve's irregular shape, multiple
seams, and steep dips. With this mining method, overburden
and topsoil material will be stockpiled the first year or two,
but as the mining operation develops, direct overburden
haulback to mined-out areas will begin. Direct overburden
haulback will continue throughout the mine life until all coal
has been extracted. This will keep the amount of land
disturbed, awaiting reclamation, at a minimum. At the
conclusion of mining, the initially stockpiled overburden
will be deposited into the lastarea to be mined out and graded
to return all land to its approximate original contour. All
topsoil will then be replaced. Since the mine areas are in
the Matanuska Valley MooseRange, final reclamation ofthe
mine area will be dictated by the Moose Range Land Use
plans and will probably include revegetation with woody
browse species to provide moose habitat. Coal mining
within the range was contemplated by the Act, which created
the Moose Range. Mining in the range can be compatible
with land-use management objectives, and can be accom
plished through early planning and cooperation with those
charged with managing the Moose Range. •
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TABLE!
WISHBONE HILL DISTRICT

ESTIMATED RUN-OF-MINECOAL QUALITY
(As-Received Basis)

In order to produce a consistent high quality coal
containing +12,500 Btu per pound from either block, a coal
washing plant will probably be required. Unfortunately,
coal-washing tests of west block coal have indicated recov
eries may be relatively low, raising the required sales price
over the currently depressed world coal market. These

quality run-of-mine coal from the east block. The rank of
Wishbone Hill coal is classified according to calorific value
calculated on a moist, mineral-mauer-free (MMF) basis.
Coals in the western portion of the district have an average
MMF Btu of 13,371, and eastern coals have a MMF Btu of
13,934. In both areas, the coal rank is high volatile bitumi
nous B.

East Block

5.2
18.0
0.4

11,000

West Block

% Moisture 5.6
% Ash 29.0
% Sulfur 0.3
Btullb 8,700

A west to east increase in coal rank within the Wishbone
Hill district is also responsible for the predicted higher

Mine production rates of 300,000 to 800,000 run-of
mine tons per year have been examined. As a result of the
relatively small infrastructure costs and other fixed costs, the
cost per ton of coal does not radically vary between these
two production rates. Depending upon the quantity and
quality of coal sold, production may be from one or both
blocks and mayor may not require washing. Even though
the mining ratios between the blocks vary, the mining costs
on a per million Bto basis between the two blocks are very
similar. The increased costs associated with mining the
higher ratio east-blockcoal are offsetby the projected higher
delivered-coal quality of this block. Likewise, the antici
pated poorer run-of-mine quality of the west block is
compensated for by its lower mining ratios. In either case,
the eventual mine production rate selected will be deter
mined by our ability to sell the coal.

Quality Variations and Utilization

Based on our work to date, Table 1 displays the pro
jected run-of-mine coal quality from each block. At this
time, we feel the estimate in the west block is conservative.
It is very possible that we will be able to mine that area with
a run-of-mine coal quality of 500 to 1,000 Btullb more than
the number shown.•

•
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washing tests were used to design a fairly complex heavy
media coal-washing plant. Alternative, less complex
washing-plant designs may be more economical on a cost
per-million Btu basis, but have not been examined.

The fairly large latitude in quantity, quality and cost
afforded by Wishbone Hill district coal allows us to offer
the coal to a variety of customer types, both in Alaska and
abroad. The quality of washed coal or run-of-mine east
block coal is well suited for almost all existing coal-fired
systems of the Pacific Rim countries. Sufficient quantities
of west block coal exist to fuel a 80- to 120-megawatt mine
mouth power plant for the projected life of such a plant.

Because ofthe reserves' small size and location relative
to existing infrastructure, economic development of the
deposit is not highly dependent upon a large domestic or
export coal market. Newly developed fluidized bed tech
nology allows the high ash run-of-mine coal from the west
block to be effectively utilized to generate electricity or
steam. Fluidized beds systems, besides not having expen
sive add-on environmental protection equipment, are not as
sensitive to economics of scale as other coal combustion
systems. They can be economically built in smaller sizes
and, in addition, offer operational flexibility not available
in larger units. Modular construction techniques are also a
potential way to lower coal utilization capital costs. The
combination of these factors make this coal a very real
alternative for the next major increment of electrical gen
erating capacity in Alaska.

CONCLUSION

An evaluation of past geologic information, coupled
with new drilling and field mapping, has led to the location
of two surface-mineable coal blocks. Although not com
pletely defmed, these two blocks contain an estimated 20
million tons of surface-mineable coal. As a result of a east
west stratigraphic variation in the coal-bearing section, there
is a significant difference in run-of-mine coal quality be
tween the two blocks. A consistent, very high-quality
product can be produced from either block if the coal is
washed. The coal from both blocks can be mined using a
truck/shovel direct overburden haulback system. Because
of the coal quality differences between the two potential
mine blocks, there is unusual flexibility for the marketplace,
both in Alaska and abroad.
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GEOLOGY OF THE CHICAGO CREEK COAL DEPOSITS AND
PRELIMINARYFEASIBILITYSTUDIES

R.M. Retherford
Hawley Resource Group, Inc.
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INTRODUCTION

This preliminary feasibility study has confirmed that
coal-fired electric-power generation is an attractive alter
native for Kotzebue and other Northwest Alaska commu
nities. It also demonstrates that a mine at Chicago Creek
(Figure 1) would be capable of providing a source of coal
well into the 21st century. As one might expect, the cost
of providing coal-fired energy ($/kWh) will decrease as the
demand increases. To provide enough coal to meet only
the near future electrical demands ofKotzebue (an averaged
rate of50,000 short tons/year) it appears that Chicago Creek
coals would be marginally competitive with the present
cost of diesel-fIred generation and uncompetitive with the
cost of bringing coals in from the world market. It is
significant that even at this relatively low demand, energy
produced from outside coal could be cheaper than that from
the current diesel plant. For greater annual demands,
particularly a case including the Red Dog Mine (total
requirements of about 150,000 short tons/year), the cost
of producing energy from Chicago Creek coals would
become less expensive than energy from either diesel or
coal from other sources. At a mining rate of 150,000 short
tons/year Chicago Creek coals could be delivered to
Kotzebue for about $42/short ton, or an equivalent $3.20/
million Btu.

Two important cases which were intentionally left out
of this study but could have a substantial impact on future
feasibility studies are; 1) the additional use of coal for
heating could substantially increase demand, bringing the
delivered cost of fuel down accordingly, and 2) a trans
mission intertie including Chicago Creek, Kotzebue and
Red Dog would have at least two important effects. First,
the cost of energy transmission by wire ($/kWh) would
be reduced and become competitive with shipping the coal.
In other words, a mine-mouth plant would begin to make
more sense. Second, such an intertie would be benefIcial
to many of the villages along the route.

A quick summary of the Chicago Creek Coal Field
resource and its quality follows. On the basis of results
of the 1985 and previous drilling programs, the potentially
mineable identified coal resource at Chicago Creek is about
4.7 million short tons, of which 1.5 million can be mined

at a stripping ratio of 1.7:1 (Tables 1 and 2). The remaining
3.2 million short tons have a stripping ratio of 4: 1 to 5: 1.
The heating value of Chicago Creek coal averages 6,800
Btullb on an as-received basis, but the samples contained
excess surface moisture; therefore, the actual heat content
of the mined coal will probably be closer to 7,500 Btu/
lb. Other coal parameters are compatible with the proposed
thermal use: about 8% ash, about 0.8% sulfur, and fusibility

o
temperatures that exceed 2,200 F (Table 3).

HISTORY

Coal was first discovered at Chicago Creek in 1902 and,
between 1908 and 1911, 110,000 short tons were produced
primarily for use in steam thawing of placer gold deposits
in the nearby Candle district. After this early period of
activity, there was little coal development or exploration
until the 1980s when state funded programs began. •

In the summer of 1985, a 7,700-foot air-rotary drilling
program was conducted as part of on-going studies of the
Chicago Creek coal deposit. The program also included
geophysical logging of most of the holes, and 225 ft of
core drilling. The work was performedby Hawley Resource
Group, Inc. of Anchorage, under contract to the Alaska
Division of Geological and Geophysical Surveys.

GEOLOGY

There are no surface coal exposures in the Chicago
Creek area, as the region is mantled by loess, colluvium,
and tundra (plates I-III). Geologic mapping is based on
scattered outcrops and coal reserve estimates are based on
drilling results only (Figure 2).

The coal is found in steeply dipping sediments (Figure
3) of probable Tertiary age which occur in a narrow, north
trending, structural basin with little topographic expression.
The basin, which is less than 100 ft wide in places, has
been traced along strike for about 8000 ft. It is bounded
on the west side by a fault which juxtaposes the Tertiary
sediments with schist of probable Paleozoic age. The fault
dips to the west at angles ranging from 85 to as little as •
15 degrees, a structural situation which results, in part, in
the coal deposit having a capping of crystalline basement
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Figure 1. Regional map showing the location ofthe Chicago Creek study area, northwest Alaska. From
Retherford and others, 1986.

•

rocks. The Tertiary section is bordered by another schist
unit on the east, at a contact which also appears to be
pinching out to the south, coal occurs at the Wallin Mine,
roughly on strike six miles to the south of the last known
occurrence at Chicago Creek.

The coal-bearing Tertiary sediments of the eastern
Seward Peninsula may have originally been deposited in
a topographic basin created by earlier tectonism along the
same structure that caused their subsequent intense defor
mation. This structure cannot yet be related to the tectonic
framework of the rest of the peninsula, but it appears to
be a long-lived fundamental structure with regional impli
cations.

FEASIBILITYSTUDIES

Market Demand

A review ofcurrent and future growth trends and energy
requirements for the city of Kotzebue suggests moderate,
continued growth. Additional small demands would come
from other northwest Alaska villages (Table 4). By 1990,
assuming a 30-yr mine life, the electrical needs ofKotzebue

(not including heating) can be satisfied by 23,000 short tons
of Chicago Creek coal per year (assuming 6,500 Btu/lb
and 25% plant efficiency). By the year 2020, Kotzebue's
energy needs may exceed 150,000 short tons/yr. To
simplify mining, transportation, and electrical-power
generation feasibility studies, this report assumes a fixed
production rate that is an average of the total forecast
requirement over 30 years, rather than a production rate
basedon a steady increase. We assumed twobasic scenarios:
1) supplying the requirements of Kotzebue with an average
of 50,000 short tons of coal per year; and 2) supplying
the electrical-energy requirements of Kotzebue and the
proposed Red Dog Mine with an average of 150,000 short
tons of coal per year. A simplified financial analysis was
made of the coal-mining, coal-burning, and electrical
generation systems at the two production rates. The analysis
assumed 10.5% interest, full capitalization within 2 yrs,
amortization over 30 yrs, 15% return on investment, and
no inflation of royalties.

Mining and Transportation Costs

Mining-cost estimates assume modem open-pit mining
methods (Figures 4 and 5), purchase of new equipment,
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Table 1. Estimates of coal resourceds·, Chicago Creek, Alaska (see Fig. 2a for location ofsegments). From Re- •
therford and others, 1986.

Hineable Average
Cross-section strike bed Previously Mini.ng Dip Demonstrated

station or length thickness Density mined depth depth coal resource
Segment hole used (ft) (ft) factor (short tons) ~ i!!L (short tons)

IA 1500S 800 37.5 80 Ib/ft 3 None 100 65 78,000
1300S 2,000 lb/ton 200 196 235,000
1100S 300 360 459,000

880S

IB 700S 700 85.0 80 Ib/ft 3 100,000 100 92 218,960
500S 2,000 lb/ton 200 229 545,020
250S 300 360 910,000
130N

Subtotal of IA and IB 100 196,960
(Less 100,000 short 200 780,020
tons previously mined) 300 1,369,000

IIA 130N 650 83.0 80 Ib/ft 3 None 100 103 222,274
420N 2,000 lb/ton 200 240 517,920
510N 300 392 845,936

lIB 620N 730 34.0 80 Ib/ft 3 None 100 83 82,400
890N 2,000 lb/ton 200 195 193,600

1100N 300 310 307,770

Subtotal of IIA and lIB 100 304,674 •200 711,520
300 1,153,706

III 1240N 840 18.0 80 Ib/ft 3 None 100 83 50,200
1350N 2,000 lb/ton 200 195 117,900
1570N 300 298 180,230
1820N

IVb 7-82 1,200 28.0 80 Ib/ft 3 None 100 141 189,500
8-82 2,000 lb/ton 200 283 380,350

300 424 569,850

VAb 7-83 1,000 39.0 80 Ib/ft 3 None 100 141 219,960
8-83 2,000 lb/ton 200 283 441,480

300 424 661,440

VBb 9-83 2,300 20.0 80 Ib/ft 3 None 100 141 259,440
thru 2,000 lb/ton 200 283 520,720

14-83 300 424 780,160

100 141 1,220,734
200 283 2,951,990

Total (all 6,300 N/A N/A 300 424 4,714,386
segments)

~WOOd, 1981; includes measured and indicated resources.
Segment shown only on plate 1 of Ramsey and others, 1983.

•
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Table 2. Summary ofdata for open-pit mine. From Retherford and others, 1986.

• Volatile Fixed Heating Total
Moisture matter carbon Ash value sulfur

Source (%) (%) (%) (%) (Btu/lh) ----<!L

Chicago Creek, as received 38.64 29.27 27.54 8.55 6,400 0.82

Chicago Creek, equilibrium 28.83 30.95 32.43 7.78 7,708 0.83
bed moisture

Cape Beaufort (Arctic Slope 4.2-6.0 8.0-26.6 9,117-12,287 0.1-0.3
Consulting Engineers, 1984)

Chuitna River, Beluga Field 7.3-18.2 6,782-8,216 0.2-0.3
(Ramsey, 1980)

Usibelli Mine, Healy Field 27 6 8,000 0.2
(Denton, 1980)

Bering River Field 1. 0-8.6 13.1-17.4 65.0-91.1 2.1-18.0 11,000-15,000 0.6-3.4
(Barnes, 1967)

and maximum use of local labor. Estimated mining costs,
including delivery of coal to a stockpile located 10 miles
north on tidewater at Willow Bay, will range from $28/
short ton, at the higher production rate, to $74/short ton at
the lower production rate. The estimated cost of trans
porting the coal by barge from Willow Bay to Kotzebue,
and delivering it to a covered stockpile, ranges from $14
to $22/short ton at the higher and lower production rates,
respectively.

Power Plant and Transmission Assumptions

• The choice of a power-plant location near Kotzebue

241

was based on three arguments: 1) barging the coal will
be cheaper than transmitting the energy; 2) construction
and operation costs for a plant at Chicago Creek will be
higher than at Kotzebue; and 3) integration with the existing
power system will be simpler. Appraisal ofalternative plant
configurations suggests that currently available, rebuilt
electrical-power-generation facilities can be installed much
less expensively than new equipment. In addition, because
older rebuilt systems tend to be smaller multiboiler units,
they will be more adaptable to the needs of an expanding
Kotzebue. Therefore, we examined two alternative elec
trical-generation systems for each of our basic-demand sce
narios. One alternative assumes the power is generated by
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PlateI.
The Chicago Creek coal seam strikes from

beneath the photographers feet and over the hill.
(R.M.Retherford)

Plate II.
Chicago Creek flows away from the photogra

pher in the low foreground. The coal is striking
acrossjust tothe otherside ofa minor tributary that
comes in from the left. (R.M. Retherford)

Plate III.
Location ofDeering on Kotzebue Sound. (R.M.

Retherford)
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Figure 2. Interpretive geolog Ic map ofthe bedrock units beneath overburden In the Chicago Creek study area.
From Retherford and others, 1986.
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other words, a mine-mouth plant might make more sense
if the Red Dog Mine were incorporated into a transmission
net. The additional benefit to other small villages along
the transmission net brings us to 2) The villages could be
intertied at an overall cost that, although relatively high,
would probably still be less than the power-cost-equali
zation subsidy now provided by the State of Alaska.
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Cost ofDelivered Energy

The cost per kilowatt hour for energy at the busbar
(generating plant) was calculated for four cases (Table 5).
Costs ranged from $0.18 to $0.07/kWh, decreasing sub
stantially for the higher demand scenario. Diesel-powered
electrical-power-generation cost was $0. 155jkWh in 1984.
With a production rate of 50,000 short tons/yr., a coal-fired
facility will be marginally competitive. However, providing
power to the Red Dog Mine and using a rebuilt plant facility
will cost half that of the present system. Power can be
transmitted to the Red Dog Mine for about $0.03/kWh with
the total delivered cost about $O.II/kWh.

(Vertical scale no exaggeration;
horizontal scale 1.4 x exaggeration)

Figure 3. Cross-sections of bedrock un its in the
Ch icago Creek study area. From Retherford and

others, 1986.

newly-manufactured boilers of 10 MW capacity; the other
alternative assumes that smaller rebuilt 7.5 kW boilers are
used. In addition to the above, two other important con
clusions were drawn from studying transmission alterna
tives: 1) While the cost of transmitting enough energy to
power Kotzebue by wire is substantially higher than to barge
the energy equivalent in coal, the cost by wire approaches
a much more economically-favorable level when an in
creased load such as the Red Dog Mine is introduced. In

•
This study is preliminary, and changes in some of the

assumptions could affect the results. Three factors could
increase the cost: 1) the increasing cost of meeting envi
ronmental regulations (for example, the Surface Mining
Act and Environmental Protection Agency Air Quality
Regulations); 2) lower future energy requirements of
Kotzebue; and 3) lower than predicted as-mined coal
quality. On the other hand, other potential differences or
alternatives could enhance the economics of the Chicago
Creek coal: 1) possible higher average heat content of the
coal suggested by differences between as-received and
equilibrium-bed moisture analyses; 2) the effect of barge
ownership by the mining company or utility as opposed
to the contractual arrangement considered here; 3) addi
tional demand for coal for direct heating; and 4) the option
of increasing mine production slowly (for example,
beginning with a smaller operation and an accompanying
smaller capital outlay). If energy requirements continue
to grow as predicted, finance costs will decrease.

The confidence level of the estimates contained in this
report is about 15%. Assuming that the true cost of coal
fired electrical-power generation is as much as 20% higher
than we have calculated, it still remains very competitive
with today's cost of diesel power and is worthy of further
consideration.

The projected delivered cost of power to Kotzebue and
the surrounding area using coal is sufficiently attractive
that a more definitive feasibility study is justified. Three •
studies that may expose a fatal flaw in the concept of the
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Table 4. Electrical needs for Kotzebue, the Red Dog Mine, and nearby villages. From Retherford and others,
1986.• Location 1985 1990 2000 2010 2020

~

a ~

Kotzebue ~

M\\Th
b

15,000 23,000 44,000 72,000 150,000
short tons 15,690 24,060 46,030 75,330 156,930

Red Dog Minec

MWh 110,000 110,000 110,000 110,000 110,000
sHort tons 115,080 115,080 115,080 115,080 115,080

Noatak
Mwh 660 790

ahort tons 690 830
Kiana

M\\Th 860 1,025
sh8rt tons 900 1,080

Selawik
MWh 961 1,145
sh8rt tons 1,005 1,205

Noorvik
M~Jh 1,065 1,270
short tons 1,114 1,340

Buckland
e

MWh 374 455
sh~rt tons 391 470

Deering• MWh 374 445
short tons 391 470

Tellerc

MWh 640 765
short tons 670 800

Nomec

MWh 20,300 28,650
short tons 21,315 30,080

~Developed from International Engineering Company, 1985.
All short tons assume 6,500 Btu/lb and 25-percent plant efficiency.
~Data from Cominco (J. Booth, oral commun., February 1986).
Developed from Alaska Power Administration data, 1984.
~Developed from International Engineering Company, 1981.
Estimate based on data collected by Retherford, 1985.

•

proposed project could be done without additional field
work:

1. Comparative economic studies with other coals
from Alaska and other areas.

2. A review of leveraged, tax-driven private financ
ing, and low-interest financing options available
to government entities.

3. Once the above studies are completed, a regional
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power study of northwest Alaska should be
accomplished. The study would weigh the
benefits ofsiting a generation facility in Kotzebue
as opposed to other areas and consider various
transmission-intertie options.

Additional field work should include:

1. A thorough on-site geotechnical study.
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Figure 4. Map ofthe proposed 30-yr open-pit mine and associated structures at Chicago Creek. From Rether

ford and others, 1986.

2. A baseline air quality study.

3. Mining of a bulk sample.

4. A boiler test.

The latter two tasks might be accomplished while
providing the town of Deering with enough coal to offset
a significantamountoftheir yearly heating needs. A cursory
estimate of mining about 500 short tons of coal and trans
porting it to Deering on a winter trail suggests that it could
be done for as little as $25/short ton. This compares to
a current cost of about $100 for the diesel-fuel-equivalent
of one short ton of Chicago Creek coal. This cost assumes
that a contractual arrangement for mining and transporting
the coal could be made with the placer mining operation
currently working on the Kugruk River about 2 miles from
the coal deposit.
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Table 5. Projected energy costs for coal-fired power plant (1990-95). From Retherford and others, 1986.

Plant data (alternative)

Unit no./size ~wa
New or rebuilt
Cost est. c ($ x 193 )

Net MWh delivered
Heat rate (Bt¥/kWh)e
Coal (lb/kWh)
Coal consumed

(short ton)g

Kotzebue only Kotzebue and Red Dog •A B C D

1/10,000 1/7,500 2/10,000 3/7,500
N R N R

28,301 9,750 54,866 28,275
48,000 48,000 139,000 139,000
13,652 15,000 13,652 15,000

2.1 2.3 2.1 2.3
50,400 55,200 145,950 159,850

•

•

2,73lx 94lx 5,295x 2,729
1,823y 628y 3,533y 1,821

990 900 1,500 1,575
40 40 80 120
20 20 58 58
96 96 42 42

4,838 5,299 6,130 6,714

8,619x 7,200x 13,063x 11,196
7,711y 6,887y 11,301y 10,288

48,000 48,000 139,000 139,000
0.179x O.150x 0.094x 0.080
O.160y 0.143y 0.081y 0.074

Net electricty cost

Net MWh deliveredd

Cost per kWh ($)p

Total annual costO

Annual costs ($ x 10 3 )

Amortizationh

Production expensei

Payroll] k
Fixed expense 1
Variable expense

Fuel cost ($/shord ton)ffi
Fuel cost (total)

~Number of units in plant; unit size in kW.
New (N) or remanufactured (R) units.

CEstimated costs: New unit costs from table 8 of this report. Remanufactured
unit costs based on $1,300/kW estimate supplied by Eric Haemer in letter
dated December 1, 1985 (Retherford and others, 1986, app. E). For alterna
tive D, price for second and third units taken as 95 percent of $1,300/kW for

dsingle unit.
For alternatives A and C, projected demand at average historic growth rate
(fig. 3) for year 1995 was used. This energy requirement will require about
50,000 tons of coal annually.

eHeat rates for alternatives A and B are developed from assumption that a
25-percent-efficient coal-fired power plant is reasonable for modern
machinery in Kotzebue. Heat rates for remanufactured units are increased by

flO percent to account for older equipment characteristics.
If heat value of 6,500 Btu/lb for coal from Chicago Creek and heat rates of
respective alternatives are used, 13,652 Btu are required for each kWh pro
duced by alternative plants A and B.

13 652 Btu /
6,560 Btu/Ih = 2.1 lbs of coal kWh.

gMethod of computation: (net MWh delivered)(l,OOO units?)(2.1 units)
h 2,000 units

Based on 9-percent interest for 30-yr period, paid back in monthly install
ments for option x. Option y assumes that 5-percent interest for similar
period is available. Respective annual factors are 9.65 percent and 6.44

ipercent.
Operating and maintenance costs estimated for coal-fired power plants in

.arctic.
~Value of man-hr required for plant operation and maintenance.
lMiscellaneous fixed annual expenses.
Miscellaneous variable annual expenses, such as supplies.

mTaken from table 7 of this report.
nNethod of computation: (fue1 cost)(coal consumed).
°Sum of amortization + payroll + fixed expenses + total fuel cost.
PMethod of computation: total annual cost

net MWh delivered
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INVESTIGATIONS OF COAL RESOURCES IN NORTHWEST
ALASKA, 1980-1985

Gilbert R. Eakins
Alaska Division of Geological and Geophysical Surveys

•
INTRODUCTION

Rural areas in Alaska are dependent upon imported fuel
oil for both heat and power generation. The average cost
per gallon has been reported to be three times as much as
in urban areas. Notonly is the costofthe fuel a severeburden
on local residents, especially in the northern parts of the
state, but transportation problems result in emergency
situations. A forecast by Dames and Moore (1980) indicated
an annual energy need equivalent to about 50,000 tons of
coal by the year 2000.

Between 1980 and 1985 the state legislature provided
funds to investigate the practicality of developing coal
resources as an alternative to fuel oil for the 28 villages in
northwest Alaska and on St Lawrence Island. An additional
consideration is the current development of the Red Dog
ore deposit in the De Long Mountains. This is a giant ore
deposit having an expected of life of 30 years. Once a
transportation system is completed for this mine, other
mines in the De Long Mountains may be developed, and
coal could be a fuel option.

tigations. However, the two areas most intensely studied
under the program, the Chicago Creek Coal Mine on the
Seward Peninsula, and the Deadfall Syncline on the North
Slope, are treated in separate papers in this publication and
are not discussed here.

Detailed reports on the northwest Alaska coal program
were prepared by Resource Associates of Alaska, Stevens
Exploration Management Corporation, C.C. Hawley and
Associates; Arctic Slope Consulting Engineers; and Dan
Renshaw, consulting engineer. These reports are available
for use at the DGGS office in Fairbanks. Also, DGGS has
compiled a coal bibliography for northwest Alaska (More
house, J.A., 1985), that may be useful to anyone conducting
studies on coal in that region.

Several hundred coal analyses from outcrop samples,
drill cuttings, and cores were performed by the Mineral •
Industry Research Laboratory at the University of Alaska,
Fairbanks. Thrasher and Associates in Nome were subcon-
tracted for the drilling. The following summary of the
northwest Alaska coal program is taken from several reports
and comments by DGGS and BLM geologists, and consult-
ants contracted by the state.

The state program administered by the Alaska Power
Authority included a thorough compilation ofprevious coal
investigations; geologic field workand exploratory drilling,
administered by the Division of Geological and Geophysi
cal Surveys (DGGS); and drilling and feasibility studies
along the Deadfall Syncline on the North Slope were
monitored by the Department of Community and Regional
Affairs. Geologists with the U.S. Bureau of Land Manage
ment (BLM) who were formerly with the U.S. Geological
Survey Mineral Management Service, contributed much
time and expertise to the examination of coal occurrences
and to the planning and monitoring of the drilling projects.

From 50 or so coal occurrences described in the Dames
and Moore report, 15 sites that seemed to be the most
promising for coal production were selected for field
investigations. Later six of the sites were test-drilled by
drillers contracted by the state (Figure 1). Funding was
sufficient only for preliminary investigations.

This paper summarizes the results of most of the inves-

LOCATION AND ACCESS

The area of the Northwest Alaska Coal Investigation
Project extends from Point Lay on the northwest coast ap
proximately 500 miles southward to include Norton Sound
(Figure 1). Abouthalfofthe area is north of the Arctic Circle.
The area extends inland to the western boundary of the
Naval Petroleum Reserve, Alaska (NPRA) and up the
Kobuk River Valley to the vicinity of the village of Kobuk.
The Lisburne and Seward Peninsulas occupy a large portion
of the region. Populations of the individual villages range
from about 60 (Kobuk) to approximately 2,600 at Nome.
The 1975 census estimate shows that the total population
of the region to be approximately 11,500.

Transportation in northwest Alaska is perhaps the most
undeveloped in the nation. Access to the villages is either
by air or water: there are no roads except for those extending
from Nome to some localities on the southern Seward
Peninsula. There are landing strips in most of the villages,

250

•



•

•

COAL LOCATIONS
INVESTIGATED

1981 1984
DGGS-8
DGGS
and USGS-

~.nc. Is.

Figure 1. Study area location map.

•

though they vary in size and condition; there are scheduled
flights to most. Some private landing strips are maintained
near mining operations but arrangements for their use must
be made with the owners.

Water transportation is limited to about three months of
the year, when the sea is more or less ice-free. Water depths
offshore of northwest Alaska are very shallow, and goods
shipped by ocean-going vessels must be lightered to shore.
Studies for new port facilities have been made for both
Nome and Kotzebue and funding for these is being sought.

Access is also determined by land status and ownership.
The status of Alaskan lands has been in a confusing state
of flux since about 1970, following the Alaska Native
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Claims Settlement Act. There have also been extensive
federal land withdrawals for parks, national monuments and
wildlife preserves. The resulting conflicts with state and
Native land selections have added to the confusion. Lands
within the present study area are controlled by three Native
regional corporations, the North Slope Borough, some 22
Native village corporations, and various state and federal
agencies. Exploration and mining are not allowed within the
Kobuk Valley National Park or the Selawik National Wild
life Refuge. Permits to conduct the northwest coal inves
tigation were required from several state and federal agen
cies, regional and village Native organizations, and the
North Slope Borough. The project was well supported.

The region is subjected to a severe arctic or subarctic



climate with frequent strong winds; though periods during
the summer months can be very pleasant. The coastal areas,
the arctic plain north of the Brooks Range, and most of the
Seward Peninsula are essentially the rolling treeless plain
known as tundra. Permafrost is universally present. Fog,
particularly near the coast, frequently interferes with aircraft
operations the year around.

While no other coal deposits contain amounts anything
like the resources of the North Slope, some of the smaller
Cretaceous and Tertiary basins, and possibly the Mississip- •
pian coals of the Lisburne Peninsula, contain important
reserves. Thickness, rank, and quality vary, but the low
moisture, ash and sulfurcontentand the high Btu value make
the North Slope coals the most desirable.

GENERALIZED GEOLOGY
Index Map

•

•

The Cretaceous-Tertiary coals south of the Brooks
Range, largely on the Seward Peninsula and in the Kobuk
River drainage, are difficult to locate and to evaluate due
to the scarcity of outcrops and structural complexity, but
locally the coal beds reach amazing thicknesses, as at
Chicago Creek (80 ft) and at Grouse Creek (170 ft) on the
Seward Peninsula. The close proximity of some of these
coals to villages along the Kobuk Riverand the coast suggest
they could be utilized locally with cost savings.

The Mississippian coal on the Lisburne Peninsula is
known to be of high quality, but in view of the structural
complexity, considerable work will be required to deter
mine its mineability. An analysis of the coal potential of 18
quadrangles in northwest Alaska and a great amount ofdata
were compiled by DGGS geologists during 1986 as part of
the Northwest Alaska Resource Program (Goff, and others,
1986). Generalized locations of coal deposits are shown in
Figure 2.

UNALAKLEET

Cretaceous marine clastic rocks

Me Mesozoic and Tertiary volcanic rocks

Mesozoic granitic rocks

EXPLANATION

8 Quaternary deposits, undivided

Quaternary volcanic rocks

~ Synclinal axis

Figure 2. Regional geology and index map· Unalakleet, from Cass, 1954, Eberlien, 1977, and Patlon, 1973.

M Mesozoic and Paleozoic
volcanic rocks

pA Paleozoic low grade
• metamorphic rocks

/"", Fault (dashed where inferred.

Coal deposits in northwest Alaska can be grouped into
three general types: 1) abundant, widespread, mildly-de
formed Cretaceous age subbituminous and bituminous
coals underlying 58,000 square miles of the North Slope;
2) widely scattered, highly variable and structurally-de
formed Cretaceous and Tertiary coals south of the Brooks
Range, and on the Seward Peninsula and St. Lawrence
Island; and 3) high rank but severely deformed Mississip
pian coal near and along the west coast of the Lisburne
Peninsula. All types have been mined in minor amounts in
the past for use by whaling ships, placer miners, and for
home heating by the Natives.

Whatever site might be selected for coal development,
transportation of the coal will be one of the most critical
factors.

TYPES OF COAL DEPOSITS IN
NORTHWEST ALASKA

t

•
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NORTH SLOPE DRILLING

The Cretaceous Corwin Formation, which underlies the
North Slope, contains the largest volume ofcoal in Alaska.
Approximately 10% of this extensive coal basin lies west
of the NPRA boundary and is within the area covered by
this report. Tailleur and Brosge (1976, p. 222) speculate that
there are between 345 billion and 5 trillion tons of coal
resources in the North Slope region. Corwin coals accumu
lated in a subsiding basin that was filled with 11,000 ft of
deltaic and basinal sediments. At least 146 coal beds, which
range from a few inches to more than 20 ft in thickness, are
included in this formation (James Callahan, 1980, personal
commun.).

Coal beds are well-exposed in sea cliffs where the old
Corwin and Thetis mines were located on the coast and
along the Kukpowruk River, as well as at numerous loca
tions in between where limbs of large synclines reach the
surface.

James Callahan and his staff managed the state's
exploration program at the Cape Beaufort-Kukpowruk
River area during the summer of 1983. Twenty-seven holes
ranging in depths up to 238 ft were drilled on the Deadfall
Syncline and near the Kukpowruk River. The total spread
between the holes was 33 miles. The drill rig was moved by
helicopter; and the base of the operations was the old Distant
Early Warning (DEW line) site of Cape Beaufort. Critical
holes were cored and all were logged with gamma ray,
density, and caliper logs. Every hole penetrated coal.
Individual seam thicknesses ranged up to 16 ft. The average
total coal thickness per hole was 8-3/4 ft. Coal beds up to
23 ft thick are exposed in banks of the Kukpowruk River.
The Morgan Coal Company of Indianapolis holds a Coal
Prospecting and Preference Right Coal Lease Application
on 5,000 acres in this area.

Total reserves could not be estimated, but the best block
was on 80 acres at the eastern end of the Deadfall Syncline
which contains about 10 million tons of bituminous coal
with a 5-1 stripping ratio. A specific discussion of the
Deadfall Syncline is given in a separate paper in this
proceedings and the reader is referred to that paper for more
details.

COAL NEAR UNALAKLEET

Introduction

Coal had been mined as early as 1918 along the beach
a few miles south ofthe town ofUnalakleet (Cathcart, 1920).
This location is favorable for shipping to any of the settle
ments in the Norton Sound area, and strong interest from
the town of Unalakleet prompted the state of Alaska to
undertake a project to determine if significant coal reserves

remained. Preliminary field work was conducted by Stevens
Exploration Management Corporation during 1982. A drill
ing program by C.C. Hawley and Associates, Inc. followed
that work in 1983. The following are exerpts from the
Hawley report (1983).

General Geology

The Unalakleet project area (Figure 2) is located on a
deeply-incised, badly-slumped beach bluff. The Quaternary
and Tertiary to Cretaceous section is well exposed on the
cliff faces of the beach bluff, and on the beach above and
below tideline. Coal seams are exposed at several locations
along the beach. Inland of the beach and bluff, thick
vegetation covers the section except for rare exposures of
Quaternary deposits in the deeply-incised but brushy
streams. At the extreme eastern edge of the project area
rolling hills rise above the coastal plain and outcrops of
Cretaceous sedimentary rocks are common.

Geologic mapping along the beach is complicated by
the presence of large slump blocks. This mass wasting
phenomenon is caused by the partial thawing ofpermafrost
along a steep bluff face and the subsequent slope failure.
The arcuate fault at the failure point at the top of the block
can be 15 ft deep and 40 ft wide. The net result of this slope
failure is a beachwardrotation ofthe block (Figure 3), which
dramatically alters the apparent sedimentary attitudes.

The Unalakleet coal-bearing section has been dated on
the basis of pollen content as early Tertiary (patton, 1973).
The relationship of the coals to the more indurated sand
stones and shales found down-section along the beach, and
to the Cretaceous sandstones and shales which are similar
in appearance and which form the eastern hills, is unclear.
The coal-bearing clays seem to be conformable with the
underlying indurated sandstones and shales. It is speculated
that deposition was continuous throughout early Tertiary
and Late Cretaceous time.

The subsurface geology was evaluated by examining
the lithic geophysical logs and lithic cuttings from 12 rotary
bore holes. The holes were drilled to a cumulative total of
1,823 ft. The drilling effort did not add substantially to the
stratigraphic detail assembled from the surface mapping.

Stratigraphy

The section at Unalakleet includes a 20-to 50 foot-thick
Holocene and Quaternary unit unconformably overlying an
unknown thickness of Cretaceous to Tertiary terrigenous
and volcanogenic sediments. The Quaternary exposures are
of poorly-sorted angular gravel, sand, and silt. Obvious
bedding is rare; but channel cuts and rough size-sorting is
occasionally observed. The pebbles and cobbles are appar
ently derived from the Cretaceous sandstone and shale
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Figure 3. Unalakleet drilling project, 1983.

which fonn the hills east of the project area. Ice, occurring
as accretionary wedges and as interstitial filling of void
space within the Quaternary sediments is common and may
be as much as 80% of the total volume for any 10 foot drill
hole interval. The Quaternary section is inferred to represent
alluvial fan deposits shed from the local highlands.

The contact of the Quaternary and Tertiary sediments
is a very irregular angular unconfonnity. The lowest
Quaternary bed is a sandy gravel that is not significantly
different from the overlying gravels.

The section exposed along the beach is a complex
assemblage of unconsolidated silt, clay, coal, and ash lenses
intercalated with indurated sandstones and shales. Lateral
facies changes are frequent and abrupt; and few beds have

a lateral extension of more than 50 ft. Low angle crossbeds
(less than 100

) are themostcommon sedimentary structures.

Samples collected from the rotary holes also revealed
a section dominated by silt and clay. With the exception of
UH-U7-83 which yielded red, brown, pink, and green
interlaminated sediments, the section was a monotonous
collection of gray and brown clayey silt.

The coal exposures along the beach vary in both grade
and size. Discontinuous lenticular beds of clay and lignite
are common along the beach. Less common thin horizons
ofapparently higher-rankcoal occur throughout the Tertiary
section. Beds are rarely traceable for more than a few tens •
of feet and are seldom thicker than 1 to 2 ft. Clay beds
underlying the coal horizons were common. Plant fossils
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were abundant in the coal and shale beds of the Tertiary
section.

Samples ofcoal from DH-UI-83 and DH-UII-83 were
collected. The interceptfrom DH-UI-83 was the largestcoal
bed found by the drilling effort. This coal bed is approxi
mately 2 ft thick and occurs at a depth of 87 ft. The coal
chips from this bed contained vitrain and plant fragments.

Coal float is not found in any ofthe projectarea streams.
Several of the streams north of the project area contain
abundant float but no exposures of coal were located.

The environment of deposition of the Tertiary section
at Unalakleet is inferred to represent the marginal marine,
distributary system ofa lower delta plain environment. The
environment was probably very similar to that represented
at Koyuk. Like the sections at Koyuk and Unalakleet, the
environment of deposition suggests that significant coal
deposition is unlikely anywhere within this environmental
facies. It is, however, possible that environments adjacent
to the distributary system, and in general more marginal than
the active delta, may have significant coal potential.

Coal Resources

The largest lens of coal exposed along the beach is
located at the mouth of Coal Mine Creek, just south of the
project area boundary. The coal (clayey lignite) occurs in
a pod 6 ft wide and some 20 ft in lateral extent. The lens
is part of a coal horizon containing some higher grade coal
that pinches out along a strike length of 150 ft. The bed dips
approximately 350

to the east.

Coal intercepts from the 12 drill holes were thin and
deep; the thickest intercepts were no more than 2 ft. No
continuous coal-bearing horizons were identified. DH-U4
83 was drilled up-section from the largest surface occur
rence on Coal Mine Creek to a depth of210 ft and encoun
tered no coal.

Conclusions

The Unalakleet area was defined as an unfavorable
environmental setting for economic coal deposition. It is
improbable that any economic coal seams will be found in
deposits associated with the section evaluated. Addition
ally, the Tertiary section away from the beach is covered
by a prohibitively thick (greater than 30 ft) blanket of
permafrost-rich Quaternary gravel.

The occurrence of the coal beds along the beach and the
presence of float in local streams indicate that, given the
proper environmental setting, the existence of significant
coal deposits is possible. Exploration in adjacent time-
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stratigraphic units equivalent to the one studied is suggested.
It is still possible that other coal-bearing sections unrelated
to the project area but proximal to Unalakleet may prove
to be workable. To identify such coal-bearing sections it will
be necessary to prospect for favorable depositional environ
ments, thin overburden, and favorable structure. Possible
sites for future exploration include areas around the margin
of the basin containing the Unalakleet project area. Other
occurrences in the Unalakleet vicinity should be examined,
including the section ofTertiary(?) rocks some 40 miles up
the Unalakleet River on the Ulukuk River (Gassay and
Abramson, 1978). Local residents may be of assistance in
locating other such coal occurrences.

KOYUK COAL PROJECT

Introduction

Coal was reported as early as 1919 (Harrington) 1 mile
west of the village of Koyuk near the mouth of the Koyuk
River. A 4 foot seam was said to be exposed and several
smaller seams from a few inches to 2 ft thick were noted.
This report and others led to the examination of the area by
the state of Alaska during the summers of 1982 and 1983.
While no coal was exposed at these times, fragments of
subbituminous coal were present for several hundred feet
along the beach on Norton Sound, and the remains of an
old exploratory shaft was evident. The general area is on
a low, broad bench, less than 30 ft above high tide at the
northern end of Norton Bay.

As part of the 1982 Norton Sound Area Coal Explora
tion Program, Stevens Exploration Management and others
(Manning, K.H., and Stevens, D.L., 1982) conducted a
reconnaissance examination of the Koyuk coal occurrence.
An area of 200 ft x 100ft located along the Koyuk River
beach was tested with an auger type drill. Twenty-two auger
holes were drilled to an average depth of 20 ft. A seam of
coal measuring 1 to 4 ft and continuous for up to 50 ft was
intercepted. The thickest part of the seam was intercepted
in the center of the drilling pattern; and the seam abruptly
diminished in thickness away from the 4 foot lens.

The drilling program was continued during 1983 under
the direction of C.C. Hawley and Associates. The program
consisted of 12 rotary drill holes and one core hole, drilled
to a cumulative total of 1,442 ft.

Geology

The coal-bearing section at Koyuk is part of a thick,
structurally complex, Cretaceous to Tertiary (100 to 50
m.y.) sedimentary sequence that is preserved on the Seward
Peninsula as erosional remnants in tectonically downwar-



ped basins (Figure 4). This sedimentary sequence, which
hosts nearly all the Norton Sound area coal occurrences,
consists of terrigenous and volcanogenic graywacke,
mudstone, sandstone, conglomerate, and coal (fKs). The
rocks occur locally as poorly-indurated silt, sand, and clay.
These rocks, which in the past have been called the
Shaktolik group (a tenn now abandoned), are now consid
ered to be equivalent to the Kaltag and Nulato Fonnations
and the Ungalik Conglomerate (patton, 1973).

In the Koyuk area, the sequence is found west of the
Koyuk River as a series of thin bands and wedges separated
by thick alluvial deposits of Quaternary age (Qu) and east
of the Koyuk River as a thick and areally-extensive sheet.
The sequence is thought to continue upriver for some
30miles (Harrington, 1919; Hudson, 1977) and may also
underlie the offshore Norton Basin (Scholl and Hopkins,
1969).

The environment of deposition of the Cretaceous to
Tertiary section, at Koyuk, is inferred to represent the
marginal marine distributary system ofa deltaenvironment.
The discontinuous coal lenses probably represent small
lenticular sites behind levees that allowed for the protected
deposition of organics (Figure 5). These ephemeral coal
depositional sites were tenninated by anastomosing chan
nels and frequent over-bank flooding.

The few coal horizons encountered, appeared to be
lenticular masses occurring on discontinuous horizons
rather than continuous seams. The Koyuk coal contains a
significant amount of vitrain and can be classified as
subbituminous. Samples of the coal were taken from DH
K12-83 and DH-K13-83; analyses of these samples are yet
tobe published. The sample from DH-13-83 was a core from
a 6-inch bed of subbituminous coal that was deposited on
and overlain by 1 to 2 inch thick silty clay beds.

•

Tne coal-bearing section at Koyuk is bounded to the
west by carboniferous or older metamorphosed sedimentary
rocks (pzlgm). To the north, these and other volcanic rocks
of unknown age fonn rolling hills that rise above the Norton
Basin. East of the Koyuk coal occurrence, a thick blanket
ofQuaternary marine and alluvial deposits fonns the Koyuk
River flood plain (Cass, 1959; Hudson, 1977).

•

It is very unlikely that any economically-workable coal
seams exist within the study area. The Cretaceous to Tertiary
section underlying the project area is an unfavorable setting
for economic coal deposition. Despite local unconfinned
reports of coal in areas immediately adjacent to the project

Conclusions
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Figure 4. Regional geology and index map· Koyuk from Hudson, 1977, Patlon, 1973, and Till and others, 1983.
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The regional rock type is a metamorphic quartz mica
schist. In the immediate area of the mine there is a conglom
erate composed of angular to rounded quartz mica schist
cobbles and gravels ~robably representing an alluvial fan.
The bedding dips 18 to the southwest towards the road.
A few thin seams of carbonaceous shale can be seen in
outcrop. A weathered sample of coal from the old adit
contains 17% ash and had a heating value of 11,300 Btu!
lb.

SCALE
I I I

Oft. 1000ft. 2000ft.
T?K

FigureS. lithologic auger drill holes- Koyuk.
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KOYUK
DRILLING PROJECT 1982 - 1983

area, it is improbable that any workable coal seams will be
found in nearby sediments with a depositional setting
similar to the section evaluated. The origin of the abundant
coal float seen on beaches adjacent to the project area is
problematic. Although it is possible that the coal float is
eroded from the meager local section; it is speculated that
the coal comes from beds which have no connection to the
Koyuk section; they may be from a potentially economic
source(or sources) some distance upriver.

•

•

The inference that the Koyuk coal-bearing rocks rep
resent a distributary section of a delta suggests that signifi
cant coal deposition is unlikely anywhere within this
environmental facies. It is, however, possible that environ
ments adjacent to the distributary system and in general
more marginal to the active delta may have significant coal
potential.

Sixteen holes were air drilled to depths of 40 to 77 ft.
Very thin stringers of carbonaceous shale and coal were
encountered in only seven ofthe 16 holes drilled in approxi
matelya 1/16 square-mile area. It was obvious that there
are no coal resources at the site, and that the old mine was
located on a very small lens or pod. Maps, drill hole logs,
and a report on the project by Clough and Martin (1982) are
on file at the DGGS Fairbanks office.

SINUK RIVER COAL CAPE LISBURNE COAL

•
Remains of an early coal-mining operation are located

on the east side of the Nome-Teller road 28 miles west of
Nome. The convenient location and strong interest by
organizations in Nome prompted the state to conducta small
drilling program to determine the coal potential.

The third general type of coal in northwest Alaska is
contained in Paleozoic age metasediments on the western
edge of the Lisburne Peninsula. It has long been known for
its high rank. The structural complexity and remote location,
however, has prevented any serious investigations for
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development. The close proximity to the village of Point
Hope suggests a need to consider this coal, and DGGS made
a short reconnaissance of the area.

The coal-bearing formation, the Kapaloak Formation,
consists of Lower Mississippian-age nonmarine sandstone,
mudstone, shale, and coal, with minor conglomerate and
marine limestone. It lies directly below the base of the
Lisburne Group, a sequence of Mississippian-age marine
limestone and dolomite (Figure 6).

The structure of the coal-bearing sediments is complex
due to extensive faulting, shearing, contorted folding, and
crumpling along east-trending fold axes.

section by DGGS in 1983, a new drawing was made (Figure
7); several of the beds were resampled. Heating values of
the CapeLisburne coals ranged from about 12,000 to 14,700 •
Btullb on an as-received basis; moisture 2 to 13%; ash 1.7
to 17%; and sulfur averaged 0.55%.

The beds are highly folded and mining would be very
difficult. However, the pattern of the folds can be seen on
the flat area above the bluffs. A drilling program would
probably be justified ifPoint Hope should decide they were
interested in using coal. The coal is on lands claimed by the
Tigara Native Corporation based in Point Hope.

COAL INVESTIGATIONS ON
ST. LAWRENCE ISLAND

Figure 6. Lisburne Peninsula, generalized geology. •

•ARCTIC OCEAN

Cape
lisburne

beds

Introduction

Legislative action provided funding specifically to
investigate the coal resources on St. Lawrence Island. Dan
Renshaw, consulting engineer, was contracted to conduct
the investigation. Hewas assisted by DGGS geologistJames
Clough. The following summarizes three reports submitted
by Renshaw (1981, 1982, 1983).

Access is by water or aircraft. Landing fields exist at

Graywacke, chert and mafic
igneous rocks (Jurassic and

Cretaceous), Okpikruak and

Tiglukpuk Fmtns.

Shale, limestone and chert (Permiall through

Triassic), Siksikpuk and Shublik Fmtns.

Limestone (Permian through Mississippian),

Lisburne group.

Shale, nonmarine, containing appx. 13 coal
ftom 1 to 4.5 feet thick (Mississippian).

LISBURNE PENINSULA
GENERALIZED GEOLOGY

Alluvial and glacial material (Quaternary).

Undifferentiated.

Sandstone, conglomerate and shale

(late Cretaceous) Ignek Fmtn.

Sandstone, conglomerate and shale
(mid Cretaceous), Fortress Mountain Fmtn.
and Torok Fmtn.

Shale, chert and limestone
(Permian through Cretaceous),
undifferentiated.

~y Thrust fault.

P-lo

--

The Kapaloak Formation is exposed for about 45 miles
across the Peninsula shown by the narrow unit labeled Ms
in Figure 6. Coal had been located at several places within
this belt. The DGGS party, supported by helicopter, made
a reconnaissance of the area during 1983, but did not locate
any previously unknown outcrops of coal.

The best exposuresofthe coal are in the bluffs nearCape
Dyer. Tailleur (1965) measured about 2,200 ft of section
here, including 13 coal beds that were 2.5 ft or more thick;
the thickest was 6.5 ft. A series ofphotos were taken of this
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LISBURNE PENINSULA COAL SECTION

N...._-----.---.----------------

10-B 10-A

The degree of erosion along the western bluff of

A total of 353.5 ft of hole was augered in 13 different
locations through a variety of different materials and
conditions. Generally materials consisted of dark-gray
sticky clay, and gravel with high percentage of rounded
pebbles; some includes gray clay. All the above had occa
sional rocks that had to be drilled through (with great
difficulty). Permafrost was in evidence at depths between 3
ft and 12 ft, and then was discontinuous as lenses to 30 ft.
The top 3 ft were generally dark gray soil and clay with
organic mat of about 1 ft; this is seasonally thawed. Very
little coal was noted except as a minor constituent in some
clay strata (up to a maximum of 25% by volume in some
narrow clays = carbonaceous clay) but no pieces larger than
1/4 in. were noted.

It was determined that the coal in evidence in the bluff
was of a depositionally-discontinuous nature, being formed
along a beach strand or some similar isolating feature. The
result is pockets ofcoal that have very limited lateral extent.
It had been assumed that the very limited lateral extent of
the coal seams was due to frost manipulation. This may only
be partially true.

Coal Exploration

Reconnaissance was made of all areas having any
indications of coal occurrences on the island. Some sites
were trenched. Only the Naskak Camp-Niyrakpak Lagoon
area on the northwest coast was determined to have a
potential for development, and a drilling program was

From the few brief references available it was deter
mined that remnants ofseveral small coal-bearing sedimen
tary basins are to be found at various locations on St.
Lawrence Island. Coal float is in evidence in several small
streams and along lagoon beaches, but few sources have
been uncovered. The most promising of the possible coal
sources as determined from this literature was an areaknown
as Naskak Camp along the west shore ofNiyrakpak Lagoon.
Float was also abundant at various locations along the
beaches of Aghnaghak Lagoon and in the streams leading
to this lagoon. Additionally, coal float had been noted along
the periphery of the volcanic area known as the Kookooligit
Mountains, and at a location approximately 1 mile northeast
of VABM Pistol along the Fossil River.

Figure7. Lisburne Peninsula coal section.

the two villages on the island, Gambell and Savoonga. The conducted here during 1982.
island is entirely ownedby the Natives, and permission must
be obtained for any form of entry.

•

•
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Niyrakpak Lagoon in the course ofone year was surprising;
two fonner trenches had been obliterated. Probably in a
matter ofa very few years the remaining coal will be eroded
from the bluff entirely.

Vitrinite reflectance of the St. Lawrence Island coal
indicates a rank of subbituminous C. The approximate
average analyses with equilibrium moisture content is:
moisture 30%, ash 10%, heating value 7,400 Btu/lb, and
total sulfur ranged from 0.60 to 1.71 %.

Peat Resources

currently insulates structurally-incompetent and ice-rich
permanently frozen sub soils, 2) most deposits are relatively
thin (1 to 2 ft) so utilization would disturb a large surface •
area, 3) the deposits observed were all saturated with water
and quite dirty (estimate 20 to 30% ash content).

Several rock outcrops and certain ofthe more important
river drainages were examined for mineral-rich float and a
small number of specimens collected for laboratory analy
ses. While no further evaluation of the coal and peat
resources is recommended on St. Lawrence Island, addi
tional exploration for minerals seems justified.

Thin deposits ofpeat were noted at several locations on
St. Lawrence Island. These rarely exceeded 2 ft in thickness
and in all cases were surficial and acting in part as current
growth medium. In all cases observed, the peat was quite
dirty, probably containing the equivalent ofat least20% ash,
and was water-saturated. This material acts as insulation for
permanently frozen, often ice-rich sediments upon which
they rest.

GROUSE CREEK COAL

An interesting coal deposit was revealed during a drill
ing program by Houston International Minerals Corporation
to evaluate a sedimentary uranium occurrence in the
Bendeleben A-I Quadrangle near Grouse Creek on the
SewardPeninsula. Drill holes were spread along a northwest
trending zone for about 3,500 ft.

Introduction

The average of two coal analyses (Hederley-Smith, D.,
personal correspondence, 1985) yielded 3.3% ash, 0.52%
total sulfur, and a Btu value of7,680 on an as-received basis.

COAL IN THE HOCKLEY HILLS
SINGAURUK RIVER AREA, SELAWIK
QUADRANGLE

The coal reserves have not been estimated, but several
seams were penetrated. The thickest intercept was about 180
ft of lignite; but the seams thicken and thin very rapidly.
While the thicknesses of some coal beds are impressive, the
site is not well situated for coal development.

•
Two of the sites briefly examined during the northwest

Alaskacoal program lie in the Selawik D-3 Quadrangle and
within the Selawik National Wildlife Refuge.

The Hockley Hills-Singauruk River coal occurrences
were examined on June 12, 1982 under a Special Use Permit
(No. SEL-06-82) granted by the U.S. Fish and Wildlife
Service. A preliminary report by Clough, Eakins, and

The site was not investigated by the state because of
confidentiality of some data, but some findings have been
published (Dickinson, K.A., 1984). The uranium and coal
are hosted in Paleocene nonmarine sandstones on the east
side of the Darby Mountains; the average uranium grade is
0.27% U30 S' and the reserves are 1 million tons of U30 S. •
This is probably the largest known uranium resource in the
state.

Metallic Minerals

No specimens of obvious potential economic value
were noted with the possible exception of disseminated
molybdenite in quartz monzonite exposed near the mouth
of Moghoweyik River. Molybdenite content of these speci
mens was very low, but further exploration in the area is
certainly justified.

Advantage was taken of air mobility to examine several
of the more prominent potential mineral locations on St.
Lawrence Island. These included Myghapowit Mountain
and upper Seknak River, Poovookput Mountain and upper
Boxer River, lower Moghoweyik River, and Murphy Bay.
Specimens, mainly float, were collected and will be ana
lyzed under the direction of James Clough of the Alaska
Division of Geological and Geophysical Surveys.

Summary of Conclusions

Though isolated minor occurrences of coal have been
documented as a result of this project, no appreciable
deposits have been located on St. Lawrence Island. It is not
likely that appreciable deposits exist with one possible
exception-the area under the Kookooligit Mountains
basalt flow where minor deposits could possibly deposition
ally thicken and be covered by a mantle of relatively fresh
volcanic rock. The coal near Naskak remains the premier
deposit on St. Lawrence Island but is considered subecon
omic even for local use.

Peat deposits were observed at several locations on St.
Lawrence Island but are considered to be of no value for
the following reasons: 1) the peat is a top soil which
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Menge (1983) follows.

North of Hockley Hills

An occurrence of coal was located along a series of
exposed bluffs on the west side of a northeast-flowing
stream in section 21, T. 17 N., R. 8 W. Rocks in these
exgosed bluffs are generally striking N. 20

0
E. and dipping

40 W. The lithology is predominantly gray shale and gray
to brown siltstone to sandstone with thin interbeds of car
bonaceous shale and minor coal streaks (generally less than
1 in. thick). Thin gypsum and calcite layers (less than 1/8
in. thick) occur within the carbonaceous shale and coal
intervals. Abundant carbonaceous plant imprints occur
within some of the siltstone and sandstone beds. Sample
82JC1 was taken of a coal streak and carbonaceous shale
interval; the proximate analysis results are given in Table
1.

The over-abundance of sand- and silt-sized grains
suggests a relatively high-energy, unstable depositional
environment. This is further supported by the presence of
thinly-laminated coal streaks and the absence of dark, silt
free clay beds. Organic material, preserved as coal in the
observed outcrops, appears to have been transported to the
point of deposition as a concentrated organic sludge. All the
evidence points to this area as representing a transitional
environment between active channel systems and the quiet
backwater coal-accumulation areas. The observed location
was probably closer to the channels than the swamps.

The outcrops observed do indicate the likely presence
of thicker, cleaner coal beds somewhere within the area (5
to 10 miles?).

Singauruk River

Four distinct beds containing coal designated A, B, C,
and D are exposed in a steep cutbank on the north side of
the Singauruk River (section 14, T. 16 N., R. 8 W). (Figure
8). The beds are between 3 and 6 ft thick and have 6 to 8
in. of brown underclay. All but the lower 3 ft of coal bed
B have a high concentration of silt and clay material mixed
into the coal matrix. Intervals between the coaly beds are
comprised ofgray to brown siltstone to sandstone and shale.
The strike and dip of the rocks at this locality are N. 400

E., 30
0

W. Four high-grade coal samples (82JC-2 and -3
and 82GE-3 and -5) and one channel coal sample (82GE
4 - bed A) were taken at this site for proximate and ultimate
analyses and the results are given in Table 1. The sedimen
tary characteristics of this location point towards it being
at or very near to the stabilized interbasinal coal deposition
environment. Thinner coaly seams were also observed in a
predominantly sandstone and shale outcrop on the west side
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of the Singauruk River, 1/4 mi downstream.

Analyses

All samples collected were weathered and the results of
analyses should be interpreted accordingly. Sample 82JC3
has an apparent rank of high-volatile C bituminous coal.
However, due to the 12% ash content, vitrinite reflectance
will be necessary to determine the ASTM coal classifica
tion. All ofthe other samples collectedcontain between 27%
and 58% ash content and are now being analyzed using the
float-and-sink technique to separate the coal from the ash.
(This process is used commercially by the coal industry to
remove as much as 85% of the ash content, thus enhancing
the coal quality.)

Recommendations

Detailed geologic mapping is necessary in this area
before a drilling program can be initiated. With coal present
on the north and south sides of the Hockley Hills it is
possible that a coal basin could be delineated. This would
require construction of a geologic map of sufficient detail
to determine strikes, dips, and general rock type. This
information would then provide the framework on which a
small scale drilling project could be constructed. A prelimi
nary series of test holes would have to be drilled and
geophysically logged before any definitive statement
concerning geometry, quality, and quantity of coal in this
area could be made. Because of terrain and vegetation, the
location would most probably have to be tested using break
down equipment that could be transported via helicopter.
However, because this area is within a national wildlife
refuge, no drilling can be done at present.

KALLARICHUK RIVER AREA COAL

Early efforts were made to mine coal near the mouth of
the Kallarichuk River, a tributary of the Kobuk River about
20 miles upriver from Kiana, in the Baird Mountains A-2
Quadrangle. The coals within the Baird Mountains Quad
rangle were interbedded with nonmarine conglomerate,
sandstone, and clay mudstone, they occur within a broadly
folded, north-east trending syncline dissected by numerous
high-angle faults. Coal beds no more than 2 to 3 ft thick, and
usually much thinner, occur in outcrops along both banks
of the Kobuk River for a distance of 8 to 10 miles below
the mouth ofthe Kallarichuk River. Rock exposures are few,
preventing detailed structural interpretations. A potassium
argon age determination of 83.4 ± 2.2 million years from
biotite within an ash-fall and well preserved plant fossils
assign a Late Cretaceous age to these sedimentary rocks.
This age is similar to that of the coals located in the Corwin
Bluff and Cape Beaufort coal fields to the northwest (point
Lay Quadrangle).



Table 1. Proximate and ultimate analyses of raw coals from north of the Hockley
Hills and Singauruk River occurrences.

Sample
no. Basis*

Volatile Fixed
Moisture matter carbon Ash

(%) (%) (%) (%)

Heating
value
Btullb

C
(%)

N
(%)

H
(%)

o Sulfur
(%) Pyritic Total

•
---------------------------------------------------------------------------------------------------------------------------------------

North of Hockley Hills
82JCl 1 1.46

2
3

11.11
11.28
27.87

28.78
29.18
72.13

58.67
59.54

5,196
5,273

13,031

0.25

Singauruk River
82JC2 1
BooB 2

3

82JC3 1
BedC 2

3

82GE3 1
Bed A 2
high-grade 3,
82GE4 1

'" Bed A 2
channel 3

82GE5 1
Bed 0 2

3

0.13

12.77

15.23

9.91

15.86

21.27 27.39 42.21 5,959
23.41 30.14 48.45 6,558
43.72 56.28 12,247

26.52 48.90 11.81 9,496 57.24 4.88 0.96 24.65

30.40 56.06 13.54 10,886 65.61 3.96 1.10 15.26

35.16 64.84 12,590 76.21 4.58 1.27 17.33

22.18 34.97 27.62 6,948
26.17 41.25 32.58 8,196
38.82 61.18 12,156

16.51 21.07 52.51 4,125 26.59 3.10 0.46 17.08

18.33 23.38 58.29 4,579 29.52 2.21 0.52 9.18

43.93 56.07 10,979 70.77 5.30 1.25 22.00

21.46 30.11 32.57 5,937
25.51 35.78 38.71 7,056
41.62 58.38 11,512

0.24

0.14 0.46
0.17 0.53
0.19 0.61

0.35

0.01 0.26
0.02 0.28
0.04 0.68 •0.28

* 1 - Equilibrium moisture
2 - Moisture free
3 - Moisture and ash free

Coal samples were analyzed by the Mineral Industry Research Laboratory in Fairbanks, Alaska under the
direction of Dr. P.O. Rao.

The area was visited during 1982 and two samples were
submitted for analyses (Table 2). A considerable amount
of highly-weathered coal debris is contained in a northwest
facing cutbank along an unnamed tributary to the Kallar
ichuk River, sample 82GEI (site A); and abundant blocky,
relatively unweatheredcoalfragmentsoccurin a small creek
which flows northwest into this tributary. The second
location investigated (82GE2) contains two beds, 1 ft to 2
ft thick, ofboney coal within poorly-consolidated gray shale
and sandstone beds, with a strike and dip ofN. 45

0
E., 45

0

w.

The quality and location of the coal deposit suggest that
additional work may be justified to detennine the potential
for providing fuel for villagers along the Kobuk River.

However, the area is within the boundaries of the Kobuk
River National Park, and no work is pennitted. The western
park boundary is just 4 miles from NANA Regional Cor
porations land. A land trade would have to be worked out
to allow development to take place.

CONCLUSIONS

State-supported coal investigations during 1981-85
detennined that the two most promising sites for immediate
testing were the Deadfall Syncline on the North Slope and
the Chicago Creek coal mine on the Seward Peninsula.
Drilling at these sites has established adequate reserves to
last for many years of local use. •
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Bed D - 4' coal and shale, sample
82GE5

Bed C - 3' mixed shale, coal and
siltstone, sample 82JC3

Bed B - 6' coal, sample 82JC2

Bed A - 4.5' coal and shale
82GE3 high-grade sample
82GE4 channel sample

Figure 8. Singauruk River coal
occurrence.

•

Field observations and small drilling projects at a
number of Cretaceous-Tertiary coal occurrences south of
the BrooksRange show thatmineable, near-surface deposits
may exist without having any surface evidence; drilling is
required to test these areas.

The quality of the northern Alaska coals is variable, as
is expected over such a vast area; but much has a high
ranking. Figure 9 shows the comparison of the principal
qualities of some northwestern Alaska coals and coal from
the presently-producing Nenana coal field.

While feasibility studies are still underway, it is obvious
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that there is a greatpotential for developing coal as an energy
resource in northwest Alaska. Cooperative efforts by Native
groups, the state of Alaska, the North Slope Borough, and
private industry could bring coal into production for local
use and create much needed employment. Using modem
technology there are a number of options for mining, trans
porting, and utilizing these coals.

Also it is apparent that there should be government
support for a strong, ongoing state coal program to conduct
research on the composition, petrology, environments of
deposition and best methods of treating and utilizing these
coals. Alaska may contain up to 50% of the U.S. coal



Table 2. Proximate and ultimate analyses of raw coals from occurrences in the •KaUarichuk River area.
~

I

~
Volatile Fixed Heating

Sample Moisture matter carbon Ash value C N H 0 Sulfur
no. Basis* (%) (%) (%) (%) Btu/lb (%) (%) (%) (%) Pyritic Total
-------------------------------------------------------------------------------------------------------------------------------------------
82GE1 1 13.20 32.15 41.68 12.97 9,292 52.68 5.34 0.82 27.13 0.41 1.05
Site A 2 37.04 48.02 14.94 10,705 60.69 4.45 0.94 17.76 0.47 1.22

3 43.54 56.46 12,585 71.36 5.23 1.11 20.87 0.55 1.43

82GE2 1 17.15 23.20 28.38 31.17 5,788 0.38
Site B 2 28.13 34.25 37.62 6,986

3 45.00 54.91 11,199

* 1 - Equilibrium moisture
2 - Moisture free
3 - Moisture and ash free

Coal samples were analyzed by the Mineral Industry Research Laboratory in Fairbanks, Alaska under the
direction of Dr. P.D. Rao.

COMPARATIVE ANALYSIS - SELECTED COALS •

Figure 9. Comparative analyses - selected coals.
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resources; it should prepare for their development.
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ABSTRACT

This report contains all of the information and results
generated from the four year field study of the Bering River
coal field conducted by the Korea Alaska Development
Corporation (KADeO) in conjunction with the Chugach
Alaska Corporation (CAC). Included are all of the drilling
and mapping data collected from field studies, and the
subsequent generation ofa geologic model for the coal field.
The complex geologic structures and the stratigraphic
make-up of the area, including the nature and location of
coal seams within the Kushtaka formation were determined
from this information. These results helped the authors to
calculate the reserve quantity for the specific areas within
the coal field that demonstrate some economic potential.
The total resource potential for these combined areas has
been determined to be 59 million tons. A mineable reserve
quantity calculated at 60% recovery would be 35 million
tons. The quality of coal and the possibility of long-range
potential markets suggest that further research and explo
ration should be carried out, for a more precise evaluation
of the resource potential of the Bering River coal field.
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INTRODUCTION

An agreement between the Chugach Alaska COl'pOra
tion (CAC) and the Korea Alaska DevelopmentCorporation
(KADeO) was made on April 18, 1981 for the purpose of
exploring the coal beds of the Bering River Coal Field in
Alaska.

The agreement allowed KADCO to drill over 2,750
meters of test drilling; sixteen test holes, making a total of

2,890 meters from early May through August of 1981. A
photogeology survey was also conducted during this time;
the resulting photographs were used to analyze the geologi
cal structure of the area, and to determine the location of the
major coal beds. This analysis was also used to assess
possible and probable coal reserves within the Bering River
Coal Field. The resulting report was compiled principally
for use by CAC for the determination of land selection.

In 1981 MIRL received 20 drill-core samples from the
original41 drill-core samples used by KADCO in determin
ing the quality of the coal. Chemical and physical analyses
of the 20 samples were determined.

Additional drilling was done in the Carbon Mountain
area in 1982 and a total of 1,200 meters of diamond core
was collected from 5 drill site locations. Due to the improper
location of the drill sites, this program yielded little infor
mation as to the location and extent of the coal seams, and
lead to the development of an extensive mapping program
in 1983. This program was never fully implemented due to
the lack of reachable outcrops and the intense structural
complexity that halted any attempts to determine the lateral
continuity and structure of the coal. However, the general
geologic trends of the areas were clarified and presence of
multiple seams within the Kushtaka formation was con
firmed.

The drilling program that began in 1984 was designed
to determine the extent of the coal seams within the Kush
taka fonnation, and to calculate the mineable reserves and
resource potential of the Bering River coal field. The Korea
Mining Promotion Corporation (KMPC) and KADCO
produced a modified drilling program consisting of 44
drilling sites distributed over the areas thought to be
underlain by the coal-bearing formation. There were 11
diamond holes and 33 rotary holes drilled vertically to a
depth of approximately 100 meters each, yielding a total
drilled depth of 4,500 meters. In addition, downhole
geophysical surveys were logged in each drill hole to help
determine the lithologies and depths of rock units.

This report is a summary of all of the infonnation
gathered during the exploration programs beginning in
1981. This information was used to determine the specific

•
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Flgure1. Location ofthe Bering River coal field.

J

The Cunningham group of coal claims located in the
basins ofTrout and ClearCreek were the objectofa number
of studies beginning in 1907 (Barnes, 1951, p. 1). A.H.
Storrs made an engineering study ofthis region with respect
to the possibility of mine development In 1909, brief
investigations were conducted for the General Land Office
(Kennedy, 1910) and for the Forest Service (Wingate, 1910)
to decide the classification of the area either as coal or
noncoalland. Since there was some disagreement on the
classification, a more extensive examination was made by
the U.S. Geological Survey (Fisher, 1910). The result of the

The frrst detailed study was begun in 1903 by the U.S.
Geological Survey and included the preparation of topo
graphic and geologic maps of the coal-bearing area, and the
measuring and sampling of numerous coal beds. The
investigative team was aided by the use of the coal and oil
maps developed for the Alaska Development Company and
the Pacific Coal and Oil Company made by J.L. McPherson
(1903). The results of the study were published in 1908 in
the U.S. Geological Bulletin No. 335, "Geology and
Mineral Resources of the Controller Bay Region, Alaska"
(Martin, 1908).

buildings, and had done a great deal of development work,
including both underground and surface work (Colp and
Wolff, 1969, p. 4).
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The Bering Coal Field was frrst referred to as early as
1896 in reports andpublications by U.S. Geological Survey.
In 1903 the Bering River Coal Company had already begun
construction on a power house and additional support

The Bering River Coal Field is located in south centrnl
Alaska, inside the Chugach National Forest Geographi
cally locatedbetween latitudes 60°15' and60°30'North, and
longitudes 143°45' and 144°20' West, the coal field can be
considered as part of the foothill zone between the Chugach
Mountains and the northern Pacific coast The coal-bearing
rocks are exposed in a belt running northeast from the east
shore of Bering Lake, approximately 20 miles long and
ranging in width from 2 to 5 miles (Figure 1). The field
is bordered on the northwest by the

MartinRiverGlacierandon the southwestby the Bering
Glacier and the Bering River drainage basin. Both glaciers
are derived from the Chugach Mountains to the North.

structural conditions within the coal field, the effect these
conditions have on the continuity of the coal seams, and the
resource potential in the Bering River coal field and the
mineable reserves available.

LOCATION AND EXTENT

•

•

•
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study was that all 33 claims of the Cunningham group were
classified as coal land, which by definition requires the
presence of a coal bed of workable thickness within 3,000
feet of the surface.

The U.S. Navy commissioned C.A. Fisher, W.R.
Calvert, R.Y. Williams and S.S. Smith in 1912 to study the
possibility of mine development for the purpose of supply
ing coal to the U.S. Navy. The geology of the field (Fisher
and Calvert, 1914) and the probable mining conditions
(Williams, 1914) were described in the resulting reports.
The sample collected for steam testing was taken from four
tunnels on Trout Creek and totaled 600 tons.

topographic areas, the flat lowlands and the moderately high
ridges and hills. The lowlands are characterized by grass
covered flats, traversed by streams or covered by arms of •
glaciers or glacial lakes. The hilly areas are of moderate
elevation averaging about 2,000 feet above sea level. The
hills and ridges are separated by deeply eroded canyons, and
generally trend in a northeast direction. The eastern slopes
are more steep than the western slopes. The lower slopes
of the hills and ridges are cut by small canyons, higher up
are rounded or flat areas which are overshadowed by bare
cliffs eroded at the top into sharp ridges and peaks (Fisher
and Calvert, 1914, p. 29).
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Numerous other coal beds were measured and sampled
from different areas in the field from 1911 to 1922 and the
resulting analyses of these samples were published in a U.S.
Bureau of Mines Technical Paper (Cooper et al., 1946).

G.W. Evans (1920) prepared a detailed report on the
Carbon Creek area leased by the Bering River Coal Com
pany in 1920. This report includes infonnation pertaining
to existing and proposed developmentwork within the mine,
descriptions of coal exposures, and results of coking and
washing tests. The mine development and facilities were
abandoned some time in the early 1920s.

The Jewel Ridge Coal Corporation investigated this
area again in the summers of 1957 and 1958. A sampling
program was developed for both the Carbon Creek area and
the Trout Creek area.

The Cortella Coal Corporation began prospecting work
on Carbon Creek in 1968, beginning with trenching work
and some diamond drilling done by Alaska Geological
Consultants of Anchorage (Moening, 1968). In 1969 A.L.
Renshaw, a consultant engineer for Cortella Coal Corpo
ration, prepared a report on the potential resources, quality
and recommended exploration procedures based primarily
on the 1968 prospecting results and on previous reports and
maps (Renshaw, 1969). Seimiol Consultants did some
additional mapping and cross sections along Carbon Creek
and based on this infonnation and other assumptions, pro
posed a potential reserve of 95 million tons. In 1969, the
Mineral Industry Research Laboratory of the University of
Alaska, published a report dealing with the washability
characteristics of two samples collected during the 1968
prospecting work (Rao, 1969). A compilation of these
reports and some others were published by Cortella Coal
Corporation in April of 1969 as prospectus for the develop
ment of the Bering River coal deposits, Carbon Creek in
particular (1969).

GEOLOGY

The Bering River Coal Field is divided into two distinct

Therocks thatoutcrop in the BeringRivercoal field also
are of two general classes; unconsolidated alluvial deposits
and indurated, complexly-folded rocks. Also, the geologic
features directly coincide with topographic features with the
hard rocks being found in the hills and the alluvial deposits
occupying the lowlands (Martin, 1908, p. 25).

The hard rocks are Tertiary sediments, except the two
areas of metamorphosed pre-Tertiary deposits and igneous
intrusive rocks. The close folding and faulting that define
the complex structural features of the region, increases in
intensity in the northeast, especially in the Carbon Moun
tains district and the number of sills and dikes found in the
Tertiary sediments in the northeast is also higher (Martin,
1908, p. 25).

The general succession of rocks in the Controller Bay
region, including the Bering River coal field, is as shown
in Table I. The metamorphic rocks of this region are outside
the area of investigation and outcrop in only two areas. One
of these covers all of Wingham Island except the southeast
point, and the other is west of Katalla in Rugged Mountain
and in the low hills between it and the Copper Delta (Martin,
1908, p. 26). The rocks in these areas include black slates,
graywacke, chert, greenstone, and other bedded and intru
sive igneous rocks. The observed contacts with the Tertiary
sediments are faults, usually overthrust faults where the
metamorphic rock overlie the Tertiary rocks. The Tertiary
rocks that are in direct contact with the metamorphic rocks
are completely without any metamorphic characteristics.
This proves that the metamorphic rocks are of a much
greater age and that a great unconfonnity exists between
them and the Tertiary rocks (Martin, 1908, p. 26). These
rocks constitute the oldest rocks in the Controller Bay region
and are probably at least late Paleozoic and certainly older
than the Upper Triassic (Martin, 1908, p. 27).

Katalla Formation

The rocks of the Katalla fonnation outcrop in the upland
area south of BeringLake between Bering River and Katalla
River. These rocks also occupy the low hills between the
baseofthe steepeastern slopeand the Katalla drainage basin

•
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TableI. SUCCESSIONOFROCKSINTHECONTROLLERBAYREGION. Source: Martin,G., 1908,
USGS Bull. No. 335, p. 24.

Stillwater Formation

(Figure 2).

The Stillwater formation (Figure 3) occupies the area
west of Shepard Creek, along the west shore of Kushtaka
Lake, all along the Shockum Mountains and the entire valley
of Stillwater Creek, into the valleys of Trout and Clear
creeks, and eastward to Canyon Creek (Martin, 1908, p.30).

I ENVIRONMENT

And, although the base has not been determined, the thick
ness is thought to exceed 1,000 feet.

The Kushtaka formation consists of an alternating
sequence of sandstone, siltstone, shale, coaly shale and coal
and can be divided into upper, middle and lower stratigra
phic sections (Figure 4). The bottom of the Kushtaka
formation is made up of dark, fine-grained sandstones and
siltstones. In general, the lower half of the formation
includes thick, coarse-grained sandstones which demon
strate cross bedding, bioturbation and ripples. Some
siltstones and coal beds are also present and are usually

Kushtaka Formation

The Kushtaka formation (Figure 3) covers parts of the
Kushtaka Ridge, the eastern slope and the western slope
continuing on the Carbon Creek valley and up the east side
of Shepard Creek to Lake Charlotte. Another area extends
from the south end of Lake Charlotte to the south end of
Lake Tokun and continues south for two miles. A large area
lies on the east shore of Bering Lake and extends between
Dick Creek and Shepard Creek. The largest known area is
found on the east edge of Kushtaka Glacier and continuing
in a northeasterly fashion (Martin, 1908, p. 31).

LITHOLOGYFORMATIONAGE

The lower part of this formation consists of greenish
gray rme sandstone and dark gray shale. The upper part of
the formation consists of calcareous gray fine sandstone,
dark gray rme sandstone, sandy shale, and dark-gray shale.
The formation is of both marine and non-marine origin.

A major portion of the formation consists of black
argillaceous shale, with numerous limestone concretions
and at least one bed of glauconitic sand. There are two
massive sandstones located above and below the thickest,
most prominent shale bed. Another shale bed of similar
character underlies the bottom sandstone. The upper sand
stone is overlain by conglomerates, sandstones and shales.
The conglomerates are discontinuous and grade into sand
stones and shales (Martin, 1908, p. 28).

•

•
i Quaternary
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underlying the sandstones in a coarsening-upward se
quence. Thin alternating layers of sandstone and siltstone
containing thin coal beds are also found in the lower half of
the Kushtaka formation.

The middle to upper section of the Kushtaka formation
is composed of fining-upward sequences. Each sequence
consists of a coarse to medium grained sandstone that
gradually decreases in grain size and grades into a siltstone
and then a shale. Coal seams appear in the upper portion
of the sequence, overlying the shale.

The upper portion of the Kushtaka formation contains
conglomerates and coarse- to medium-grained sandstones
containing shale rip-up clasts. The presence of the clasts
indicates the influence of a fluvial environment. There are
also sequences of sandstones that fme upward and are
occasionally overlain by coal beds (KADCO, 1984, p. 11
12).

The formation is considered to be of non-marine origin
and is thought to overlie the Stillwater formation, but as
most of the contacts are faults, the exact relationship is
unknown (Martin, 1908, p. 31). The total thickness is
greater than 2,000 feet.

Tokun Formation

The Tokun formation (Figure 3) outcrops on both
shores of Lake Tokun and continues north and northeast to
the edge of the Martin River Glacier and to Lake Charlotte.
There are also outcrops along the crests and northwest slopes
of Carbon and Charlotte ridges, on the west slope of
Kushtaka ridge, along the ridge north of Mt. Hamilton, and
on the northwest slope of Cunningham Ridge.

The Tokun formation is conformably overlain by the
Kushtaka formation and represents a transition from fresh
water to marine environment. The formation is probably
greater than 2,500 feet thick and consists of siltstones and
shales in the lower 2,000 feet that are overlain by a massive
gray to green sandstone, possibly glauconitic, several
hundred feet thick. The shales and siltstones are interbedded
with calcareous concretions and thin layers of limestone
(Martin, 1908, p. 35-36).

AGE AND CORRELATION

TheTertiary sedimentsas a whole, consistofrepetitions
of shales and sandstones with massive section of coal
bearing arkose and a few massive conglomerates. The
structure of this region is complex. There is a definite lack
ofexposures and contacts. Also, the lithology and the fossil
record do not lend themselves to determining the complete
stratigraphic succession with any certainty.

Figure 4. Detailed stratigraphy ofthe Kushtaka
formation.
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Martin (1908, p. 37-41) proposed two possible corre
lations: the rocks of the coal field (Tokun, Kushtaka and
Stillwater formations) would be placed in the Miocene,
possibly extending down into the Oligocene and the Katalla
formation underlies these rocks with an unknown concealed
interval existing between them. Alternatively, the lower
beds of the Katalla formation may correlate with the upper
beds of the coal field (fokun formation), and the section
would be all Miocene or younger. Martin interpreted the
stratigraphy and structure to agree with the fITst correlation,
although he believed the paleontologic evidence, supplied
by Dr. W.H. Dall, that supported the second correlation
warranted further investigation. Later work done by DJ.
Miller (1961) did support the correlation between the lower
partofthe Katalla formation and the upper partofthe Tokun
formation. Further investigations by DJ. Miller, including
a re-examination of the fossils collected by Martin in areas
mapped as Stillwater, indicate that Stillwater may be a part
of the Katalla formation and would therefore also overlie
the Kushtaka formation.

The succession of rocks in the Yakataga District in the
Gulf of Alaska Tertiary Province (Miller, 1-610) are de
scribed in Table II along with the correlated rock succession
of the Controller Bay Region.
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Table II. CORRELATION OF THE YAKATAGA DISTRICT ROCK SUCCESSION AND THE CON
TROLLER BAY REGION ROCK SUCCESSION IN THE GULF OF ALASKA, TERTIARY PROVINCE•

IGNEOUS ROCKS

There are numerous small dikes and sills in the Tertiary
rocks north and eastofStillwater Creek, and south ofBering
Lake. They average less than one or two feet thick and are
not traceable for any great distance.

Basalt is the most common kind ofrock but diabase was
found in three of the large dikes. One of these dikes located
on the hill between Katalla River and Clear Creek, has a
width of about 20 feet and is several hundred feet long, the
largest dike in the Tertiary Rocks.

Many of the basalt sills have intruded along the coal
beds and have altered the coal bed for a few inches from
contact, to a dense coke with columnarjoints (Martin, 1908,
p. 41). Photographs of one of the samples collected by
KADCO during their drilling project show evidence of the
coking ability of the coal (plate II, 7-10).

STRUCTURE

The initial view of the Bering River coal field may give
the impression of uniformity since certain noticeable
sandstones seem to extend for great distances without any

apparent change in trend. This is an illusion though, and
further study ofthe area shows evidence of intense dynamic
stresses in the form of faults, folds and fracturing. Crushing
is most apparent in the coal beds which offer the least
amount of resistance, and result in a finely crushed mass or
foliated flakes. Steeply-dipping beds are common and
overturned beds are also present (Fisher, Calvert, 1914, p.
33).

The structural complexity of the BeringRiver coal field
is obviously apparent. The actual processes that produced
the resulting deformation are not easily determined due to
the lack of complete and traceable rock exposures. There
fore any interpretation of the causes of deformation are
highly subjective. The theory proposed by Martin (1908,
p. 33) seems to best explain the structure of the field at
present. This theory makes the following suppositions:

1. In late or post-Tertiary time, there was a zone of
intense deformation in the present position ofthe
Chugach Mountains which did not extend into the
coastal part of the region.

2. The rocks that are now exposed on the shore of
Controller Bay were then much farther north of
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their present position and were involved in these
intense movements.

3. The [mal stage of deformation involved one or
more great overthrusts of these Tertiary rocks
southward where they came to rest on Mesozoic
beds, which were some distance from the defor
mation zone and therefore not affected.

This theory explains many of the larger geologic fea
tures and, although it is not directly sUpPOrted by any
structural detail, none of the local geology disproves it
either. This theory gives significance to the straight shore
line of the Pacific Ocean in this area and to the linear
separation of the high Chugach Mountains from the lower
foothills. It explains the absence of Mesozoic rocks which
are well-developed north of the Chugach Mountains and in
the Cook Inlet. It explains the presence of light-gravity oils
in rocks of this age and degree of deformation, where fault
planes parallel to the coast and mountains will offer a zone
of movement for the oil from its original source in the
underlying undeformed Mesozoic rocks to its present source
in the deformed Tertiary rocks (Martin, 1908, p. 45).

General Structure of the Region

The Tertiary rock have a predominant northeast strike
and a northwest dip. The beds are steeply dipping and are
faulted. The strike changes to east-west in the area between
Kushtaka Lake and Berg Lakes, and the rock have a
northwest strike in the area in and north ofthe valley ofBuris
Creek (Martin, 1980, p. 42-43).

The folding associated with the structure of Bering
River coal field is most evident in the Carbon Creek valley
area, where the rocks have been folded into a sequence of
isoclinal anticline-syncline pairs. In the northeastern area
the folds are compressed and sometimes overturned, but the
deformation is less intense. Most of the folds are such that
their axial planes are along or only slightly different from
the general northeast strike.

There are four major faults in the coal field that are
found in the area between Kushtaka Lake and Shepard
Creek. Kushtaka Ridge is cut by two of these faults, one
at the southern end and anotheralong the western slope. The
other two faults outline a narrow block east and south of
Charlotte Lake (Fisher, Calvert, 1914, p. 34). Throughout
the entire field there are numerous faults oflesser proportion
that have resulted in displacements ofup to several hundred
feet (Fisher, Calvert, 1914, p. 34-35).

The structural features of these rocks indicates that they
have been involved in very intense crustal movements. Any
apparent simplicity of structure is deceptive and is only

masking a more complex structural feature. The more
closely the field is studied the more obvious the structural
complexity appears and the more difficult any complete
interpretation of the area becomes.

Carbon Creek Area

Information gathered during the 1983 mapping pro
gram suggests that three separate phases of flexural folding
occurred in the Carbon Creek area. The first two phases
(pI and F2) occurred simultaneously and were followed by
a third phase (F3).

The Fl folding determines the basic structural control
for the development in the Carbon Creek area, and consists
of an anticlinorium-synclinorium pair with a north-east
trend. The F2 folds occur as overturned, tight, asymmetrical
to isoclinal synclinal-anticlinal pairs along the limbs of the
Fl folds. The smaller F2 folds control the structural
development of the tributary drainage within the Carbon
Creek basin. These small scale folds also influence the
thickness and continuity of the coal seams within the area.
The northeast trending folds included in the FI-F2 phases
were affected by the cross cutting F3 folding that occurred
later having a north 70° west strike.

The faults that occur within the Bering River coal field
can be classified as both normal and thrust faults. Bedding
faults and faults that are nearly parallel to the bedding are
the most common faults found in the Carbon Creek area.
Most of these faults strike parallel to the regional structures
within the area, and maintain a northeastern trend. A
number of faults cross-cut the northeast-trending structures
but they are small scale faults of restricted length and
displacement (KADCO, 1984, p. 17).

The Carbon Creek area is obviously the most structur
ally-deformed area of the Bering River coal field. The
Kushtaka formation located along the Carbon Creek con
sists of a series of tightly closed, isoclinal folds with near
vertical axial planes (Figure 5). The axis ofthe predominant
anticline has aN50E strikeand runs parallel to Carbon Creek
(KADCO, 1981, p. 29). The degree ofdeformation appears
to increase in a westerly fashion, and the possibility of these
folds plunging both in the southwest and northeast direc
tions would account for the discontinuity of the coal seams
along the strike and the apparent "wrapping" of the coal
seams around structures (Weir, 1969, p. 9).

Themosthighly deformed partoftheCarbonCreekarea
occurs along the eastern flank of Carbon Ridge. The area
consists of the rocks found in the upper Kushtaka formation
and contains isoclinal to asymmetrical folds dipping to the
northwest (KADCO, 1984, p. 18). These structures are
confirmed by drilling and easily demonstrated in cross-
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section (Figure 6). The coal seams have experienced a
certain amount of thickening along the crests and troughs
of the folds and an associated thinning along the limbs. A
large portion of the anticlinal crests have been lost due to
erosion but the synclinal troughs still remain. Evidence of
these troughs is seen in the formation of topographic
benches that are frequently underlain by coal and that
laterally extend for several hundred meters (KADCO, 1984,
p. 18).

The rocks of the middle Kushtaka formation are found
in the area between the beginning of Queen Creek to the
confluence of Nevada and Carbon Creeks. There is large
scale folding in this area, with respect to the entire Carbon
Creek basin. Similar to the Carbon Ridge area the dip of
the axial planes are nearly vertical, and there are thickened
coal zones along the troughs and crests of the folds
(KADCO, 1984, p. 18).

The isoclinal folding, common in the Carbon Creek
area, and some angular chevron folding is seen in the Leeper
Creek area. This type of folding is indicative of the small
scale F2 folds (Figure 7).

The Kushtaka formation is bounded on the east by a
normal fault that runs northeast-southwest along the west
flank of the Kushtaka Ridge, with a dip considered to be
near vertical. The Tokun formation rocks on the east side
of the fault are downthrown with respect to the Kushtaka
formation rocks on the west side. A vertical displacement
of 200 to 250 meters has been estimated for the fault
(KADCO, 1984, p. 19).

Another normal fault that runs nearly parallel to the
above-mentioned fault was described as passing through the
eastern flank of Kushtaka Ridge, along the northwest shore
of Kushtaka Lake in a northeast trend (Martin, G. 1905).
The Kushtaka formation to the west comes in contact with
the stillwater formation to the east.

Trout Creek Area

Greenhill Ridge, west of Trout Creek, is underlain by
the northerly dipping Kushtaka formation. Exposures of
these rocks occur along Trout Creek, and demonstrate an
average east-west strike, but the exposures can vary. The
dip of the beds in the Trout Creek area ranges from 30° to
50°, although drilling information from the 1981 drilling
program suggests that the dip may increase at depth and
information from the 1984 drilling program indicates that
the average 30° to 50° dip has lessened in the vicinity of
drill holes K84-38R, 39C and 40R to nearly flat bedding
(Figure 8).

East of the Greenhill Ridge, along the tributaries of
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Trout Creek, the Kushtaka formation has been folded.
These folds trend in a north to northeast fashion, almost
perpendicular to the Greenhill structures, andconsistoftight
isoclinal anticlines and synclines similar to the F2 folds in
the Carbon Creek area (KADCO, 1984, p. 20). Farther east
toward Monument Mountain the structures exhibit a definite
northeast trend. The folds between Trout and Clear Creek
are again isoclinal and in this case have been overturned
(Figure 9). The axes of these folds have a northeast strike
of N70E (KADCO, 1981, p. 29).

A transverse fault that trends up the valley of Trout
Creek is not physically evident but can be inferred by the
inability to [rnd the eastward extension of the coals exposed
on the west sideofthe creek and the abruptchange in attitude
of the beds between flat-lying east side beds and steeply
dipping west side beds.

Monument Mountain Area

The Monument Mountain area includes the area under
lain by the Kushtaka formation extending from Cunning
ham Ridge to Mount Chezum. The entire Kushtaka forma
tion is present and a large portion is exposed. The general
strike of the rocks ranges from north 60° east to north 70°
east and the dip varies from 25° to 50° northwest. The beds
along the southern flank of Monument Mountain have
shown an east-west strike (KADCO, 1984, p. 20).

There are two fault zones occurring in this area that are
roughly parallel to each other and have an east-west trend.
One zone cross-cuts the Cunningham Ridge and passes
through the south side of Monument Mountain. The
disturbed zone contain a small thrust fault and two tightly
folded anticline-syncline pairs and has a width of approxi
mately 100 meters. This zone can be traced eastward across
Canyon Creek and westward to the west slope of Cunning
ham Ridge (KADCO, 1984, p. 20-21).

The other fault zone is exposed in the northern part of
Monument Mountain. The fault zone was observed in
stream outcrops and drilling data based on coal lithology
and of a rock sequence and the presence of a small scale
thrust fault. This zone is of similar width as the first zone
and also contains a tight anticline-syncline pair. The fault
continues eastward and has been correlated with a tightly
folded area just below the saddle of Cunningham Ridge
(KADCO, 1984, p. 21).

Overturned folds are evident in the rocks of the lower
Kushtaka formation located in the north-western part of
Monument Mountain cirque along with numerous faults.
These faults parallel the Kushtaka formation - Tokun
formation contact, which appears to be a faulted contact.
A normal fault with a near vertical dip occurs on Cunning-
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Figure 6. Cross sections of Carbon Creek, near the Old Mine site.
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Clear Creek, Canyon Creek and Carbon
Mountain Areas

The area between the Doughton Peak and the farthest
east Carbon Mountain has shown recumbent folding with
an east-west axis direction and a dip ofless than 30° north.
Between the western slope of Doughton Peak and Canyon
Creek, numerous faults occur with a prevalent northwest
trend.

There has been some evidence of chevron folding
occurring in the area between Clear Creek and the western
ridge ofCanyon Ridge (KADCO, 1981, p. 30). An apparent
strike fault is located on the middle fork of Barrett Creek
which demonstrates a considerable displacement due to the
absence of the entire middle section of the Kushtaka forma
tion (Barnes, P.P., 1941, p. 6).

ham Ridge north of the Kushtaka-Tokun contact (Figure
10). Farther east in the Monument cirque, relatively tight
symmetrical anticlines and synclines were found in middle
Kushtaka rocks using drilling data from the 1984 program.
These structures apparently continue on eastward into the
Mount Chezum area (Figure 10).
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Figure 8. Cross sections of the Trout Creek area.

HISTORICAL GEOLOGY

The deposition of the material which now forms the

Figure 9. Cross section of Trout Creek area.•
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The upper Kushtaka fonnation near the Tokun fonna-

The region was uplifted in an intennittent manner so
that the accompanying erosion proceeded to continuously
produce and destroy plains and terraces. The upward
movement ceased at a point when the land was 1,000 ft
higher in elevation than at present. The following depres
sion of the land has brought it to the present elevation and
is a continuing process.

Further examination of outcrops and drilling cores
shows evidence ofa layer ofdark clay alternating with thin
layersofsandstone that grade into shaleand then clay. There
is a clearcut contactbetween the dark clay and the overlying
sandstone signifying a seasonal change; a sudden influx of
coarse sediment during the summer. This varve, an annual
deposit denoting seasonal changes, is indicative of a lake
environment.

The pre-Tertiary period was a time of continuous
erosion producing broad areas of low relief. The area that
would eventually become the Bering River coal field at that
time would have been a wide swampy area very near shore,
and an optimum environment for the establishment ofplant
life.

Glaciers began moving into the area and achieved their
maximum extent when the land had finished its upward
movement. The resulting retreat of the glaciers was proba
bly caused by the depression of the land (Martin, 1908, p.
64). The most recent deposit in this region has been the
filling of Controller Bay and Bering Lake with sediments
from the loaded glacial streams (Martin, 1908, p. 65).

Bay region has the Tertiary sedimentation represented by
the four following fonnations: the Katalla fonnation depos
ited during marine conditions, the Stillwater fonnation laid
down during both marine and fresh-water conditions, the
Kushtaka fonnation indicative of fresh-water conditions,
and the Tokun fonnation showing the transition from fresh
water to marine conditions. The deposition of this material
took place during Miocene and possibly Oligocene times.
The folding was probably followed by movement of these
rocks from their position in the foothills of the Chugach
Mountains southward to their present position (Martin,
1908, p. 62-64).

ENVIRONMENT OF DEPOSITION OF
THE COAL

During sedimentation in the Tertiary period within the
Kushtaka fonnation, the whole sedimentary basin was near
sea level. Vegetation was accumulating at a rapid rate and
subsequently a favorable coal fonning environment was
developing.
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None of the deposits of Mesozoic time have been
recorded in the Controller Bay region. The entire region
may have been land during Mesozoic time, or it may be that
all Mesozoic deposits wereeroded away. The Tertiary rocks
of this region may now overlie Mesozoic rocks due to
faulting as seen by the presence of light-gravity oils in the
tertiary rocks but there still exists a large gap in the stra
tigraphic record (Martin, 1908, p. 115-116).

The Tertiary rock of Alaska are distributed for the most
part in or near estuaries, and along rivers. Large areas were

•

exposed to continuous erosion resulting in broad areas of
low relief and, in some cases, pereplains. The Controller

o .... 1

Figure 10. Cross sections ofthe Monument Mountain
area.

• slates. graywacke. and associated rocks occurred toward the
end of the Paleozoic era. The presence of marine fossils
indicates a marine-origin. The fineness of the material
shows that sediments were some distance from shore,
although the presence of some volcanic material means that
land was occasionally closer. These deposits were elevated
and consolidated, folded and metamorphosed, and eventu
ally intruded by igneous rocks, none of which show much
evidence as to the date of these occurrences. Similar rocks
in adjacent regions were known to have been folded and
metamorphosed previous to Upper Triassic time (Martin,
1908, p. 61).

•
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determine the continuity of the coal seams within the upper
zone of the Kushtaka formation and to calculate the possible
reserves available in that zone. In order to achieve this goal,
forty-five holes were drilled vertically to a depth of 100
meters for a total drilled depth of 4,500 meters.

Table III SUMMARY OF COAL SEAMS
IN THE KUSHTAKA FORMATION

Drill Hole Part of Location Seam True.
No. Formation No. Thick-
~ ~~

The drill sites were determined by KMPC and KADCO
and included 11 drill holes and 33 rotary drill holes. Two
areas from the 1981 drilling project received additional
drilling during the 1984 project. These two areas were the
Carbon Creek area (A) and the Trout Creek area (B). Some
initial drilling took place in the Monument Mountain area.
(E) during this project (Figure 11).

•

4.4
2.7
9.1
6.7
5.8

11.9
9.1
2.6
7.5
3.3
3.2
4.8
2.2

12.8
3.9

15.0
2.3
2.3
1.4
1.7
4.5
1.39
2.72
1.45
1.53
1.0
1.37
1.79
6.83
1.22
4.11
1.01
1.15

Carbon Creek
Carbon Creek
Trout Creek
Trout Creek
Trout Creek

lower middle Carbon Creek
lower middle Carbon Creek
lower middle Carbon Creek

lower middle Carbon Creek

lower middle Carbon Creek
lower middle Carbon Creek
lower middle Carbon Creek
lower middle Carbon Creek

lower middle
lower middle
lower middle
lower middle
lower middle

lower middle
lower middle

1
1
1
2
3
1
2
3
1
1
1
1
2
1
1
1
1
1
2
3

Trout Creek 1
Monument Mtn. 1

2
lower middle Monument Mtn. 1
lower middle Monument Mtn. 1
upper middle Monument Mtn. 1
upper middle Monument Mtn. 1

2
Monument Mtn. 1

2
Monument Mtn. 1

2
Monument Mtn. 1

upper middle

upper middle

upper middle

K-81-5

K-81-6
K-81-7
K-81-9
K-81-10

K-84-21
K-84-LC
K-81-15
K-81-16
K-81-17

K-81-2
K-81-3
K-81-4

K-84-37
K-84-33

K-84-50

K-84-31
K-84-29
K-84-28
K-84-30

K-84-51

K-84-53

There were four drilling areas within the Bering River
coal field (Figure 11). These areas were referred to as the
Carbon Creek area (A), the Trout Creek area (B), the Clear
Creek area (C) and the Carbon Mountain area (D). The area
between Clear Creek and Canyon Creek was also described
but no drilling took place.

The drill holes designated K-81-1 through K-81-10
were drilled along Carbon Creek (plate I, A and B) for the
purpose ofderming subsurface geological conditions within
the coal-bearing Kushtaka formation (Figure 12). The rocks
in this area have a strike of north 50° east and are dipping
70° to the northwest demonstrating dominant vertical
characteristics. Therefore, all drilling was done at a 50°
angle in a south 40° east direction, except for drill hole K
81-4 which was drilled at a 50° angle in a north 40° west
direction.

Additional drilling conducted in 1984 was designed to

The geological exploration and drilling operation
conducted by KADCO in conjunction with CAC during the
summer of 1981 drilled sixteen test holes, a total of 9,480
ft. (Table III).

SAMPLE COLLECTION

The drill holes K-81-11 and K-81-13 were drilled in the
Carbon Mountain area; drill hole K-81-14 was drilled along
Clear Creek; and drill holes K-81-15, K-81-16 and K-81
17 were drilled along Trout Creek (Figure 12). In consid
eration of the geological terrain, drill holes K-81-11, K-81
13 and K-81-15 were drilled vertically and drill holes K
81-16 and K-81-17 were drilled at a 60° angle in a south 40°
east direction.

The repeated patterns of strata that are associated with
coal are called cyclotherms, and refer to deltaic origins. In
such patterned successions, each layer of coal overlies a
distinct clay or shale that occurs at the top of a non-marine
sandstone. The presence of the clay or shale layer is
necessary to foster bogs and swamps and, therefore, denotes
such an environment. The absence of an underlying clay or
shale layer indicates that the organic material was trans
ported to the area and directly deposited on top of the
sandstone. The allochthonous accumulation of organic
debris on top ofa sandstonecan result in a variable thickness
of the coal and the development of isolated pockets, and is
apparent within the Kushtaka formation.

tion contact contains conglomerates or coarse- to medium
grained sandstones with shale rip-up clasts. The presence
of a conglomerate layer suggests that the depositional
environment was a fluvial one. This horizon may become
a useful tool for correlation purposes.
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Figure 11. Location of sample areas.

The drill holes designated K-84-1 through K-84-9, K
84-20, K-84-23, and K-84-26 were drilled along the north
east slope of Carbon Ridge. Drill holes K-84-6 and K-84
23 were diamond drill holes and all ofthe others were rotary
drill holes.

There were six drill holes located east of Kushtaka
Ridgebetween NevadaandLeeperCreeks. Thesedrill holes
included two diamond drill holes, K-84-18 and K-84-24,
and four rotary drill holes, K-84-17, K-84-22, K-84-22, K
84-42 and K-84-43 (Figure 13).

The other drill holes in this area were distributed along
Carbon Creek near the 1981 drilling site including K-84
12, K-84-13, K-84-15, K-84-16, and K-84-41. These are all
rotary drill holes except for K-84-12. Two other diamond
drill holes were drilled further down Carbon Creek to
determine the southern extension of the coal-bearing zone.
Drill hole K-84-21 was cored to a depth of 109 meters when
caving problems began and then a rotary bit was used to
fmish the drilling, a total of 138 meters. The K-84-LC drill
hole was placed near the old mine area to demonstrate the
continuity of the coal even further south. This hole was
drilled at a 600angle to intersect the maximum amount of
stratigraphic section and was drilled to adepth of 152meters
(Figure 13).

Drill holes K-84-35 through K-84-40 were located in

the Trout Creek area and used to determine the continuity
of the coal zone found during the 1981 drilling program
(Figure 13).

The Monument Mountain area was the location for
eleven drill sites. Six of these drill sites were located on the
southeastslopeof MonumentMountain insidealargecirque
and included K-84-27, K-84-28, K-84-30, K-84-50, K-84
51 and K-84-53. The other five drill holes were located
along CunninghamRidge and includeK-84-29,K-84-31, K
84-32, K-84-33 and K-84-34. All of these drill holes were
rotary drill holes except for K-84-30 and K-84-31 (Figure
13).

During the 1984 drilling program various geophysical
logs wereused to determine the lithologies anddepth ofrock
units, and core recovery values, for each drill hole. Gamma
and neutron logs were used to differentiate between rock
types, and the long-spaced density log and the resistivity
log were used to differentiate between rock and coal. The
drilling thickness of each rock unit or coal seam was deter
mined using normal scale logs; when more specific values
were required, the short spaced density or resistivity logs
were used. Caliper logs were also used in conjunction with
the other logs to determine areas that have been caved. The
beddingdips wereobtainedfrom thedipmeter logsand were
used to construct cross sections. BPB Ltd. was contracted
to conduct the downhole geophysical surveys.

BERING GLACIER

QUADRANGLE
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Plate I
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A. Drill Core samplestaken from the Carbon
Creek area during the 1981 drilling project.
From left to rig ht are John Sims, Director of
Minerai Development forthe State ofAlaska,
Sang Lin Shim, P.E., Chief Geologist, KADCO,
Bok Youn Kim, Mining Engineer Manager,
Samchok Coal Co., Youn Soo Choe, Geolo
glstManager,Samsung Co., Ltd., and P.D.
Rao, Professorof Coal Technology, MIRL,
UAF.

B. Close-up of coal outcrop located 1
kilometer southwest of Carbon Creek drilling
area along Leeper Creek. From left to right
are Youn Soo Choe, Geolog1stManager,
Samsung Co., Ltd., Sang Lin Sh1m, P.E., Ch lef
Geologist, KADCO, Bok Youn Kim, Mining
Engineer Manager,SamchokCoaICo.,John
Sims, DlrectorofMlneral Developmentforthe
State of Alaska, Dick Eakins, Director of
EconomIc Development for the State of
Alaska.

C. Direct Current Plasma (DCP) emission
spectrometer used In the determination ofthe
elemental analysesofcoal ashes Inthe
Bering River coals.
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Figure 12. Location of drill holes In the Carbon Creek area (A), Trout Creek area (B), Clear Creek area (C), •
and Carbon Mountain area(D), 1981.

Figure 13. Location of sample areas and cross sections for 1984 drilling project.
Carbon Creek area(A), Trout Creek area(B) and Monument
Mountain area(E).
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Interstate Exploration, IncorPOrated was contracted for
the drilling operation for both the 1981 and 1984 drilling
programs. Two Longyear 38 drill rigs were used with two
man drilling crews working consecutive 12 hour shifts. The
entire 1981 crew consisted of eight drillers, one supervisor,
one mechanic and one driller's helper for a total of eleven
men and in 1984 the crew consisted of 15 drillers and one
supervisor. Transportation of men, fuel, drill rigs and parts
required extensive helicopter support. All completed drill
holes were plugged with cement and all drill sites were
reclaimed according to USGS regulations and USFS
environmental protection requirements.

LABORATORY PROCEDURES

Sample Preparation

Of the forty-one coal samples collected by KADeO in
1981, twenty samples were sent to MIRL for chemical and
petrological analyses. These samples were crushed to minus
20 mesh and made into duplicate one-inch diameter pellets
using epoxy binder. The pellets were polished using a 30
micron metal bondeddiamond lap followed by a one micron
and a 0.5 micron alumina slurry.

The reflectance of vitrinite was determined using
ASTM standard procedures, using an orthoplan microscope
equipped with an MPV-3 photometry system with a motor
ized stage attachment. A 5-micron-square sensing field was
used for measurements, and the illumination field was
closed down to 130 micro-meters.

Photographs of the samples were taken using a Leitz
vario-orthomat photo-micrography system. A 50x oil
objective was used for most of the photographic work and
a 20xoil objective was used for depicting someofthe coking
features (plate IT).

bearing formation. Exploration conducted by KADCO's
geologic team supports this finding but, due to thick and
extensive ground cover, only portions of the coal outcrop
along creek banks and the ridge lines could be drilled and
any tracing was impossible. Therefore, geological analysis
based on the poor field conditions within the Bering River
coal field will be incomplete and without any strong struc
tural basis. KADeO, in order to obtain the highest degree
of accuracy with respect to the interpretation ofthe geologic
data, used a combination of techniques such as drill-core
and outcrop information, aerial photogeology, and
downhole geophysical surveys. This information was used
to determine the geologic structures and the related coal
deposits within the Bering River coal field. Detailed
descriptions of the coal-bearing formation within specific
study areas are as follows.

Carbon Creek

Thirty-five coal outcrops were mapped, six more than
Martin (1908) found in the Queen Creek area. Martin
calculated that the coal in this area constituted 65.5% of the
total thickness of the formation. This figure is very similar
to the value KADCO produced, 63.8% based on drilling
results.

The axis of an anticline runs parallel to Carbon Creek.
Both the surface and subsurface geology suggest that the
western slope of Carbon Creek has more prominent coal
deposits than the eastern slope.

Previous exploration in this area had produced insuffi
cient information about the subsurface conditions. At
tempts made to tunnel into the area had proven unsafe
(Evans, 1920) and a brief drilling project failed to produce
any additional subsurface information due to the shallow
drill depths (prospectus, 1969).

Chemical Analysis of the Coal Samples

Coal samples were pulverized to minus-60 mesh and
air-dried. Proximate and ultimate analyses were determined
using ASTM standard procedures. In addition, the high
temperature ash of these samples were analyzed for major
elements and trace elements using a Spectraspan V direct
current plasma-emission spectrometry (plate I, c).

Chemical analyses of all of the samples were done by
KADCO, including proximate analyses, total sulfur content
and heating value. The analyses done by MIRL will
supplement this data and aid in the evaluation of the coals.

DESCRIPTION OF COAL BY REGION

• The Kushtaka is considered to be the principal coal-

The 1981 drilling project conducted by KADCO
completed ten drill holes in the Carbon Creek area with an
average depth of about 200 meters for each hole at intervals
of 100 to 150 meters. Some of the drill holes reported coal
seams ofnoticeable thickness, such as those shown in Table
ITI. This information helped to defme the coal deposits
within the Carbon Creek area as well as the related subsur
face conditions; it also confmned a certain degree of
continuity of the coal.

Surface geology and drill data support the presence of
tight isoclinal folding (Weir, 1969), and demonstrate a more
specific structure of two anticlines and one syncline pro
ducing a system folded in an M shape with steeply dipping
limbs 85°NW to 85°SE (Figure 6). The information also
indicates that there are 4 to 6 coal seams present on the east
wing of the anticline running parallel to the creek (Figure
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14). There are swelling zones, due to the folding, located
along the fold axis and crest which are visible in outcrop.

A fracture zone was apparent at a depth of 80 meters
in drill hole K-81-1 and at 87 meters in drill hole K-81-7.
This may indicate some minor faulting although there was
no other faulting characteristics such as shear zones.

The 1984 drilling project confirmed that the thick coal
seams encountered during the 1981 drilling in the Carbon
Creek area continued farther south. Drill hole K-84-21
intersected a thick coal seam (12.8 meters) which confirmed
that the zone extended as far as the landing strip area south
of Queen Creek. The continuity of the coal zone into the
Carbon Creek mine area was determined by Drill Hole K
84-LC which intersected a mineable coal seam with a true
thickness of 3.9 meters (Table III). The extension of this
coal-bearing zone may continue even farther south. Some
rotary drill holes were drilled to determine the southwestern
limits of the coal-bearing zone (K-84-42,43) but due to
complex folding the trend of the coal had been modified and
these holes did not produce any coal.

Drilling that occurred along the northeast slope of
Carbon Ridge proved to be of upper Kushtaka formation
rocks, and consisted mainly ofsandstone with only thin coal
seams, less than a few feet thick. There was also very
complex structural features in this area including bedding
dips of greater than 60° and some recumbant folding.

Trout Creek

From the converging point of Bear and Trout Creek
going upstream in TroutCreek there are four major outcrops
of true thickness ranging between 2 and 7 meters. They all
have a NE strike and a NW dip of20 to 35°. Drill hole K
81-15 confirms the continuity of the outcrops located 1,000
meters upstream from the converging point and 70 miles
west of an old mine site.

There are numerous outcrops with thicknesses of less
than 1 meter found along Trout Creek as well. Many of the
original outcrops reported by G.C. Martin (1908) were not
found due to increased ground cover.

The drilling data from 1981 indicates there are three to
six seams in the Trout Creek area (Table IV). Information
from the drilling data along with outcrop measurements
confmn the continuity of the coal beds in this area as well.

(Figure 9). The west wing ofthe anticline occupies the Trout
Creek area (Figure 15).

There is a fault zone that follows the Cunningham
ridgeline in a north-south direction. An assumption can be
made that the fault zone intersects some portion of the coal
seams. This was indicated earlier with respect to absence
of coal outcrop along the east bank of Trout Creek and the
abrupt change in bed orientation between the west bank and
the east bank (KADCO, 1981 p. 20).

The 1984 drilling project demonstrated that a four
meter coal seam determined by drill hole K-84-37 (Table
III) is a thinned extension of the IS-meter seam found in
1981 (K-81-15). The four meter thickness is thought to be
closer to the true thickness as opposed to the 15 meter
thickness which has been thickened by structural deforma
tion.

Drill hole K-84-35 indicated there are four thin coal
seams overlying a thick seam determined by K-84-37.
These drill holes used in conjunction with the 1981 drill
holes indicate that the beds dip steeply at depth, dip gently
farther up and then dip steeply again (Figure 8).

Clear Creek and Canyon Ridge

Three coal seams of thickness greater than 2 meters
were found in Clear Creek and, despite the lack ofevidence
from drilling data, one more underlying coal seam is
assumed to be present (KADCO, 1981, p. 21). Drill hole
data confirms the continuity of coal outcrop found in the
creek. There were three outcrops located along Clear Creek
with varying strikes and dips and having thicknesses greater
than 2 meters (Figure 16).

The area that lies between Canyon Creek and Clear
Creek contains a ridgeline which will be referred to as
Canyon Ridge. Four coal seams were found along the crest
of Canyon ridge of thickness greater than 2 meters
(KADCO, 1981,p. 21). The outcrops indicate the presence
of isoclinal folding and is thought to be the west limb of an
anticlinal fold whose axis runs parallel to Canyon Creek.

The northern portion of the ridge is cut by a fault line
with a northeastern strike. This fault is apparently the
boundary between the Tokun and Kushtaka formations.

Carbon Mountain

•

•

Cunningham Ridge, located between Trout and Clear
Creek, has an intersecting isoclinal fold with an axis direc
tion of N70E. The folding has overturned anticlinal and
synclinal structures with at least two seams repeating
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The coal outcrops in the Carbon Mountain area are
numerous, about 14 to 20 occurrences. The coal seams are
relatively thin, greater than 1 meter, with shallow dips of •
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Figure 14. Cross section of drill holes In Carbon Creek area (A).

Plate II

1. Fusinitized sporinite in vitrinite. (K-81-2)

2. Sclerotinite in vitrinite. (K-81-6)

3. Pyritic framboyds In vitrinite. (K-81-1)

4. Pyrite filling cracks In vitrinite. (K-81-17)

5. Vitrinite with angular fracturing. (K-81-9)

6. Vitrinite with angular fracturing. (K-81-6)

7. Fused coke with a fine, mosaic structure and
large pores In the upper portion of the photo indicat
ing a difference in viscosity during the thermal
alteration. (K-81-11)

8. Large aggregate offlne spheres deposited during
the gas phase by the chemical cracking ofvolatiles
generated during the intrusion. (K-81-11)

9. Large nodulesofpyroliticcarbon showing circum
ferential structure, and deposited fromthe gas phase
during the thermal alteration. (K-81-11)

10. Large nodules of pyrolytic carbon adjacent
to fused coke with fine mosaic structure and
containing pores. (K-81-11)
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20 to 30° and a strike direction of N70E. There are three
dominant coal seams with thickness greater than 1.5 meters
(KADCO, 1981, p. 22).

The drilling data from drill holes K-81-11 and K-81-13
show that the coal outcrops are continuous (Figure 17). The
data also indicate that recumbant folding occurs in large
proportions with the majorcoal seamsrepeating and the fold
axes of the anticline and syncline are arranged in close
intervals. This recumbant folding within the Kushtaka
formation results in the increased areal extent of the forma
tion in the northeast.

The photogeological data shows evidence of increased
faulting in a NS direction in the southwest region of
Doughton Peak. The lower portion of the syncline has been
crosscut by this fault zone.

Monument Mountain Area

The Monument Mountain area contains the entire stra
tigraphic succession of the Kushtaka formation. Exposures
of the middle portion of the formation containing the
prevalent coal seams were investigated and mapped.
Drilling was conducted in both the upper and lower coal

A'
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•
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Figure 15. Cross section ofdrill holes In Trout Creek area (B).

•

•

•

zones found in this area. The lower coal zone of the middle
Kushtaka formation has three coal seams of minimal thick
ness. Two of these seams are confirmed by drill holes K
84-29,31 and 33. Drill holes K-84-50, 51 and 53 intersect
the upper coal zone of the middle Kushtaka formation in
Monument Mountain. Three coal seams, one of varying
thickness (Figure 12), are located within this zone, and they
apparently extend eastward into the Mount Chezum area
(KADCO, 1984, p. 21).

CHEMICAL AND PHYSICAL ANALYSES

The analyses made from samples collected by Martin
(1908) indicate that the coals from this field grade from
medium- to low-volatile bituminous to semianthracite to
anthracite in a transitional manner from west to east. The
coals range in the amount of fixed carbon from 73% to 87%
in volatile matter from 7 to 18% and they have low ash and
moisture content. They have a high heating value of greater
than 14,000 Btu per pound.

Table IV shows the proximate analyses for all of the
drill-core samples collected by KADCO. In addition, Table
V has the analyses conducted by MIRL on the twenty
original drill-core samples, and includes both proximate and

ELEVATION
(MET~RS)

25

S

ultimate analyses. Table VI has the reflectance data for these
20 samples, and Tables VII and VIII contain the major and
minor elemental analyses respectively.

These coals range in fixed carbon from 74% to 97%,
volatile matter ranges from 3 to 26% and, for the most part,
they contain moderate to low amounts of ash and have low
moisture content. They have a high heating value of 16,000
Btu per pound. The sulfur content varies, but for the most
part is between 0.5 and 1.5%. The presence of different
forms of pyrite in some of the coals probably accounts for
the sulfur variability (plate II).

The high reflectance values of the coals indicates their
corresponding high rank and supports the chemical analy
ses. These coals have been classified by rank as medium
to low-volatile bituminous, grading into semianthracite and
anthracite (Table IX).

Maceral analyses were pointless due to the homogene
ous nature of these high rank coals (plate II). Some samples
still retain some remnant morphological structure of various
macerals (plate IT 1,4) but otherwise the coalification
process has resulted in the loss of morphological differ
ences.

K-81-17

S'
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The correlation of the reflectance values, as well as
other proximate analyses values of the samples, has lent
support to the various structural models developed for the
coal-bearing rocks. These values are helpful in defining
repeating coal beds due to overturned or recumbent fold or
faults.

In the Carbon Creek area the drill holes pass through
various sections of the M-shaped fold system. The upstream
drill holes cut the northwest anticline and the syncline and
the downstream drill holes pass through the southeast
anticline. The cross section taken parallel to Carbon Creek
and including all of the drill holes (Figure 14) slices through
the top half of the M-fold system. Surface analyses of the
cross-section using mean-maximum reflectance data
(Figure 18), and dry mineral matter-free fixed carbon values
(Figure 19) both demonstrate this M structure. The con
toured high areas, which correspond to deeper or older coals
in the center (anticlines) appear at either end of the cross
section and the contoured low area indicating younger or
shallower coals in the center (syncline) is located in the
middle of the cross-section.

PHYSICAL CONDITION OFTHECOAL

The structure of the rocks of the Bering River coal field
is the most important factor bearing on the thickness,

B.EVA11ON
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280

continuity and physical character of the coal deposits. The
intense structural deformation of the area is present in the
form of folds, faults and shearing.

The variability in thickness of the seams appears to be
an ubiquitous problem within the coal field. The bedding
plane ofthe coal is subject to movement in the folded regions
and results in alternating swelling and pinching of the coal
seams along the fold axis and the limbs respectively. Some
areas demonstrate thinning of the coal bed sometimes
pinching out entirely and others demonstrate a reduction in
thickness due to the introduction ofshales and other material
(Calvert, Fisher, 1914, p. 36). Faulting can create an abrupt
change in thickness either by forming a pocket of accumu
lated coal, such as the coal seams located along the west
side of Trout Creek with a maximum thickness of 60 feet
(Storrs, 1910, p. 2344); or by forming a complete break in
the coal seam, or a partial break with a decrease in thickness.

Coal exposures in the Bering River coal field are limited
and the ground cover conditions make the tracing of coal
beds nearly impossible. The drilling data confirms the
continuity of various coal seams at depth with respect to
their related outcrop. However, the associated variation in
coal seam-thickness due to structural deformation, makes
any interpretation as to the persistence of the coal question
able.
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Figure 17. Cross section of drill holes In Carbon
Mountain area (0).
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Figure 16. Cross section of drill hole in Clear Creek
area (C).
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• Table IV. PROXIMATE ANALYSES OF THE BERING RIVER COAL
FIELD (KADCO).

~
Drill Hole Sample Moisture Volatile Ash Fixed Total Heating •INumber Number (%) Matter (%) Carbon Sulfur Value I

(%) (%) (%) Btullb
K 81-1 1 0.26 12.9 20.1 67.0 0.60 12,560

2 0.30 14.4 5.7 79.9 1.10 15,140
K 81-2 1 0.70 15.2 4.4 80.5 0.60 15,320

2 0.77 15.2 2.5 82.3 0.98 15,660
3 0.75 15.9 2.6 81.5 0.62 15,700
4 0.58 13.6 8.3 78.1 0.64 14,600

K 81-3 1 0.73 14.3 8.1 77.6 0.66 14,740
2 0.70 15.6 9.6 74.8 0.62 14,400

K 81-4 1 0.78 14.5 14.8 70.7 0.98 13,390
2 0.50 15.0 5.9 79.1 0.84 15,080
3 0.22 13.6 19.8 66.6 1.16 12,690
4 0.70 12.7 16.7 70.6 1.90 13,190

K 81-5 1 0.10 11.9 19.4 68.7 1.74 12,650
2 0.20 13.4 16.4 70.2 3.20 13,050
3 1.47 15.7 21.2 63.1 0.64 11,230

K 81-6 1 0.12 14.4 18.3 67.3 0.62 12,710
2 0.13 15.1 7.3 77.6 0.66 14,440
3 0.48 14.1 7.0 78.9 0.76 14,870
4 0.25 14.2 13.6 72.2 5.22 13,640• 5 0.55 14.2 2.2 83.6 0.94 15,680

K 81-7 1 0.33 12.9 30.3 56.8 0.68 10,670
K81-8 1 0.59 12.9 4.2 82.9 0.70 15,320

2 0.14 11.8 34.1 54.1 2.30 10,040
3 0.25 12.4 20.5 67.1 0.54 12,510

K 81-9 1 0.31 13.7 2.8 83.5 1.12 15,660
2 0.33 13.0 5.5 81.5 2.62 15,100

K 81-10 1 0.57 14.5 3.2 82.3 0.78 15,480
2 0.20 11.6 41.4 47.3 1.28 8,950
3 0.75 13.3 19.7 67.0 1.18 12,760

K 81-11 1 0.50 8.9 11.0 80.1 3.10 13,790
2 0.01 2.8 16.2 81.0 0.28 12,170

K 81-13 1 0.44 7.4 3.9 88.7 0.80 15,030
2 0.47 7.0 11.1 81.9 0.76 13,860

K 81-14 1 0.67 9.6 17.7 72.7 0.78 13,000
K 81-15 1 0.52 12.0 50.6 37.4 0.40 11,610

2 1.05 16.2 4.6 79.2 0.66 15,300
3 1.79 15.8 3.0 81.2 0.70 15,730

K 81-16 1 0.51 12.2 44.7 43.1 0.80 8,350
K 81-17 1 0.70 9.4 84.3 26.4 2.62 5,170

2 0.36 14.4 13.2 72.4 1.54 13,810
3 0.50 15.9 17.5 66.6 1.80 13,120

* As Recieved Moisture Basis

•
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•~ Table V. PROXIMATE AND ULTIMATE ANALYSES OF BERING RIVER COALS

• DRll.L DEP1H LENGTIIOF EQ.BED VOLATIlE FIXED HEATING
SAMPLE HOlE OFCOAL COALCORE MOISTURE MATIER CARBON ASH VAllJE C H N 0 SULFUR
NUMBER STRIKEIDIP (M) (M) % % % % Btu/lb % % % %PYRlTICTOTAL

-------------_._-----------------------------------------------------------------------------_._------------------------------------------------_._------------------_._-----------------
K-81 S40E/50 118.9 1.5 1.37 13.68 77.72 7.22 14,465 82.28 4.27 1.06 2.58 1.64 2.58
1
K-81 S40E/50 11.6 5.8 1.39 13.85 83.45 1.30 15,430 87.70 4.49 1.66 4.08 0.06 0.77
2-2
K-81 S40E/50 19.5 0.6 1.38 14.04 82.65 1.93 15,285 88.51 4.38 1.62 2.92 0.02 0.64
2-3
K-81 S40/50 7.6 3.7 2.24 12.91 70.76 14.09 12,998 75.83 3.98 1.25 4.10 0.16 0.76
4
K-81 S40E/50 7.6 13.7 1.88 12.82 81.50 3.80 14,868 85.90 4.30 1.35 3.47 0.22 1.19
5-1
K-81 S40E/50 28.3 11.9 1.73 12.51 72.25 13.51 13,242 76.78 4.02 1.14 2.93 0.46 1.62
5-2
K-81 S40E/50 57.3 1.5 1.61 12.42 63.51 22.46 11,715 68.02 3.67 1.07 4.17 0.10 0.60
6-1
K-81 S40E/50 66.1 1.3 1.44 12.84 71.97 13.75 13,381 78.31 4.13 1.20 1.90 0.12 0.71
6-2
K-81 S40E/50 164.3 9.7 1.81 13.46 83.59 1.14 15,382 89.14 4.42 1.39 3.19 0.04 0.73
6-5
K-81 S40E/50 62.5 1.1 1.75 13.20 82.96 2.09 15,203 87.34 4.43 1.42 3.94 0.02 0.78
8-1

1.K-81 S40E/50 177.7 1.2 1.49 12.50 75.64 10.38 13,923 80.83 4.14 1.33 2.23 0.35
8-3
K-81 S40E/50 35.4 1.8 1.34 14.48 78.34 5.84 14,554 82.80 4.24 1.15 1.47 2.67 4.49
9
K-81 S40E/50 91.0 6.7 1.72 13.64 81.48 3.16 14,850 86.85 4.41 1.58 3.19 0.16 0.81
10-1
K-81 S40E/50 138.7 1.8 1.11 13.54 68.24 17.11 12,768 75.14 3.89 1.10 1.40 0.86 1.36
10-3
K-81 Vertical 32.9 2.2 2.48 8.79 81.29 7.44 13,818 81.96 3.42 1.39 3.39 1.28 2.40
11-1
K-81 Vertical 158.6 1.4 0.34 2.67 84.65 12.34 12,303 83.76 0.76 0.81 2.13 0.02 0.21
11-2
K-81 Vertical 61.3 1.2 3.06 7.52 85.03 4.38 14,301 85.48 3.63 1.49 4.01 0.43 1.00
13
K-81 Vertical 37.6 1.7 1.40 15.48 78.43 4.69 14,804 85.58 4.44 1.66 3.02 0.05 0.61
15
K-81 Vertical 46.0 2.5 1.45 9.50 27.42 61.63 5,312 31.26 1.95 0.50 1.81 2.25 2.85
17-1
K-81 Vertical 163.4 1.5 1.46 16.15 67.84 14.55 13,118 75.58 4.14 1.31 2.94 0.79 1.48
17-2

•
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• TABLE VI
PROXIMATE AND ULTIMATE ANALYSES OF BERING RIVER COALS

REFLECfANCE CLASSES
SAMPLE V V V V V V V V V V V V V V V V V V V MEAN MAXIMUM

NUMBER 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 REFLECTANCE

..-------------- -- --------------------------------------------------------------------- -------- -- -------------------------------------------------------------------- -- -- -- -------_ ......

K-81 1 2 18 22 32 21 4 1 1.80

K-81 2-2 6 9 21 16 20 8 13 5 2 1.89
K-81 2-3 1 3 4 10 20 29 14 8 7 3 2.07
K-81 4 5 13 22 15 13 18 11 3 10 1.89
K-81 5-1 5 13 21 26 17 10 5 3 1.66
K-81 5-2 4 16 31 23 12 4 7 2 1 1.66
K-81 6-1 4 18 30 29 13 6 1.79

K-81 6-2 2 31 33 24 9 1 1.82
K-81 6-5 6 18 26 13 23 4 6 3 1.90

K-81 8-1 3 12 39 30 12 4 1.89
K-81 8-3 3 10 23 28 17 16 3 1.83
K-81 9 4 13 27 30 12 13 1 1.81
K-81 10-1 1 11 20 24 27 9 1.98
K-81 10-3 8 12 9 26 24 9 6 5 1.88
K-81 15 9 11 20 36 15 3 5 1 1.76
K-81 17-1 3 15 18 28 13 11 9 3 1.63
K-81 17-2 3 2 15 26 22 17 9 2 4 1.86

REFLECfANCE CLASSES• SAMPLE V V V V V V V V V V V V V V MEAN MAXIMUM
NUMBER 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 REFLECTANCE
----------------------------------------------------------------------------------------------
K-81 2 3 5 13 14 17 14 10 9 3 6 3 9.46
11-2

REFLECTANCE CLASSES
SAMPLE V V V V V V V V V V V V V V MEAN MAXIMUM
NUMBER 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 REFLECTANCE
--------------------------------------_._--------------------------------------------------------
K-81 4 2 11 8 5 19 10 23 11 6 2.63
11-1
K-81 7 12 12 5 8 12 17 11 9 3 2 2.66
13

The physical character of the coal has a close relation
ship with the structure of the Bering River field. The coals
east of Canyon Creek were classified as anthracite and the
coals west of the creek were semianthracite and low to
medium volatile bituminous (Figure 20). The coals below
the anthracite class are soft and friable, and many of the
seams have experienced shearing and crushing (Martin,
1908, p. 81). Some coal exposures were hard and uncrushed.
Furtherexamination of these revealed that they were closely
associated with either folds or major faults. The deforma-

•
tional processes that occurred during the overthrust ofmajor
rock masses toward the sea caused shear movements along
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the soft bedding planes and the subsequent crushing of the
coal. When faults or folding occurred, the stress was
released and the shearing action halted. Therefore, coal that
is adjacent to fault planes or located within the folds usually
remained competent (Fisher, Calvert, 1914, p. 35-36).

COAL RESERVES

The resource potential for each area in the Bering River
Coal Field was calculated using a cross-section method
(KADCO, 1984, p. 22). Using all of the information pro
vided by outcrop, drill-core and geophysical surveys, cross-



TABLE VII •MAJOR OXIDES IN BERING RIVER COAL ASH

Sample No. Si02 Fe203 CaO MgO MnO Na20 Ti02 Al20 3 K20 P20S Total
-------------------------------------------------------------------------------------------------------------------------------------------------

K 811 33.60 36.18 2.97 0.46 0.03 0.29 0.79 12.49 0.55 0.67 88.03
K 81 2-2 27.75 16.41 8.25 2.09 0.14 2.18 1.07 31.01 0.71 0.75 90.38
K 812-3 18.97 20.72 11.88 2.66 0.13 1.64 1.32 25.56 0.61 1.15 84.63
K 814 57.13 5.56 1.86 1.02 0.04 0.80 1.22 22.41 2.13 1.56 93.73
K 81 5-1 48.81 10.93 4.01 0.87 0.04 0.75 1.18 25.99 1.87 2.37 96.84
K 81 5-2 54.54 6.91 1.86 0.98 0.02 0.71 1.14 27.17 3.56 1.49 98.39
K 81 6-1 60.91 2.37 0.70 1.01 0.02 0.63 1.39 26.13 3.04 0.71 96.91
K 82 6-2 58.97 1.76 0.40 0.71 0.01 0.62 1.04 25.19 2.55 0.83 92.07
K 81 6-5 3.62 11.43 27.01 2.97 0.22 0.65 0.59 8.00 0.12 1.72 56.32
K 81 8-1 34.81 7.24 8.88 0.78 0.02 0.99 1.20 34.47 0.21 6.30 94.90
K 828-3 62.41 7.65 0.92 0.49 0.04 0.93 1.19 16.90 1.45 0.68 92.66
K 819 7.20 33.78 7.50 0.77 0.16 0.99 1.14 8.84 0.11 0.70 61.20
K 81 10-1 29.93 10.00 15.14 0.78 0.14 0.77 1.07 24.62 0.30 4.07 86.82
K 81 10-3 56.24 14.32 2.67 1.76 0.05 0.75 0.99 18.04 1.61 0.67 97.10
K 81 11-1 22.94 26.81 12.69 2.38 0.11 0.70 0.49 13.70 0.95 0.82 81.60
K 8111-2 54.75 9.62 10.83 6.76 0.23 0.44 0.30 6.58 0.13 1.13 90.76
K 8113 26.25 23.18 8.03 2.83 0.43 0.86 0.93 20.08 0.88 2.39 85.86
K 8115 25.59 18.95 9.64 3.01 0.03 1.42 0.44 30.89 0.20 7.08 97.24
K 8117-1 60.90 8.31 1.99 1.73 0.06 1.43 0.90 18.09 2.85 0.64 96.90
K8117-2 55.24 13.08 3.10 1.54 0.07 1.80 1.07 20.19 1.99 1.03 99.10

TABLE VIII •TRACE ELEMENTS IN BERING RIVER COAL ASH
--------------------------------------------------------------------------------------------------------------------------------------------

Sample No. Ba Be Co Cu Cr Ni Sr V Zr Zn
--------------------------------------------------------------------------------------------------------------------------------------

K 811 480 130 60 90 420 390 1550 140 510 235
K 81 2-2 4400 25 130 230 140 290 7800 210 360 265
K 81 2-3 3750 2.2 110 230 290 470 8950 170 430 210
K 814 1500 3.7 120 120 210 280 1750 240 160 330
K 81 5-1 2150 1.9 100 150 220 390 3250 250 120 280
K 81 5-2 2650 2.1 75 110 160 140 2000 290 170 165
K 81 6-1 1450 13.8 60 110 150 85 650 270 380 290
K 816-2 1300 8.4 65 85 130 100 720 190 210 590
K 816-5 4300 0.5 130 790 140 610 10000 100 120 245
K 81 8-1 1950 5.8 180 130 65 600 6500 110 540 1300
K 81 8-3 610 1.6 60 65 210 150 320 210 220 1100
K 819 2250 0.8 100 100 190 250 7300 120 150 120
K 8110-1 1100 1.5 65 200 100 130 4050 200 230 4000
K 81 10-3 580 8.2 55 45 300 130 250 160 140 365
K 81 11-1 910 0.2 60 140 220 140 1450 240 90 140
K 8111-2 180 >0.1 50 120 1300 550 1000 120 50 85
K 81 13 1000 0.2 140 320 170 410 8550 360 110 185
K 8115 3350 2.1 50 100 70 110 11200 100 260 105
K 81 17-1 1550 0.4 50 45 230 100 550 160 170 330
K 81 17-2 1550 1.4 65 150 200 140 2300 320 230 3200

•
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Table IX. COMPARISON OF VARIOUS RANK
PARAMETERS TO AN ASTM RANKS CLASSIFI

CATION. Source: Coal Petrology, E. Stach (1982), p.
47 and ICCPHandbook (1963), Rank Fig. 4.
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sections were generated and correlations between cross
sections were determined. A conservative estimate for the
depth of coal deposition of 300 meters was chosen to allow
for variations of thickness. A strike length of influence
(lateral extent) was determined for each area depending on
the location ofeach drill hole within each section. Theactual
thickness of each coal seam was calculated using individual
dip measurements. Finally, the length of each seam,
excluding those seams less than one meter thick, was
measured in each section.

The seams length (m) was then multiplied by the strike
length of influence (m), the true thickness (m) and then by
the specific gravity (gcc) assumed to be 1.3 specific gravity.
The result is a mass value, in tons, for each seam in each
area. The sum of the individual seam values was calculated
for each section, and the resulting coal mass value for each
section in the area was then totalled to determine the re
source value for the area. These values constitute inferred
resources and are shown in Table X. The Carbon :Mountain
area and the Clear Creek/Canyon Ridge area were excluded
from the calculation due to lack ofgeological and structural
information.

Many studies have been done to determine thedepth and
continuity of the coal seams in the Bering River field. Some
of these studies include estimates of the probable reserves,
mostly in the Carbon Creek area. The previous lack of

•
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Figure 18. Surface analysis ofthe Carbon Creek cross section using the mean maximum reflectance of
vitrinite In 011.
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Figure 19. Surface analysis ofthe Carbon Creek cross section using the dry mineral matter·free fixed
carbon (%).

•

•

accurate stratigraphic and structural infonnation indicates
most of these estimations are based on assumptions pertain
ing to the coal deposits in this field. Some rough estimates
were prepared for Cortella Coal Corporation (Renshaw,
P.E., 1969) based on previous maps and reports and addi
tional prospecting in 1968. From this infonnation estima
tions were made of potential strip mining reserves of up to
53 million tons in the Carbon Creek area and a possible 115
million tons as underground reserves in the samearea. These
estimates were found to be highly optimistic. Based on the
same information, but also taking into consideration the
structural complexity, the Paul Weir Co. proposed an
exploration potential of 5 to 9 million tons of recoverable
clean coal in the area (Weir, 1969, p.13). In order to upgrade
this amount to probable reserves, an intensive drilling
program would have been required. A similar conservative
estimate was developed in 1970 of almost 10 million tons
(WolffandColp, 1970,p.l0). The probability ofthere being
even greater reserves was considered due to the variability
in the thickness of the coal seams. KADCO has proposed
an estimate of 26 million tons of inferred reserves in the
Carbon Creek area based on additional drilling data, geo
logical investigation and photogeological surveying. The
calculated reserves for the other areas have no basis for
comparison but may be considered conservative estimates.

295

CONCLUSIONS AND
RECOMMENDATIONS

The geology of the Controller Bay region contains pre
tertiary, Tertiary and Quaternary rocks. The Bering River
coal field proper contains four formations of Tertiary age
which are listed below in order of increasing age (Miocene
and possible upper Oligocene):

Tokun
Kushtaka
Stillwater
Katalla

Due to the lack of contacts, the exact relationship is
unknown and the possibility also exists that the Stillwater
and Katalla formations may overlie the Tokun and the
Kushtaka formations, which is upheld by the fossil record.
Ifthis is the case then the entire section would be ofMiocene
age.

The middle part of the Kushtaka formation is the prin
cipal coal-bearing fonnation and the rocks have a general
northeast strike with a northwest dip. The geological
structure of the coal field involved very complex folding
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Figure 20. Map ofthe coal-bearing Kushtaka formation showing rank ofthe coal. (Source: USGS Circular 146,

Barnes, F.F., 1951, p. 3, Figure 2)
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Table X COAL RESOURCE POTENTIAL EVALUATION

Section Datapoint Thickness Seam Section Specific Tonnage

• Length Influence Gravity
-----------------------------------------------------------------------------------------------------------------
Carbon Creek Area
2,700N K81-1 =1.1 Average 1,420 300 1.3 1,052,000

K81-41R=1.72 1.9
K84-15R=2.83

2,400N K81-2 =5.7 Average 1,370 750 1.3 27,115,000
K81-3 =4.5 20.3
K81-4 =24.4
K81-5 =23.6
K81-6 =8.6

II-II' K81-108.4 8.4 1,170 600 1.3 7,665,000
900N K84-21C 12.8 650 450 1.3 4,867,000

K84-44R 1.0 400 450 1.3 269,000
600N K84-LC 3.94 820 600 1.3 2,520,000

TOTAL TONS FOR CARBON CREEK AREA 43,488,000
Trout Creek Area. Cross-Section TCI-TCl'

6 K81-17 2.3 335 300 1.3 300,495
5 K81-17 1.4 320 300 1.3 174,720
4 K81-17 & 1.7 320 300 1.3 212,160

outcrop
3 outcrop 2.5 315 300 1.3 307,125
2 K81-16 2.3 305 200 1.3 182,390
1 K81-15 4.03 350 200 1.3 366,730

K84-37R
outcrop

Trout Creek Area. Cross-Section TC2-TC2'
6 K81-17 2.3 500 350 1.3 523,250

• 5 K81-17 1.4 525 400 1.3 382,200
4 K81-17 & 1.7 515 400 1.3 455,260

outcrop
3 outcrop 2.5 480 500 1.3 780,000
1 K81-15 4.03 615 800 1.3 2,577,588

K84-37R
outcrop
TOTAL TONS FOR TROUT CREEK AREA 6,261,918

Monument Mountain Area. Cross-Section MI-Ml'
6 K84-3OC 1.37 365 920 1.3 598,060
5 K84-3OC 1.79 13905 920 1.3 834,928
4 K84-28R 1.00 400 805 1.3 418,600
4 K84-34R 1.46 400 1,090 1.3 827,528
3 K84-33R 1.39 & 2.72 390 655 1.3 1,364,869
2 K84-29R 1.53 480 820 1.3 782,870
2 outcrop 1.00 480 520 1.3 324,480
1 K84-31C 1.45 360 370 1.3 251,082
1 outcrop 1.00 360 370 1.3 173,160

Monument Mountain Area. Cross-Section M2-M2'
7 K84-53R 1.15 11 965 1.3 15,869
7 K84-51R (composite) 106.5 965 1.3 684,054

5.12
7 K84-50R (composite) 174 965 1.3 1,757,178

8.05
6 K84-3OC & 1.00 335 920 1.3 400,660

outcrop
5 K84-3OC & 1.50 340 910 1.3 603,330

outcrop

• TOTAL FOR MONUMENT MOUNTAIN AREA 8,906,683
TOTAL FOR ALL AREAS 58,656,600
MINEABLE RESERVE AT 60% RECOVERY 35,193,960
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including isoclinal recumbant and overturned folds. There
is major faulting that has a northwest trend and minor fault
lines that run northeast.

The Carbon Creek area contains multiple thick coal
seams from the lower middle Kushtaka formation. These
coal seams extend southward all along the east side of
Carbon Creek to the old mine site and quite possibly farther.
The area has been structurallyalteredby folding and faulting
that has created some variability in the thickness of the coal
seams. However, the area has been calculated as containing
more than 40 million tons of coal in inferred reserves.

The Trout Creek area contains at least six seams totaling
10 to 15 meters of coal. These coal beds increase in dip
angle, from gentle to steep, with depth. Some structural
thickening has created one coal seam measuring locally 15
meters thick. This seam is thought to have an actual
thickness of4 meters as measured at another drill hole. The
inferred reserves calculated for this area was 6.26 million
tons.

The Monument Mountain area includes a large cirque
located in the southeast portion ofthe mountain. This cirque
is underlain by the middle Kushtaka formation and contains
6 coal seams with an aggregate thickness of 10 to 15 meters.
East of the cirque toward Mt. Chezum, the underlying rocks
contain coals with varying thickness ranging from 1.2
meters to 8.1 meters total. These coals are part of the upper
middle Kushtaka formation and extend eastward toward
Canyon Creek.

The results from the drilling exploration, photogeology
and field investigations have suggested that the Bering
River coal field is of swamp origin with an indication oflake
and river environments existing in some areas. Some coal
deposits are found directly overlying sandstone which
suggests the organic debris was transported to the area rather
than formed insitu, resulting in coal bed swelling and the
presence of isolated pockets. The structural deformation
also results in thickness variations such as thick pockets of
coal due to faulting, pinching and swelling of coal beds due
to folding. Although there are these variations of thickness
within the coal seams, information from both the geological
and drilling operations revealed that continuity exists from
outcrops to their subsurface extension and that there is no
evidence of poor continuity.

The total resource potential of the Carbon Creek, Trout
Creek and Monument Mountain areas has been calculated
at 59 million tons. A probable mineable reserve quantity,
with respect to a 60% recovery rate, would be 35 million
tons.

The resulting coal reserve estimates are moderate and

suggest apparent economic feasibility. However, due to
quality of the coal in the region and the long range potential
markets for such coal, further exploration and research
should be done to better define and upgrade the probable
estimation of coal reserves and determine possible utiliza
tion of the Bering River coals.

Recommendations are as follows. Additional drilling
should be planned for the Carbon Creek area to determine
the southern extension of the lower middle Kushtaka coal
zone. Further drilling will also be required in the Trout
Creek area to determine the western continuity of the major
coal seam, and to confirm existing correlations between
seams. Additional drilling is also recommended for the
Monument Mountain area to better define the stratigraphy
of the coal-bearing rocks and to determine the lateral
extension of the coal, especially to the east. Other areas,
such as Carbon Mountain, require extensive mapping
programs to determine the existence ofmineable coal seams,
and, if the results indicate the presence of coal, then drilling
should be recommended with special attention paid to drill
site location.
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ABSTRACT

The Jarvis Creek coalfield covers roughly 16 square
miles in the Mt.Hayes Quadrangle, East-Central Alaska. It
is generally regarded as the easternmost subfield in the
Nenana Coal Province. Sporadic surface mining was
undertaken on a ten foot seam near the center of the field
from 1958 through the early 1970's.

The Oligocene to Miocene coal-bearing strata can be
divided into three separate units based on sandstone com
position. The highly lenticular lowerunit displays a distinc
tive white quartz conglomerate with minor fine-grained
strata and an eight-foot coal bed near its base. The middle
unit shows alternating coarse-grained white quartzose
sandstones and buff arkoses with an increasing amount of
fmer-grained strata. A thick coal zoneat its base is composed
of two laterally continuous seams. The upper unit is char
acterized by gray, chert-rich sandstones, and a marked
increase in finer-grained strata including numerous coal
beds. The lower and middle units outcrop only in the south
and southeastern part of the coal-field while the upper unit
is observed throughout the field.

Analysis of the coals show several trends, especially
vertically through the coal-bearing sections. Coal analyses
show upsection increases in moisture, oxygen and sulfur,
while down-section increases include volatile matter, car
bon, hydrogen, heating value and associated rank. Ash
values are variable but generally low, averaging around 9%.
Petrographically, the coals show a distinct upsection in
crease in vitrinite with liptinites and inertinites increasing
downward. Microlithotypes also show marked trends with
vitrite increasing upward,while clarite, vitrinertite and tri
macerites increase downward. Vitrinite reflectance in
creases downsection. Elemental composition shows an
increase upsection in Na, V, Zn, Mn, Ca, Fe, Ba, Cu, Cr, Ni,
Cd, and Co while Si, AI, K, Ti, Sr, Zr, and Be increase
downsection. Mg and P values are the highest in the middle
unit with phosphorous showing an amazing affinity for the
thick, middle-unit coal zone.

Correlation, laterally, was attempted in the thick coal
zone at the base of the middle unit, that were designated by
Wahrhaftig (1955) as the B and C seams. Analyses that

showed the smallest variability in the seams laterally,
showing promise for correlation, are maceral and micro
lithotype analysis, major oxide and trace element geochem
istry, moisture and sulfur analysis, and vitrinite reflectance.

The dramatic increase in trace metals upsection, espe
cially zinc, in conjunction with the increase in pyrite,
suggests a base metal sulfide mineralization adjacent to the
developing coal swamps of the upper unit.

Striking similarities between this upper unit and the
Lignite Creek Formation, especially in lithologic character
istics and composition, suggest that they are correlative. All
three units had previously been tentatively correlated with
the Healy Creek Formation.

INTRODUCTION

The Jarvis Creek Coalfield is located in East-Central
Alaska and is generally regarded as the easternmost subfield
in the Nenana Coal Province. The field itself lies on the north
side of the Alaska Range, between latitudes 63

0
35' and

63
0
45'N, and longitudes 145

0
40' and 145

0
50'W. It is three

to six miles east of the Richardson Highway and approxi
mately 30 miles south of Delta Junction. It lies entirely
within the Mount Hayes C-4 quadrangle and encompasses
16 square miles, the major part of which is a rolling plateau
that slopes gently northward. Itis bounded on theeast, south,
and west by bluffs facing Jarvis Creek, Ruby Creek and the
Delta River respectively (Figure 1). Access to the coalfield,
other than hiking from the Richardson Highway, is via a
gravel road that leaves the highway just north of milepost
242 and meanders along a ridgetop six or seven miles to the
old mine site on Ober Creek.

The Jarvis Creek coalfield was chosen for the following
in depth study partly because its a strategically-located coal
basin on the verge of economic development, and partly
from a general lack of recent geologic data which includes
studies of coal resources. Some questions that will be
addressed are: (1) Is the stratigraphy at Jarvis Creek similar
to, or different from, that observed in the commercially
important Nenana Field to the west? (2) How are the coal
properties changing with respect to stratigraphic position?
(3) Is there any lateral continuity to the coal seams? (And
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which analyses are more appropriate in determining this?)
and (4) Why is the reported sulfur contentof the Jarvis Creek
coals so much higher than most other Alaskan coals?

PREVIOUS INVESTIGATIONS

Published geologic investigations on the Jarvis Creek
coalfield are limited to those of Wahrhaftig and Hickcox
(1955) and Warfield (1970), Moffit, in 1939, mapped the
extent of the coal-bearing formation and measured a few
sections. In 1944, Van Alstine and Black (Wahrhaftig,
1955) spent two days here taking several coal samples. In
the summer of 1946, Hickcox remapped the coalfield,
plotted the geology on trimetrogen aerial photographs, and
measured many outcrops. It was largely from this data that
the Wahrhaftig and Hickcox (1955) report was compiled.
Wahrhaftig, in 1951, revisited the area, replotting geology
on new base maps and adding additional measured sections.
In 1958, a small surface mine was started on a ten-foot coal
seam discovered in the middle of the coalfield. Mining
continued sporadically for many years, mostly for local use,
with little total tonnage produced. Exploration drilling was
conducted in 1970 (Warfield, 1970) with a center sample
return, and included 12 holes ranging in depth from 26.4 to
138 ft using a center sample return. A few more holes by
Owen, Loveless and Associates during the winter of 1977
blocked out over 1,000,000 tons of strippable reserves in a
40 acre site near the old mine (Metz, 1981).

The author's field work took place during an eight week
period from June to August, 1985 with a short followup in
August, 1986. Twenty-nine stratigraphic sections were
measured, and an extensive sampling program was under
taken for coal, overburden and sandstone. In addition,
structural attitudes and paleocurrent measurements were
recorded.

REGIONAL GEOLOGY

The JarVisCreekcoalfield is Tertiary in age, dating from
Upper Oligocene to Upper Miocene. The Tertiary strata
unconformably overlie the Birch Creek schist of Lower
Paleozoic age. This schist is a completely recrystallized and
metamorphosed sequence of clastic sediments with both
flow cleavage from parallel orientationofplaty minerals and
closely spaced fracture cleavage (Wahrhaftig 1955). It is a
largely quartz-sericite schist with subordinate amounts of
chlorite and graphitic schist. Abundant quartz veins (both
parallel and normal to foliation), together with the schist, are
intruded locally by several nearby vertical dikes, mostly on
Ruby Creek. An extensive area oflight gray, coarse-grained
igneous intrusive rock occurs directly northeast of the
coalfield, and may be the source stock for these dikes. This
intrusive body (called Granite Mountain) is mostly com
posed of quartz monzonite, granodiorite and quartz diorite,

and is Mesozoic in age (Moffit, 1942).

The Tertiary coal-bearing formation at Jarvis Creek,
which totals approximately 2000 ft, has been tentatively
correlated with the Healy Creek Formation, the lowermost
of five distinctly-different formations in the Nenana coal
bearing group (Wahrhaftig and Hickcox, 1955, Wahrhaftig,
1969). Other formations in ascending order, include, the
Suntrana, Sanctuary, Lignite Creek, and Grubstake Forma
tions (Wahrhaftig, 1969). A question about this correlation
exists and will be addressed later. At Jarvis Creek, the coal
bearing strata has been warped into an oval shaped basin in
which the major axis trends north-northwest. Dips in this
strata are locally as high as 30

0
but generally dip 50 to 10

0

toward the center of the basin. There are few faults of any
significant displacement. Overlying the Tertiary coal
bearing deposits are Quaternary deposits which include river
gravels, solifluction and windblown deposits, and glacial
morainal deposits. A small remnant Tertiary deposit west
of Donnelly Dome and the distinctive hummocky topogra
phy north and west of the main coalfield attest to past glacial
activity in the area. Isolated patches of yellow-brown,
slightly cemented Nenana Gravels occur northeast of the
coalfield near McCumber Creek and the Gerstle River
(Moffit, 1942), but are not in conformable contact with the
coal-bearing deposits.

TERTIARY STRATIGRAPHY

The Tertiary rocks at the Jarvis Creek Coalfield can be
divided into three lithologically distinct units (Figure 2 and
Plate I) and were first described by Wahrhaftig (1955). The
lower unit is composed of white, angular to subangular,
quartz conglomerate. There are very minor amounts offine-
to medium-grained, white quartzose sandstone; siltstone;

carbonaceous shale; and one major lenticular eight-foot
COalbed. Siderite nodules, to four feet in diameter, abound
in the finer horizons, which also contain several thin but
bony coal beds. Most of these bony beds occur in the upper
part of the lower unit. Petrologically, the sandstone in this
unit averages 85% quartz, negligible feldspar and 15%
lithics, mostly schist fragments and mica flakes.

The middle unit is composed mostly of brown to buff,
medium-to coarse-grained, feldspar-rich sandstone (arkose)
which is locally calcitecemented. The arkose alternates with
white coarse-grained, quartzose sandstone and subordinate
amounts of siltstone, claystone and siderite nodules. The
arkoses average 59% quartz, 21% feldspar (mainly potas
sium feldspar) and 20% lithics (mostly mica, schist and
plutonic rock fragments). The sourceofthis arkose probably
comes from both Granite Mountain and the Totatlanika
Schist. The latter is a quartz-feldspar schist and gneiss
(Capps, 1912) that is suspected to be buried beneath the
Tertiary and Quaternary deposits in the Tanana Valley to the
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• Generalized Stratigraphic Section - Jarvis Creek Coalfield
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Plate I. The Tertiary rocks at the Jarvis Creek Coalfield, divided into three distinct units upper (U), middle (M)
and lower (L).
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north (Wahrhaftig, 1955). A major coal zone, composed of
Band C seams (Wahrhaftig 1955), occurs at the base of this
middle unit, with a few thin coal beds higher in the same unit.

The upper unit consists ofa lenticular light gray to gray,
fine- to medium-grained immature, lithic-rich sandstone,
locally concretionary. This unit also contains a substantial
amount of greenish-gray siltstone and claystone beds and
includes numerous coal seams, four ofwhich are greater than
6 ft thick. The upper unit sandstone is 50% quartz, 8%
feldspar, and 42% lithic fragments, mostly fine-grained rock
fragments. When chert and polycrystalline quartz is calcu
lated as lithics rather than quartz, the percentage of lithic
fragments increases to 74%.

The lower unit is thickest, mostcoarse, andbestexposed
in the southeastern part of the coalfield, (Figure 3), thinning
rapidly both westward and toward the north. The extreme
lenticularity of this unit suggests deposition in a localized
depression in the Birch Creek schist, typical ofHealy Creek
Formation rocks. The middle unit is also best exposed in
the southeastern comer of the coalfield, and in the steep

bluffs north of Ruby Creek. It is covered by Quaternary
deposits and vegetation to the northeast. The upper unit is
the most widely exposed unit in the Jarvis Creek coalfield,
outcrops occurring at the top of the bluffs north of Ruby
Creek to the south and extending to the northern edge of the
field. Someofthe upper unit has been subsequently removed
by glacial erosion.

COAL DEPOSITS

At least thirty coal beds have been identified in the
Jarvis Creek coalfield, most of them thin and discontinuous
(Wahrhaftig and Hickcox, 1955). One coal bed is usually
present in each stratigraphic exposure. The coals range in
thickness from less than 1 ft up to 10ft, at the mine itself.
For mining considerations, of seven beds that exceed 6 ft,
four are in the upper unit close to the surface. Drilling during
1970 by the U.S. Bureau of Mines confirmed that some coal
has been removed by glaciation (Warfield, 1970). Although
only three drill holes intersected the ten-foot mine seam,
these intersections, plus geologic evidence from other holes
indicated depositional continuity over fairly large distances. •
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Wahrhaftig, unaware of the ten-foot seam, estimated a
potential reserve of75 million tons ofcoal for the basin, with
5 to 9 million tons indicated and 7.5 million tons inferred
(Wahrhaftig and Hickcox, 1955). These figures were based
mostly on the laterally continuous Band C seams at the base
of the middle unit. 100 million tons of reserves have been
inferred from the ten-foot mine seam and three smaller beds
directly above it, (Metz, 1981) assuming the beds are
continuous throughout the five sections at the center of the
basin.

The coal zone at the base of the middle unit is approxi
mately 20 ft thick in its most westerly exposure where it is
composed of 11 ft of coal in two separate beds (B and C
seams), and 9 ft of bony coal or fissile carbonaceous shale
(Figure 4). It is split toward the east by an interburden of
highly indurated, arkosic sandstone, most probably a cre
vasse splay deposit. B seam is thickest in the east, up to 8
ft, whereas C seam is thickest, up to 7 ft, in the west.

Other thick, but lenticular, coalbeds in the coalfield, are:
an eight-foot bed near the base of the lower unit; a seven
foot bed facing Ruby Creek near the top of the steep bluff;
and two beds, nine feet and six feet thick, facing Little Gold
Creek, also near the top of the bluff. The latter three beds
are all in the upper unit and relatively close to the surface.

SAMPLE PREPARATION

Sixty-nine coal samples were taken from throughout the
Jarvis Creek Coalfield, five from the lower unit, 18 from the
middle unit, and 46 from the more widely exposed upper unit
(Figure 5). Using 2.0 ft as the minimum thickness for
sampling, whenever possible, at least one coal bed was
channel sampled at every exposure. Sampling was done
systematically to cover the entire coalfield, with thicker
seams sampled in closer spacings to help in correlation
possibilities. Band C seams were sampled in 4 localities
(Figure 5), covering a lateral distance of two miles.

All sixty-nine samples were dried and crushed to -20
mesh for the preparation ofcoal pellets, and to -60 mesh for
analytical determinations. Proximate analysis of each
sample included determinations of moisture, ash, volatile
matter, and fixed carbon. Heating values (BTU) and total
sulfur were also done on all samples. Ultimate analysis was
performed on 27 representative samples from three separate
stratigraphic units, and sulfur forms on 12. Values from all
the analyses have been determined on an air-dried basis and
then calculated to as-received; moisture-free; and dry, ash
free (ASTM Standard Method D3180). Data graphs in this
report, reflect as-received values unless otherwise noted.
Since all samples were channelled from outcrops, rank
determinations are apparent. Sixty-nine polished sections
were read for vitrinite reflectance, with 30 representative

samples from the three different units point-counted for
macerals and microlithotypes. Twenty-seven representative
samples from the three units were also selected for determi
nations of major oxides and trace elements. Values for
elemental composition are reported on a whole-coal as
received basis.

COAL ANALYSES

Vertical trends in the Jarvis Creek coal data are the most
apparent, from analyses performed, though lateral trends
were also studied for correlation purposes in the thicker coal
seams. Values from the Band C seams of the middle unit
will be addressed specifically later.

Results of proximate analysis are graphically shown in
Figure 6 with data listed in Table 1. Moisture increases
steadily upsection, due to younger coals, as expected. Ash
values are more variable, with the lowest appearing in the
middle unit. Generally, ash levels are low, with a coalfield
average of around 9%. Volatile matter, however, shows a
trend opposite to normal. Instead of increasing upsection
with moisture, values for volatile matter increase steadily
downward toward older coals, probably due to increased
liptinite content of the downsection coals. Liptinite macer
als are normally high in volatiles, especially hydrogen.
Fixed carbon should increase downsection toward older
coals, and does somewhat, but it is masked in the lower unit
by the high volatile matter content. Heating values show
normal trends, increasing downsection. When rank is
calculated on a moist-mineral matter-free basis, the lower
unit coals average 10,593 Btu/lb, giving an apparent rank
of subbituminous A. The middle unit coals average 10,006
Btu/lb or subbituminous B, and the upper unit coals average
9,094 Btu/lb or an apparent rank of subbituminous C.

Results of ultimate analysis are graphically shown in
Figure 7 with data listed in Table 1. Here it is seen that the
carbon content of the coals decreases upsection toward
younger coals while the oxygen content increases. These
are trends seen in normal coalification processes. Hydrogen,
however, shows a slight increase downsection, which is
contrary to normal coalification schemes. This anomaly can
be explained again by the increased liptinite content in the
lower unit. Nitrogen, a minorcomponentofcoals also shows
a slight increase downsection.

Sulfur values, typically quite low and consistent in
Alaska Tertiary coals, are more variable in the Jarvis Creek
coalfield. Although the middle and the lower units have
sulfur contents nearer the norm for continentally-derived
coal (Figure 8), values approached 3% in some upper unit
coals. These elevated values are totally uncharacteristic of
Alaskan Tertiary coals, rivaling sulfur contents from the
Cretaceous lower delta-plain coals, seen at Chignik-Heren-
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TABLE 1
PROXIMATE AND ULTIMATE ANALYSES OF JARVIS CREEK COALS

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(Pyr) S(Sul) S(Ora
Number % Matter Carbon % Value

% % (Btu)
--------------------------------------------------------------------------------------------------------------------------------------------------------

RCl-l 1 23.64 35.44 38.37 2.56 8,641 0.63
~

2 12.73 40.50 43.85 2.93 9,875 0.72t

3 46.41 50.25 3.35 11,316 0.83
4 48.01 51.99 11,707 0.85

l 5 8,897

RCI-2 1 20.54 35.14 34.35 9.98 8,371 48.23 5.66 .75 34.98 0.40 0.02 0.00 0.38
2 8.34 40.53 39.62 11.51 9,656 55.63 4.79 .87 26.74 0.46 0.02 0.00 0.44
3 44.22 43.23 12.56 10,535 60.69 4.21 .95 21.09 0.50 0.02 0.00 0.48
4 50.57 49.43 12,048 69.43 4.83 1.09 24.08 0.57 0.02 0.00 0.55
5 9,408

RCI-3 1 21.17 35.01 35.13 8.70 8,506 0.34
2 10.53 39.73 39.87 9.87 9,654 0.39
3 44.41 44.56 11.03 10,790 0.44
4 49.90 50.10 12,125 0.49
5 9,409

RC2b-l 1 22.09 40.26 31.31 6.34 8,914 0.98
2 12.87 45.02 35.02 7.09 9,969 1.10
3 51.67 40.19 8.14 11,441 1.26 •4 56.25 43.75 12,455 1.37
5 9592

RC2b-2 1 26.88 32.96 35.27 4.88 8,066 0.96
2 16.59 37.60 40.24 5.57 9,202 1.10
3 45.08 48.24 6.68 11,032 1.32
4 48.30 51.70 11,822 1.41
5 8,533

RC3-1 1 15.90 40.25 32.39 11.46 9,425 0.37
2 8.09 43.99 35.40 12.52 10,301 0.40
3 47.86 38.52 13.62 11,207 0.44
4 55.41 44.59 12,975 0.50
5 10,790

RC3-2 1 18.04 29.87 25.64 25.64 6,852 0.43
2 8.95 33.18 28.48 28.48 7,612 0.48
3 36.44 31.28 31.28 8,360 0.53
4 53.03 46.97 12,165 0.77
5 9,548

URCl-l 1 22.36 33.36 34.44 9.85 8,180 48.36 4.82 .52 34.28 2.17 1.18 0.14 0.85
2 14.64 36.67 37.86 10.83 8,993 53.14 4.19 .57 28.88 2.39 1.30 0.15 0.94
3 42.96 44.34 12.69 10,535 62.28 2.98 .67 18.58 2.80 1.52 0.18 1.10
4 49.20 50.80 12,066 71.31 3.42 .76 21.30 3.21 1.75 0.20 1.26.
5 9,197
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TABLE 1 (continued)

_amPle Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(Pyr) S(Sul) S(Org)
umber % Matter Carbon % Value

% % (Btu)
---------------------------------------------------------------------------------------------------------------------------------------------------------

URCl-2 1 24.74 34.64 30.94 9.69 8,377 1.04
2 11.52 40.72 36.37 11.39 9,848 1.22
3 46.02 41.11 12.87 11,130 1.38
4 52.82 47.18 12,775 1.58
5 9,387

URCl-3 1 20.91 33.17 35.75 10.17 8,879 1.65
2 11.92 36.94 39.81 11.33 9,889 1.84
3 41.94 45.20 12.86 11,227 2.09
4 48.13 51.87 12,884 2.40
5 10,017

URCl-4 1 21.34 34.74 32.78 11.14 8,437 0.99
2 13.18 38.34 36.18 12.30 9,312 1.09
3 44.16 41.67 14.17 10,726 1.26
4 51.45 48.55 12,496 1.46
5 9,626

URCl-5 1 22.89 33.52 36.63 6.95 8,436 0.83
2 14.63 37.11 40.56 7.70 9,340 0.92
3 43.47 47.51 9.02 10,941 1.08

• 4 47.78 52.22 12,025 1.18
5 9,143

URC2-1 1 19.42 38.10 39.20 3.29 9,896 54.10 4.39 .95 36.87 0.40
2 12.20 41.51 42.71 3.58 10,782 58.55 3.78 1.03 32.62 0.44
3 47.28 48.65 4.08 12,281 66.69 2.75 1.17 24.81 0.50
4 49.29 50.71 12,803 69.50 2.87 1.22 25.89 0.52
5 10,272

URC2-2 1 18.57 37.92 38.35 5.16 9,668 55.77 6.25 .42 32.68 0.25 0.03 0.00 0.22
2 10.26 41.79 42.26 5.69 10,655 61.49 5.12 .46 26.96 0.28 0.04 0.00 0.24
3 46.57 46.97 6.34 11,873 68.50 4.41 .51 19.81 0.31 0.04 0.00 0.27
4 49.72 50.28 12,676 73.17 4.72 .55 21.23 0.33 0.05 0.00 0.28
5 10,253

URC3-1 1 17.60 39.86 36.98 5.56 9,906 0.31
2 10.51 43.29 40.16 6.04 10,758 0.34
3 48.37 44.87 6.75 12,021 0.38
4 51.87 48.13 12,891 0.41
5 10,555

URC3-2 1 25.03 32.24 32.94 9.78 7,671 0.69
2 13.65 37.14 37.94 11.27 8,835 0.80
3 43.01 43.94 13.05 10,232 0.93
4 49.47 50.53 11,767 1.07
5 8,603•
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TABLE 1 (continued)

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(Sul) s(org•
Number % Matter Carbon % Value

% % (Btu)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

URC3-3 1 21.76 34.71 34.60 8.92 8,280 0.77
2 12.50 38.82 38.70 9.98 9,262 0.86

" 3 44.36 44.23 11.41 10,585 0.98...,
4 50.07 49.93 11,947 1.11

I 5 9,189I
I

~ URC3-4 1 22.82 36.04 33.08 8.06 8,586 1.10
lilt 2 13.39 40.44 37.12 9.05 9,635 1.24

3 46.69 42.86 10.45 11,125 1.43
4 52.14 47.86 12,422 1.60
5 9,433

URC3-6 1 23.78 33.34 36.93 5.96 8,623 52.22 5.24 .65 34.37 1.56 0.35 0.05 1.16
2 16.22 36.64 40.59 6.55 9,478 57.40 4.66 .71 28.96 1.72 0.39 0.05 1.28
3 43.73 48.45 7.82 11,313 68.54 3.38 .84 17.37 2.05 0.46 0.06 1.53
4 47.44 52.56 12,272 74.33 3.66 .92 18.86 2.23 0.51 0.06 1.66
5 9,244

URC4-1 1 17.86 39.55 35.17 7.42 9,192 0.87
2 11.74 42.50 37.79 7.97 9,876 0.94
3 48.15 42.82 9.03 11,190 1.07
4 52.93 47.07 12,301 1.17 •5 10,019

URC4-2 1 20.70 35.22 30.83 13.26 7,836 0.59
2 9.32 40.27 35.25 15.16 8,960 0.68
3 44.41 38.87 16.72 9,881 0.75
4 53.32 46.68 11,864 0.90
5 9,181

URC5-1 1 21.86 35.45 33.48 9.21 8,309 0.52
2 15.15 38.49 36.36 10.00 9,023 0.57
3 45.36 42.85 11.79 10,635 0.67
4 51.42 48.58 12,055 0.76
5 9,251

URC5-2 1 25.43 34.76 27.35 12.47 7,580 44.15 5.82 .37 36.27 0.92
2 12.68 40.70 32.02 14.60 8,876 51.70 4.91 .43 27.29 1.08
3 46.61 36.67 16.72 10,165 59.20 4.01 .49 18.34 1.24
4 55.97 44.03 12,205 71.09 4.82 .59 22.01 1.49
5 8,795

URC6-1 1 12.35 31.95 23.26 32.44 6,549 0.30
2 6.01 34.26 24.94 34.79 7,023 0.32
3 36.45 26.53 36.17 7,472 0.34
4 57.87 42.13 11,863 0.54
5 10,187 •
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TABLE 1 (continued)

.amPle Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(Sul) S(Org)
umber % Matter Carbon % Value

% % (Btu)
------------------------------------------------------------------------------------------------------------------------------------------------------------------

URC7-1 1 18.79 37.95 36.57 6.69 9,236 0.35
2 10.30 41.92 40.39 7.39 10,201 0.39
3 46.73 45.03 8.24 11,372 0.43

~

~

4 50.93 49.07 12,393 0.47
5 9,974 1

~
URC8-1 1 15.84 43.15 36.14 4.86 10,094 0.38

2 7.45 47.45 39.75 5.35 11,101 0.42 til

3 51.27 42.95 5.78 11,995 0.45
4 54.42 45.58 12,731 0.48
5 10,669

RGDl-2 1 21.37 34.24 35.36 9.03 8,518 51.50 5.32 .79 33.06 0.30 0.03 0.00 0.27
2 12.64 38.04 39.29 10.03 9,464 57.22 4.66 .88 26.88 0.33 0.03 0.00 0.30
3 43.54 44.98 11.48 10,833 65.52 3.71 1.01 17.90 0.38 0.04 0.00 0.34
4 49.19 50.81 12,238 73.81 4.19 ··1.14 20.43 0.43 0.04 0.00 0.39
5 9,460

RGDl-4 1 17.87 36.93 30.90 14.30 8,409 0.34
2 9.86 40.53 33.91 15.70 9,229 0.37
3 44.96 37.62 17.42 10,239 0.41• 4 54.45 45.55 12,398 0.50
5 9,982

UCl-3 1 15.80 40.49 30.96 12.75 9,683 53.84 5.86 .34 26.23 0.98 0.11 0.00 0.87
2 7.44 44.51 34.03 14.02 10,644 59.17 5.32 .37 20.04 1.08 0.12 0.00 0.96
3 48.09 36.77 15.15 11,500 63.90 4.85 .40 14.53 1.17 0.13 0.00 1.04
4 56.67 43.33 13,552 75.15 5.70 .47 17.30 1.38 0.15 0.00 1.22
5 11,276

UC2-1 1 17.28 38.29 37.16 7.27 9,996 59.14 6.13 1.07 25.82 0.57 0.06 0.01 0.50
2 8.33 42.43 41.18 8.06 11,077 65.57 5.60 1.19 18.95 0.63 0.07 0.01 0.55
3 46.29 44.92 8.79 12,084 71.54 5.09 1.30 12.59 0.69 0.08 0.01 0.60
4 50.52 49.48 13,188 78.42 5.60 1.42 13.81 0.75 0.08 0.01 0.66
5 10,872

UC3-1 1 19.58 37.35 38.45 4.61 9,914 0.44
2 11.60 41.06 42.27 5.07 10,898 0.48
3 46.45 47.82 5.74 12,328 0.54
4 49.27 50.73 13,078 0.58
5 10,448

UC4-2 1 17.35 38.24 30.27 14.15 8,524 49.09 5.34 .49 30.60 0.33
2 10.51 41.40 32.77 15.32 9,229 53.24 4.88 .53 25.67 0.36
3 46.26 36.62 17.12 10,312 59.52 4.14 .59 18.23 0.40
4 55.82 44.18 12,443 71.82 5.00 .71 21.98 0.49

• 5 10,100
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TABLE 1 (continued)

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(SuI) s(or_
Number % Matter Carbon % Value

% % (Btu)
~ ----------------------------------------------------------------------------------------------------------------------------------------------_._---

l UC5-1 1 16.79 41.43 32.03 9.03 9,245 0.31
~ 2 6.98 46.32 35.81 10.09 10,335 0.35
~ 3 49.79 38.50 10.85 11,110 0.38
I.t

4 55.86 44.14 12,464 0.42
10- 5 10,268

UC7-2 1 17.99 37.90 35.00 9.11 9,528 55.79 5.72 .47 28.45 0.46
2 11.86 40.73 37.62 9.79 10,241 59.99 5.32 .51 23.90 0.49
3 46.21 42.68 11.11 11,619 68.09 4.51 .58 15.15 0.56
4 51.98 48.02 13,071 76.55 5.11 .65 17.06 0.63
5 10,595

UC7-5 1 18.66 35.44 40.17 5.74 9,578 56.43 5.64 .78 30.92 0.49
2 11.40 38.60 43.75 6.25 10,432 61.47 5.15 .85 25.75 0.53
3 43.57 49.38 7.05 11,775 69.40 4.36 .96 17.63 0.60
4 46.87 53.13 12,668 74.62 4.68 1.17 18.89 0.64
5 10,229

UC8-1 1 19.91 34.77 37.48 7.83 9,344 55.57 5.15 .37 30.64 0.44 0.07 0.02 0.35
2 15.52 36.68 39.54 8.26 9,857 58.62 4.81 .39 27.46 0.46 0.07 0.02 0.37
3 43.42 46.80 9.78 11,668 69.41 3.62 .46 16.19 0.54 0.08 0.02 0.44
4 48.12 51.88 12,932 76.91 4.02 .51 17.96 0.60 0.09 0.03 0,48.
5 10.229

UC8-2 1 20.22 35.40 34.18 10.19 8,423 52.01 5.59 .38 31.43 0.40
2 12.18 38.97 37.63 11.22 9.272 57.28 5.02 .42 25.62 0.44
3 44.38 42.85 12.78 10,558 65.24 4.21 .48 16.79 0.50
4 50.86 49.14 12,100 74.75 4.83 .55 19.30 0.57
5 9,491

UC8A-l 1 20.51 34.31 40.99 4.20 9,254 0.24
2 11.19 38.33 45.79 4.69 10,338 0.27
3 43.16 51.56 5.28 11,641 0.30
4 45.57 54.43 12,290 0.32
5 9,704

UC9-1 1 27.62 33.70 29.70 8.99 7,420 0.69
2 13.20 40.41 35.61 10.78 8.898 0.83
3 46.56 41.03 12.42 10,251 0.96
4 53.16 46.84 11,704 1.09
5 8,241

UC9-3 1 24.16 33.59 32.81 9.44 8,120 49.43 5.95 .85 33.30 1.03
2 17.38 36.59 35.75 10.28 8,846 53.85 4.92 .93 28.40 1.12
3 44.29 43.27 12.44 10,707 65.16 3.43 1.13 16.48 1.36
4 50.58 49.42 12,229 74.42 3.90 1.29 18.84 1.55
5 9,071 •
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TABLE 1 (continued)

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(Sul) S(Org)

'-umber % Matter Carbon % Value
% % (Btu)

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

UC9-5 1 21.77 33.22 35.89 9.10 8,397 48.13 4.79 .44 35.07 2.47 1.20 0.16 1.11
2 13.35 36.80 39.75 10.08 9,301 53.30 4.09 .49 29.30 2.74 1.33 0.18 1.23
3 42.47 45.87 11.63 10,733 61.51 2.99 .57 20.14 3.16 1.53 0.21 1.42
4 48.06 51.94 12,147 69.61 3.41 .64 22.76 3.58 1.74 0.23 1.61
5 9,357

UC10-1 1 22.43 34.06 33.78 9.73 8,352 1.49
2 10.51 39.29 38.97 11.23 9,636 1.72
3 43.90 43.55 12.55 10,767 1.92
4 50.20 49.80 12,313 2.20
5 9,368

UC10-3 1 24.62 34.24 35.03 6.11 8,364 50.20 5.25 .56 36.30 1.58
2 14.90 38.65 39.55 6.90 9,442 56.66 4.48 .63 29.55 1.78
3 45.42 46.48 8.11 11,095 66.58 3.32 .74 19.16 2.09
4 49.43 50.57 12,074 72.47 3.60 .81 20.84 2.28
5 8,982

UC10-5 1 25.39 32.53 35.35 6.73 7,842 1.47
2 18.11 35.70 38.80 7.39 8,607 1.61
3 43.59 47.37 9.02 10,509 1.97

• 4 47.91 52.09 11,551 2.16
5 8,482

UC10A-ll 22.89 33.59 36.11 7.42 8,825 0.80
2 15.38 36.86 39.62 8.14 9,684 0.88
3 43.56 46.82 9.62 11,444 1.04
4 48.19 51.81 12,662 1.15
5 9,617

LGC1-1 1 24.28 32.76 30.68 12.28 8,017 0.99
2 18.25 35.37 33.12 13.26 8,656 1.07
3 43.26 40.51 16.22 10,588 1.31
4 51.66 48.34 12,642 1.56
5 9,280

LGCI-2 1 24.27 32.38 34.80 8.55 8,282 1.10
2 16.30 35.79 38.46 9.45 9,153 1.22
3 42.76 45.95 11.29 10,935 1.46
4 48.20 51.80 12,327 1.64
5 9,153

LGC2-1 1 25.37 33.29 34.08 7.26 8,112 1.14
2 17.20 36.94 37.81 8.05 9,000 1.27
3 44.61 45.66 9.72 10,869 1.53
4 49.42 50.58 12,040 1.70
5 8,827•
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TABLE 1 (continued)

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(Pyr) S(Sul) s(or_
Number % Matter Carbon % Value

% % (Btu)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

~ LGC2-3 1 23.94 33.90 33.57 8.60 8,310 49.99 5.33 .43 34.78 0.87
2 17.92 36.58 36.22 9.28 8,967 53.95 4.86 .46 30.51 0.94
3 44.57 44.13 11.31 10,924 65.71 3.48 .56 17.79 1.15
4 50.21 49.79 12,307 73.91 3.90 .63 20.27 1.29
5 9,187

~ LGC2-5 1 21.59 33.81 31.53 13.11 8,348 48.40 5.59 .57 31.24 1.09
2 13.05 37.48 34.96 14.53 9,255 53.66 4.98 .63 24.99 1.21
3 43.10 40.20 16.71 10,643 61.71 4.05 .72 15.42 1.39
4 51.76 48.24 12,781 74.05 4.86 .87 18.55 1.67
5 9,767

LGC2-7 1 23.88 33.34 33.13 9.65 8,004 1.16
2 12.92 38.14 37.90 11.04 9,157 1.33
3 42.75 42.49 12.37 10,263 1.49
4 50.06 49.94 11,712 1.70
5 8,967

LGC3-2 1 25.53 34.32 30.65 9.50 7,874 0.96
2 13.29 39.96 35.69 11.06 9,169 1.12
3 46.09 41.16 12.76 10,575 1.29
4 52.82 47.18 12,121 1.48 •5 8,803

LGC3-4 1 24.26 30.94 33.40 11.40 7,758 0.67
2 15.89 34.36 37.09 12.66 8,615 0.74
3 40.85 44.10 15.05 10,242 0.88
4 48.09 51.91 12,058 1.04
5 8,877

JCl-2 1 24.21 35.88 32.71 7.19 8,580 52.90 5.76 1.02 32.31 0.82
2 17.90 38.87 35.44 7.79 9,295 57.31 5.32 1.10 27.59 0.89
3 47.34 43.17 9.49 11,321 69.80 4.05 1.34 14.24 1.08
4 52.31 47.69 12,508 77.14 4.48 1.48 15.70 1.20
5 9,325

JCl-4 1 23.67 32.92 32.89 10.52 8,159 47.34 5.25 .50 34.82 1.57 0.44 0.09 1.04
2 16.34 36.08 36.05 11.53 8,942 51.91 4.68 .55 29.61 1.72 0.48 0.10 1.14
3 43.13 43.09 13.78 10,688 62.03 3.42 .66 18.05 2.06 0.57 0.12 1.36
4 50.01 49.99 12,394 71.95 3.96 .91 20.80 2.38 0.66 0.14 1.58
5 9,243

JCl-6 1 22.01 35.23 36.13 6.62 8,586 0.99
2 10.41 40.47 41.51 7.61 9,863 1.14
3 45.17 46.33 8.49 11,009 1.27
4 49.37 50.63 12,031 1.39
5 9,270 •
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TABLE 1 (continued)

_mPle Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(Sul) S(Org)
mber % Matter Carbon % Value

% % (Btu)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------- ~

JC2-1 1 26.26 35.03 34.60 4.11 8,281 48.90 6.18 .57 39.25 0.99 ~

2 11.80 41.90 41.38 4.92 9,904 58.49 5.18 .68 29.56 1.18 1

3 47.51 46.92 5.58 11,229 66.33 4.36 .77 21.62 1.34 ~
•4 50.31 49.69 11,893 70.19 4.63 .82 22.84 1.42

5 8,682 J

~
JCM2a 1 22.17 33.17 36.55 8.11 8,862 52.37 5.08 .57 32.04 1.83 0.73 0.05 1.05

2 15.69 35.93 39.59 8.79 9,600 56.74 4.59 .62 27.28 1.98 0.79 0.05 1.14
3 42.62 46.96 10.43 11,387 67.29 3.37 .74 15.82 2.35 0.94 0.06 1.35
4 47.58 52.42 12,712 75.12 3.74 .82 17.70 2.62 1.04 0.07 1.51
5 9,749

JCM2b 1 21.19 35.14 36.56 7.11 8,764 53.59 5.79 .68 31.88 0.95
2 10.78 39.78 41.39 8.05 9,922 60.69 5.10 .77 24.32 1.07
3 44.59 46.39 9.02 11,121 68.03 4.36 .86 16.53 1.20
4 49.00 51.00 12,223 74.65 4.78 1.06 18.19 1.32
5 9,518

JCM2c 1 22.45 32.73 36.03 8.79 8,368 50.74 5.23 .58 33.76 0.90
2 14.85 35.94 39.56 9.65 9,189 55.70 4.65 .64 28.37 0.99
3 42.21 46.46 11.33 10,792 65.39 3.50 .75 17.87 1.16

• 4 47.60 52.40 12,171 73.52 3.95 .84 20.38 1.31
5 9,273

JCM4 1 20.07 36.14 35.33 8.47 9,256 0.84
2 13.79 38.98 38.10 9.13 9,983 0.91
3 45.22 44.20 10.60 11,580 1.06
4 50.57 49.43 12,952 1.18
5 10,216

JCM5 1 24.14 30.48 39.59 5.79 8,441 0.79
2 13.34 34.82 45.23 6.61 9,643 0.90
3 40.18 52.19 7.63 11,127 1.04
4 43.50 56.50 12,046 1.12
5 9,023

JCM6 1 20.61 35.30 30.09 13.99 8,400 0.68
2 9.89 40.07 34.16 15.88 9,535 0.77
3 44.47 37.91 17.62 10,582 0.85
4 53.98 46.02 12,845 1.04
5 9,936

SCl-l 1 20.27 34.53 34.65 10.55 8,320 49.12 5.15 .60 31.66 2.92 1.62 0.14 1.16
2 12.67 37.82 37.95 11.56 9,113 53.80 4.59 .66 26.18 3.20 1.78 0.15 1.27
3 43.30 43.45 13.24 10,434 61.60 3.61 .76 17.13 3.66 2.04 0.17 1.45
4 49.91 50.09 12,027 71.02 4.15 .87 19.74 4.22 2.35 0.20 1.67
5 9,444•
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TABLE 1 (continued)

Sample Basis Moisture Volatile Fixed Ash Heating C H N 0 S(Tot) S(pyr) S(Sul) S(Org)
Number % Matter Carbon % Value

------------------------~-----~~------------~~~---------------------------------------------------------------~
35.25 7.91
39.96 8.97
44.96 10.09
50.01

SC2-2

SC3-1

1
2
3
4
5

1
2
3
4
5

21.60
11.12

23.61
15.23

35.24
39.95
44.95
49.99

35.65
39.56
46.66
51.36

33.76
37.46
44.19
48.64

8,503
9,640

10,846
12,063
9,319

6.98 8,240
7.75 9,144
9.14 10,786

11,872
8,930

51.54
58.43
65.73
73.10

5.78
5.06
4.32
4.78

.94
1.07
1.20
1.34

33.27 0.56
25.84 0.63
17.97 0.71
19.99 0.79

0.52
0.58
0.68
0.75

SC4-1

DD1-1

DDl-2

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

17.60
9.49

18.75
8.72

23.01
11.45

35.40
38.88
42.96
55.70

40.42
45.36
49.75
57.20

38.74
44.56
50.32
54.69

28.15 18.85
30.92 20.71
34.16 22.88
44.30

30.33 10.59
34.04 11.88
37.33 13.03
42.80

32.10 6.15
36.92 7.07
41.69 7.98
45.31

7,958
8,741
9,658

12,523
10,047

9,006
10,108
11,085
12,746
10,200

8,779
10,097
11,403
12,392
9,424

0.53
0.58
0.64
0.83

0.62
0.70
0.77
0.88

0.73
0.84
0.95
1.03

•
Basis:

(1) As-received
(2) Air dried
(3) Moisture free
(4) Dry ash free
(5) Moisture free (Btu-only)

deen Bay ( R. D. Merritt, 1986, pers. comm.). When the
sulfur values for each unit are broken into their respective
sulfur forms, it is seen that sulfate sulfur is almost negligible
in the lower and middle units and is even low in the upper
unit. Organic sulfur is the predominant sulfur in all three
units but in the upper unit there is a large increase in pyritic
sulfur, mostly framboidal. It is clear from the sulfur analysis
that there was something different in the environment of
deposition of the upper unit. This difference is addressed
later during discussion of trace element contents. Total
sulfur and sulfur form data are presented in Table 1.
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COAL PETROLOGY

There are also interesting petrographic trends in the
Jarvis Creek coals. First, there is very little difference in
reflectance properties of the vitrinite macerals (called
huminites in subbituminous coals), between the lower and
middle units (Figure 9). These average around 0.4 and it is
proposed that they are very comparable in age. However, •
there is a more sudden drop in vitrinite reflectance in the
upper unit than wouldbe expected from normal coalification
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• Vitrinite Reflectance
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processes acting on continuously deposited sediments. This
abrupt change, which is dramatically demonstrated on the
steep bluff facing Little Gold Creek (bottom coal-.438, top
coal-.324), is probably due to a difference in age between
the upper and middle coal-bearing units. Vitrinite reflec
tance data is listed in Table 2.

Significant changes in maceral percentages of the
individual coalbeds occur as you go vertically through the
coal-bearing strata. In Figure 10, a ternary diagram showing
the major maceral groups as end members, each stratigra
phic unit plot in a separate field. These plots show an
increase in the vitrinite group upsection toward younger
coals. The vitrinite group of macerals, which represent the
more oxygenated woody portions of the trees, includes
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vltrlmte, pseudovitrinite, phlobaphinite, pseudophlo
baphinite, gelinite and vitrodetrinite.

The liptinite group, sometimes called exinites, in
creasesdramatically downsection. Liptinites, which are rich
in hydrogen and comprise the resins, waxes, fats and oils of
the plants, include sporinite, resinite, cutinite, suberinite,
alginite, exsudatinite and liptodetrinite. It is because of an
increase in these macerals that volatile matter and hydrogen
are elevated downsection. The main liptinites observed
were sporinite and resinite. These also show trends verti
cally, the sporinite content of the coals increasing downsec
tion toward older coals while the resinite increase upsection.
Resinite is observed macroscopically in the higher amber
contents of the upper unit coals.



TABLE 2
VITRINITE REFLECTANCE

.340

.380
.419

•

•Microlithotype analysis also shows that significant
changes occur in the coals vertically through the coal
bearing strata. Microlithotypes are groupings of macerals
in a microscope field of view. They are studied because the
macerals of coal rarely occur singly, and are usually asso
ciated with other macerals of the same or the two other
maceral groups (Stach 1982) in monomaceral, bimaceral
and trimaceral microlithotypes. These microlithotypes have
been used for determining environments of deposition and
can be valuable in seam correlation. Figure 11 is a graph
of the five most prominent micro-lithotypes observed in the
Jarvis Creek coals. Vitrite, composed entirely of vitrinite,
shows a dramatic increase upsection similar to that seen in
the vitrinite analysis. This, of course, is due to the increase
in woody content of the coals upsection. Clarite, which is
composed of vitrinite and at least 5% liptinite, shows a
dramatic increase downsection due to the increase in
liptinites in that direction. Vitrinertite, the vitrinite and
inertinite combination, also shows an increase downsection
toward the older coals. This again is due to the increased
inertinite content in the older coals. Trimacerite, a mixture
of all three maceral groups, also increases downsection due
to the increase in liptinites and inertinites. Finally, the
carbomineralites which are the mineral matter in the coals,
show vertical variability similar to that observed in the ash.
The main carbomineralites in the Jarvis Creek coals are
carbargillite (clays), which is the most common, carbosili
cates (quartz), carbankerite (calcite, dolomite, siderite and
ankerite), and carbopyrite. The lower and middle unit
carbomineralites are mostly carbargillites, mostly due to the
close proximity to the Birch Creek Schist with its weathering
feldspars and mica. The upper unit, however, show the
predominant carbomineralite to be carbopyrite. This should
be the case because of the high sulfur contents alluded to
earlier. Microlithotype analysis data is shown in Table 4.

swamp episodes, resulting in some oxidation and fungal
degradation (Stach, 1982). Maceral analysis data is pre
sented in Table 3.

.323

7

.347

65

.347

.358

432

.378

.329

.407 .393
.413 .409
.438
.377 .360 .324
.404 .343 .351
.360
.375 .314
.381 .363 .346

.370

.400

.382

.380

.371 .358

.335

.359 .376 .385 .382 .367 .356

.386

.438 .367
.423

.436 .409 .430

.405 .406

.372 .381

.418 .400 .383 .375 .386

.396 .395

.412 .360 .402 .357 .389

.376 .380

.391 .393

.427

.422

.374

RC1
RC2b
RC3
ORC1
ORC2
ORC3
ORC4
ORC5
ORC6
ORC7
ORC8
RGD1
UC1
UC2
UC3
UC4
UC5
UC7
UC8
UC8A
UC9
UC10
UC10A
LGC1
LGC2
LGC3
JC1
JC2
JCM
SCI
SC2
SC3
SC4
DD1

SAMPLE 1

Horizontal axis at top indicates actual sample
numbers (e.g. RCl-3 =.430 Rom). Decreasing
sample numbers correspond to increasing depth.

Inertinite macerals (formed from degradation of plant
material, either by fire, fluctuating water levels (oxidation),
or fungal attack) also show an increase downsection. These
macerals, which contain high levels of carbon, include
fusinite, semifusinite, macrinite, sclerotinite, and inerto
detrinite. The main inertinite macerals observed were
semifusinite, sclerotinite and inertodetrinite. The predomi
nance of these three inertinite macerals indicates that the
Jarvis Creek coal swamps were not much affected by fire
but did have fluctuating water levels during the earlier

Microlithotype analysis of the Jarvis Creek coals indi
cates that the first swamps probably contained a substantial
percentage of reed and sphagnum plant material in floating
mats. This type of swamp produces high liptinite and
trimacerite coal material with a large amount of desmo
collinite, a type of vitrinite common in the lower unit. The
presence of large angular quartz fragments seen "floating"
in beds of carbonaceous shale beneath these coal beds
implies relatively high relief close to the swamps. The high
proportion of resinite clarites in the upper unit suggests that
the vegetation in the forest part of the swamps changed
through time, with an increase in gymnosperms or conifer
ous trees relative to angiosperms or deciduous trees. This
is borne out by the increase in amber seen higher in the •
section, especially in the upper unit.
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Figure 10.
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Table3 •B
MACERAL ANALYSIS

·S
:E

~ Q.,
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~ ~ ~'S .g B ·S B
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:5 ~ ·S·5 :2 'S .... ·E 'S '5 B'> .c ~ ·S BB B Q., Q., B ·m ....
~ B ~ B B

~
:§0 .g a ·S ·D

S ·S·S "'0 ·S .g :5 .c:: 0 ·c :5 'S ·S 1-0

'E =' =' ·s 1-0 =' ~

~
;.::::l

f ~
CI) ~ ~ ~ 8. CI) CI) ..= ·So .9- .D

SAMPLE >: CI) ~ =' ~ :;E u
~

~ ~ =' < ='
~ C) ~ ~ CI:l CI:l CI:l ~ u.:l U ~ CI:l

RC1-1 82.8 0.7 0.7 0.9 1.1 0.2 1.3 0.0 3.2 1.7 3.2 2.0 0.4 0.0 0.0 1.2 0.6
URC1-1 88.8 0.0 0.4 1.1 0.4 0.0 0.9 0.0 0.4 0.4 3.2 2.2 0.0 0.2 0.0 1.4 0.6
URC2-1 75.3 0.3 0.2 1.4 1.4 0.3 2.7 0.0 1.9 1.7 6.4 5.2 0.4 0.4 0.0 2.0 0.4
URC2-2 78.8 0.5 0.7 1.1 1.2 0.0 1.9 0.0 1.9 1.1 4.6 4.6 0.0 1.2 0.0 2.2 0.2
URC3-6 88.5 0.2 0.6 1.8 0.9 0.0 0.6 0.0 0.2 0.6 1.6 3.0 0.2 0.2 0.0 1.2 0.4
URC5-2 77.7 0.9 0.5 3.5 0.5 0.7 2.1 0.2 0.4 1.1 4.2 5.2 0.0 0.6 0.0 1.6 0.8
URC7-1 71.3 0.8 0.8 2.8 1.5 0.0 1.8 0.0 1.1 1.1 7.6 5.8 1.0 0.2 0.0 3.6 0.6
RGDl-2 82.0 0.2 0.5 1.1 1.1 0.0 2.3 0.0 0.9 0.5 3.6 3.8 0.2 0.6 0.0 2.8 0.4
UCl-3 62.0 1.4 0.7 2.7 1.3 0.2 2.9 0.3 2.1 2.2 10.2 7.4 1.0 1.6 0.0 2.8 1.0
UC2-1 74.2 0.5 0.0 1.4 1.9 0.0 4.1 0.0 2.3 1.2 7.2 3.6 0.0 0.2 0.0 2.8 0.6
UC4-2 72.3 0.2 0.3 2.7 1.5 0.0 1.7 0.0 3.2 1.5 8.8 4.2 0.4 0.2 0.0 2.4 0.6
UC7-2 79.1 0.3 0.2 1.2 0.7 0.3 1.8 0.0 1.9 0.5 5.8 4.4 0.2 0.4 0.0 2.6 0.6
UC7-5 84.3 0.0 0.9 2.2 1.3 0.4 1.1 0.0 0.5 0.9 3.0 2.6 0.0 0.6 0.0 1.6 0.6
UC8-1 79.0 0.7 0.7 3.0 1.1 0.4 1.9 0.2 0.5 0.9 3.6 4.4 0.4 0.8 0.0 2.0 0.4
UC8-2 81.6 0.0 0.4 2.0 1.1 0.5 1.6 0.0 0.5 1.1 5.2 3.0 0.0 0.2 0.0 2.0 0.8
UC9-3 83.5 0.5 0.4 0.7 1.1 0.0 1.8 0.2 1.3 0.7 3.0 3.8 0.2 0.0 0.0 2.4 0.4
UC9-5 88.7 0.5 1.3 1.4 1.4 0.2 1.1 0.2 0.4 0.0 1.0 1.8 0.0 0.4 0.0 1.4 0.2
UC10-3 78.4 0.4 1.3 4.9 0.7 0.0 3.1 0.0 1.1 1.3 2.4 4.0 0.0 0.4 0.0 1.4

~.LGC2-3 86.2 0.4 0.5 1.9 1.5 0.0 1.1 0.0 0.6 0.4 2.4 2.6 0.0 0.2 0.0 1.0
LGC2-5 82.7 0.0 0.8 2.4 1.5 0.4 1.5 0.2 0.4 1.1 2.6 3.4 0.0 0.8 0.0 1.4 0.8
JCl-2 86.2 0.0 0.9 2.5 0.8 0.2 0.9 0.0 0.6 1.5 2.2 2.0 0.0 0.2 0.0 1.0 1.0
JCl-4 84.3 0.0 1.3 1.5 0.7 0.0 1.9 0.0 0.6 1.3 2.0 3.0 0.0 0.0 0.0 2.2 1.2
JC2-1 83.5 0.0 2.1 3.9 0.6 0.0 0.9 0.0 0.4 0.6 2.0 3.0 0.0 0.0 0.0 1.2 1.8
JCM2a 84.9 0.0 1.1 1.7 1.3 0.2 0.6 0.2 0.9 0.9 1.6 3.6 0.0 0.0 0.0 1.6 1.4
JCM2b 81.5 0.0 0.6 2.0 1.6 0.0 1.5 0.0 1.8 1.6 3.0 3.6 0.0 0.4 0.0 1.6 0.8
JCM2c 75.0 0.7 2.6 5.5 1.7 0.2 3.9 0.4 1.7 0.9 1.6 3.0 0.0 0.6 0.0 0.8 1.4
SC2-2 85.9 0.0 0.0 1.3 1.4 0.2 1.3 0.0 0.4 0.7 3.2 3.8 0.0 0.6 0.0 1.0 0.2
SC4-1 78.6 0.0 0.2 1.3 0.7 0.7 2.7 0.0 2.1 2.5 4.4 4.4 0.0 0.2 0.0 1.6 0.6
DD1-1 73.4 0.4 0.7 4.7 0.7 1.4 1.0 0.2 1.2 2.1 5.4 5.2 0.0 0.2 0.0 2.0 1.4
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ELEMENTAL ANALYSIS OF COAL ASH

Evolution of the Jarvis Creek coal swamps is supported
by vertical trends in major and trace element analyses of ash
from thecoals. Eleven majoroxides weredetennined: Si02.'
Fe20 3, CaO, MgO, MnO, Na

2
0, Ti02, A120

3
,K20, SU

3
ana p205 (Figure 12). In therigure it can De seen that the
alumino-silicate, or lithophile elements Si, AI, K, and Ti
decrease substantially upsection. These elements, nonnally
abundant in the clay fraction of the mineral matter, probably
decline in the coals due to waning influence from the
weathering of Birch Creek Schist feldspars and micas

upsection. Acorresponding decrease in carbonaceous shale
beds upsection supports this determination. Ca and Mn, on
the other hand, increase upsection. According to Gluskoter
(1977), these two elements show apositive correlation with
each other with manganese commonly substituting for Ca
in calcite (CaC03). Orheim (1978) states that Ca is concen
trated in the wooa structure and bark of trees so the increase
in vitrinite of the coals upsection is probably at least in part
responsible for the increase in Ca, as is the previously
mentioned upsection increase in carbonate concretions.
This Ca is present as a cation in Ca-humates that exist with •
humic acids during the humification process (Stach, 1982;
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•Table 4
MICROLITHOTYPE ANALYSIS
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SAMPLE
RC1-1 74.8 0.0 0.0 0.0 16.6 3.0 2.8 0.2 2.2 0.0 0.4
URC1-1 70.0 0.0 0.0 0.0 13.4 0.6 0.8 0.0 2.0 13.2 0.0
URC2-1 56.2 0.0 0.0 0.0 26.0 6.6 7.6 0.2 3.0 0.2 0.2
URC2-2 59.4 0.0 0.0 0.0 24.8 3.6 7.8 1.0 3.2 0.0 0.2
URC3-6 76.4 0.0 0.0 0.0 9.0 1.0 0.8 0.0 5.2 7.2 0.4
URC5-2 62.8 0.0 0.0 0.0 20.0 1.8 2.6 0.2 11.2 1.4 0.0
URC7-1 44.8 0.0 0.0 0.0 39.2 1.4 5.8 0.0 8.8 0.0 0.0
RGD1-1 64.8 0.0 0.2 0.0 25.0 2.2 2.4 0.0 5.2 0.2 0.0
UCl-3 34.4 0.0 0.0 0.0 30.6 8.0 15.4 3.0 8.2 0.2 0.2
UC2-1 44.4 0.0 0.2 0.0 31.8 5.4 11.2 0.6 4.0 0.8 1.6
UC4-2 39.0 0.0 0.2 0.2 29.8 2.8 9.6 1.0 16.4 0.6 0.4
UC7-2 48.8 0.0 0.0 0.0 30.8 3.2 6.2 0.8 8.6 1.2 0.4
UC7-5 70.6 0.0 0.2 0.0 19.4 2.6 2.8 0.0 2.8 0.6 1.0
UC8-1 61.0 0.0 0.0 0.0 25.2 3.0 5.0 0.2 4.6 0.6 0.4
UC9-3 54.0 0.0 0.0 0.0 22.8 5.6 4.8 0.2 5.0 7.0 0.6
UC9-5 58.6 0.0 0.0 0.0 15.0 1.0 1.4 0.0 5.4 18.6 0.0 •UC10-3 73.6 0.0 0.0 0.0 10.4 1.8 1.0 0.0 4.6 8.0 0.6
LGC2-3 73.6 0.0 0.0 0.0 11.8 2.0 1.2 0.0 9.2 1.4 0.8
LGC2-5 61.8 0.0 0.0 0.0 14.4 2.8 3.4 0.0 16.4 1.2 0.0
JCl-2 60.6 0.0 0.0 0.0 22.2 4.8 3.8 0.2 5.4 2.6 0.4
JCl-4 61.2 0.0 0.0 0.0 14.2 3.0 3.0 0.0 10.0 8.6 0.0
JC2-1 83.4 0.0 0.0 0.0 8.4 0.8 0.6 0.0 3.4 3.4 0.0
JCM2a 72.2 0.0 0.0 0.0 10.2 1.6 0.6 0.0 4.0 10.8 0.6
JCM2b 79.4 0.0 0.0 0.0 10.4 4.0 0.8 0.0 1.4 3.8 0.2
JCM2c 78.0 0.0 0.2 0.0 11.6 3.0 2.0 0.0 1.8 3.0 0.4
SC2-2 72.4 0.0 0.0 0.0 15.6 4.2 4.4 0.0 2.4 0.2 0.8
SC4-1 59.8 0.0 0.2 0.0 17.6 4.6 5.4 0.0 12.2 0.0 0.2
DD1-1 51.8 0.0 0.2 0.0 27.4 2.0 5.6 0.6 11.6 0.2 0.6

Rao. 1987. pers. comm.). This humification process is one significant increase in that unit. Phosphorus. however. does
of the most significant steps in vitrinite fonnation. Mg not show any trend vertically. It does show that it could be
shows a positive correlation not only with the alumino- invaluable when used for correlation. Negligible phospho-
silicate elements in the clay fraction but also with the rus was observed in the lower unit and most of the middle
carbonate fraction. At Jarvis Creek. Mg is quite variable. and upper units with the exception of 3 coals in the upper
showing the highest values in the middle unit. The reason unit that are potentially correlatible. The B/C seams.
for this is unclear but may be due to its possible substitution however. all contained phosphorus. Phosphorus. according
for Ca in some of the large carbonate-cemented arkose beds. to Orheim (1978). plays a major role in plant growth. It
Sodium (Na) shows an upsection increase that is probably enriches leaves. seeds and pollen; its presence shows that
due. again. to the increase in vitrinite in this direction. Na the vegetation. or the conditions of swamp growth. were
is another important humate in the humification process different at the base of the middle unit. Major oxide data
(Stach. 1982). Because of the large increase in pyrite in the is depicted in Table 5. •upper unit. it is not surprising that Fe

2
0

3
and S03 show a
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TABLE 5
MAJOR OXIDES •Elements RCl-2 URC1-1 URC2-1 URC2-2 URC3-6 URC5-2 RGDl-2

~ Si02 45.31 31.62 33.32 37.83 17.65 41.03 41.61
I Fe203 2.95 12.21 2.27 4.93 9.1 3.82 3.83
r CaO 5.17 6.38 12.5 8.66 18.1 15.21 8.1

MgO 3.32 2.37 3.15 2.85 2.39 3.61 6.72

~
MnO 0.02 0.02 0.04 0.08 0.07 0.02 0.03

I Na20 0.43 0.1 0.11 0.38 0.33 0.21 0.37
Ti02 0.9 0.8 1.09 2.03 0.48 0.85 1.11
Al203 32.39 14.15 28.54 30.51 14.05 16.06 29.94
K20 1.36 1.41 1.38 1.24 0.75 1.49 1.53
S03 4.03 9.21 12.31 4.93 23.61 10.15 4.73
P20S ND ND ND 0.1 ND ND 0.04
TOTAL 96.27 79.37 95.39 94.27 87.82 93.28 98.83

Elements UCl-3 UC2-1 UC4-2 UC7-2 UC7-5 UC8-1 UC8-2

Si02 49.03 39.49 43.38 40.44 39.72 40.32 46.63
Fe203 1.26 1.61 3.58 1.68 1.33 0.98 1.06
CaO 5.1 11.51 5.4 7.91 7.63 8.52 5.95
MgO 0.94 1.83 1.32 1.86 3.28 3.15 1.95
MnO 0.03 0.01 0.03 0.02 0.01 0.01 0.02
Na20 0.35 0.26 0.46 0.22 0.55 0.2 0.15
Ti02 1.15 1.08 0.75 0.8 1.45 0.76 1
Al203 33.11 29.97 36.77 32.15 30.47 30.24 33.22
K20 2.15 1.55 2.14 1.6 1.81 1.65 1.81
S03 3.29 9.44 1.58 3.14 6.4 5.85 3.17
P20S ND ND 0.16 0.18 0.02 0.13 0.08 •TOTAL 96.75 97.38 96.8 90.81 93.39 93.04 95.79

Elements UC9-3 UC9-5 UC10-3 LGC2-3 LGC2-5 JCl-2 JCl-4
Si02 32.91 30.37 23.6 29.77 42.15 26.57 37.97
Fe203 5.38 17.23 13.5 5.84 5.51 7.07 6.43
CaO 13.5 10.61 13.46 21.04 13.33 20.42 9.43
MgO 3.08 2.21 2.18 4.34 3.13 4.02 242
MnO 0.02 0.06 0.06 0.04 0.04 0.04 0.04
Na20 0.11 0.45 0.76 0.3 0.59 0.54 0.31
Ti02 0.86 0.72 0.67 0.68 0.94 0.57 1.01
A1203 16.07 14.88 14.22 14.83 16.86 15.74 17.93
K20 1.23 1.37 0.91 0.79 1.36 0.78 1.33
S03 17.06 10.8 16.63 14.08 10.37 14.16 10.82
P20S ND ND ND ND ND 0.11 0.01
TOTAL 91.44 89.42 81.72 94.47 95.26 91.19 91.74

Elements JC2-1 JCM2a JCM2b JC-M2c SC1-1 SC2-2
Si02 18.4 19.09 18.39 29.17 22.74 33.11
Fe203 8.78 11.43 7.74 7.22 16.86 6.41
CaO 15.95 17.87 23.05 16.35 10.84 14.22
MgO 2.03 2.02 2.18 1.82 1.5 1.27
MnO 0.05 0.1 0.07 0.06 0.11 0.13
Na20 0.34 0.44 0.34 0.46 0.37 0.6
Ti02 0.58 0.48 1 1.1 0.42 0.75
Al203 23.58 12 15.88 24.06 12.68 25.08
K20 0.81 1.07 0.63 0.67 1.41 1.07
S03 17.3 23.61 19.6 12.45 13.32 9.97
P20S ND ND 0.07 0.01 ND 0.01 •TOTAL 88.12 89.4 90.31 93.81 81.72 93.64
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The coals were also analyzed for 13 trace elements, 11
of which are shown in Figure 13. Phosphorus and Cd
showed only small and sporadic concentrations. Trace
element data is shown in Table 6. There is an inverse
relationship seen between Ba and Sr, which is unusual
because these two elements usually follow similar trends and
both often substitute together for other cations, especially
Ca. Ba and Sr cations also commonly adsorb on clay
minerals (Levinson, 1974). Since Sr is an excellent substi
tute for Al and K in muscovite and other micas and, since
both K and Al decrease upsection away from the Birch Creek
Schist, Sr should also decrease. The Ba increase upsection
may have several causes. Ba is often associated with the
carbonate or organic fraction phases in coal (Hatch and
Swanson 1976) and carbonate in coal shows an increase
upsection at Jarvis Creek. Ba is also common in vitrinite
(Orheim 1978) and sulfate-bearing deposits, and both of
these increase upsection. And finally, high Ba contents in
this case may be due to close association with elevated zinc,
pyrite and cadmium, as from a sulfide deposit, and all these
three show an increase in the upper unit. Two otherelements
that decrease toward the upper unit are Zr and Be. These
are most often derived from regionally metamorphic rocks
and plutonic intrusives, and thus should be higher in the
lower units where detrital clastic material from those rock
types predominate. The rest of the trace elements shown in
(Figure 13) can all be considered metallic trace elements.
Their substantial increase in the upper unit must mean that
they were deposited secondarily in the developing peat
swamps from a base metal sulfide source. In fact, volcano
genic sulfide deposits have been reported throughout the
eastern interior of Alaska, both north and east of the Jarvis
Creek coalfield. Concentrations of those sulfide deposits
can be observed in the eastern part of the Alaska Range
(Zehner and Nokleberg 1985), and in the Delta Ore deposits
between Delta Junction and Tok (Letowski and Rao, 1986,
pers. comm.) Erosion of these deposits by south- and west
flowing streams most certainly enhanced the probability of
metal ions being transported into the Jarvis Creek area.
Paleocurrent readings of the upper unit sands support this
directional flow.

Figure 14 compares the trace elements in 27 coals from
the Jarvis Creek Coalfield with those in 295 Rocky Moun
tain Coals and 20 coals from the Healy Quadrangle, Alaska
(Hatch and Swanson,1976). Both bituminous and subbitu
minous coals are included in the Rocky Mountain samples,
whereas the Healy Quadrangle and Jarvis Creek samples are
all subbituminous. Ba and Sr concentrations at Jarvis Creek
are relatively close to those from the other sites, with Sr
being slightly lower than the Rocky Mtn. coals (Figure 14).
Jarvis Creek V, Zr and Be levels are also generally lower
th~ the othercoals butall the trace metals with the exception
of Cr are higher at Jarvis Creek. The Zn concentrations,
however, are quite high at Jarvis Creek, especially in the

upper unit, with zinc forming 1% of the coal on a whole coal
basis. The high zinc and pyrite contents in Jarvis Creek coal
is similar to levels observed in the Interior Coal Province of
northwestern Illinois. The high concentrations of these
elements in the Interior Province were caused by marine
incursions over the peat swamps, however, and that is not
the case at Jarvis Creek as will be shown later.

SEAM CORRELATION

As mentioned earlier in this discussion, vertical trends
are not the only result from studies of Jarvis Creek coals.
Lateral trends are also seen in the various analyses ofseveral
of the thicker coal seams in the coalfield. Results from the
B and C seams at the base of the middle unit will be shown
here, though correlation investigations on other seams are
still incomplete. Samples were collected at four sites in the
B and C seams over a distance of 2 miles (Figure 5). The
same analyses done for the earlier vertical trend discussions
were conducted on the samples from the B and C seams to
see which analyses showed the least variation laterally and!
or showed values distinct enough from the other coal seams
to have correlation potential.

Ash content of the Band C seam coals is quite variable,
ranging from between 3 to 11 % on an as-received basis
(Figure 15). Because the ash contentofacoal directly affects
the heating value, the Btu/lb value also shows a large
variability, especially in the C seam. Volatile matter and
fixed carbon values show slightly less variability but are not
significantly different from those ofother coals in the field,
even in the other units. Moisture content, however, is quite
consistent in the Band C seams, averaging between 18 and
20% for all samples: upper unit coals always have more
moisture and lower unit coals always have less. Other
middle unit coals were variable. For correlation of seams
in this coalfield, therefore, moisture content shows promise.

Ultimate analyses of the Band C seam coals, shows that
there is mixed variability between the Band C seams (Figure
7). B seam shows erratic oxygen levels while C seam shows
similar tendencies in carbon content. Although there seems
to be some consistency in the hydrogen and nitrogen levels,
neither was sufficiently different from other coals to warrant
correlation potential. The carbon content of B seam and the
oxygen content ofC seam show some consistency laterally,
but again it was not sufficiently different from other coals
to warrant further consideration. The values did show,
though, that the Band C seams are characteristic of the
middle unit.

Sulfur levels in the Band C seams (Figure 8), however,
consistently are very low, averaging about .33%. Sulfur
form studies indicate that most of this is organic. In a
coalfield with such erratic sulfur concentrations, the uni-
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• TABLE 6
TRACE ELEMENTS (Whole Coal Basis)

Sample Cr Ni Co V Cu Ba Zr Sr Be Cd Zn

RCI-2 9 8 9 20 57 376 16 28 2 1 1093

URCI-1 34 46 20 59 59 885 12 79 0.6 ND 38

URC2-1 7 8 4 5 8 182 11 32 0.5 ND 6
~

URC2-2 6 7 11 11 38 237 20 129 0.5 1 658

URC3-6 15 42 20 36 73 616 6 74 0.4 0 210

URC5-2 36 27 8 68 52 959 18 93 0.6 ND 35

RGDI-2 10 7 11 19 65 490 13 223 0.8 1 1051

UCI-3 18 8 8 23 16 298 50 100 1 0 17

UC2-1 5 3 5 8 8 217 35 228 1 ND 4

UC4-2 23 15 8 30 95 1303 15 347 0.6 2 1445

UC7-2 15 7 11 22 35 987 11 251 0.7 0 7

UC7-5 15 18 12 19 23 332 12 68 0.7 ND 3

UC8-1 9 5 10 15 20 543 9 342 1 ND 4

UC8-2 13 8 5 22 30 487 16 243 0.7 ND 8
UC9-3 20 38 13 49 43 1020 11 83 0.5 ND 41

UC9-5 25 41 25 51 82 590 10 51 0.6 1 950

UC10-3 16 17 14 32 52 520 8 60 0.3 1 716

LGC2-3 19 14 11 37 65 622 22 89 0.6 1 1153

LGC2-5 33 20 10 58 55 1183 28 87 0.6 2 1480

JCI-2 19 20 13 35 46 706 12 104 0.5 1 759
JCI-4 28 47 24 53 70 1000 25 53 0.6 2 1145

• JC2-1 24 20 13 8 63 81 12 48 1 1 652
JCM2a 23 59 13 41 65 914 9 78 0.5 1 1145
JCM2b 4 8 2 10 39 844 17 112 0.2 1 798
JCM2c 4 9 9 16 48 284 25 80 0.4 2 1102
SCI-1 18 64 15 27 67 1420 11 85 0.5 1 1210
SC2-2 17 8 16 38 95 733 11 73 2 1 845

formly low values in the Band C seams stand out from the 9). However, numerous samples in the lower and middle
other coals sufficiently to have good correlation potential. units also gave similar values, thus reducing the potential of
Preliminary indications are that other coals in the upper and reflectance for correlation in these seams. Most potentially-
lower stratigraphic units also might be correlatible on sulfur correlatible beds in the other units also seem to show a
content. It is also noted, however, that there may be con- promising consistency in vitrinite reflectance readings lat-
siderable vertical variation in the sulfur content of a given erally. The narrow range of reflectance values in lignites
seam, especially ifconsiderable pyrite is present in the coals, and subbituminous coals however, may tend to complicate
and this may affect correlation. Separate analyses of the matters and thus it may be more advantageous to attempt
upper, middle, and lower thirds of the main mine seam on correlation with higher ranked coals.
Ober Creek, for example, showed that the highest sulfur
content was in the base of the seam where the pyrite con- The main maceral groups, vitriniteslhuminites,
centration was the highest. Evidently gravity had an effect liptinites, and inertinites, are quite consistent laterally in the
on the precipitated framboidal sulfur in the peat swamp. Band C seams (Figure 10), and different enough from those
Similarly, sulfur content appears to be higher in the thickest in other coal beds to be an excellent correlation tool. B and
part of lenticular coal beds and lower in the thinner limbs, C seams showed intermediate levels between the high
for instance in the eight-foot bed in the lower unit. Rimmer sporinite, moderate vitrinite and semifusinite lower unit
(1984) mentions similar sulfur trends in the lowerKittanning coals, and the high resinite, high vitrinite and low inertinite
seam in Western Pennsylvania and Eastern Ohio. upper unit coals. Evidently, progressively evolving peat

swamps leave specific signatures in their respective coal• The B and C seams show little lateral variability in seams.
vitrinite reflectance, averaging slightly above .4% (Figure
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Although there is slightly more variability in the micro
lithotypes, especially vitrite, the difference between the
percentagevalues in the BandCseamsand those in any other
coal seam at Jarvis Creek is clearly unmistakable (Figure
11). All four main microlithotypes except carbomineralites
occur in distinct proportions that set the Band C seams apart
from the othercoal seams. As stated earlier, microlithotypes
are becoming more important in applied coal petrology for
determining depositional environments and correlating

seams (Stach, 1982).

In Figure 12, the average concentration ofmajor oxides
in the B seam is displayed as a solid line in the middle unit,
and the Cseam values as a dotted line. The positions ofthese
lines unquestionably show that B and C seams belong to the
middle unit. C seam generally shows higher oxide percent
ages than B seam. Also seen in Figure 12 is the fact that
the existence of P205 alone in B and C seams, serves to set •
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those seams apart from all other coals and is therefore an
excellent correlation feature. However, in lieu of the P205
content, other ash oxide contents can be used for correlatIOn.
Although approximately 40% SiO is a common value in
Jarvis Creek coal ash, this 40% SiCf

2
with 2.5% Fe2 0

3
and

2.7% MgO can uniquely charactenze the Band C seams.
Thus correlation is quite possible with major oxides when
used in combination, and not individually

The B seam average trace element concentrations are
displayed (Figure 13), as a solid line in the middle unit, the
C seam values as dotted lines. The trace element concen
trations for these two seams are also characteristic of the
middle unit. The C seam generally has a higher concen
tration oftrace elements, especially metals, than the B seam.
reflecting the upward increase in trace element content in
the coalfield as a whole. Once again combinations of
elements defme signatures. In this case, 210 ppm Sr with
approximately 500 ppm Ba. 15 ppm Zr. and a low zinc
concentration appears to distinguish the Band C seams from
all others at Jarvis Creek and thus could be used to correlate
these seams laterally. Again. correlation is possible with
trace elements used in combination rather than individually.

DISCUSSION

Some generalizations can be made about the Jarvis
Creek Coalfield. It is indeed true that the lower and middle
units are part of the Healy Creek Formation. Locally
derived sediments from the Birch Creek Schist. Totatlanika
Schist and Granite Mountain form the quartz conglomerate
and arkose beds respectively. However. the Sanctuary and
Suntrana Formations seem to be absent leaving the upper
unit to be classified tentatively as a stratigraphic equivalent
to the Lignite Creek Formation. This is in contrast to the
tentative correlation by Wahrhaftig. (1955) ofall three units
being Healy Creek Formation strata. I say this because of:

(1) Similar physical appearance and mineral compo
sition of the sandstone, both being lithic arenites
low in clay matrix. This clay matrix is a well
known trade mark of the Healy Creek Formation.

similar depositional setting with Pliocene gravels
overlying the upperpartofthe coal-bearinggroup.
At Jarvis Creek though. the contact has been •
subsequently removed by Glacial activity.

(5) The sharp drop in vitrinite reflectance upsection
suggests an age difference between the middle
and upper units.

(6) Ifone subtracts the 900-foot-thick upper unit from
the total thickness of the coal-bearing strata. the
lower and middle units would then total 1100 ft.
almost the same as the maximum reported Healy
Creek Formation thickness of 1150 ft
(Wahrhaftig. 1969).

The second generalization concerns the high pyrite.
zinc and other metal concentrations observed in the upper
unit. This I attribute to leaching of metal ions from nearby
base metal mineralizations. Streams then transported the
ions to the Jarvis Creek area to be precipitated into the
reducing environment of the peat swamp. Zehner and
Nokleberg (1984) from the United States Geological Sur
vey. as part of an Alaska Mineral Research Assessment
Program (AMRAP). have reported several sulfide deposits
in the Jarvis CreekGlacial Terrane eastofthe coalfield. Also
there are high concentrations of pyrite and sphalerite in the
Delta Oredeposits to the east (Letowski and Rao. 1986. pers.
comm.). and an unofficial report of another sulfide deposit •
directly northeast of the coalfield near Granite Mountain.
Paleocurrent studies from the sands in this upper unit support
this with a predominant stream-flow direction from the east.

My third generalization concerns the correlation ofcoal
seams from analyses. From my work. I found that the best
studies to perform for the purpose ofcorrelating coal seams
laterally are: (1) Coal petrology (which involves point
counting macerals and microlithotypes); (2) Major oxide
and trace element analysis and; (3) To a lesser degree sulfur
and proximate analysis. especially moisture. and vitrinite
reflectance.

SUMMARY

The Jarvis Creek coalfield is a small basin and trends
shown in this report may be exaggerated by local influences.
However. detailed analysis from all coal basins regardless
of size may prove to be critically important in developing
exploration tools for correlating seams. identifying and
estimating resources. and determining coal quality.

(2) Thicker siltstoneandclaystone beds are observed.
along with numerous concretions. which is a
characteristic of the Lignite Creek Formation.

(3) Numerous thin and lenticular coal beds and
sandstone bodies are present which also is a
distinguishing characteristic of the Lignite Creek
Formation.

(4) The reported existence of the Nenana Gravels
northeast of the coalfield at Macumber Creek and
the Gerstle River (Moffit, 1942), suggests a
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INTRODUCTION

The coals of the Yukon River drainage have been
known since the gold rush days. From 1898 through the
early 1900s the search for gold led prospectors into every
drainage and every creek along the Yukon. Where coal
rather than gold was found, it was sometimes mined on a
small scale to power the boilers used to stearn-thaw frozen
ground, and to use as fuel for river steamers (Figure 1).
During the following 85 years, however, there has been no
systematic coal exploration by industry, nor significant use
of coal for local energy needs.

Annual reports by the U.S. Geological Survey between
1898 and the 1930s noted some coal occurrences. The fIrst
and most complete summary of the coal resources of the
Yukon River drainage was compiled by Collier in 1903. In
1926, Holzheimer (U.S. Bureau of Mines) resummarized
available coal information. Not until 1963 when Chapman
re-assessed the coals between Ruby and Anvik on the Yukon
River was any new information on coal published. During
the last two decades interest in the coals of the Yukon River
area as potential fuel for villages has surfaced sporadically
but has never been seriously pursued.

Recently, several accounts of Yukon River coal inves
tigations were preparedby the authors ofthis paper. In 1981,
Barker reported on field investigations of the Yukon Flats
Cenozoic basin and vicinity. The report included new data
on coal occurrences and analytical results. In 1984 Goff
produced a summary ofcoal occurrences in the Yukon River
drainage for the Doyon Native Corporation, and in 1986
Barker noted coal occurrences while investigating placer
gold in the Eagle trough. The following report is the result
of on-going cooperative fIeld investigations and data-gath
ering between the U.S. Bureau ofMines and State ofAlaska
Division of Geological and Geophysical Surveys.

STUDY AREA

The study area (Figure 2) encompasses non-marine
sedimentary basins within the Yukon River drainage, in
cluding the following: 1) the Coleen basin, which encom
passes the Porcupine River drainage; 2) the Eagle trough,
extending from near the U.S./Canadian border to below

Circle; 3) the Yukon Flats basin, including smaller basins
within the tributary rivers of the marginal uplands, particu
larly Lost Creek and Preacher Creek and the rivers
Hadweenzic, Hodzana, Dall and Ray; and 4) Rampart
Region along the middle Yukon River, encompassing the
Rampart trough, the Tozitna basin, the Melozitna basin, the
Nowitna area, and the Louden area below the mouth of the
Melozitna River.

The unglaciated, maturely-eroded, and heavily-vege
tated terrain of the Yukon River region, coupled with per
vasive permafrost, poses a major hindrance to coal resource
evaluation. Typically the semi-lithified and soft, shaley,
coal-bearing sections form recessive topography underlying
nearly continuous forest and muskeg cover. Outcrops occur
rarely, in recent bluffs and cutbanks along larger streams.
Importantly, the high incidence of major forest fires which
occur nearly every summer in the Interior, will eventually
cause the destruction of surface coal exposures (Figure 3).
Forest fires often result in unstable hillsides due to thawing
of frozen silt-rich muck, and the consequent slope failures
mask bedrock and evidence of burned coal.

The coal-bearing sediments in the study area are mostly
of lower-to- mid-Tertiary age. Tertiary coal-bearing sedi
ments in Alaska are traditionally assigned to the group called
the "Kenai" after similar rocks found in the Cook Inlet
Susitna region. In 1942, Mertie assigned a Late Cretaceous

Figure 1. View ofthe Drew Mine, Rampart District, in
1902. No evidence of the aditortlpple now remains.

•
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The Tertiary sediments nonconformably overlie early
Mesozoic mafic volcanics and early to mid-Paleozoic meta
sedimentary rocks that have been locally intrudedby quartz
monzonite and granite. Except in the Melozitna area, there
is a notable absence of Cretaceous sediments, which can be
explained by anyone of several scenarios of erosion and
orogeny at that time. In the Rampart trough, Tertiary
sediments are believed to be as much as 1,500m thick
(Chapman,1963). The Eagle trough has been estimated to
contain between 900 and 3,000 m of similar sediments
(Brabb and Churkin, 1964). There is no estimate for the
Coleen Basin. The much larger Yukon Flats basin can be
expected to contain a complete sequence of Tertiary sedi
ments at least as thick as, and probably thicker than, those
in the Eagle and Rampart troughs. The Yukon Flats basin
is the largest Tertiary basin in Interior Alaska.

Samples collected during recent investigations were
generally 5 to 10 kg in size, and were taken as channel
samples wherever possible. Auger drilling was utilized at
the Coal Creek and Dall River locations. Analyses were
performed at the University of Alaska Mineral Industry
Research Laboratory. Analysis of the samples collected has
been reported on several different bases over the last ten
years (see notes at end of Table 1). Our recent analyses also
include vitrinite reflectance data that is useful for rank

SAMPLING METHODS

o
I

CJ
Figure 2. Map of Alaska showing coal-bearing basins ofthe Yukon Riverregion discussed in this report.

Figure3. Theextensivelyvegetated lowlands of
Interior Alaska are prone to major forest fires such

as this fire In the northern Yukon Flats. Forest fires
account for the lack of coal outcrops and slumped

hillsides.

to early Tertiary age to sandstone in the Eagle trough on the
basis of plant fossils. An Eocene age for coal-bearing
sediments in the Yukon Flats was determined through K-Ar
dating of a volcanic ash layer (Barker, 1981). The age of
coal-bearing sediments downriver from the mouth of the
Melozitna River are older and have been variably estimated
to span from Mid-Cretaceous to lower Tertiary (Collier,
1903; Chapman, 1963).•

•
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determinations on surficial coal samples. Analytical data in
Table 1 has been compiled for samples from as many
locations within the study area as possible and includes
earlier reported analyses where available. Much of the
previous data, as noted in the table, dates from the early part
of this century prior to the establishment of ASTM Stan
dards. However, for some coal occurrences it is the only data
available. Where more recent sampling has been done, the
old data is of interest for comparison.

SEDIMENTARY BASINS AND COAL
RESOURCES

COLEEN BASIN/PORCUPINE RIVER

Geological investigations in this area are limited to
broad-scale reconnaissance, and the extent of the sedimen
tary basin can only be inferred. In 1981, Barker located a
minor coal occurrence (Table 1) in a cutbank on the north
side of the Porcupine known as "Fishook bend" (Figure 4).
The coal lens is 0.7 m thick and is interbedded with
mudstone, ironstone, and carbonaceous shale. Analysis
showed a rank of lignite A, with an as-received Btu value
of 5,155 and a high ash content. Nevertheless, the probable
fault-controlled structural trough, extending northeastward
along the Porcupine in the vicinity of the confluence of the
Coleen River, apparently contains coal-bearing strata; it is
a favorable setting for Tertiary coal deposits.

EAGLE COALFIELD

The Eagle coal field lies in the northwest-trending Eagle
trough. Analyses listed in Table 1 show these coals to be
generally subbituminous in rank; in some areas they appear
to be tectonically upgraded because of proximity to the
Tintina Fault System. Although limited quantities of coal
were mined for the early river boats, the coals occurring
within the Tertiary sediments of the Eagle trough have been
more utilized on the Canadian side of the border than on the
u.S. side.

Mission Creek

Collier (1903) found coal-bearing rocks along the south
side of Mission Creek from near its confluence with the
Yukon to six or seven kilometers upstream and extending
southward as hilltop remnants for at least five or six kilo
meters. The Tertiary coal-bearing formation is truncated to
the north by the Tintina Fault.

Prior to 1902 several attempts were made to mine coal
beds on American Creek and Wolf Creek, southern tribu
taries of Mission Creek; however, there are no reports of
production. Collier reported the rank of American Creek
coal as bituminous, but this is questionable given the sub-

bituminous rank of related coals in the area.

Washington Creek

In 1897 coal was discovered on Washington Creek, a
65 km tributary of the Yukon River. Proceeding 15 km

. upstream from the confluence, poorly-indurated Tertiary
gravel crops out first in a high bluff. For 10 km upstream
from this location, large chunks of coal are found as float
in the creek gravels, where the valley progressively widens
into a flat basin with low relief and few outcrops. Several
coal prospects were reported in the early 1900s at a location
described as 2.5 km upstream from the gravel bluff. At
another location, described by Collier as about three kilo
meters upstream from the first site, the Alaska Coal and Coke
Company opened a mine on the left bank of the creek, with
a 32 m drift extending into the coal bed. An access road was
constructed from the mine tipple to the Yukon River, and
a steam tractor attempted to transport coal.

At the mine site, m of coal-bearing section dipping
45

0
SE is reported to have been exposed (Collier, 1903). The

coal beds show no signs of crushing or faulting and the
structure of the coal-bearing formation appears to be that of
broad, open folds. The coal, described as black and glossy
with conchoidal fracture, contains abundant fossil-plant
resin (amber) and locally, a woody structure. The rank of
the coal from Washington Creek is subbituminous C to
subbituminous B. In 1977, although considerable coal float
was found on gravel bars both upstream and downstream of
the outcrop, only one outcrop containing in-place coal could
be found 16 to 17 km upstream from the confluence. Coal
also occurs as hillside rubble in the valley of a small un
named westerly tributary of Washington Creek (T5N,
R26E) (Barker, 1986).

Further investigations by industry in 1978 succeeded in
locating three separate prospects along a 1.2 km stretch of
the creek, beginning approximately 12.5 km from its con
fluence with the Yukon (Doyon Ltd., written communica
tion, 1979). At the ftrst location, four coal beds, up to 1.22
m thick, and dipping 35

0
SE, were described. At the second

location, four coal beds, 1.22 to 1.52 m, and dipping 45
0

SE
were found. At the third location, two beds 0.61 m and one
1.68 m were noted. The apparent rank is subbituminous C.

Seventymile River

There are unconfirmed reports by prospectors of
extensive coal beds seen on the Seventymile River and its
tributaries. Although no coal deposits could be documented
during this study, coal and coalified wood fragments are
common on some river bars of the Seventymile. Tertiary
rocks underlie a large portion of the lower Seventymile
River drainage (Brabb and Churkin, 1964).
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Table I. COllplled analysla of coals in the Yukon River Drainage.

Proxiaate Analysla
Volatlle Fixed

Holature lIlatter Carbon Ash
Basla* __%__ __%__ __%_ _%_• Coal field

or aa.ple
location

Merican Creek
(Yukon R1ver)

Salllple Coal
nUlllber rank

NG BHua. (1) NG

Thickness
of sea.

(aetna)

NG 6.75 39.13 37.59 16.53

Heating
value: Sulphur Source of
BTU/lb total analyala data

0.96
2

/ 3.40 U.S.G.S. Bull. 218,
Collier, 1903

Eagle- (Prospect) 5795 LlgnHe NG 19.80 33.10 22.70 24.40 6,270 0.20 U.S. Bureau of Hinea,
Technical Paper 682,
1946

Washington Creek

Washington
Creek, 10 .i
frOil Yukon

l-Wash-62

2-Wash-62

NG

SubbH. C to
B

SubbH. C to
B

LlgnHe A to
SubbH. B(1)

Gravel
bar
float

0.53
Exposed

NG NG

20.50

19.30

13.48

37.60
47. 20
50.30
25.60
31. 70
49.20

43.74

37.10 4.80
46.70 6.10
49.70
26.30 28.80
32.70 35.60
50.80

39.68 3.20

9,080
11,420
12,160
6,440
7,980

12,390

NG
NG
NG
NG
NG
NG

0.24

Barir.er, 1981
U. S. Bureau of Hines
IC in press

U.S.G.S. Bull. 218,
Collier, 1903

Washington
Creek, 12 .i
fro. Yukon

Nation River

NG

NG BHull.

NG

NG

NG

NG

11.13

1. 39

42.58

40.02

44.20 2.10

55.55 3.04

1. 042 / 0.26

1. 392 / 2.98

Ditto.

U.S.G.S. Bull. 218,
Collier, 1903

•

Coal Creek
(Eagle district)

Coal Creek
(hgle dlatrict)

Cosl Creek
(Eagle district)

Sma 11 Creek be
low Coal Creek

Chicken
Coal Hine

Chicken
Coal Hine

I-CC-62

2-CC-62

3-CC-62

UA-121

NG

UA-124

A-47661

A-47662

Lignte B to
A

LlgnHe A

LignHe B

Subbit. B

Bitum. (1)

Subbit. C

0.46

0.92
0.76

0.85

9.15

NG

6.7 Ill.

(1.5 II. saaple)

6.7 ••
(Total thickness

saapled)
narrow band of
bright coal

NG

33.70

30.90

51.40

32.40

24.84

6.24

23.59

23. I

12.6

29.30
44.10
53.80
30.70
44.40
48.60

25.60
37.90
54.60

45.93
61. 19
79.50

43.94

44.22
57.87
79.79

30.8
40.0

35.4
40.6

25.10 11.90
37.90 18.00
46.20
29.00 9.40
42.00 13.60

21.30 20.70
31. 50 30.60
45.40

11.84 17.29
15.78 23.03
20.50

47.74 2.08

11.20 20.99
14.66 27.47
20.71

35.7 10.4
46.5 13.5

47.8 4.2
54.6 4.8

6,160
8,290

lO,llO
6,160
8,920

10,320

4,670
6,190
9,960

5,717
7.616
9,894

5,474
7,164
9,878

8,330
10,830

10,350
ll,850

NG
NG
NG
NG
NG
NG

NG
NG
NG

0.46
0.61
0.78

NG

1.08
I. 41
I. 94

0.4
0.6

NG
NG

Barker, 1981
U. S. Bureau of Hinea
IC in press

Bsrker, 1981
U. S. Buresu of Hines
IC in press

HIRL, Report No. 62,
Rao and Wolff, 1982

U.S.G.S. Bull. 218,
Collier, 1903

HIRL, Report No. 62.
Rao and Wolff, 1982

U.S. Bureau of Hines,
Technical Paper 682

G.O. Gates, 1946

Colll Creek
(Dall River)

Hadzana River

HZ-11786R

HZ-10174

HZ-10266

HZ-I0392

HZ-11812R

HZ-15639

HZ-155421

Subbit. B

Subbit. C

LlgnHe A to
Subbit. C

Lignite A

SubbH. 8

SubbH. C

LignHe A to
aubbH. C

1. 52

3.96
(14.5 ft
auger hole)

5.49

0.61
(test pt
upper
section)
Rubble
in
riverbed

Rubble
in
riverbed

0.31

11. 21

17.70
31.69

18.73
28.97

11.64
28.76

10.17

6.63
23.80

19.54
27. 20

43.10
48.55
51. 22
20.23
16.79
24.58
28.25
16.87
14.75
20.76
23.17
28.86
23.27
32.66
40.26
42.88
47.68
50.47

35.01
28.58
37.50
38.49
21. 79
19.71
27.08
31. 29

41.06
46.24
48.78
51. 37
42.64
62.42
71. 75
55.94
48.89
68.83
76.83
42.83
34.53
48.47
59.74
42.09
46.80
49.53

55.95
45.65
59.92
61. 51
47.84
43.29
59.46
68.71

4.63
5.22

10.70
8.88

13.00

8.46
7.39

10.41

16.67
13.44
18.87

4.96
5.52

2.40
1. 97
2.58

10.83
9.80

13.46

9,821
ll,061
ll,671
9.918
8,232

12,100
13,852
8,688
7,593

10,686
ll,932
8,021
6,467
9,064

11,189
9,689

10.774
11,404

10,650
8,691

11,395
11,708
8,251
7,466

10,232
11,850

NG
NG
NG

0.20
0.16
0.24
0.28
0.18
0.16
0.22
0.25
0.21
0.17
0.24
0.30

NG
NG
NG

1.07
0.87
I. 15
I. 18
0.34
0.31
0.42
0.49

Barker, 1981
U.S. Bureau of Hines
OFR- 140-81

Barker, 1981
U. S. Bureau of Hines
OF-140-81

Hodzana River NG 8Hulll. C
high vol.

NG 9.40
17.40

49.60
45.20
54.70
56.70

37.80
34.50
41.80
43.30

3.20 10,350
2.90 9,440
3.50 ll,435

ll,850

0.50
0.50
0.60
0.60

U.S.G.S. Bull. llll-H,
Willia... , 1962

48.90 12.53
39.30 10.07
57.69 14.78
67.70•

Ray River

TozHna River

PB-I0384

PB-I0386

RH-8666

Lignite A

SubbH. C

LlgnHe A

Rubble
in
riverbed

Rubble
in
riverbed

Rubble
in
riverbed

11.60
33.50

10.80
24.12

15.23
31.88

21. 94
16.50
24.81
31. 17
39.13
33.29
43.87
49.01

23.34
18.75
27.53
32.30

48.44
36.44
54.80
68.83
40.71
34.63
45.64
50.99

18.02
13.56
20.39

9.36
7.96

10.49

8,321
6,259
9,403

ll,823
9,260
7,877

10.371
ll,598

8.463
6.801
9,986

ll,715

0.98
0.74
I.ll
1. 39
1. 37
1.17
1. 54
1.72

0.82
0.66
0.97
1.14

Barker 1981
U.S. Bureau of Hinea
OF-140-81

Ditto.

*See notes at end of table.
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-----------------
Proximate AnalysiB •Coal field Thicknesa Volatile Fixed Heat ing

or a_pIe Sa.pl. Coal of aea. Moisture .atter Carbon Ash value: Sulphur Source of
location nu.ber rank (_tera) BasiB* -_%_- -_%_- _%- _%- BTU/lb ~ analysis data

Ra.part. Drew Subbit. B to NG 4 19.00 28.50 39.30 13.20 8,250 NG Barker, 1981
Mine C 2 35.30 48.40 16.30 10,190 NG U.S. Bureau of Mines

3 42.10 57.90 12,180 NG OF-140-81
Subbit • B NG 4 17.20 31.90 37 .80 13.10 8,620 NG

2 38.50 45.60 15.90 10,400 NG
3 45.80 54.20 12,360 NG

Ra.part, Drew Subbit • B NG 4 14.90 21,30 32.30 25.50 7,290 NG
Hine 2 32.10 37.90 30.00 8,560 NG

3 45.90 54.10 12,230 NG
Subbit. C NG 4 16.20 23.10 24.30 36.40 5,560 NG

2 27.60 29.00 43.40 6,630 NG
3 48.80 51.20 11,730 NG

Rampart, Drew NG Lignite A to 0.33 NG 9.58 36.87 39.38 13.72 1.08 21 0.33 U.S.G.S. Bull. 218,
Hine Subbit . C

•93;~
Collier, 1903

NG 0.64 NG 9.54 40.09 37.35 13.02 NG
NG NG NG 14.44 47.15 33.77 4.64 .72 NG

Hinook Creek NG S"bbit. C to NG NG II. 21 44.32 38.64 5.83 .87
21 NG U.S.G.S. Bull. 218,

Lignite A Collier • 1903

Below Ra.part NG Subbit. C to NG NG 16.43 41.09 53.22 7. 26 • 86
21

NG U. S.G.S. Bull. 218,
(2 .Uea) Lignite A Bollier, 1903

Millers Kine NG Bitu•• (1) NG NG 7.29 37.38 36.91 18.42 .92
21 NG Ditto.

(below Drew Mine)

Louden C-36293 NG 0.30-0.90 8.50 37.00 51.90 2.60 10,110 0.40 U.S.G.S. Bull. 1155.
7.90 37.30 52.20 2.60 10,230 0.40 Chapman, 1963

40.50 56.70 2.80 11,110 0.40
41.70 58.30 11 ,430 0.40

5 .i above NG Bitu.. 0.31 NG 6.88 41.82 48.93 2.37 1.1721
0.65 U.S.G.S. Bull. 218,

Louden Collier, 1903

Louden HZ-23253 Subbit. A 3.35 21. 22 28.24 41. 42 9.12 8,552 0.99 ADGGS, 1985
HZ-24169 Subbit • A 3.35 19.29 29.70 49.04 I. 96 10,159 0.49 (unpublished)
HZ-24170 Subbit . A 0.91 12.42 26.51 43.79 17.29 8,697 0.45

Porcupine River PR-I1407R Lignite A 0.92 34.02 28.09 19.42 18.47 5.155 NG Barker. 1981
(Coleen Baain. 42.57 29.44 27.99 7.812 NG U.S. Bureau of Kinaa
FiBhook Bend) 59.12 40.88 10,849 NG OF-140-81

Preacher Creek BOM Subbit • A I. 52 7.27 28.48 34.92 29.33 8.464 0.69 Barker. 1985 •(Circle Quad.) 3-C U.S. Bureau of Kinea
BOM Subbit. A 0.31 6.71 25.84 35.66 31. 78 8,144 0.69 (unpublished)
3-D

*See notes at end of table

Anth. Anthracite
Bitu.. Bituainoua coal
LU Locat ion unknown
NA Not aaaigned
NG Not given

~y~~~~~ Subbitu8linous coal

I. equilibrium moiature
2••oisture free
3••oisture and ash free
4. all received
5. air dried

21 Fuel :~t7~:~~~~~~ ~~c..~~:t~~:\o fixed carbon. Old basis. No conversion to BTU value.
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Bonanza Creek

Gravel beds on Bonanza Creek, a tributary of the
Charley River, were found to contain coal fragments.
Collier (1903) reports thatprospectors noted "extensivecoal
beds" on Bonanza Creek. However, these could not be
relocated; creek bank exposures may have burned during
recent forest fires and been covered by thawed colluvium.
The reported coal beds are, however, on strike with, and
about 3 to 4 km west of the Washington Creek coal beds.

Coal Creek

Coal was produced on Coal Creek, a north-flowing
tributary to the Yukon River, to support gold placer mining.
The actual thickness of the coal section is said to have been
10m, however only a 2 m section ofhighly-crushed coal was
observed and sampled (Table 2). Coal is also abundant in
the creek bed near the mouth of Colorado Creek. Nearby,
lenses of highly-folded and shattered, vitreous (upgraded
tectonically) coal occur in a bluffoutcrop adjacent to a strand
of the Tintina Fault.

Nation River

The Nation River coal occurrence, reported as being of
bituminous rank, is of uncertain geologic age. The main
outcrop ofhighly-folded and shearedcoal-bearingrocks was
reportedly located in a bluff rising 60 m above the Nation
River, about 1.6 km upriver from the confluence with the
Yukon River. In 1897, the Alaska Commercial Company
mined 2000 tons ofcoal for use on Yukon River steamboats.
A re-examination in the mid-1970s failed to locate any
outcropping coal beds.

Table 2 • Section of coal sediments
on Coal Creek

Chicken

Coal occurrences near Chicken are near, but not part of,
the Eagle trough; they represent a relatively small-valley
remnant of what was likely a much more widespread sheet
of Tertiary deposition. Discovery of the coal at Chicken
occurred as the result of local gold mining. Similar Tertiary
remnants probably underlie other covered, low-lying areas
south of the Eagle trough.

A 6.5 meter-thick, vertically-dipping Tertiary coal bed
(according to local accounts) occurs approximately 0.4 km
west of the town ofChicken. This coal was mined for local
use from the early 1900sthrough 1930. A 10m vertical shaft
with an 18 m tunnel intercepted the coal bed (Bames, 1967).
Analysis of an exposed position of the bed measuring 1.6
m was reported as subbituminous C, with an unusually high
sulfur content of 1.41% (Rao and Wolff, 1982).

Large chunks of coal are also common in the gravels
processed by the gold dredge on Chicken Creek and in other
local streams. Cutbanks along Chicken Creek are composed
of poorly-indurated buff-to-white sandstone containing
numerous thin beds of coalified plant detritus. On the hill
above the old FE Company property near the Chicken post
office, a trench exposes a coal bed 1.25 m thick. The
collapsed adit of another mine was found near Chicken
Creek, and evidence was seen that a coal bed had burned.
A 0.3 m coal bed also outcrops about three km further up
the creek.

Other Coal Occurrences in the Eagle Coal Field

Elsewhere in the Eagle trough, coal was found as
hillside rubble or on gravel bars at several locations. Among
these were Iron Creek, a tributary of Woodchopper Creek;
upper Sam Creek; and Webber Creek, where it intersects
Tertiary bedrock. Due to permafrost and lack ofoutcrop no
further work was attempted.

•

•
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from Barker (1981)

YUKON FLATS BASIN

The most important geologic and physiographic entity
to be discussed here is the Yukon Flats basin. Physiogra
phically, the Yukon Flats is a large, marshy, alluvial plain
bordered by marginal, gently sloping, uplands (Figure 5).
The entire region is covered with a continuous, unbroken
mat of vegetation composed of muskeg and thick growths
of alder, willow, and spruce forest. Permafrost commonly
underlies the area and extends to depths of 100m or more.
All drainage is to the Yukon River. The Yukon Flats is a
semi-closed basin with the only outlet through a canyon at
the westernmost edge of the basin. This plain has a slight
westward dip, and the elevation varies from 183 m in the
eastern portion, to 90 m above sea level, at the western end. •

.8636
?

Thickness
MetersMaterial

Shale (roof?)
Highly fragmented, crushed clean coal .4572
Inaccessible section (probably coal) .3048
Coal less fragmented than that of

sample 2; includes 1.9 cm. clay seam .7620
Coal; includes 25 cm. of clay in

four seams
Covered by overburden
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Figure 5. Aerial view looking northeast on the Yukon
Flats.

The Yukon Flats is situated in a large structural basin,
possibly a graben-like product of the intersection of two
major continental fault systems, the Tintina and Porcupine
Kaltag. Extensions of this structural basin exist in the form
of troughs paralleling the inferred fault traces of the Kaltag
(Rampart trough) and the previously mentioned Porcupine
(porcupine River Valley-Coleen Basin) and Tintina (Eagle
trough). An escarpment, probably fault-controlled, sur
rounds the alluvial lowlands, and has caused most streams
entering the basin to cut V-shaped canyons at their outflow
onto the lowland, indicating a subsiding basin.

Bedrock outcrops are rare in the Yukon Flats region.
However, exposures in the marginal uplands indicate that
much of the region is underlain by potentially coal-bearing,
non-marine Tertiary rocks. There is no drill hole informa
tion on the Yukon Flats except for a 135 m water well at Ft.
Yukon that encountered only a succession of Quaternary
lake sediments.

Preacher Creek

Subbituminous coal occurs in the Preacher Creek
drainage of the White Mountains, about 60 km northwest of
Circle. Tertiary rocks were first identified there by Mertie
in 1937, and coal in the creek gravels was reported by Weber
and Foster in 1982.

During the present investigation, in 1985, Tertiary coal
bearing rocks containing several coal beds were mapped in
a bluff 25 m high about 4 km northwest of the mouth of the
North Fork (Figure 6). The Tertiary rocks are composed
chiefly ofcarbonaceous shales, very fine-grained micaceous
sandstones, and thin beds of coal and shaley coal that is in
fault contact with massive quartz-pebble conglomerate.
Clasts of coal in the conglomerate suggest the coal beds

predate the formation of the gravel sequence. The most
promising coal bed located consists of a minimum of 1.5 m
of highly-fractured, lustrous, subbituminous A coal (Table
1). Vitrinite reflectance values of 0.6 are higher than for
most other Yukon Flats coals. The footwall of this bed is
composed of fine-~ainedmicaceous sandy shale, dipping
350 north with a 98 strike. The hanging wall was obscured
by slide material. Fracturing and internal deformation ofthe
coal along the bedding planes indicate that the coal beds may
have acted as slip surfaces for the more competent sand
stones and conglomerates.

Tertiary rocks within the Preacher Creek drainage, as
mapped by Foster and others in 1983 are apparently confined
to an east-trending areabetween the Preacher Creek fault and
Hot Springs fault ofthe Tintinafault zone. This may indicate
that the Tertiary depositional basin is the product of a fault
controlled graben or trench along the Tintina fault, or alter
natively, an older erosional remnant of the Yukon Flats
Cenozoic basin preserved by down-warping along the fault
zone.

Hodzana River

At a large cutbank on the Hodzana River, known as the
"Mudbank" (Figure 7), thin, discontinuous, woody, lignitic
coal beds are exposed in sandstone, mudstone, and abundant
pyroclastics and volcanic ash. Only a single three-tenths
meter-thick bed of good quality coal was found. Although
minimal coal was found, this outcrop of Tertiary section
supports a hypothesis that similar rocks, possibly containing
flat-lying c~l beds, underlie a low-lying area of 10 to as
much as km of the Hodzana River valley.

Approximately 10 km downriver from the "Mudbank",
blocks and fragments of subbituminous C coal were found
on the river gravel bars. No outcrop source for the coal float
exists; however, the general location of the subsurface
source was approximately defined by coal-float concentra
tions on three specific gravel bars. The coal-bearing section
may extend to the westand south. Tertiary mudstones, found
in outcrops about 3 km further downstream are flat-lying,
but contain no coal, and lie unconformably on pre-Tertiary
rock. During analysis, it was found that the coal from the
Hodzana locality displayed an unusual coking characteristic
(displaying a Free Swelling Index of 2.0).

In the past, residents of the village of Beaver have
reported coal suitable for blacksmithing occurring on gravel
bars of the Hodzana River. It is unknown whether those
occurrences are the same as the ones sampled. However,
a small basin-like area within the marginal uplands and near
a site known as the "Spitover", is a probable location of the
reported coal.

,
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Coal, analyzed as lignite A to subbituminous C, was
found as fragments and blocks rising through river gravels
at three locations on the Ray River, approximately 0.8 km
west of the Trans Alaska Pipeline. No Tertiary outcrops
were found in the area, although accumulations of typical
Tertiary mudstones and sandstones were observed in creek

• aggregate; and Eakin in 1916 made brief mention of an

•

•

Figure 7. Flat-lying Tertiary coal-bearing sediments
at Mudbank, Hodzana River.

Dall River/Coal Creek

Although bedrock exposure is frustratingly scarce,
much of the gently-sloping marginal uplands between the
Dall and Hodzana Rivers, a distance of 80 km, are believed
to be underlain by stratifiedTertiary rocks (Williams, 1962).
However, limited helicopter reconnaissance of the area
failed to fmd any additional Tertiary outcrops. Extension
of Tertiary strata to the south, under the Yukon Flats proper,
is also probable, but in view of the total lack of drill data
and outcrop, it is purely speculative at this time.

Coal Creek, a tributary to the upper Dall River, was
examined as a follow-up to reports ofa coal occurrence there
(Mendenhall, 1902). Outcrops along Coal Creek expose at
least 100 m of Tertiary section, grading from rhythmically
bedded sandstone and conglomerate, through interbedded
volcanic ash and mudstone, to coal (Figure 7). Auger
drilling of the bed on Coal Creek indicated a minimum bed
thickness of 6 m, dipping shallowly at about 10

0
south.

Analyses indicated a range of rank from lignite A to sub
bituminous B. Several additional sites of coal rubble were
found along the Dall River below the mouth ofCoal Creek.
Judging from the distri£ution of surface occurrences, it
appears that 15 to 20 km of the Coal Creek region of upper
Dall River are underlain by Tertiary sediments that are coal
bearing.

Ray River

unverified report ofTertiary strata somewhere near the Ray
River. Based on the locations ofcoal float, it was estimated
that T~ary sediments may underlie approximately 10 to
15 km of the small basin extending upstream from the coal
occurrences. The basin and its margins are partially overlain
by vesicular basalt of a younger age (Quaternary?).

Other Coal Occurrences of the Yukon Flats Basin

Although reconnaissance of the Hadweenzic River was
very limited, the geomorphology of the basin is so similar
to that of other known coal-bearing Tertiary basins in the
marginal uplands, particularly the Hodzana River, that it is
considered to be a good target for undiscovered coal re
sources.

Coal-bearing Tertiary rocks are likely to be much more
extensive than mapped along the southern marginal uplands.
There are unconfirmed reports of coal on Lost Creek and
Granite Creek but attempts to confirm these occurrences
were unsuccessful. Tertiary? sandstone float was observed
on Lost Creek.

Southwest of the Ray River coal location, the Big Salt
River joins the Yukon River. Collier made reference to coal
on the Big Salt (or Salt Creek) in 1903.

RAMPART DISTRICT

Coal occurrences have been known in the "Rampart
District" since before the turn of the century. Structurally
controlled, southwest-trending sedimentarybasins, contain
ing Tertiary sediments, can be traced from near the Dalton
Highway to beyond the mouth of the Melozitna River. A
section of Tertiary coal-bearing rocks believed to be 1,500
m thick (Chapman and others, 1971), and to represent a
nearly complete sequence from Eocene through Pliocene, is
found in the Rampart trough.

Coal occurrences in the Rampart trough, adjacent to the
Kaltag Fault, are generally more folded and tectonically
disturbed than other coals in the Interior. While this has
resulted in slightly higher-rank coals, the beds are faulted,
appear to be discontinuous, and frequently are steeply
dipping. Coal occurrences range in rank from lignite C to
subbituminous A (Table 1).

TozitnaRiver Valley

Blocks of coal were seen on gravel bars for approxi
mately 10 km along the Tozitna River between the mouth
of Fleshlanana and McQuesten Creeks. Coal samples
analyzed as lignite A but appear in the field to range from
a brown lower grade lignite to a black, possibly subbitumi
nous rank. Disseminated specks of yellow amber are
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Palisades

from Barker (1981)

Table 3 • Section of coal
sediments at Drew Mine

According to Collier, there was an attempt to mine this
coal at the tum of the century, when a tunnel was driven into
one of the beds, but it was abandoned and it collapsed by
1902.

•

•Meters
Thickness
Material

Shale (roof?)
Brownish-black coal, minor fossil, resin,

subconchoidal fracture, no apparent
woody texture 1.0

Organic brown-black shale .9
Coal (similar to sample 2 - Table 3) .5
Soft shale or clay .03
Slightly shaley coal .4
Clay .3
Bright hard coal .2
Coaly clay - mostly clay .8
Coal somewhat crushed, minor shale 1.3
Mine slough

Downriver 55 km from the village of Tanana is a coal
occurrence in buff-colored cliffs of silt and gravel known
as the Palisades (Collier, 1903). Within this section, are beds
of coalifIed plant fragments composed primarily of woody
material and entire tree trunks. The woody material ranges
from peat to a low grade of lignite. Along with the lignite
beds, fossilized bones of large extinct mammals are found.
Fossil remains date this deposit at no more than 5 million
years, possibly younger, relegating it to the late Pliocene or
early Pleistocene (Collier, 1903). This is the only suggested
occurrence of coal this young in Alaska.

Drew Mine

About 5.1 m ofcoal and coaly material was sampled and
logged at an exposure near the river edge just downstream
from the Drew Mine (fable 3). The strike of these beds is
N 70° E and dip is 80° SE, with the top of the section
considered to be downstream. The strike ofthe beds is about
normal to the course of the river. It is uncertain whether the
coal sampled was the same as that reported to have been
mined, and there is little to indicate if thickness and structure
ofbeds persist. The coal samples were tentatively classifIed
as subbituminous Band C.

Minook Creek

One of the fIrst attempts to develop coal for commercial
use along the Yukon River was the Drew Mine, approxi
mately 40 km upriver from the village of Rampart and on
the west bank of the river (Figure 1). Discovered in 1897,
the mine produced 1,100 metric tons of coal before 1900.
Tertiary rocks extend along the Yukon River from about 0.3
km upstream of the Drew Mine site, where they are in
unconformable contact with basement rocks, to about 3 km
below Rampart Village. The lower part of the section is not
coal-bearing. The upper portion, however, contains at least
seven coal beds within less than 300m of the section. Only
one coal bed was developed at the Drew Mine. That bed was
considered by Collier (1903) to be the sixth from the base,
and consisted of two seams totaling 1 m of clean coal. Also
within the section, a 2.3 m stratum of montmorillonite and
bentonite, reportedly of non-commercial grade, was ob
served by Triplehorn (1981).

common. Tertiary rocks appear to underlie much of the
wide, flat-bottomed valley of the Tozitna River. In 1975
Chapman and others mapped Tertiary sedimentary bedrock
along the south margin of the valley in this area. Outcrops
are yellow-gray to brown in color, composed of intermittent
sandstone and pebble-boulder conglomerate, shale, siltstone
and lignite. Basedon available outcrop andcoalocc~ences
on the gravel bars, it is estimated that 105 to 130 km of the
Tozitna valley downstream of Gisna Creek is underlain by
the coal-bearing Tertiary section.
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The floor of the Minook Creek valley is underlain by
Tertiary coal-bearing sandstones extending for 4 or 5 km
upstream of the Yukon River. These are the same sedimen
tary units of the Rampart trough that host the Drew Mine.
At leastone coal bed, 1m thick and dipping 20

0
S, is exposed

along Minook Creek, about 1km from the mouth. Because
the coal appears to be more lignitic in character, and the host
sediments are poorly consolidated, the Minook Creek coal
bed could be younger than that at the Drew Mine site.
Attempts were made to mine the Minook Creek coal for local
use during the early part of this century (Collier, 1903).

Melozitna River

Chapman (1963), reports a one-meter-thick coal bed
outcropping in the channel of the Melozitna River approxi
mately 65 km upstream from its confluence with the Yukon
River. This coal was reportedly used with good results by
a blacksmith in Ruby. In 1926 Holzheimer also reported a
local account of a thick coal bed outcropping in the "Melozi
River" (Melozitna) approximately 20 km cross-country
from Ruby. It is uncertain, but likely, that these two accounts
relate to the same coal bed. •
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Ruby Placer District and Nowitna Flats

Several coal occurrences are mentioned in Mertie and
Harrington (1916). This report was brief, lacked detail, and
gave no indication of whether the coal-bearing rocks had
significant lateral extent. The locations are: Quartz Creek,
where a prospect hole reached coal at the 30 m depth; Swift
Creek, where a gravel layer contained coal fragments and
detritus; Poorman Creek, where coal identified as subbitu
minous was found at the 15 m depth in a Prospect hole, and
where a cross-cut showed a bed with a 70

0
dip from which

several tons of coal were mined; and Nowitna River, where
coal was reported near the head of the River but no further
details were given. Based solely on geologic inference and
the occurrence of coal in the Ruby district to the west, it is
likely that non-marine Tertiary sediments underlie much of
the Nowitna flats.

Louden

Sloughed and poorly-exposed sandstone and shale
bluffs extend along the north bank of the Yukon River from
the mouth of the Melozitna River to the vicinity of the old
telegraph station at Louden. In 1963 Chapman stated that
the sandstone is part of the middle-Cretaceous "border
facies" ofBickel andPatton (1957). In 1903 Collier reported
fossils ranging from Lower Cretaceous to Eocene age in the
sandstones and shales, and suggested the presence of a
continuous Cretaceous through Tertiary stratigraphic sec
tion. Thin coal beds in this section occur approximately 8
km upriver from Louden and 400 m north of the river bank,
in the face of the bluff.

In 1985, a landslide exposed additional coal beds in a
south-facing bluff, 75 to 100 m above river level, in the
vicinity of the section described by Chapman (1963). The
base of the bluff is an active slide apron, and coal rubble is
common. The most prominent coal bed exposed has a total
maximum thickness of approximately 3.35 m ofwhich 2.05
to 2.45 m are a cumulative thickness of clean coal. The
variability in thickness is due to gravity deformation of the
bed and surrounding rock units on the steep slope. Bedding
dips 80

0
SE, striking 25

0
NW but this may also reflect

slumping. The coal-bearing unit is faulted, with an offset
varying from 35

0
to 650

. About 8 m to the east, coal was
found in the head of a gulch where two more coal beds and
associated claystone wall-rock had slumped as a unit, down
the dip-slope. The first coal bed has a thickness of 0.76 m.
Fifteen meters to the east, a 0.3-m bed is exposed and within
the next 50 m east of this slump, surface rubble indicates the
presence of at least two additional subsurface coal beds.
Analyses of samples from the thicker bed indicate a rank of
subbituminous A (Table 1).

Other Coal Occurrences In The Rampart District

Approximately 8km upriver from the village ofTanana,
on the north side of the river, there are reported to be two
Tertiary sandstoneand conglomerateoutcrops with coal, but
the extent, thickness, and exact locations have not been
verified.

Holzheimer (1926) also mentioned several unverified
accounts of coal. A local Athabascan Indian reported a 2.5
meter-thick coal bed on Fish Creek, 60 km upriver from
Tanana, and about 18km up Fish Creek from the confluence.
Another prospect reportedly located about 18 km upriver
from Tanana, was described as 'blocks' of coal in a silty
muck.

DISCUSSION AND CONCLUSIONS

A series of structurally-controlled coal-bearing sedi
mentary basins ofTertiary-age that follow thegeneralcourse
of the Yukon River extend across Interior Alaska. Except
for the large, down-warped Yukon Flats basin, the basins
appear to be erosional remnants of larger pre-existing
Tertiary depositional basins. They are aligned along, and
locally tectonically-disturbed by, major fault structures.

The quality of the coal, in terms of ash and moisture,
was found to vary significantly between beds, although rank
generally falls between lignite A and subbituminous C. A
few localities with subbituminous B and subbituminous A
coal were found. Ash content varies considerably, from 4%
to 35% with a few analyses indicatingash percentages as low
as 2%. Sulfur values for most of the coals are within the
normal average for Alaskan Tertiary coal, ranging from
0.2% to 0.7%. However, in some areas sulfur values were
anomalously high (for Alaskan subbituminous coals).
Values up to 3.40% have been recorded, e.g. the Nation
River coal (Collier, 1903). The coal from the old Chicken
mine, and coals found on the Hodzana, Ray and Tozitna
Rivers range as high as 1.72% sulfur. Some increase in rank
was noted in coals found in close proximity to the Tintina
and Kaltag Faults, apparently due to slight dynamic meta
morphism. Unfortunately these later coals are also highly
faulted, folded, and steeply dipping and thereby have limited
commercial value. The subbituminous C coal occurring as
float on gravel bars of the Hodzana River exhibited low to
moderate coking characteristics (very rare in subbituminous
coals).

Assuming that most Yukon River region coals are of
early Tertiary age, based on fossil identifications and a Late
Eocene age for the coal-bearing strata underlying Coal
Creek, the Yukon River coal would then generally pre-date

I
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the Miocene coal-forming period which resulted in the
deposition of the Nenana coal field on the north side of the
Alaska Range. All other factors being equal, the older age
implies a possible higher rank, than that of typical Alaskan
Miocene coals.

From the available data it is tentatively estimated that
shallowly buried hypothetical-to-inferred coal resources in
isolated river valleys, and particularly in the marginal
uplands ofthe Yukon Flats, are large, and thereby potentially
significant. No estimate can be refined until at least limited
stratigraphic data is available from future drill testing. Coal,
if present in the downwarped central basin of the Yukon
Flats is likely to be too deep for economic consideration
unless in-situ gasification or liquefaction become feasible.
However, there is presently no subsurface data on the basin.
Coal production potential in the Eagle and Rampart troughs
is limited due to faulting and folding of the coal beds.

Although some basins may contain adequate tonnage
reserves, the potential for large-scale commercial develop
ment of the Yukon drainage coals is limited by a lack of
transportation infrastructure and distance to market. They
could, however, meet local energy needs. Even the relative
small size and structural complexity of some of the coal
occurrences in the Rampart and Eagle troughs need not be
prohibitive to small-scale, local use as has occurred in the
past. Those occurrences that are close to villages and
proximal to a navigable river are especially worthy of
evaluation as alternative energy resources for local heating
use. Those that may occur within rea~onable transport
distance of other types of potential industrial developments
(e.g. hardrock mines) constitute a viable energy option.
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APPLICATION OF EMERGING COMBUSTION AND
GASIFICATION TECHNOLOGY TO ALASKAN COALS

Noel W. Kirshenbaum
Placer US. Inc., San Francisco

•
INTRODUCTION

During the 1970s, two phenomena had profound effects
on the technology ofcoal utilization. The more sudden event
was the Organization of Petroleum Exporting Countries
(OPEC) initiated international oil crisis, which forced a
reevaluation and restructuring of our fuel supplies and fuel
pricing policies. For the first time, significant attention was
given to energy consumption and conservation. Concerted
efforts were made to improve existing methods for convert
ing fuel to energy, and for generating power. Especially
notable in many parts of the United States was the exploi
tation of the tremendous reserves of low-rank coal which
had heretofore been tapped only for minor local use.
Because of sudden increases in the prices of oil and gas, and
concern over their availability, it became urgent to achieve
new and better ways to use this abundant low-rank coal.
More or less concurrently with these abrupt changes in fuel
supplies and prices came the gradually increasing momen
tum of the environmental movement.

As a result of both of these forces, it became important
to find methods for burning or using coal more cleanly. The
efforts in this direction have included improving combus
tion technologies, with attendant clean-up or scrubbing of
particulate and gaseous emissions, as well as conversion of
coal to clean fuels through gasification or liquefaction. The
technologies at hand have probably achieved their most
noteworthy success at the Sasol complex in South Africa
where direct liquefaction ofcoal produces a variety ofliquid
products. Indirect liquefaction of coal has been pursued in
recent years at a few locations, the most significant project
in North America being Tennessee Eastman's production
of methanol from synthesis gas. Much more in this line of
endeavor would have been accomplished had not the recent
dramatic changes in petroleum availability and prices
caused virtually all synthetic fuels projects to come to a halt.
For example, one very attractive candidate for coal-to
methanol production was the Beluga methanol project of
Placer U.S. Inc. and Cook Inlet Region, Inc.; it had a large,
well-situated resource base, an existing pipeline and ship
ping infrastructure, and promising potential markets. The
developers, however, had to face the reality of an oil glut
- be it of short duration or long.

Coal combustion and coal gasification processes are not
basically new, but they can benefit from newly-improved
technologies. The most important in recent years are flu
idized bed combustion and several coal gasification systems
described below.

FLUIDIZED BED COMBUSTION

Fluidized bed systems were introduced into the chemi
cals industry in the 1920s to take advantage of the fast
reaction rates resulting from turbulent mixing of solid
particles in a fluidizing stream of gases. The idea that fuel
could be burned in a fluidized bed reactor also dates from
the 1920s; at that time theWinkler fluidized bed coal gasifier
became commercial in Germany.

While some advances in fluidized bed combustion were
being pursued by firms in foreign countries, in the 1960s •
efforts in the U.S. were led by the Office of Coal Research
and the newly-created Environmental Protection Agency
which tested the concept of removing sulfur dioxide from
the combustion gases. The surge in attention paid to flu-
idized bed combustion in this country has been a result of
the method's advantages in controlling pollution in coal
combustion gases.

The basic features ofa fluidized bed boiler are depicted
in Figure 1. Coal, as coarse as 1/4 inch top size, is fed to the
combustion unit in which a stream of air bums the fuel,
maintaining the coal and an inert bed of sand or ash in a
turbulent, fluidized state. The boiler tubes absorb some of
the heat of combustion directly from the fluidized solids by
conduction, as well as by radiation and convection. To
capture the sulfur dioxide produced from oxidation of the
sulfur in the coal, crushed limestone can be introduced into
the boiler in a variety of ways. The limestone, calcined by
the heat to lime, reacts with and removes the sulfur dioxide
(S02) from the combustion gases.

Benefits

Besides efficient control of 502' other distinguishing
features and benefits of this combustion technology are: •
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Figure 1. Basic features of boiler in fluidized bed
combustion system.

First, high heat conduction. Heat transfer rates from the
fluidized stream of solid particles are much higher and
therefore more efficient than for convection or radiation
alone. An important benefit of the enhanced heat transfer
rate is a considerable reduction in size, and cost, of the
boiler.

Second, high heat transfer rates also enable operation
at lower temperatures than the 2,000-2,500oF customary for
conventional pulverized coal boilers. This lowers produc
tion of nitrogen oxide, because molecular nitrogen (as it
occurs in the atmosphere) doesn't begin to oxidize signifi
cantly until above 2,200Op, well above the 1,500-1,600Op
operating temperature of a fluidized bed unit. Moreover,
because temperatures in the fluidized bed are usually below
the slagging temperatures of the ash, heat transfer surfaces
remain unfouled.

Third, sulfur dioxide and nitrogen oxides are controlled
at the source, within the boiler itself. Abatement of air
pollution in this manner is inherently less costly and more
efficient than when using technologies which remove pol
lutants from the flue gases. In addition, a means exists to
avoid contending with the problems of handling sludges
from flue gas desulfurization.

Fourth, boiler design and operation is less sensitive to
fuel quality and characteristics. This means, for example,
that a given unit can use a wide variety of fuels, including
those with high moisture and high ash. The latent heat,
coupled with the high heat transfer of the fluidized bed,
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allows even wet fuels (or those with low calorific value) to
be burned evenly and efficiently. At Lunen, in the Ruhr, an
84 MW power plant burns coal washery tailings containing
up to 60% ash and 2% sulfur. It produces process steam,
high temperature process heat, and electric power while
meeting stringent environmental requirements. In the U.S.,
attention is being given to this type of combustion to solve
the monumental problems of trash by burning refuse
derived-fuels which are of corresponding Btu value.

Fifth, efficient heat transfer and turbulent mixing in the
fluidized bed promote uniform temperatures. Hot spots,
which cause wear and tear on boiler parts, are avoided.

Alaskan Benefits

For the enormous reserves of Alaskan subbituminous
coals, fluidized bed combustion (FBC) can be particularly
attractive for several reasons:

First, economies ofscalecan be achieved even in a small
size plant, 100 MW or less, rather than in large conventional
plants of 500 to 700 MW. In a region having relatively low
total demand for power, the modular construction of such
units enhances the opportunity to expand the capacity of tlle
plant as the load grows. Costs are only about $1,OOO/KW
in the Lower 48 states, rather than about $1 ,500/KW (or
much more) with flue gas desulfurization. Thus, capital
costs are minimized, and without flue gas desulfurization
operating costs are also low.

Second, because many Alaskan coals are extremely low
in sulfur, it may be unnecessary to add limestone to the
fluidized bed unit in order to comply with S02 emission
standards. Moreover, even a small amount of calcium in the
coal's "own" ash can suffice to tie up a major proportion
of the sulfur, as is evident from the behavior of nine coals,
including Alaskan (Beluga) coal, which were tested and
analyzed in 1983-84 at the large FBC pilot plant at the
Wakamatsu Thermal Power Station of the Electric Power
Development Company in Japan. Table 1 shows that,
compared to the other eight coals, the bulk sample of Beluga
coal had a much higher calcium oxide (CaO) content, and
a much lower percentage of combustible sulfur to total
sulfur. Thus, not only is the total amount of sulfur in raw
Beluga coal extremely low, but because almost 80% be
comes captured in the ash, the total of "combustible sulfur"
in the coal is an extraordinarily low 0.04%.

Third, for coal seams having low Hardgrove grindabil
ity indices, like those common in the Cook Inlet area,
crushed unground coal is particularly appropriate for flu
idized bed combustion.



Fourth, the very low "fuel ratio" of Beluga coal may be
noted in Table 1which presents analyses ofthe bulksamples
of coal tested at the Wakamatsu pilot plant. (Fuel ratio is
defined as Fixed Carbon Volatile Matter) In general, a low
fuel ratio results in high combustion efficiency with good
burnout. In the Wakamatsu tests, Beluga coal exhibited the
highest combustion efficiency of the nine coals tested
(Figure 2). These results confirm that a coarse feed is
appropriate.

In summary, because of generating capacity require
ments, capital and operating costs, environmental attributes,
and suitability to coal characteristics, an FBC power
generation plant appears attractive for use in Alaska and for
Alaskan coals utilized elsewhere. And in conjunction with
the rapidly growing utilization of FBC for cogeneration
applications, opportunities should exist to provide remote

villages of Alaska with heat and power from FBC units
burning coal.

GASIFICATION •

Three coal gasification technologies have already
achieved commercial viability: Lurgi, Koppers-Totzek, and
Winkler. A number of other systems have reached the
demonstration phase, including

Texaco
British Gas Corp./Lurgi Slagger
High Temperature Winkler
KilnGas
Westinghouse
Shell
Dow - (Soon to be operated in a large commercial plant.)

Table 1 - Chemical analysis of bulk coal samples tested in Wakamatsu FBC Pilot Plant

Item Coal Type Taiheiyo Beluga Plateau Namazuda Ermelo Lemington Daido Blair Athol Witbank
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Higher calorific value (kcal/kg) 6291 4780 6720 4170 6515 6920 6749 6666 6390

(Btu/lb) 11324 8604 12096 7506 11727 12456 121481 11999 11502
Moisture 4.70 18.60 3.85 2.70 3.16 3.20 5.12 6.13 3.00

Proximate Volatile Matter 43.92 38.81 37.92 22.39 29.30 30.78 29.60 27.07 23.40
Analysis Fixed carbon 37.23 32.99 47.39 32.42 53.62 54.62 56.44 58.14 57.
(%) Ash 14.16 9.60 10.84 42.50 13.91 11.40 8.75 8.68 16.

Carbon 65.05 61.00 69.29 44.62 67.61 73.31 72.20 72.67 68.99
Hydrogen 5.80 3.62 5.29 3.00 4.51 4.88 4.43 4.35 3.95

Ultimate Analysis Nitrogen 0.90 0.97 1.42 0.64 1.38 1.43 0.71 1.47 1.46
(%) Oxygen 13.34 22.58 12.13 7.86 11.50 8.23 12.271 11.90 8.25

Combustible sulfur 0.05 0.04 0.59 0.20 0.64 0.38 0.58 0.58 0.54

Incombustible sulfur (%) 0.13 0.14 0.17 0.12 0.33 0.02 0.09 0.02 0.23

Ratio of combustible sulfur to
total sulfur in coal 28% 22% 78% 63% 66% 95% 87% 97% 70%

Si02 48.90 46.20 60.85 65.90 45.11 59.56 54/50 58.31 42.40
A1203 24.49 37.50 21.61 28.40 28.78 18.36 19.20 20.96 30.60

Ash Analysis (%) CaO 6.36 11.60 4.79 1.81 7.10 1.68 2/80 0.65 0.00
MgO 2.72 2.47 1.35 0.50 2.40 0.36 0.90 0.39 2.50
S03 2.13 2.97 3.62 0.69 5.16 0.66 3.30 0.31 4.30

Grindability (HGI) 37 36 51 49 50 49 56 51

Fuel Ratio 0.84 0.85 1.25 1.45 1.83 1.77 1.90 2.14 2.44

N content (g/1000 kcal ) 1.38 1.65 2.03 1.49 2.05 2.00 1.00 2.08 2.22

S content (g/I000 kcal) 0.27 0.31 1.08 0.75 1.43 0.58 0.94 0.58 1.
Source of information: Reference A-3
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Commercial Coal Gasification Processes

Probably most familiar because of its employment in
the enormous Sasol plants in South Mrica is the Lurgi
process. Much smaller in capacity, though still very large,
is the recently completed Great Plains Coal Gasification
Project in North Dakota. Both these large projects use low
rank coals; subbituminous coals at Sasol and lignite at Great
Plains. The Lurgi reactor, distinguished by its high yield of
methane, is a so-called fixed bed unit, analogous to a blast
furnace in that large particles of coal move slowly down
through the bed, reacting with gases moving up. The
preferred feed size is coarse (-2 inches), and there is only
limited capability for accepting fines.

The Koppers-Totzek gasifier is found in a variety of
commercial operations around the world, but not in the U.S.
Although the variety of coals used is extensive, the only
products made are ammonia and, in some cases, ammonia
and methanol, as in South Africa at the largest Koppers
Totzek installation. The coal fed to such an entrained flow
gasifier system must be pulverized to below 100 mesh.

The Winkler is a fluidized bed gasifier which requires
that the coal be crushed to only -1/4 inch. Though it has a
much better acceptability of fines than the Lurgi, its major
drawback is a substantial production ofchar. Suitable coals
are those with high reactivity and high ash-fusion tempera
tures, like those in the Beluga field. Because of its fit with
coals having these characteristics, the Winkler was selected
as the gasifier for the Placer-Cook Inlet Region Inc. (CIRI)
coal-to-methanol project several years ago. The Winkler
system was actually the first commercial application of
fluidized bed technology; at one time there were approxi
mately 70 Winkler gasifiers in over20 plants, but most have
been retired. New and logical extensions of Winkler tech
nology involve the pressurized High Temperature Winkler
fluidized bed process and the Westinghouse Coal Gasifi
cation process which is more complex than the High
Temperature Winklerbecauseit has a hotash agglomeration
zone in the base of the bed.

Some Recent Developments in Coal Gasification

The Texaco Synthesis Gas Generation Process (Figure
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Figure 2. Combustion efficiencies obtained for various coalsat Wakamatsu FBC pilot plant. (Source
Reference A-3)•
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3) is an entrained-flow slagging gasifier, initially developed
in the 1940s in Montebello, California, where the original
emphasis had been the conversion ofoil and petroleum coke
to synthesis gas (CO and HZ). With the petroleum price
increases of the 1970s, attenuon turned to coal conversion
even though Texaco was never a major holder of coal
reserves.

At Ube Industries in Ube City, Japan, two 800 ton-per
day Texaco coal gasifiers produce ammonia, and at Ten
nessee Eastern in Kingsport, Tennessee, two 900 ton-per
day Texaco coal gasifiers produce methanol for a variety
of "downstream" materials.

At Cool Water, on the southern California desert, the
world's first commercial-scale Integrated Coal Gasification
Combined Cycle has been operating since 1984, using a
Texaco gasifier. This 100 MW unit is considered the
cleanest coal-fired power generating facility in operation.
It operates without scrubbers, which are the most costly part
ofa plant's pollution abatement equipment. Since its startup,
the Cool Water demonstration plant has been engaged in
testing a variety of coals.

The CoolWaterplantconsumes about 1000 tons perday
of coal, which is crushed, slurried, and pumped at high
pressure to the gasifier, a relatively small vessel, where it
reacts with oxygen. The intended slurry concentration of
60% solids has been achieved routinely. In the gasifier,

OXIDANT

partial combustion produces medium-Btu synthesis gas. The
molten ash forms a slag which drops into a radiant cooler
and is solidified during its 37 meter fall. The radiant heat •
is recovered by a water jacket in which steam is formed.
A lock hopper system collects 90% of the ash. The synthesis
gas passes to a convection cooler where additional steam
is raised. Remaining particulates and condensates are
removed from the synthesis gas which then goes to the
Selexol desulfurization unit. Solvent absorbs the sulfur
containing gases, mostly hydrogen sulfide (H

2
S), and in a

Claus unit, elemental sulfur is produced. Overall, there is
95 to 99% removal of sulfur.

At Cool Water, the cleaned synthesis gas is burned in
a 65 MW combustion turbine; "coupled" to this is a 55 MW
steam turbine which is powered from the heat recovery
units. Of the 117 gross MW produced, about 20 MW are
consumed on site, much being for the air separation plant
which produces 920 tons/day of 99.5% pure oxygen. The
initial design heat rate was 11,300 Btu/KWh which is
expected to be reduced to 10,600 Btu/KWh. There are
indications that, for commercial plants, the overall heat rate
can eventually be brought to 9,000 Btu/KWh. This is
certainly attractive compared to pulverized coal power
plants which have a typical heat rate of 10,000 Btu/KWh
as a result of flue gas desulfurization. Carbon conversion
has been better than the design basis; as a result, equipment
which was installed to recycle unconverted carbon probably
will not be used. Emissions have been ata level comparable •
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Figure 3. Texaco coal gasification.
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or superior to those of a power plant burning natural gas.

Studies indicate thatTexaco-based Integrated Gasifica
tion Combined-Cycle units can be built commercially up to
a range of 400-600 MW. Total plant investment and cost
of electricity are competitive with those for conventional
coal-fired power plants built to current standards. This type
ofplant can be built modularly in increments only one-third
to one-half the capacity ofconventional based-loaded plants
and they can enter service in much less time than a conven
tional plant.

Thus, such plants offer a number of attractions for
utilities which may encounter low or uncertain load growth.
In Alaska, for example, phased construction might be
particularly attractive. A combustion turbine can first be
quickly installed to generate electricity using still-inexpen
sive natural gas. Later, additional combustion turbine
capacity can be added together with the coal gasification
plant which would be accompanied by a heat recovery steam
generator and steam turbine. Such a plan would enable a
new power plant to begin generating electricity and earning
revenues, then, when the baseload operation can sustain it,
shift to coal gasification with attendant high fuel efficiency.

Although the Texaco gasifier has handled a variety of
fuels, its slurry feed places it at somewhat of a disadvantage
when using low-rank coals. These coals contain consider
able inherent moisture. The total amount of water in a slurry
feed with lignite is undesirably high, resulting in higher
oxygen consumption with attendant increases in plant costs
and reductions in net power output. However, the develop
ment of alternate methods for feeding coal to the gasifier
have been identified, and irreversibly drying low-rank coals
may permit the upgrading ofsuch fuels for use in the Texaco
gasifier. In this connection, some small quantities ofBeluga
coal were dried and tested at the University of North
Dakota's Energy Research Center with good technical
results.

Although a variety of thermal drying processes have
been considered for upgrading low rank coals for use in
slurry-fed gasification systems, attention may also be di
rected to other types of coal gasification which could be
more appropriate for low-rank coals. For example, the Shell
Coal Gasification Process would appear to offer some
benefits for utilizing these coals. The Shell coal gasifier is
a pneumatically-fed, pressurized entrained slagging unit. It
can achieve a higher efficiency than the Texaco gasifier
because of reduced oxygen consumption. Development of
this technology started in the early 1950s, and over 50
commercial Shell partial-oxidation plants have been built.
However, no large scale demonstration plants exist, the
largest facility being a 150 metric ton/day process devel
opment unit at Deutsche Shell, Harburg, Germany.

The Shell Coal Gasification Process has been tested
with coals as low in rank as Texas lignite at the Royal Dutch
Shell Research Laboratory in Amsterdam, using a 6 metric
ton/day pilot plant gasifier. Dry feeding of pulverized coal
offers performance advantages, especially for low rank
coals, over similar reactors with a coal-water slurry feed
system where there is an energy penalty associated with
evaporating water in the reactor. Defore being shipped to
Europe the lignite was ground in a Williams fluid bed roller
mill and reduced in moisture from about 30% as-received
basis to 12.4% moisture. This fuel produced a high carbon
conversion (approximately 99%) at several conditions over
the planned operating range.

Louisiana Gasification Technology, Inc., a subsidiary
ofDow Chemical Co., has recently signed a ten yearcontract
with Rochelle Coal Co. to supply Powder River Basin coal
for Dow's synthetic gas project at Plaquemine, Louisiana.
This commercial project will gasify low rank coals in the
world's largest integrated gasification combined cycle
operation. When fully operational, it will use 2,300 tons of
coal per day. Rochelle Coal expects to ship 310,000 tons
of coal in 1987 to this project, with tonnage gradually
increasing to 715,000 tons/year from 1991 through 1996.
The Plaquemine operation, using proprietary gasification
technology of Dow, will produce medium-Btu gas in order
to fuel combined cycle gas turbines for cogenerated steam
and electricity.

In the Dow Coal Gasification Process, as depicted in
Figure 4, coal is fed to a two-stage gasifier as a slurry of
about 50 to 60% solids, where it reacts in the first stage with
a controlled amount of oxygen. The carbonaceous portion
of the coal is converted to product (synthesis) gas, and the
mineral portion of the coal is removed as molten slag. The
hot product gas from the first stage of the gasifier is
contacted in the second stage with additional slurry, recov
ering some of the sensible heat by vaporizing and gasifying
additional coal. In the second stage, unconverted coal is
returned to the first stage of the gasifier as part of the feed.
Dow states that this process is inherently more efficient than
any single stage process because of the lower outlet gas
temperature from the second stage. Moreover, the gas
quality is said to be improved by the second stage gasifier.

The cost for a combined-cycle powerplant was recently
estimated to be under $600 per KW capacity. A coal gasifier
together with a combined cycle plant would cost from
$1,350 to $1,500 per KW of capacity. One might well ask
why coal should be gasified with an efficiency of perhaps
70 to 80%, when the resulting product will then be used in
a combined cycle plant operating at 40% thermal efficiency:
why not instead simply burn coal in a pulverized coal boiler
(with appropriate gas cleanup) or in a fluidized bed com
bustion unit where total thermal efficiencies are of the order
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of 40%? The basic reason is that conventional single-cycle
stearn turbine technology is nearing the end of its develop-
ment potential; higher thermal efficiencies are increasingly •
difficult to achieve. As suggested in Figure 5 the potential
for surpassing the limitations of conventional coal-fired
power generation lies in gasifying the coal for combined-
cycle gas turbine/stearn turbine units so that the operating
temperature of the gas turbine can be raised; in this manner,
performance will be improved and higher thermal efficien-
cies achieved. The development work now underway, as
well as the favorable performance ofrecently commissioned
plants, indicate that these emerging technologies will enable
the long-standing promise ofAlaskan coal as a valuable and
environmentally attractive energy resource to be fully real-
ized.
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THE EFFECT OF CALCIUM ON LIQUEFACTION OF
ALASKAN COALS

Sang-Ho Lee and John Youtcheff, Jr.
University of Alaska-Fairbanks

•
ABSTRACT

This study describes the influence of ion-exchangeable
cations on the liquefaction of two Alaskan coals.

Samples of the raw coals, ammonium acetate washed
coals and calcium-loaded coals were reacted with tetralin at
425

0
C for up to 30 minutes. Discussed are the influence

of exchangeable cations on conversion yields, product
distributions, deoxygenation reactions, and carbonate for
mation.

The results show that calcium cations inhibit product
generation during the initial stages of liquefaction by hin
dering the thermal decomposition of the coal. At longer
contact, their presence was found to enhance conversion
yields by diminishing the tendency for condensation reac
tions to occur. Under the conditions examined, the cations
were found to have little or no effect on the generation of
product classes.

The presence of calcium cations does not appear to
promote deoxygenation reactions but rather to prevent
condensation reactions from taking place.

Calcite and vaterite were found to constitute a signifi
cant proportion of the low-temperature ash obtained from
the liquefaction products ofboth coals. The carbonates were
found to increase in abundance as a function of time.
Ultimate concentrations of carbonates were dependent on
the initial concentrations of exchangeable calcium.

INTRODUCTION

There are extensive coal deposits in Alaska. Hypotheti
cal resources are estimated at 4 trillion tons of coal (Schaff,
1983). Most of the coal ranges in rank from subbituminous
C to high-volatile A bituminous. The readily accessible coal
is low in rank. This means that these subbituminous coals
have lower calorific values and higher moisture contents.
This adds to the problems associated with loading, handling,
and storage of coal; particularly since the cost of transpor
tation of this coal per Btu is considerably greater than that
of a bituminous coal.

Coal conversion is one approach for utilizing the
abundant Alaskan coal resources. This would open up new
markets for these coals as well as create a potential economic
alternative for the State of Alaska once its oil reserves
dwindle.

In direct liquefaction, coal is converted into refinable
liquid products at relatively low temperatures. This process
involves the thermal breakdown of the coal's molecular
structure, and the capping ofthe generated free-radicals with
hydrogen from the donor solvent or from a hydrogen
atmosphere. As a result of this, there is a decrease in the
molecular weight of the products as well as an increase in
the hydrogen-to-carbon ratio of the products. Both of these
events lead to the fonnation of liquids. Ifdirect liquefaction
is to develop into a viable commercial venture, further
advances are required. Chief among these are methods for
reducing hydrogen consumption and for preventing reactor
solids fonnation.

The mineral matter in coal has a number of effects on
coal liquefaction. The catalytic activity ofthe mineral matter
has been documented (Given et al., 1975; Mukherjee and
Choudhury, 1976; Tarrer et al., 1976; Granoff and Thomas,
1977). Iron sulfides were detennined to be the major
catalytic components, and Kaolinite was also demonstrated
to be mildly catalytic. Mineral matter has been found to
catalyze the hydrogenation of coal-derived solvents (Tarrer
et aI., 1976) as well as to reduce the viscosity of the lique
faction product (Granoff et al., 1978). However, others
(KangandJohanson, 1976; Kovach and Bennett, 1975) have
found the inorganic components in coal to deactivate process
catalysts. They concluded that the deactivation is due to the
deposition of metals in the pores of the catalyst. These
deposits are principally organometallics or soluble ash
components such as alkali and alkaline earth salts. The latter
are also responsible for the formation of some reactor solids
according to Walker et aI., 1980, who reported that signifi
cant quantities of calcium carbonates were formed during
the liquefaction of a subbituminous Wyodak coal. These
salts generally comprise the major portion of the inorganic
constituents in low-rank coals consequently knowledge as
to their impact on liquefaction is important.
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Although alkali and alkaline earth metals have been

noted to be bad actors in conventional liquefaction proc
esses, they are excellent catalysts for liquefying low-rank
coals using carbon monoxide and water (Appell and
Wender, 1968; Wright and Severson, 1972; Hodges and
Creasy, 1985). Hydrogen used in stabilizing the free radicals
is obtained from the water-gas shift reaction (1).

these samples for analysis followed that of Suhr and Gong
(1983). Calcium accounted for most of the exchangeable
cations in both coals though an appreciable amount of
sodium (Na+) is present in CSB-13.

TABLE 1. Sample Characteristics

(1) Characteristics 2UCM-ll CSB-13

The utilization of ion exchangeable cations ensures
adequate dispersion, as the catalysts will be specifically
located in the coal matrix, namely, associated with carbox
ylate groups.

% Volatile
Matter,daf 52.69

% Fixed
Carbon, daf 47.31

33.61

66.39

Most studies utilizing cation exchange have been asso
ciated with gasification and pyrolysis processes. Although
the overall mechanisms of pyrolysis and liquefaction are
different, the processes follow a similar path during the early
stages. Therefore, certain observations from pyrolysis
experiments can be applied to the area of coal liquefaction
and vice versa.

% Ash,
moisture free 8.17

Heating Value
Btullb, daf 11850

% C, daf 68.91

8.89

12180

75.75

The aim of this study is to clarify the influence of
exchangeable cations on liquefaction.

% H, daf 5.11 4.08

EXPERIMENTAL
%N,daf 0.77 1.13

% Inertinite 6.7

% Exinite 9.8

ASTM Rank Subbit. C

% Vitrinite 83.6

43.1

49.3

0.19

0.64

7.8

hvC b

18.8424.81%O,daf

Romax 0.27

% Total
Sulfur, daf 0.39

• Coal Characteristics

Two Alaskan coals were used in this study: sample 2
UCM-ll a subbituminous-C coal from the Nenana coal
field; and sample CSB-13, an inertinite-rich, high-volatile
C bituminous coal from the Northern Alaskan coal field
(Youtcheff and Rao, 1986). Characteristics of these coals
are listed in Table 1. Though the rank of the two coals is
different, both coals were found to contain appreciable
amounts of carboxylate groups (see Table 2). The high
carboxylate content in CSB-13 is attributed to weathering
effects resulting from the coal seam's close proximity to the
surface.

Sample Preparation

TABLE 2
Oxygen Functional Groups in Coal

Samples
(wt% of organic matter)

•

In addition to the raw coal, two other levels of ion
exchangeable cations were examined. One involved wash
ing the coals with ammonium acetate solution to remove all
of the exchangeable cations (Morgan et al., 1981), and a
second procedure involved loading calcium onto the
ammonium acetate washed coal via ion exchange with
calcium acetate (Cronauer and Ruberto, 1977). The quantity
of calcium in the high temperature ash of the raw, ion
exchanged and calcium-loaded coals was determined by
D.C. plasma emission spectrometry. The preparation of

Oxygen Forms
Total 0
OasCOOH
OasCOO
OasOH
o unaccounted

2 UCM-ll
22.82

1.84
3.17
9.61

8.2

CSB-13
16.75

1.31
2.23

10.68
2.53
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The calcium concentrations in the various samples of
the two coals are given in Table 3. The ammonium acetate
washing did not remove all of the calcium. Approximately
0.4 wt% calcium was left in both coals. Furthermore, not
all ofthe carboxylategroups were converted into thecalcium
salt form by the ion exchange procedure; this presumably
reflects the inaccessibility ofsomecarboxylate groups to the
exchange mediums used.

Coal Liquefaction and Product Analysis

The gases were vented into gas-sampling bags. An
aliquot was analyzed by gas chromatography, and the
remaining gases were passed through a wet test meter. The •
contents of one of the reactors were quantitatively trans-
ferred with the aid of hexane to a 500 ml beaker. An
additional amount of hexane was added to increase the total
volume to 500 ml. The product was left overnight to allow
the hexane-insolubles to settle. The precipitate was col-
lected by filtration on a 0.45 micron Millipore filter and

At the conclusion of the run, the microreactors were
detached from the holder, immersed in cold water, and
allowed to equilibrate with the room temperature for 30
minutes.

TABLE 3
Concentration of Calcium in Raw,
Ammonium Acetate Washed and

Calcium- Loaded Coals (ppm, dry
basis)

•

•

Digit•• Temper..",.
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Figure 1. Schematic Diagram of Liquefaction
Apparatus

Figure 2. Assembled Microreactorwith Holder

CSB-13
15,300
4,200

19,100

Raw Coal 15,800
NI-40(Ac) Washed 4,300
CA++ 19,700

Loadings 2UCM-ll

The liquefaction apparatus used in this study is shown
schematically in Figure 1. The system is composed of a
reactor bomb with a gas-tight valve, a fluidized bed sand
bath, an agitator assembly, and a gas-tight manifold. The
assembled microreactor mounted in its holder is shown in
Figure 2.

Two tubing bombs were charged with 2.5 gm of as
received coal or dried, treated coal and 6 ml of tetralin. The
microreactors were then mounted in the holder, and gas lines
were connected. The bombs were leak-tested by pressur
izing to 1,500 psig with nitrogen. If no pressure drop was
evident, the tubing bombs were depressurized, purged with
hydrogen and finally pressurized to 500 psig. The mi
croreactors were mounted in the holder and connected to an
oscillation device. They were then shaken for two minutes
to effect the mixing of the coal and donor solvent. Lique
faction runs were initiated by immersing the reactors in a
fluidized sand bath preheated 100 C higher than the desired
reaction temperature. Prior to initiating arun, the thermostat
controlling the sand bath was lowered to the proper setting.
In this manner, the reaction vessels reached their set tem
perature within two minutes. The conditions for the lique
faction runs involved a reaction temperature of 425

0
C. and

residence times of 0, 3, 10 and 30 minutes.

I
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washed with 150 ml hexane. The filter cake was then dried
in a vacuum oven at 100

0 C. for 24 hours.

An aliquot of the hexane-insolubles was placed in a
dried, tarred, ceramic thimble; it was exhaustively extracted
for 24 hours in a Soxhlet apparatus with toluene under a
nitrogen atmosphere. Following this

6
the extracted thimble

was dried in a vacuum oven at 110 C. for 12 hours and
reweighed. The procedure was then repeated using tetrahy
drofuran (THF). In this manner, the asphaltenes and
preasphaltenes, respectively, were obtained. The material
remaining in the thimble following extraction with THF is
defined as the residue. Total conversion yields are defined
as the sum of the yields of hexane solubles plus gases,
asphaltenes and preasphaltenes.

The water content of the products from the calcium
loaded and ammonium acetate washed coals were deter
mined by azeotropic distillation. The liquefaction products
were removed from the second reactor using toluene and
placed in a boiling flask equipped with a condenser and a
Dean-Stark trap. The products were reflected with 150 ml.
of toluene for 24 hours.

The total carboxylate and hydroxyl contents were
determined for the coals and hexane-insoluble products.
Total carboxyl groups were determined by an ion exchange
method (Cronauer and Ruberto, 1977) and hydroxyl groups
were determined using an acetylation procedure (Szladow,
1979). The oxygen functional groups in the coal samples
are listed in Table 2.

All of the data presented are the average of duplicate
runs and are expressed on a dry-inorganic-coal-free (dict)
basis. This basis was chosen since the mineral matter in
the liquefaction product is generally not the same as that
in the original coal. This is particularly true in coals
containing high pyrite concentrations and in low-rank coals.
As the sulfur content is low in these coals, the weight loss
associated with the conversion of pyrite to pyrrhotite is
insignificant. The weight gain associated with carbonate
formation is, however, quite significant. The inorganic and
mineral-matter contentofeach sample was determined. The
hexane-insoluble products were washed in 1 N ammonium
acetate to remove any remaining cations prior to low
temperature ashing of the sample. Total inorganics were
determined from the sum of the various cations in the
extracted solutions, which were analyzed by D.C. plasma
emission spectrometry, and from the weight of low-tem
perature ash.

The low-temperature ash from the liquefaction products
was analyzed by x-ray diffraction using the internal standard
method of Rao and Gluskoter (1973).

RESULTS AND DISCUSSION

Effect of Calcium Cations on Liquefaction Yields

One method for determining the influence ofexchange
able cations is to evaluate the conversion yield as a function
of cation loading. Such a plot is shown in Figure 3. As the
calcium content in the coal was increased, there was a
corresponding increase in the conversion yields. The
conversion yield of 2 UCM-ll increased from 77.8 wt%
(dict) for the ammonium acetate-washed sample, to 83.5
wt% (dict) for the loaded sample. The conversion of CSB
13 followed a similar trend.

The correlation of total conversion as a function of time
at 4250 C. with different loadings ofcalcium on the 2 UCM
11 and CSB-13 coals was examined. This is illustrated in
Figures 4 and 5, respectively. Conversion yields during the
early stages of liquefaction appear to be contradictory to the
previous findings (Figure 3). The yield for the calcium
loaded 2 UCM-l1 sample was 51.1 wt% (dict) after 3
minutes, whereas the cation-stripped sample yielded 57.1
wt% (dict) when subjected to similar conditions. At longer
reaction times, the trend switches and the cation-stripped
coal gave the lowest yields. The CSB-13 samples showed
the same qualitative behavior.

Both coals are expected to experience hydrogen-defi
cient conditions during the initial stages of liquefaction
despite the use ofa good hydrogen donor solvent. As shown
in Figure 3, the 2 UCM-l1 coal is much more reactive than
the CSB-13 coal. Due to the lower rank of2 UCM-l1 and
its maceral composition, the overall hydrogen demand
should be greater than that of the CSB-13. The concentra
tion ofoxygen functional groups is much greater in low rank
coals, as presumably, is the number of labile or cleavable
bonds much greater. Hydrogen is needed for many of the
deoxygenation reactions as well as to cap radicals resulting
from thermal bond cleavage. The lesser reactivity of the
CSB-13 coal can be attributed in part to its abundance of
inertinite. A consequence of this is that more severe con
ditions are needed to break down the coal matrix. For a given
reaction condition, the hydrogen demand for this coal
should be less than that of 2 UCM-ll. However, another
factor needs to be considered: the degree of weathering this
coal has undergone. Coal oxidation favors oxygen attach
ment to the benzene ring (Rhoads et al., 1983). The results
in a loss of benzylic protons which are excellent internal
hydrogen donors. In both of these coals, during the early
stages of liquefaction, the donor solvent will be diffusion
limited. The presence of the cation impedes the decarbox
ylation reaction and thereby slows down the free radical
liquefaction mechanism. This provides time for partial
comminution of the coal matrix and diffusion of the donor
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at short residence times. Such an effect has been reported
(Whitehurst et aI., 1980).

Effect on Product Classes •
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Figure 3. Correlation of Conversion with Calcium
Cations Concentration at 30 Minutes

A second part of this study was to investigate the impact
of exchangeable calcium on different product classes (i.e.,
oil and gases, asphaltene, preasphaltene and residue). The
conversion of the 2 UCM-ll samples at 42S

o
C to oils and

gases is shown in Figure 6. The trends follow the same
pattern as that of the total conversion yield, though the
differences here are viewed as insignificant. Similar results
were obtained for the CSB-13 samples as well as with the
other product classes.

Figure 4. Correlation of Total Conversion of 2 UCM
11 with Time at Three Different Loadings
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In general, the presence of exchangeable calcium had
little or no impact on the various product classes. Presuma
bly the impact of the exchangeable cations on reducing
retrogressive reactions is not limited to the high molecular
weight/highly-functional materials such as the preasphal
tenes.

Effect of Deoxygenation Reactions

The loss of hydroxyl groups from the hexane-insoluble
products are plotted as a function of time for the 2 UCM
11 and theCSB-13 samples in Figures 7 and 8,respectively.
This loss was quite significant in the early stages of lique
faction for both coals at all three different loadings. It should
be pointed out that the hydroxyl content of the hexane
insolubles is determined by the rate offormation ofhydroxy1
groups from the cleavage reactions (2) and their subsequent
removal by dehydroxylation (3).

•

.~

ol!lVll"'
.~

CS81)

R-O-R' + H2-> ROH + R'H (2)

Thus, the effect of calcium cations on hydroxyl group
removal may not be definitive.

(3)R-OH +~ --> RH + H20

The trends seen in Figure 7 and 8 followed those of
conversion yields. Fewer hydroxyl groups were removed
from the calcium-loaded coal at the shortcontacttimes. This
is attributed to its slower thermal decomposition. With
longer residence times the cations appeared to enhance
dehydroxylation reactions, though these differences could
be attributed to a greater abundance of phenolic material
being associated with the hexane-soluble product. The loss
of hydroxyl groups in the CSB-13 samples were similar in
nature though the differences were less significant (Figure
8).

Additional information regarding deoxygenation reac-
tions was obtained by examining the relationship between •

"TIN[ (.........)

Figure 5. Correlation of Total Conversion of CSB-13
with Time at Different Loadings

solvent into the interior of the coal particles. In this manner,
the cations reduces the extent of retrogressive reactions
resulting from hydrogen-deficient conditions. For coals
endowed with sufficient quantities of donatable hydrogen,
the presence of cations may inhibit the overall product
generation and have a similar effect as that obtained here
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hydroxyl-group removal and water formation. This rela
tionship for the ammonium-acetate-washed and calcium-
loaded CSB-13 samples is shown in Figure 9. The presence •
of cations had no effect on this correlation. This concurs
with the findings of Storch et al. (1951). They suggested
that oxygen removal is a non-catalytic reaction between
oxygen-functional groups and reactive hydroaromatics.

The calcium-loaded samples achieved higher hydroxyl
group removal concomitant with water formation than the
ammonium-acetate-washed sample. This can be attributed
to condensation reactions which would lead to the loss of
hydroxyl groups and formation of water and which conse
quently would have little impact on this correlation.

2Ol.---.,.-----r--~-__r_-__,_-___._-____.--

Most of the carboxylate groups were removed during
the first three minutes. Decarboxylation of the acid form
was found to be more rapid than that of the raw and calcium
loaded coals. The results for the 2UCM-ll samples are
shown in Figure 10. Note that the acid form sample did not
attain complete decarboxylation. This is attributed to the
function of anhydrides from the condensation of adjacent
carboxyl groups. Such groups show remarkable thermal
stability (0take, 1986) yet are readily hydrolyzed into two
carboxyl groups.

Calcium Content Formation

The productofdecarboxylation, namely carbon dioxide
(C0

2
) was also monitored. The yields of CO

2
for the

calcmm-loaded coals are consistently greater than those for •
the ammonium washed coals at similar levels of decarbox
ylation. Similar results have been found in pyrolysis studies
(Franklin et al., 1983; Morgan and Jenkins, 1986). In
addition more CO2 was formed than could be accounted for
by decarboxylation. This is attributable to catalysis of the
water-gas shift reaction (1).
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Figure 6. Oil + Gases Generation as a Function of
Time for 2 UCM·11

Figure 7. Plot of OH Group Loss from 2 UCM·11 Coal
asa Function of Time
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Calcium carbonates, principally as vatente, were noted
in most liquefaction residues. The percentages of calcium
carbonate (vaterite and calcite) in the low temperature ash
of the 2UCM-ll sample that was generated as a function
of time are shown in Figure 11. It is apparent from these
graphs that the formation of calcium carbonate is related to
the concentration of calcium cations in the coal, and is also
time-dependent.

CONCLUSIONS
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Figure 8. Plot of OH Group Loss from CSB·13 Coal
as a Function of Time

The presence of exchangeable calcium cations en
hanced the conversion yields at long-contact times by
reducing the tendency for retrogressive reactions to occur.
Additional evidence to this regard was presented in the
deoxygenation study. •
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Figure9. Relation between Hydroxyl Group Lossand
Water Formation: CSB-13
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Figure 1O. Plot of Carboxyl Group Loss from 2 UCM
11 Coal as a Function of Time

The cations appeared to reduce the extent of conden
sation reactions and thereby promote indirectly the deoxy
genation ofthe coal. The cations were also found to promote
the water-gas shift, as more CO2 was detected in the prod
ucts than could be generated by simple decarboxylation
reactions.

One negative aspect of the divalent cations was that
their presence led to the formation of vaterite and calcite
during liquefaction.
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CHARACTERIZATION OF ALASKAN COALS - EVALUATION

OF THEIR LIQUEFACTION BEHAVIOR •J. S. Youtcheff, Jr.
University of Alaska-Fairbanks

•

ABSTRACT

Nineteen coals, representing seven of Alaska's coal
fields, were liquefied in batch reactors at 4250 C with
tetralin. A number of correlations between conversion yield
and coal characteristics were examined. The lignite and
subbituminous coals from the Little Tonzona, Nenana,
Beluga and Yukon Flats coal fields were found to be readily
converted to a THF soluble product. Conversion yields for
these coals were greater than 84% (dafbasis). The bitumi
nous coal from the Matanuska coal field and the inertinite
rich coals from the Northern Alaska and Chicago Creek coal
fields were considerably less reactive; conversion yields
from 55% to 82% were attained.

Evaluation of the distribution of liquefaction products
showed that the low-rank coals were readily converted into
low molecular weight components (oils plus gases); few
asphaltenes and preasphaltenes were generated. The in
ertinite-rich coals were found to produce a balanced distri
bution of the different product classes. Two of the coals
(VA-I07 and SS-67-1) which consist of appreciable
amounts of pseudovitrinite, were found to generate pre
dominately the high molecular weight preasphaltenes.
These were converted into asphaltenes under conditions of
greater severity.

INTRODUCTION

not viable alternatives to the currently inexpensive oil,
background information on the reactivity of these coals in
conversion processes is needed for future reference.

Due to the various biological sources and geological
environments that are involved in the formation of coal, the
nature and behavior of these coals subjected to different
processing environments can be quite variable. During the
past few years a considerable effort has been made towards
correlating coal characteristics with liquefaction behavior.
These studies were primarily based on ultimate, proximate
and petrographic analyses. Correlations have been made
between conversion (usually defined by solvation yield) and
reactive maceral content (Given et aI., 1975), as well as with
VM, carbon content, and HlC ratio (Given et aI., 1980; Gray
et aI., 1980; Durie, 1980; Epperly, 1980). Although similar
correlations have been seen for a wide range of coals, the
ranking of the different factors can vary from seam to seam.
For instance, coals of similar rank but of varying geological
provenance have been shown to differ in behavior and
chemical composition (Yarzab et al., 1979). Hence, it is
difficult to predict the liquefaction behavior of Alaskan
coals in light of what is known concerning coals of the
conterminous United States, since these established empiri
cal correlations may not apply.

Discussed in this paper are the characteristics of Alas
kan coals and their potential as feedstocks in direct lique
faction processes.

•

Sample Selection and Collection

1) that a wide range of coal rank was considered;

EXPERIMENTAL

•that the coals were from coal fields of economic
importance. That is, they were actively being

2)

A diverse group of 19 coals representing seven of
Alaska's coalfields was selected. A map indicating the
location of these resource areas is shown in Figure 1.

Selection of these coals was based on one or more of
the following criteria:

366

Alaska's coal resources are of Cretaceous and Tertiary
age. Most of the Cretaceous coals are located in the
Northern Alaska coal field. Estimates of hypothetical
resources for these coals are on the order of several trillion
tons (Schaff, 1983). They range in rank from subbituminous
A to high volatile A bituminous. Conversion to clean liquid
fuels, and their subsequent transport via pipeline to an ice
free port may prove to be the best way to utilize the coal
resources of northern Alaska.

In central and southern Alaska, large resources of
subbituminous C rank coals have been identified. Their
conversion to liquid fuels would enhance their marketability
in the western United States and in Pacific Rim countries.

Although indirect and direct liquefaction products are•



•
mined, developed or considered in the near future.

3) that they had not been extensively oxidized.
Where possible, coals were obtained from freshly
exposed beds or fresh exposures of previously
mined beds.

A number of the coals were taken from an in-house
sample bank; or were obtained from drill hole cores. Four
ofthe samples were collected during the course ofthis study.
Two surficial coals were included from the Yukon Flats.
Though the latter two samples do not fit the above criteria,
they were selected due to the anomalous swelling behavior
exhibited by one of the samples (HZA coal) (Barker, 1981).

Rank Determinations

Characterization of the coals included: ultimate and
proximate analyses, calorific value determinations and total
sulfur determinations.

Coal Petrology

Vitrinite reflectance measurements were determined,
and a point count ofthe macerals was conducted on polished •
grain mounts. Normal-incident light illumination was used
for counting the huminite and inertinite macerals. Blue light
excitation was applied to count the fluorescent vitrinite and
liptinite macerals.

Liquefaction

Charged to 25 ml tubing bomb reactors were 2.5 gm of
-60 mesh (as received) coal and 2.5 ml tetralin. The reactors
were then pressurized to 600 psig H2 and immersed in a
fluidized sand bath which was preheated to 425

0
C.

Liquefaction runs were conducted for 5 minutes and 32
minutes. The reactors achieved the desired reaction tem
perature in two minutes. The liquefaction apparatus has
been described elsewhere in detail (Lee and Youtcheff, in
this volume).

•

•

N. W. Territories

Canada

Figure 1. Coal resource areas represented in sample set.

367

•

•



Upon conclusion of a run the reactors were quench are plotted as a function ofcarbon content. The Cretaceous
cooled; the gases were vented, and the products were coals from the Matanuska and Northern Alaska coalfields

• removed with the aid of hexane. The products were dilute have Roffiax classes ranging from VS through V11. The •further with a 20-fold excess of hexane, and the hexane highest values (see Table 1) were obtained from the
insoluble (Ill) precipitate was allowed to settle. An aliquot Matanuskacoal (VA-107) which had been thermally ~ltered

of the HI was placed in a thimble and exhaustively extracted due to close proximity to igneous intrusions. The Roffiax
in a Soxhlet apparatus with toluene and later tetrahydrofuran values for the Tertiary coals in the suite were between VI
(THF) to generate the asphaltenes and preasphaltenes, and V

S
.

respectively. The material remaining in the crucible was
defined as the residue. Petrographically there are large variations in this suite

of coals. The samples representing the Nenana coal field
RESULTS AND DISCUSSION are rich in exinites. They were found to comprise9.8 - 22.1%

by volume (mmi) of the coal. Most of the Northern Alaska
The coals comprising the sample set range in rank from and Chicago Creek coals contain an abundance of inertinite

lignite to hvA bituminous. Data regarding these coals are macerals. These range from 5.4 -40% volume (mmf). They
listed in Table 1. This is a small sample set, and coal were found to consist mainly oflow reflecting semifusinites.
properties such as vitrinite reflectance values were found This has a profound effect on many of the properties of the
to partition according to the age of the coal deposit. This Chicago Creek coals. The Chicago Creek coals were clas-
is readily apparent in Figure 2 where the reflectance values sified as lignites. Despite this rank classification, many of

Table 1. Coal Characteristics and Conversion Yields

Total Conversion
Sample Apparent VM Ash C Rmax V E I Yield**

Coal Field ill Rank %daf % dry %daf % ---Vol %, mmf--- 3 min 30 min
---------------------------------------------------------------------------------------------------------------------------------------

• Beluga UA-148 subC 51.25 36.52 66.73 .19 83.5 10.6 5.9 64.82 86.33 •Chicago Creek DR 1-2 lig 45.15 16.21 72.40 .40 48.7 12.0 39.3 45.03 74.27
DR 1-4 lig 44.23 8.07 72.22 .40 70.0 9.4 20.6 56.47 85.48
DR 1-5 lig 47.72 20.89 69.02 .41 61.9 12.8 25.3 60.68 82.35
DR 1-6 lig 46.69 36.59 70.05 .44 46.5 22.4 31.1 46.36 72.70

Little Tonzona CS-41730 subC 59.19 13.11 66.74 .24 84.6 11.1 4.3 68.62 88.87
CS-41735 subC 55.90 8.41 66.59 .21 78.2 17.4 4.4 72.53 86.32

Matanuska UA-107 hvAb 33.73 16.42 85.52 .98 85.2 11.8 3.0 42.20 68.88

Nenana UA-119 subC 52.19 7.33 68.81 .20 73.8 16.6 9.6 58.45 86.36
UA-129 subC 52.87 18.64 68.17 .30 66.3 22.6 11.1 60.05 84.60
UA-130 subC 51.78 5.41 69.38 .27 75.6 13.6 10.8 63.65 88.67
2UCM-11 subC 52.69 8.17 68.91 .27 83.5 9.8 6.7 61.49 88.37

Northern Alaska UA-139 hvCb 36.71 27.90 74.98 .63 49.5 10.4 40.1 40.48 60.61
SS67-1 hvAb 37.63 2.12 80.44 .75 92.4 2.2 5.4 59.33 77.65
SS67-2 hvAb 34.98 5.91 80.16 .79 77.3 1.9 20.8 41.26 65.07
SS67-3 hvAb 28.88 4.72 82.72 .86 63.0 2.0 35.0 32.95 55.85
CSB 13 hvCb 33.61 8.89 75.75 .64 49.1 7.8 43.1 30.73 66.73

Yukon Flats HZA subC 56.69 2.66 63.40 .16 18.6 78.8* 2.6 75.48 91.65
HZE1 lig 56.86 42.09 68.50 .18 72.3 10.0 17.7 63.45 76.72

• * Includes 76.8% fluorescent vitrinite •** wt%, daf
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their characteristics on a dry basis such as Roffiax, carbon
content, calorific value and volatile matter content suggest
that these coals are more mature than the subbituminous
coals from the Beluga and Nenana coalfields.

Despite the tremendous diversity of coals comprising
the sample set, many properties correlate with one another.
Carbon content was found to correlate with both calorific
value (Figure 3) and vi~ite reflectance (Figure 2).
Correlation coefficients (R ) for these relationships are .937
and .945, respectively. Note that the characteristics ofcoals
from a particular basin are found to cluster around one
another. Much of this is attributable to the diversity of rank
as well as the variations in maceral composition for coals
from a particular coal field.

Correlation of Liquefaction Behavior with Coal
Characteristics

The product distributions and conversion yields were
determined for the 19 coals liquefied with 3 minute and 30
minute residence times at 4250 C. Total conversion is
defined as the sum of the yields of hexane solubles + gases,
asphaltenes and preasphaltenes. The values listed in Table
2 are the average of duplicate runs.

Short-contact-time experiments were conducted to
identify differences in reactivities of the individual coals.
Previous studies had shown that initial coal dissolution is
quite rapid at temperatures above 3500 C (Hill et al., 1966;
Wiser, 1968; Neavel, 1976). Furthermore, differences in
maceral reactivity under liquefaction conditions had been
observed (Given et aI., 1980; Youteheff, 1983).

The 30 minute runs, representative of long contact
times, were conducted to identify the ultimate conversion
potential of these coals. In general the conversion yields
from a 30 minute run were found to mirror those of the short
contact runs, this is shown in Figure 4 where total conver
sion is plotted as a function ofcarbon content of the original
coal.

Under the conditions examined, the low-rank coals
from the Nenana, Little Tonzona and Beluga coal fields
were readily converted. The coals from the Matanuska,
Northern Alaska and Chicago Creek coal fields were
considerably less reactive.

Additional bivariant plots were constructed to facilitate
an understanding as to how various coal characteristics •
influence the conversion of these coals. The correlation
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Figure 3. Correlation of calorific value with carbon content.

The effect of reactive macerals (vitrinite + exinites) on
short-contact-time conversion was examined. This is plot
ted in Figure 6. This dependence should be more pro
nounced than that with longer contact time yields since the
liptinites are generally considerably more reactive than the
inertinites. What is found is that two relationships between
conversion and total reactive macerals exist. A strong

•

•

Legend
• Beluga

o ChIcago Creek

• little Tonzona

o "'atanuska

L. Nenana

X Nothern Alaska

\I Yukon Flats
I

90

o

I
e~

x/
x

1
/

Xx

,
70 7~ eo

CARBON CONTENT (WT%, DAr)
60

between volatile matter, a rank parameter, and conversion
yield is shown in Figure 5. A linear least squares fit of the
data yielded an R2factor ofO.759. The data for the inertinite
rich, high-rank Northern Alaska and low-rank Chicago
Creek coals show a considerable amount of scatter in this
plot, whereas the data for the reactive coals taken from the
same coal fields tend to cluster. The latter behavior is due
to the variability in maceral composition of those coals.

1MOO

• 1~OOO

1~00

C' 1<4000<a
ai'

~ 13500

m
......"

w 13000
3
~
U 12500
G:
i2
9
< 12000
U

11500

11000

10500

•
Table 2. Product Distributions

VA 107 11.8 20.6 32.5 16.6

SS 67-1 19.5 23.1 29.4 19.6

Average of 19 13.8 10.7 17.0 11.6
samples

* Expressed on a wt%, daf basis

Yields*
Asphal- Preasphal- Asphal- Preasphal-

tenes tenes tenes tenes

•

30 minutes3 minuteRun Duration
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In general the rank trends shown in Figures 4 and 5 are
not in agreement with the findings of Given and others
(1975) and Whitehurst and co-workers (1979). Their
investigations of the influence ofrank parameters indicated
that subbituminous coals were significantly more difficult
to liquefy than bituminous coals, and that maximum con
version occurs for coals of high volatile bituminous rank.
The source of this difference in trends appears to be the
nature of the solvent used in the various studies. Experi
ments conducted here involved the use of a large excess of
tetralin. In the other two studies, a process solvent was used.
The demand for hydrogen is considerably greater when
liquefying low-rank coals. Presumably, the excess tetralin
is able to accommodate this demand whereas the process
solvent was not.•
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dep~ndence is exhibited by the low-rank Tertiary coals and
little if any correlation is shown for the bituminous Creta
ceous coals.

The Nenana coals contain an abundance ofexinites and
gave very high conversion yields, while the Northern
Alaskan coals, particularly the Cape Beaufort coals (UA
139 and C5B-I3), which consist of40% vol. mmf inertinite
macerals, were the least readily converted. The reasons for
the Matanuska coal's low conversion yield are not apparent,
particularly since this coal contains the least amount of
inertinite macerals.

The differences in these coals are more apparent when
the product slates are compared. High concentrations of
higher molecular weight products, namely, asphaltenes and
preasphaltenes wereobtained from coals with high inertinite
contents (Chicago Creek and Northern Alaska coals).
However, samples VA-I07 and 55-67-1 yielded the highest
concentration of preasphaltenes under the reaction condi
tions examined. These data are listed in Table 2 as well as
the average values for the sample set. These coals are both
low inertinite, high-rank coals. The unusual feature of these
coals is their high pseudovitrinite content. This apparently
is converted into preasphaltenes under mild liquefaction
conditions and is ultimately converted into smaller molecu
lar weight units such as asphaltenes or oils when subjected

to conditions of increased severity.

The oil and gas yields were found to make up a con
siderable percentage of the overall conversion product of
many of the coals. This product fraction expressed as a
percentage ofthe total yield also correlated surprisingly well
with carbon content (R2 of .926) and is plotted in Figure
7. Even though the oil plus gas yields were obtained by
difference, associated errors should be consistent for all runs
and should not be biased by rank. One would anticipate the
total gas product to increase with decreasing rank of coal;
however, this alone fails to explain the success of this
correlation.

Recently, Given and Derbyshire (1984) found higher
oil-to-asphaltene ratios in catalytic hydrogenation products
of lower-rank coals. Their interpretation of this behavior
is that low-rank coals are bridged by labile species which
are readily cleaved under liquefaction conditions. However,
thermal hydrogenation reactions often are not able to
compete with condensation reactions, and this would give
rise to higher asphaltene and preasphaltene concentrations
in the products and may even result in reduced conversion
yields. In the higher-rank coals, diffusion limitations seem
to be enhancing the condensation reactions relative to
hydrogen capping.
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• Liptinites are often considered to be both highly ali
phatic and very reactive. Consequently one would expect
to see an influence on the oil +gas product fraction by these
hydrogen-rich macerals. This fraction is plotted against
reactive maceral content in Figure 8. The trend follows that
of Figure 6. This suggests that the vitrinite in the low-rank
coals is as important, if not more so, than the liptinite in
determining oil + gas yield.

Though such bivariant plots are overly simplistic, as
pointed out by Given and others (1982), they are valuable
for indicatingrough trends for coals ofdifferent provenance.

SUMMARY

A diverse group of coals varying in both rank and
maceral composition were liquefied in the presence of
tetralin. Overall, many of the trends reported here are in
agreement with those in the literature (see for example
Yarzab et al., 1980; Given et aI., 1982).

em Alaska and Chicago Creek were considerably less •
reactive and produced a distribution of products. The
bituminous coal from the Matanuska coal field was the least
reactive and generated primarily high molecular weight
products. This behavior may be attributable to the high
concentration of pseudovitrinite in this coal.
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ABSTRACT

Catalytic hydrogenation studies using an impregnated
Mo catalyst were conducted on an inertinite-rich coal from
the Northern Alaska coal field. MoS2 was found to be a
highly effective catalyst for converting this coal to toluene
solubles plus gases. The overall conversion yield was 62%
wt daf at 4000 C. Though the coal underwent only a slight
increase at 4500 C (67% wtdaf), there was a marked change
in the product slates. Oil yields increased from 17% wt daf
to 40% wt daf over this temperature range, and asphaltene
yields were noted to change radically and pass through a
maximum. It appears that the oils are largely responsible
for the production of asphaltenes either through solvation
of the coal products or through hydrogenation of the oils
to form an active hydrogen donor solvent.

INTRODUCTION

Most of Alaska's high rank coal deposits are located in
Northern Alaska. The impediments to exploitation of these
vast resources are twofold. Firstly, the existance of shallow
water-draft does not accommodate large ships, and sec
ondly, there is a limited shipping season (only 3 months
without the need for ice breakers).

In order to broaden the potential markets for this coal,
a method is needed for delivering sufficient amounts to
markets within the state and to ports for export. Conversion
of these coals to clean liquid fuels that could be transported
via pipeline to an ice-free port would be an alternative to
the use ofshallow-draftbarges. Among its many advantages
are potential year-round operation, ease in product handling,
and production of a higher quality fuel (which has potential
as a petrochemical feedstock and a source of local and
statewide jobs). Furthermore, natural gas from the North
Slope may be a viable source of hydrogen, a necessary
reactant for direct liquefaction processes.

Petrographically, the coals from the Northern Alaskan
coal field present a unique diversity. The concentration of
normally inert macerals ranges in these coals from a few
percent to as much as 50% by volume (Rao and Smith,
1983). Considering the great diversity and abundance of

inertinite macerals in these coals, it is necessary to inves
tigate the nature and reactivity of different inertinites prior
to evaluatinga coal's potential as feedstock for a liquefaction
process.

Inertinites have been found to be largely unreactive
under liquefaction and coking conditions. Such macerals
in continental U.S. coals generally account for only a small
fraction ofthe whole seam (Given etal., 1980). On the other
hand some Gondwanaland coals from Australia have been
found to contain high concentrations of inertinites, some of
which have been shown to be reactive (Shibaoka and Ueda,
1978; Heng and Shibaoka, 1983).

One method for converting coal to liquid products is
catalytic hydrogenation. In this process, coal is heated in
the presence of hydrogen and catalyst to temperatures at
which chemical bonds are thermally cleaved. The role of
the catalyst is to enhance the capping of the generated free
radicals with hydrogen. Molybdenum catalysts have been
found to be very effective, even at quite low concentrations,
provided a good dispersion is attained (Weller, 1982).
Weller and Pelipetz (1951) found that an hvCbcoal impreg
nated with ammonium heptamolybdate and reacted under
1000 psi hydrogen for 1 hour at 4500 C gave a 3-fold
increase in conversion over that of the raw coal. Most of
this increase stemed from the generation of oil. More
recently, Given and Derbyshire (1984) have conducted
experiments of much shorter duration and at lower tempera
tures in order to identify and understand the mobile phase
of coal, which is made up of low molecular weight species
trapped or entangled in the coal matrix.

Based on the high yields obtained from catalytic hydro
genation of coal, as well as on the other results discussed
above, Derbyshire and others (19800) suggested a pretreat
ment ofcoal utilizing low severity coal hydrogenation prior
to the conventional direct liquefaction process. They found
that pretreating a coal impregnated with a catalyst for 1hour
at 3500 C, followed by liquefaction with a donor solvent
at higher temperatures, gave significantly higher oil yields
than those obtained by the solvent liquefaction process
alone.

Discussed in this paper are the results of a study of the
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reactivity of an inertinite rich coal subjected to catalytic
hydrogenation conditions. The techniques of Given and
Derbyshire (1984) were adapted here in order to gain insight
as to the nature and structure of inertinite macerals and to
contribute to the understanding of reaction mechanisms
involved in catalytic hydrogenation.

EXPERIMENTAL

The coal used in this study (UA-139) is from the Cape
Beaufort region of the Northern Alaska coalfield. For
background information as to its location and procurement,
the reader is referred to Rao and Wolff (1982). Pertinent
characteristics of this coal are listed in Table 1.

IYbdate, (NH4)2 MoS4, which decomposes below reaction
temperature to form MoS ,the active form of Mo during
catalytic hydrogenation (Weller, 1982). This solution was •
made just prior to usage, as its stability over long periods
is uncertain.

The experimental setup of the liquefaction equipment
has been described elsewhere in these proceedings (Lee and
Youtcheft). Tubing bomb reactors were loaded with
approximately 3 gm of raw coal or impregnated coal and
pressurized to 1000 psig with hydrogen. Experimental
conditions were varied to examine a range of temperatures
from 350-500° C and residence times from 3 to 60 minutes.

•

•

As-received coal was pulverized to -60 mesh, then dried
at 100° C under vacuum. An aqueous impregnation tech
nique following that of Given and Derbyshire (1984) was
used for loading the catalyst. The coal and an appropriate
amount of catalyst solution (required to obtain the desired
loading) were mixed together. The water was gradually
removed in a vacuum oven at temperatures less than 50° C.
The coal-catalyst-water slurry was composed of about 50%
water and took nearly 2 days to remove. Final drying was
conducted at 100° C under vacuum.

The catalyst impregnation solution was prepared by
dissolving ammonium heptamolybdate, <NH:3)6 Mo 024
. 2H

2
0, in water. H S was bubbled through this solution

in order to generate ffie thio salt form ammonium thiomo-

TABLE 1

Chemical and Petrographic
Analysis of UA-139

Chemical Analysis (% wt/wt)
Dry Coal Basis

Ash 27.9
Volatile Matter 26.5
Fixed Carbon 45.6

Dry Ash-Free Basis
Carbon (uncorrected 74.98

for C02)
Hydrogen 4.32
Nitrogen 1.18
Sulphur (total) 1.27
Oxygen (by difference) 18.25

Petrographic Analysis (vol %)
Vitrinite 49
Exinite 11
Inertinite 40
Reflectance (mean), Ro(%) 0.63

At the conclusion of a run, the reactors were quenched
in water. The product gases were bled into sample bags.
An aliquot of the gas was analyzed by gas chromatography
and the remainder was passed through a wet test meter for
volumetric determination. CO and CO were analyzed
using a thermal conductivity detector, and fue C l-C5 hydro
carbon concentrations were determined with a flame ioni
zation detector. The remaining products were removed
from the tubing bomb reactors with the aid of toluene and
transferred to an allundum crucible. The products were
separated into an asphaltene plus oil fraction and the residue
(unconverted coal) by Soxhletextraction with toluene. Most
of the solvent was stripped using a vacuum evaporator, after
which a tenfold excess of hexane was added to precipitate
the asphaltenes. The hexane soluble material is classified
as the oils in this study. One consequence of this workup
procedure is that all errors, such as transfer losses, will affect
the oil yields. Any material that is not accounted for in the
gas, residue or asphaltenes fractions (e.g. water) ends up
being counted as oils.

RESULTS AND DISCUSSION

The product distributions from the conversion of
sample UA-139 loaded with different concentrations of
(NH )2MoS4 are shown in Figure 1. Catalyst loadings up
to 1%wt Mo are found to have a significant effect on the
conversion yields. Higher catalyst loadings affected only
modest gains and would have distorted any comparison of
the results with those in the literature (Weller, 1982;
Derbyshire et al., 1986b; Davis et al., 1986).

As shown in Figure 1, the catalyst has little if any effect
on gas generation. The predominant effect is on oil gen
eration. The yield of oils was increased from 5.5% wt daf
in the raw coal to 17.0% wt daf for coal impregnated with
1% wt Mo. Asphaltene formation from the raw coal is
insignificant under these reaction conditions, however with
the catalyst present the generation of asphaltenes becomes
appreciable.
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The effects of temperature on product yields from both

catalytic and non-catalytic hydrogenation of this inertinite
rich coal are shown in Figure 2a-d. One effect ofthe catalyst
is to reduce the reaction severity needed to achieve a given
yield. For example, a yield of 20% wt daf oils is achieved
at 500° C without a catalyst whereas with the catalyst this
temperature can be reduced to approximately 410° C to
attain similar results.

Asphaltene formation from the raw coal is insignificant
over the temperature range examined (Figure 2c). However,
with the catalyst present the generation of asphaltenes is
considerable. Up to 19% of the coal is converted to
asphaltenes at 425° C. Above this temperature the asph
altene concentration in the product precipitously dimin
ishes. The asphaltenes are unstable at temperatures above
425° C and undergo either thermal degradation or repolym
erize.

The oil yields were found to increase from 33% wt daf
at 425° C to 39% wt daf at 475°C (Figure 2a). This is
supportive of the idea that asphaltenes undergo thermal
degradation reactions in this temperature regime, and form
lower molecular weight species, particularly oils. Above
475° C there is a drastic decline in the oil and asphaltene
yields. This is due to the increased participation of retro
gressive reactions (Note slight decrease in overall yield at
500° C.) and nonspecific cracking reactions. The enhanced
gas yields at progressively higher temperatures, as shown
in Figure 2b, are evidence of cracking reactions.

Figure 2b shows the effect of temperature on gas
generation. Note that this is similar to our findings in Figure
1, namely, that gas generation is unaffected by the presence
of the catalyst. In Figure 3 the gas yield is broken down
into three components: CO, CO2 and hydrocarbon gases.

This coal previously was found to contain a consider-
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•
able amount of carboxylate groups (Youteheff and Rao,
1986). They are readily cleaved under the conditions
examined and are responsible for the high concentration of
CO

2
in the products. Furthermore, CO and CO

2
concen

tratIons are found to increase with reaction conditions of
higher severity. This is as expected. The stabler oxygen
functionalities such as carboxylate salts and stabler ether
linkages, are cleaved at higher temperatures. The increase
in C1-Cs hydrocarbons is consistent with an increase in
cracKing reactions. These are largely responsible for the
large increase in gas production at higher temperatures.
Such reactions are responsible in part for retrogressive
reactions and they will ultimately diminish the oil and
asphaltene yields due to their competition for available
hydrogen. Furthermore, removal of Cl-C5 groups leaves
behind molecular fragments which may reactwith other free
radicals to form higher molecular weight species. In this
study the latter products could end up being classified with
the residue.

• Further insight into the mechanisms involved in this

380

process is obtained by examining the individual product
classes generated as a function of time at 4250 C. This is
plotted in Figure 4. The yields of the different product
classes appear to have attained steady state by 60 minutes.
Of particular interest is the behavior of asphaltene produc
tion. Under short contact conditions (3 minutes) an insig
nificant amount of asphaltenes are formed. By 10 minutes
the asphaltene yield has attained 50% of the maximum
amount of asphaltenes generatable at 4250 C; 100% is
reached after 60 minutes. The MoS appears to be a
selective catalyst for asphaltene and oir generation, based
on Figures 1and 2. The lag in the production of asphaltenes
behind that of oil, shown in Figures 1 and 4 suggests that
the generated oils become involved in the solvation of the
coal. This would aid in the stabilization process and hence
prevent retrogressive reactions which would tend to reduce
the asphaltene yields.

Previous liquefaction studies on this coal involved
liquefying the coal in tetralin (Youtcheff and Rao, 1986). •
The coal treated at 4250 C for 30 minutes yielded 49.8% wt
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daf toluene solubles plus gases. This is considerably less
than the 65% obtained here and is more in line with yields
for high inertinite coals reported in the literature (Heng and
Shibaoka, 1983; Foster et al., 1985; Shibaoka et al., 1985).

As mentioned earlier, unlike vitrinite macerals the
inertinites have been found to be largely unreactive during
liquefaction. Shibaokaand others (1985) suggested that this
may be due to the fact that inertinite particles do not soften
and become dispersed in the donor solvent. The results
presented here support this notion. Using a highly-dispersed
catalyst these limitations are largely overcome, and the
conversion yields are enhanced in two ways. Diffusion
limitations are overcome to some extent and hydrogenation
reactions are promoted. Despite the intractable nature of
the inertinite particle, catalytic hydrogenation reduces the
propensity for it to undergo retrogressive reactions which
result in the carbonization rather than the liquefaction of the
coal.

SUMMARY

These results show that inertinite-rich coal from the
Cape Beaufort region of the Northern Alaska coal field can
be converted to low molecular weight products with good
yields.

Utilization of catalytic hydrogenation offers several
advantages for converting inertinites and coal in general:
higher conversions are attainable under milder conditions,
and product quality is improved. MoS2 seems to promote
oil generation in this inertinite rich coal. The oils generated
in the early stages ofcatalytic hydrogenation stabilize some
of the coal fragments and are largely responsible for asph
altene formation. Stabilization is possible by two mecha
nisms. One is by solubilization of the coal matrix and the
generated high molecular weight fragments. A second
method is through hydrogenation of the generated oils,
which could be highly effective in capping free radicals.
Additional studies are in progress to evaluate the behavior
of other maceral groups.
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COAL CONVERSION: RECONCILING TECHNOLOGY

DEVELOPMENT AND HEALTH AND ENVIRONMENTAL
CONCERNS

R.H. Gray
Battelle Northwest Laboratories, Richland

ABSTRACT INTRODUCTION

•

•

Over the past decade, a chemical and toxicological data
base was developed to aid engineers in the design of safe
processes to convert coal to liquid fuels. Objectives of this
effort were to: identify and evaluate long-term health and
environmental issues; evaluate options to permit environ
mentally acceptable design and operation; and assess risk to
man and the environment from deployment of a large-scale
coal conversion industry. Coal-derived materials, e.g.,
liquids produced by different processes and under various
stages of process design and operating conditions, were
screened for potential toxicological and environmental
effects. Toxicologically-active materials were physically
and chemically fractionated and rescreened. Chemical
constituents of toxicologically-active fractions were identi
fied, and the environmental fate of problematic agents was
studied.

Full-boiling-range coal-derived liquids were generally
more active than shale oil and petroleum crudes in toxico
logical test systems. Toxicologically-active agents included
polynuclear aromatic hydrocarbons (PAR), amino-PAH,
phenolics, and others. Some components of coal-derived
materials were taken up by biota and metabolized. Hydrot
reating (a refining or upgrading process) reduced the con
centrations of amino-PAH, PAH, and phenol, as well as
toxicological response to coal liquids. Selective distillation
restricted amino-PAH and PAH content as well as mutagen
icity and carcinogenicity to high-boiling-range materials.
Other process conditions and environmental factors also
influenced the chemical characteristics and biological activ
ity ofcoal-derived materials. Eliminating toxic input ofcoal
liquids to ecological test systems resulted in partial system
recovery.

The data base described provides input for assessment
and has been used by developers to select process modifi
cations and product slates that minimize risk to man and the
environment. These data have also been used to develop
occupational health and industrial hygiene practices and
may aid selection ofcontrol technologies, mitigative strate
gies, special handling, and accident prevention procedures
or spill-cleanup options to enhance the environmental
acceptability of a coal-conversion industry.

Perhaps because of its famed petroleum resource,
Alaska's enormous coal reserves have, until recently, re
ceived little publicity outside the state. Although geologists
have estimated that as much as 60% ofall U.S. coal deposits
lie within the state's boundaries (Figure 1), there is currently
only one operating coal mine in Alaska. This lack of
developmentpartly reflects the fact that liquid fuels are more
useful and valuable than solid fuels. If it were not for
increasing energy demands and costs over the long term,
unstable world politics and markets, constraints on burning
high-sulfur fuels, and a national policy encouraging less
dependence on imported petroleum, Alaska's coal reserves
might remain underground. However, the above factors do
exist and there are technological advances that can convert
coal to more valuable products. Hydrogenation of coal
under high temperature and pressure produces a variety of
gaseous, liquid and solid products that may serve as substi
tutes for coal or oil.

In the mid 1970s, four major direct coal liquefaction
processes were being considered for development and
possible large-scale use in the United States (DOE, 1980).
These included two solvent refined coal processes (SRC-I
and -In, EDS, and H-coal. Although all produce liquid fuel
products, the SRC-I process also produces a low-sulfur, low
ash, solid fuel for use in industry and electric power genera
tion.

Both SRC processes were evaluated at a 30- to 50-toni
day pilot plant at Ft. Lewis, Washington. A two-stage
variation of the SRC-I process was evaluated at a 6-tonlday
pilotplant atWilsonville, Alabama. The H-coal process was
studied at a 200- to 6OO-ton/day facility at Catlettsburg,
Kentucky, and the EDS process was evaluated at a 250-tonl
day pilotplantatBaytown,Texas. Although large-scalecoal
liquefaction facilities were initially considered for south
eastern U.S. coal regions, Alaska, with its vast coal reserves,
offers an interesting alternative (Gray, 1982). Other coal
liquefaction options (Figure 2) were developed and evalu
ated in England, West Germany, Japan, and South Africa,
where a commercial indirect liquefaction facility is now
operable.
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Figure 1. Alaska coal reserves. (adapted from Energy Resource Map of Alaska, 1977, see Gray, 1983)
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Along with engineering design and development, the
Department of Energy (DOE) established a program to
evaluate the environmental acceptability of coal liquefac
tion processes being developed in the United States (Gray
and Cowser, 1982; Gray et al. 1984). Epidemiological
studies and toxico-Iogical research on materials from coal
liquefaction, gasification, and coking processes had indi
cated that constituents of coal tars and heavy coal liquids
were carcinogenic (Heuper 1956 a,b; Weil and Condra,
1960; Mazumdar et al., 1975). Studies on direct coal
liquefaction processes supported this conclusion (Gray and
Cowser, 1982; Gray et aI., 1984). Additionally, if these
materials were released to the environment, the high phenol
content and complex nature of coal liquids implied greater
acute and chronic toxicity than that observed for crude
petroleum (Strand and Vaughan, 1981).

The Department of Energy selected several organiza
tions to study the health, environmental, and safety aspects
of direct coal liquefaction processes. Objectives of the
programs were to: (1) identify and evaluate long-term health
and environmental issues associated with direct coallique
faction; (2) evaluate options to permit environmentally
acceptable design and operation; and (3) assess risk to man
and the environment from deployment of a large-scale
industry.

d) RESEARCH STRATEGY

c) HEALTH AND
ENVIRONMENTAL RESEARCH

RESEARCH STRATEGY

Although objectives focused on assessing potential
health and environmental effects of a large-scale industry,
there were no such coal liquefaction facilities (i.e., demon
stration or commercial scale) operating in the United States.
Therefore, research and assessment utilized materials pro
duced at small-scale facilities (bench-scale, process devel
opment units [PDU], and pilot plants) that were generically
representative of larger operations. In this effort, environ
mental research accompanied engineering development
(Figure 3) so that results could influence final process
designs. Other fossil-derived materials and selected chemi
cals were also evaluated for comparative purposes. These
reference materials, which included shale oil, crude and
refmed petroleums, and pure forms of known chemical
mutagens (substances that cause mutation) and carcinogens
(substances that cause cancer), helped place results obtained
with coal liquefaction materials in clearer perspective.

Research at our laboratory was conducted in chrono
logically-overlapping phases (pNL, 1980, 1981; Gray and
Drucker 1981). In Phase I, materials from existing coal
liquefaction facilities were screened using a battery ofshort
term health and environmental assays (Table 1). Chemical
fractionation and detailed chemical analyses were per-
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Figure 3. Linking health and environmental research with technology development (Gray, 1983). (a) Health and
environmental studiesare integrated with early process design and development. (b) Complex organic materi
als produced under various stages of process design and scale are (c) screened with various chemical, health,
and environmental assays. Materialsshowing potential biological activity undergo more detailed analysis to

Identify bioactlveagents. (d) Environmental fate and potential food chain transfer of bloactlve agents are
evaluated.

385



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

TABLE 1. SHORT-TERM PHASE I
HEALTH AND ENVIRONMENTAL

SCREENING STUDIES

Toxicological
Assay Test Organism(s)

In Vitro Bacteria (various
species and strains)
ation, Toxicity

Endpoints

Mutation,Chromosome
Damage and Recombin-

TABLE 2. LONG-TERM PHASE II
HEALTH AND ENVIRONMENTAL

STUDIES

Health (Whole Animal, Rodents)

Skin Carcinogenicity
Inhalation Toxicology
Reproductive Effects
Teratology and Developmental

Toxicology
Neurobehavioral Toxicology

•

Cultured Mammalian Cell Transformation,
Cells Mutation,Chromosome

Damage, Toxicity

In Vivo Rodents

Environmental

Aquatic Algae, Invertebrates,
Fish

Acute Oral & Dermal
Toxicity, Terato
genicity, Carcino
genicity

Acute and Chronic
Toxicity, Behavior

Environmental

Model Ecosystems
Biological Fate

Bioconcentration
Biomagnification
Biodegradation

Chemical Fate
Mobility
Persistence!Degradation
Environmental Concentration

Food Chain Transfer
Environmental Pathways Modeling

formed on those materials showing toxicological activity to
identify components responsible for effects. Results of
short-term screening assays indicated the environmental
properties and potential effects of coal liquefaction materi
als, identified materials that may require special handling or
additionalprocessing to minimize environmental riskbefore
being widely distributed, and aided in the design of longer
term, more expensive studies.

Terrestrial Plants Acute and Chronic
Toxicity

ogy options on the potential health and environmental
effects of coal liquefaction materials. Those short-term •
health and environmental assays used in Phase I that best
predicted results of longer-term assays used in Phase nwere
used in Phase III. As in Phases I and II, integrated chemical
fractionation and detailed analytical methods were used to
determine which components were responsible for toxico-
logical activity. Results of these studies provided a basis for
determining the efficacy of process or operational modifi-
cations and control technology options to minimizepotential
health and environmental effects.

In Phase II, longer-term research emphasized materials
considered most representative of a potential large-scale
industry. These materials were studied in whole-animal
systems to evaluate potential carcinogenicity and teratogen
icity (ability to produce birth defects), and in more complex
ecological systems to evaluate toxic effects and environ
mental fate (Table 2). Again, chemical fractionation and
detailed chemical analyses were used to identify coal liquid
components of greatest concern. Results of longer-term
experiments were correlated with those of shorter-term
studies to provide a firmer basis for assessing health and
environmental risks.

A third phase of research evaluated the influence of
process or operational conditions (i.e., temperature, catalyst
condition, recycle configuration, etc.) and control technol-

Data from Phases 1, II, and III may be used to select how
and what to monitor in the workplace and local environment
at a large-scale coal liquefaction facility. This effort is
needed to validate predictions of environmental risk based
on laboratory data and to ensure a safe environment for the
work force and general populace.

FINDINGS

Efforts to evaluate the potential health effects, and
environmental fate and effects of various coal liquefaction
materials have been documented in numerous publications
and summarized (Gray and Cowser, 1982; Gray et al., 1984).
Selected results are given below to demonstrate the impli-
cations of this research in aiding the design of an environ- •
mentally acceptable technology.
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Ecological Effects and Environmental Fate

Toxicity studies (Gray and Cowser, 1982; Gray et al.,
1984; Dauble et al., 1983) with various aquatic test species
(phytoplankton, invertebrates, fish) showed that coal liquids
(SRC-I, SRC-II, ITSL, EDS, and H-coal) may be several
hundred times more toxic than petroleum products (i.e., No.
6 or No.2 fuel oil or Prudhoe Bay crude). Acute toxicity
of the water soluble fraction of coal liquids reflects high
concentrations of low-molecular-weight, easily degradable
phenolic compounds. Chronic toxicity (effects on growth,
reproduction, etc.) appears due to higher-molecular-weight
and more persistent compounds, which may also include
phenols. Although some fish species avoided lethal concen
trations of an SRC-II liquid in water, they did not avoid
concentrations causing chronic effects.

When coal liquids were applied to the shaved backs of
mice, the higher-boiling-range coal liquids (SRC-II, HD,
PDU-derived H-coal distillates, EDS liquids); shale oil; and
benzo[a]pyrene BaP, a known carcinogen, produced high
incidences ofskin tumors. Lower-boiling-range coal liquids
did not possess this tumorigenic activity.

Chemical fractionation and analysis, coupled with
microbial assays where amino-PAR were selectively acti
vated (using mixed function amine oxidase) and deactivated
(using nitrous acid) both as pure compounds and in coal
liquids, showed that mutagenic activity was correlated with
amino-PAR. However, genetically-active fractions were
also enriched in azaarenes and polar-substituted aromatics
that may affect genotoxicity. Companion studies identified
agents responsible for other toxicological effects. For
example, PARs and phenols were associated with carcino
genicity and acute toxicity, respectively.

Other studies indicated that materials showing mut
agenic activity in microbial assays also caused transforma
tion (biochemical and morphological changes) in cultured
mammalian cells.

When pregnant rats were exposed to coal liquids (SRC
IT LD, MD, and HD; SRC-I La, WS, and PS) either orally
or through aerosols, fetal growth and survival decreased.
Administration ofSRC-I PS and SRC-II HD also increased
the incidence of fetal malformations, primarily cleft palate,
hypoplastic (immature) lungs, and herniated diaphragms.
Coal-derived materials were also teratogenic in amphibians
and insects.
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Health Effects and Causative Agents

Coal-derived materials are chemically complex, and
their analysis requires sophisticated methods and tech
niques. Compared to crude petroleums, coal liquids are
enriched in PAR, basic, acidic, and insoluble constituents.
Higher-boiling-range coal liquids are enriched in both basic
nitrogen-containing and highly polar materials that are
believed responsible for toxicological activity.

Higher-boiling-range coal liquids, such as SRC-I proc
ess solvent (PS), SRC-II heavy distillate (HD), and PDU
derived H-coal distillates, are mutagenic in microbial test
systems; lower-boiling-range coal liquids, such as SRC-I
light oil (La) and wash solvent (WS), SRC-II light (LD) and
middle distillate (MD), and PDU-derived H-coal materials,
are not. Initial studies with SRC-II distillationcuts showed
that the mutagenically-active constituents of coal liquids
occurred in those liquids boiling above 371°C (700Op). The
latter comprised about 15% to 20% of the full-boiling-range
material (Figure 4).

1000~-----------~~~

•

•

PERCENT DISTILLED

•
Figure 4. Boiling-point curve for projected SRC-II

demonstration facility (adapted from Weimer et aI.,
1980, see Gray, in press). MutagenIc activity In 15%
to 20% olthe material boiling above 7000 F(cross

hatched area).

When coal liquids were released into experimental
ponds or streams, extensive changes occurred in the struc
ture and function of the biological community. Many
zooplankton species were eliminated, and diatoms were
replaced by blue-green algae. Patterns of ecosystem me-

387



0.5 '----'-----L_--'---.L......L_....l....---L_.l....----.L_.l....-.---l

300 500 700 900 1100 1300
95% Distillation Temperature (OF)

Figure 5. Hydrogen/carbon ratio asa function ofthe
950/0 distillation temperature for coal-derived liquids

tested in (a) Ames and (b) mouse skin-painting
assays(adapted from Fillo and Craun, 1985, and

Gray et ai., In press, see Gray et al. 1986). •

•

•

• Mutagenic

o Inactive

•Zone of Toxicological
Activity •

o Inactive

500 700 900 1100 1300
95% Distillation Temperature (OF)

0 0
o 0 • Tumorigenic

0 0COo 1--0-------- _

:0 ao
.cjj- ~

•

•
09:9 r~T----------------------
o ! ••

bO~. QI
I , ... - • • •
I •
: •• 8 •
I Zone of Toxicological.
J Activity

0.5 L..-..--'-------'I_----'--.J..........J.11_-'-------..1.'_--'-------..1.1_--'------'

300

(a)

2.0 -
.52...
co 0a:::
c c:P
0 1.5 -
~
co

U
'-...
C
Q) 1.0 -OJe

"0
>-

I

(b)
2.0

o
';
a:::
c
o 1.5
~
co
U
'-...
C

~ 1.0
o
-0
>

I

Over the range of coal conversion materials analyzed,
boiling point and extent ofaromaticity (and thus hydrogena
tion) were the most reliable predictors of mutagenic and
carcinogenic response. In particular, coal liquefaction
materials with 95% distillation temperatures (temperatureat
which 95% of the feed material has been distilled) above
7000 F and having hydrogen/carbon (HlC) ratios (a measure
of aromaticity) less than 1.5 were consistently mutagenic
and carcinogenic, regardless of the process from which they
were derived. Materials with 95% distillation temperatures
below 6500p and having HlC ratios greater than 1.5 were
generally inactive (Figure 5). Factors such as coal type and
handling, specific process design, and others appear to have

and tars comprises thousands of separately reported analy
ses. Nearly 400 materials from over 30 coal conversion
facilities were assayed for toxicological response. The data
base was evaluated to determine which engineering vari
ables (e.g., process designs or operational modes) and/or
physical and chemical characteristics of coal conversion
materialsbestpredicted toxicological response. Toxicologi
cal endpoints emphasized mutagenic and carcinogenic
responses.

Because phenolic compounds may eradicate microbial
communities that metabolize and degrade heavier hydrocar
bons, coal liquids may remain in soils longer than petroleum
or shale oils. Studies with barley confrrm this conclusion.
Although barley germinated during the second growing
season following contamination of soils with an SRC-II
liquid, grain production was significantly reduced.

Gray et al. (1986, in press) recently completed a major
effort to compile, integrate, and evaluate the chemical,
physical, toxicological, and engineering data base that was
developed and to determine if the findings discussed above
for SRC and H-coal materials applied to coal conversion
materials in general. The data base for coal conversion oils

Although higher-molecular-weightcomponents ofcoal
liquids are the major agents responsible for health, and some
longer-term ecological effects; lower-molecular-weight
(more readily mobile) constituents are also of concern.
Studies to evaluate the long-term fate ofcoal liquid constitu
ents in the environment indicate that organic nitrogen bases
move slowly in some soils, whereas phenols are relatively
mobile. Thus, phenols may be the first compounds to affect
ground waters in the eventofan accidental spill (e.g., during
transportation), while anilines may enter food chains
through plants and be transferred to higher trophic levels.

Other studies with plants showed that aniline was more
persistent than phenol. Although the plant absorption rate
for aniline was significantly lower than that for phenol,
aniline tended to bind to cell-wall materials. Also, less
aniline was metabolized to higher-molecular-weight com
pounds. Related studies showed that anthracene, a PAH,
was taken up by either roots or foliage, translocated, and
catabolized to compounds of lower molecular weights.
Thus, certain components (e.g., aniline and anthracene) of
coal liquids may accumulate in vegetation.

GENERALIZATIONS

Studies in which barley was exposed to an SRC-II liquid
in soil indicated significant toxicity. However, toxic effects
were reduced following overwintering. Similar studies
showed that the SRC-I solid product was nontoxic, although
layering the material under a soil overburden retarded root
growth. These results have implications for selecting
cleanup options if an accidental spill of coal-derived mate
rial occurs in a terrestrial habitat.

tabolism were also affected (i.e., a food web based on plant
production was replaced by one based on detritus). How
ever, termination of toxic input resulted in partial system
recovery. Recovery also occurred in simpler test systems
when algae were exposed to concentrations of coal liquids
causing chronic effects once the toxicant was removed.
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hydrotreated economically, recycled to extinction in-plant,
or gasified.

Studies with PDU-derived materials, representing a
two-stage liquefaction process, suggest that process vari
ables (residence time in the liquefaction reactor, reaction
temperature, catalyst condition, etc.) that contribute to
extraction severity may influence the chemical characteris-

Figure 6. Effect of hydrotreatment (moderate and
severe) on (a) toxicological activity in Ames, Chinese

hamsterovary(CHO), and mouse Skin-painting
assays and (b) chemical composition (adapted from
Frazierand Mahlum, 1984)ofacoal (SRC-II) liquid

(revised from Gray et aI., 1986).
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Clearly, these data have provided guidance for identi
fying commercial products with minimal health risks (e.g.,
those boiling below 650°F) and for selecting process
modifications (e.g., selective distillation and hydrotreat
ment) to minimize adverse human health and environmental
risks. Additionally, control technology options, mitigative
strategies, and accident prevention, spill cleanup, and solid
waste disposal procedures have been suggested. Except for
acute toxicity, coal liquids currently projected for commer
cial use are not expected to have higher toxicological activity
than that of shale oil or petroleum. Although only available
for short-term exposure to coal-derived materials, data from
coal liquefaction pilot-scale facilities are encouraging.
Compared to the experience in coke plants, results suggest
that if worker exposures are monitored, and sound industrial
hygiene procedures are applied, occupational health prob
lems can be minimized.

Theabove results have significant implications for coal
liquefaction process developers. Knowledge of these find
ings provides an initial basis from which to design environ
mentally acceptable coal conversion processes that mini
mize risks to the work force, general populace, and environ
ment. For example, hydrotreating is one potential method
of refining or upgrading raw coal liquid products prior to
marketing. Hydrotreating also reduces the mutagenicity,
carcinogenicity, and toxicity ofcoal liquids. In experimental
studies, hydrotreating reduced the mutagenicity of an SRC
II 2.9: 1 MD:HD blend by more than loo-fold. Hydrot
reating also reduced tumorigenicity and the concentrations
of several toxicologically-active chemical classes, for
example, the PARs, amino-PAR, and phenols (Figure 6).

Concentrations of BaP, a known mutagen/carcinogen,
were reduced at least 75% by hydrotreatment. The amino
PARs detected in the distillate blend were below the limits
ofdetection in hydrotreated materials and were thus reduced
by at least 350-fold. Minimal hydrotreatment also reduced
the carcinogenicity of PDU-derived H-coal materials.
Removal ofnitrogen compounds by hydrotreating may even
reduce teratogenic activity. Finally, hydrotreating reduces
the concentration of phenols responsible for toxicity to
aquatic organisms.

Because hydrotreating is an expensive operation, proc
essing a full-boiling-range coal liquid is not at this time
economically feasible. However, because mutagenic activ
ity ofcoal-derived materials is due primarily to amino-PARs
that are found onIy in materials boiling above 650°F to
700

op, distillation cuts might be adjusted so that the com
mercial coal liquid product contained little mutagenic po
tential (i.e., producers could market products that boil below
650°F). Alternatively, distillation cuts could be selected to
concentrate mutagenically-active compounds in a high
boiling, relatively small process stream that might then be

IMPLICATIONS

Hydrotreating (a process which catalytically stabilizes
liquid hydrocarbon products and/or removes objectionable
elements by reacting them with hydrogen) reduces overall
aromaticity and heteroatom content of the feedstock and
lowers the 95% distillation temperature, although to a lesser
extent. Because of reduced aromaticity, hydrotreated prod
ucts can have greatly reduced mutagenic or carcinogenic
activity, even though their 95% distillation temperatures
exceed 650°F. Reduced aromaticity after hydrotreatment
reflects the destruction of higher-molecular-weight PAH,
amino-PAR, and related compounds that are responsible for
mutagenic and carcinogenic activity.

little influenceon the toxicological activity ofmaterials from
different processes.

•

•

•
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tics and toxicological activity of coal liquids (Wilson et al.
1983, 1986). Thus, it may be possible to modify certain
variables within the process to minimize toxicological
activity of coal-derived products.

Although engineering and economic factors must also
be considered, the growing health and environmental data
base can now be incorporated into the decision-making
process. Ifprocess modifications, adjusting distillation cuts,
and/or hydrotreating are not technically or economically
feasible, process designers can begin now to develop special
handling and accident prevention procedures to minimize
health and environmental risks.

responsible for acute effects, degrade rapidly. Higher
molecular-weight compounds are more persistent and bind
to soils and sediments, causing chronic effects at low
concentrations. Although some fish avoided acutely toxic
concentrations of SRC liquids, they were unable to detect
and avoid concentrations causing chronic effects. Thus, spill
prevention, especially during transport, becomes a major
consideration. Assuming that accidental spills of coalliq
uids will occur, cleanup procedures need to be developed to
minimize potential chronic effects in aquatic and/or terres
trial systems. Some aquatic populations (e.g., algae) can
recover following exposure to toxic concentrations of coal
liquids in water after the material is removed.

•

Accidental spills of coal liquids and other coal-derived
materials during transport are a potential threat to the
environment. Aquatic organisms exposed to coal liquid
components for long periods will experience a constantly
changing spectrum of organic compounds, and different
species will experience different toxic effects. Some con
stituents of coal-derived materials will be taken up and
translocated through food chains leading to humans. Low
molecular-weight compounds, such as phenols, which are

Recent findings suggest that biological responses to a
particular chemical agent vary, depending on whether that
material is presented to the organism or environment as a
pure compound or in a complex mixture. Selected data
comparing biological responses (mutagenicity, carcinogen
icity, bio-uptake, acute toxicity, fish avoidance) to coal
liquid constituents tested as pure compounds and in complex
mixtures are shown in Figure 7. Because both synergistic
and antagonistic interactions may occur among constituents
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oforganic materials, results ofstudies with pure compounds
alone cannot be used with confidence to predict effects of
chemically complex mixtures. Current research efforts are
addressing this problem.

SUMMARY

Potential health and environmental risks associated
with deployment of a large-scale coal liquefaction industry
were assessed during the early design stages of technology
development. Chemists, biologists, ecologists, and engi
neers were involved in a cooperative interdisciplinary effort
to solve environmental problems before process designs
were finalized and facility construction began, rather than
waiting until regulatory agencies required studies or until
after construction when costs would be higher. Results of
these studies provided guidance for identifying marketable
products and for selecting process modifications, control
technology options, mitigative strategies, accident preven
tion, spill cleanup, and solid-waste disposal procedures to
minimize adverse human health and environmental risks.

Although related to developing a coal conversion
industry, the research strategy or approach described above
is equally applicable to the development of other energy
related processes that produce organically complex materi
als (petroleum, shale oil, fuels from biomass, etc.). The
concepts described can be applied to the development ofany
technology or the environmentally safe exploitation of any
resource. In Alaska, this includes the exploitation and
development of energy (i.e., coal, gas, petroleum), mineral,
fisheries, wildlife, timber, and other resources.
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