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INTRODUCTION

Lignite deposits underlie approximately 32,000 square miles of western and central North Dakota.
Lignite is present in close proximity to the surface throughout much of this area and may extend to depths of
1,800 feet or more.

For most of its history, the North Dakota Geological Survey has been studying and reporting on coal.
Roughly half of the very first report of the North Dakota Geological Survey, the First Biennial Report published
in 1901, was devoted to the State’s abundant lignite resources. The early coal studies had to rely principally on
coal outcrops. Later reports typically relied on a mix of outcrop and drill hole data although the latter was
generally concentrated in a relatively small area. Beginning in 1975, companies exploring for coal within North
Dakota were required to obtain an exploration permit and to provide the ND Geological Survey with copies of
all of the drillhole information (primarily geologic and electronic logs). By the early 1980s, the resulting database
had grown to approximately 10,000 holes. It was difficult to manage this information in the absence of a
computerized database. Beginning in the mid-1990s, the ND Geological Survey obtained a series of grants
from the United States Geological Survey through the National Coal Resource Data System (NCRDS). These
grants enabled us to hire temporary employees to enter basic data from approximately 20,000 electric logs into
a NDGS coal database. This database was then copied into the NCRDS. The coal database was used to
generate maps, cross sections, and tables such as those found in this report and in earlier open-file reports that
were generated to fulfill the needs of companies exploring for coalbed methane. In 2000, the North Dakota
Industrial Commission, working through the Lignite Research Council, established the Vision 21 Program to
provide grant money to offset construction costs for a new coal-fired power plant in North Dakota. The Vision
21 Program, along with California’s electrical supply problems in 2000/2001, generated interest in North
Dakota’s coal deposits that we had not seen since the 1970s. In reaction to this renewed interest, | generated a
1:000,000 scale map of the mineable lignite deposits in North Dakota (Figure 1). This report compliments that
map by naming the mineable deposits, providing tables on the tonnages present in each of the mineable deposits,
and depicting generalized east-west and north-south cross sections through each of the coal-bearing counties.

The quality of the lignite mined in North Dakota is variable, but generally falls within these following
ranges: moisture (33.5 - 43.8 %), volatile matter (24.1 - 30.2 %), fixed carbon (25.2 - 32.9 %), ash (4.4 -
8.0 %), sulfur (0.2 - 1.4%), and Btu (5,960 - 7,487 Ib) (Murphy, 2003). Coal chemistry is an extremely
important component of coal mining. When necessary, companies mine multiple pits simultaneously to enable
them to blend the coal to control these various parameters. Unfortunately, very little chemical data is available
on North Dakota lignites outside of the current mine areas.

The History of Coal Mining in North Dakota

There is no oral or written history that indicates Native Peoples in the Northern Plains burned lignite.
Lewis and Clark did not mention that coal was utilized at the Knife River Indian Villages during their winter stay
in 1804 and 1805. There are also no passages in their journals that would indicate the explorers used coal
during that long, cold winter at Fort Mandan (Hoganson and Murphy, 2003). They did however, attempt three
test burns of coal while in North Dakota. The recorded history of lignite mining in North Dakota dates back to
1873 (Oihus, 1983). The earliest mines were small, seasonal wagon mines, so named because farmers and
ranchers would typically bring their own wagons to the mine to be filled with coal. Lignite was generally
excavated from the face of an outcrop and deposited directly in the wagons (Figure 2). By the 1890s, large-
scale mining, much of it underground, had begun at Sims, Lehigh, Minot, Burlington, Kenmare, Washburn,



Wilton, and Williston. By the early 1900s, Scranton, Haynes, Beulah, Hazen, Velva, Center, New Salem,
Hanks, Noonan, Columbus, and Garrison had also become important mining centers. During this period
(1880s to 1920s) the number of active coal mines grew to almost 200 and annual coal production steadily
increased, but did not exceed one million tons until 1922 (Figure 3). By 1939, 306 mines were operating in
North Dakota and over half of these were strip mines. The advent of the steam shovel increased the profitability
of surface mines and the last underground mine in North Dakota ceased operation in 1966 (the Black Diamond
Mine in Williams County). Large, electric-powered draglines began replacing steam shovels in the mid-1940s.
By 1980, the number of mines operating in the state had dropped to a dozen with mining centers at Larson,
\elva, Beulah, Washburn, Center, Dickinson, Glenharold, and Gascoyne. By the mid-1990s, mining had
ceased at Larson, Velva, Glenharold, Dickinson, and Gascoyne. Currently, six coal mines are operating in
North Dakota: four lignite mines (Coteau’s mine north of Beulah, Dakota Westmoreland’s mine south of Beulah,
BNI’s mine at Center, and Falkirk’s mine south of Underwood) and two leonardite (oxidized lignite) mines
(American Colloid’s mine at Gascoyne and GeoResource’s mine at Williston) (Figure 4). Despite the historically
low number of mines now operating in the state, mine production in 2005 was at 30.6 million tons (Figure 3).

Figure 1. The mineable lignite deposits in North Dakota (Murphy, 2001).



Figure 2. Loading coal into horse-drawn wagons at a wagon mine in western North Dakota. Photo circa 1900.
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Figure 3. Lignite production in North Dakota from 1884 to 2005.
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Figure 4. The distribution of proposed coal mines, active coal mines, and mines that have ceased operation in the last 30 years

in western and central North Dakota.



While this fell short of 1994’s record production of 32.1 million tons, it is nearly equal to all of the
state’s production during the decade of the 1960s and more than three times that of the average annual
production during the 1970s.

Over the years, numerous (perhaps hundreds) of lignite seams have been mined in North Dakota,
primarily through small wagon mines (Figure 2). In the last 20 years, only a handful of coal beds have been
mined in the state (Figure 5). The Beulah bed is currently mined at two localities in Mercer County (Freedom
and Beulah mines) and the Hagel bed is being mined in Oliver (Center Mine) and McLean (Falkirk Mine)
counties. An oxidized zone of the Harmon bed is being mined as leonardite in Bowman County. A local bed of
oxidized, or weathered, lignite is being mined near Williston (Figure 4).
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Figure 5. The major coals that have been mined or proposed for mining in North Dakota within the last 30 years (Murphy,
2001). Black text represents active mines, brown text are mines that have closed within the last 30 years, and green text are
mines that have been proposed within the last 30 years.



Fort Union Group

For all intensive purposes, the coal-bearing rocks in the North Dakota portion of the Williston Basin
fall within the Fort Union Group (Paleocene). Anotable exception, is a two-to-three-foot-thick coal in the
lower Hell Creek Formation (Upper Cretaceous) which appears to extend over much of central North
Dakota and was mined by underground methods in at least one locality in Emmons County (Coal Butte
Mine) and by surface methods in Sheridan County (Coal Mine Lake). Thin coals are also present in the
upper member of the Golden Valley Formation. While no large-scale mining is known to have occurred in
the Golden Valley Formation, coals within this stratigraphic unit may have been mined for local use in Stark,
Dunn, and Mercer counties. Inaddition, there are a few coals that lie deep in the Williston Basin. An oil
well core in the Newcastle Formation (Cretaceous) contains a thin coal bed at a depth of 5,240 feet in
Slope County.

The Fort Union Group is a clastic wedge (primarily nonmarine) that extends from the Powder River
Basin in Wyoming to the Williston Basin in eastern Montana and western North Dakota. In North Dakota,
this group consists of, from oldest to youngest, the Ludlow, Cannonball, Slope, Bullion Creek, and Sentinel
Butte Formations (Figure 6). The peat, which eventually became coal, was deposited in swamps that were
adjacent to large fluvial systems. These rivers flowed primarily from west to east, eventually emptying into
the Cannonball Sea. Early in Paleocene time, the Cannonball Sea advanced across western North Dakota,
at least as far as the Montana line, before retreating eastward to the Missouri River Valley. As a result, the
Cannonball Formation thins from east to west while all other formations within the Fort Union Group thin
from west to east.

Based on the variable thicknesses and lateral extent of lignite beds in North Dakota, the size and
duration of swamps within which the peat was deposited were extremely variable. In many cases, swamps
lasted for relatively short periods of time as indicated by the presence of numerous, thin, discontinuous
coals. Peat production was frequently terminated by fluctuating water levels, either the swamps dried up or
were drowned by rising water and peat gave way to the deposition of lake sediments. Typically, coals
within the Fort Union Group are bounded by claystone indicating lacustrine deposition both preceded and
followed peat deposition. Peat production could also he halted by an influx of clastic sediments into the
swamp. Rivers occasionally meandered into swamps overwhelming the organic deposits, but outcrops
suggest this occurred less frequently. For large swamps, fluctuating water levels and input of clastic
sediments would likely be dampened by the size of the system. In contrast, smaller swamps would have
been more sensitive to these changes. Some swamp systems were likely in existence for extended periods
of geologic time based on coal beds that are both tens of feet thick and extend for hundreds or thousands of
square miles.

In 1977, Clayton and others, based largely on observations by Moore (1976), restricted the
Ludlow Formation to its lower member, renamed the upper member of the Ludlow Formation the Slope
Formation, modified the basal contact of Tongue River Formation, and renamed it the Bullion Creek
Formation. The authors felt that the Tongue River name had been overextended, having been applied to
nonmarine rocks in two different basins (Williston and Powder River) in a three-state area. During a 1982
fieldtrip from western North Dakota to northern Wyoming, Clarence Carlson became convinced that the
Tongue River Formation could be traced laterally from Wyoming to North Dakota. As a result, Carlson
(1983) reverted to the original stratigraphic name, but retained the modified basal contact. Although this has
created some confusion in the literature, the Bullion Creek and Tongue River Formations essentially
encompass the same rocks and can be used interchangeably for large-scale projects .
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North Dakota Coal Studies

Numerous studies, dating back to the early 1900s, have been conducted on lignite in North Dakota.
Most of these studies focused on the thickness and extent of potentially mineable beds in specific areas of the
state. The earlier studies depended almost solely on outcrop data supplemented with sparse water well data
(Babcock, 1901; Wilder, 1902; Wood, 1904; Leonard, 1906; Smith, 1909; Pishel, 1912; Herald, 1913;
Hancock, 1921; Dove and Heaton, 1925; Leonard and others, 1925; Hares, 1928; etc.). Conversely, projects
undertaken in the 1970s and early 1980s relied primarily on drill hole data to correlate Fort Union strata
(Menge, 1977; Spencer, 1978; Groenewold and others, 1979; Lewis, 1979; Owen, 1979; Banet, 1980;
Cook, 1981; Winczewski, 1982; Hinds, 1983; etc.). Arguably, the single best source of drill hole information in
North Dakota is the series of U.S. Geological Survey (USGS) open-file reports that were produced in the mid
to late 1970s. These reports resulted from a cooperative project between the USGS and the North Dakota
Geological Survey (NDGS). Several thousand testholes were drilled under this program in areas that C.G.
Carlson (NDGS) or USGS geologists determined would fill gaps within industry data. In general, the lithologic
logs from these open-file reports are more detailed and more consistently match the electric logs than those
drilled by industry and housed in the files of the North Dakota Geological Survey.

NORTH DAKOTA’S LIGNITE RESERVES
Estimation of Mineable Coal Deposits (Reserves)

Coal beds were correlated across western North Dakota using a dataset of 19,163 electric logs that
was created by the North Dakota Geological Survey (Figure 7). Depths to coal and coal thickness were
obtained from the dataset and plotted on USGS quadrangle maps (1:24,000 scale). Mineable (surface
mineable or strippable) reserves were calculated using economic-based criteria developed by coal companies
operating in North Dakota (Table 1). The mineable criteria were applied to the seams to determine the
boundaries of the economic deposits. The average coal thickness for the seam or seams under consideration
was then estimated for the deposit.

Table 1. Economic Criteria for Recoverable Lignite in North Dakota.
1) A minimum cumulative coal thickness of ten feet—typically occurring in one or two beds.
2) A minimum individual bed thickness of 2.5 feet.
3) A maximum stripping ratio of 10 feet of overburden for every foot of coal.
4)  Aminimum of 20 feet of overburden to minimize the effects of weathering.
5) Coal beds were not considered below a depth of 150 feet beneath the surface, in a few rare instances
this depth was extended to 170 feet.

The average coal thickness, in feet, for a given area (a reserve deposit or a portion of the deposit) was
multiplied by the number of acres within that area to determine the acre-feet of coal (Table 2). An acre-foot of
coal was converted to tons by multiplying it by 1,750 tons per acre-foot. Using this method, Murphy (2001)
determined there are 25.1 billion tons of lignite reserves (economically recoverable coal) in North Dakota
(Figure 1). 1t would take more than 800 years to exhaust this supply at the present rate of mining (30 million
tons per year).



Figure 7. The data points from western and central North Dakota used in this study. The North Dakota Geological Survey
entered data from these 19,163 points into the National Coal Resources Database (NCRDS). Several areas of concentrated
drilling are evident on the map: 1) the vicinity of the old Noonan, Columbus, and Larson mines in western Burke County, 2)
along the Nesson Anticline in eastern Williams and McKenzie counties (gamma logs from oil wells), 3) the site of the Natural
Gas Pipeline Company of America’s proposed gasification plant in Dunn County, 4) the Freedom Mine in north-central Mercer
County (Antelope Valley, a glacial meltwater feature, is clearly visible due to the absence of coal exploration holes), 5) the
location of both the Center and old Glenharold Mines in Oliver County, 6) the Falkirk Mine in central McLean County, the old
Wilton Mine in northwestern Burleigh County, 7) and uranium exploration in the Chalky Buttes, central Slope County. Map
compiled by Jon Haacke, US Geological Survey.



Table 2. Criteria Used to Calculate Lignite Reserves in North Dakota.

1) Coal beds were correlated between drill holes.

2) Theapproximate limits of strippable coal deposits were plotted on 1:24,000-scale topographic maps.

3) The average coal bed(s) thickness was estimated across the deposit, portions of the deposit, or by
township and multiplied by the acreage of the area in question to determine the acre-feet of coal.

4) Tonnages were determined by multiplying acre-feet by 1,750 tons per acre-foot.

The limits or boundaries of economic coal deposits were plotted by hand on 1:24,000 scale quadrangle
maps by interpolating thicknesses and dips between drill holes and applying that information to a topographic
surface. The quadrangle maps went through several xerox reductions before they were spliced together ata
scale of 1:125,000. The resulting maps were then published as lignite reserves for each of the coal-bearing
counties in North Dakota (Murphy, 2001a—t). Recently, we began digitizing the plotted information from the
original quadrangle maps and entering it into a GIS database (Figures 8 and 9). Several of these coal
quadrangles (1:24,000 scale) have been published (Murphy, 2005a-i). Eventually, all 600 coal quadrangles will
be published for western and central North Dakota. Inaddition, we have begun replacing the county coal maps
with 100K (1:100,000 scale) map sheets plotted on a shaded relief background (Murphy, 2004; Murphy,
2005j-m; Murphy, 2006a-c). Eight 100k map sheets have been completed, the remaining 13 are in progress

(Figure 10).
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Figure 8. The lignite reserves of the
Dunn Center quadrangle, Dunn
County, North Dakota. Mineable
coal thicknesses are displayed
adjacent to drill holes (black dots)
that occur within economically
mineable coal deposits (brown).
The Dunn Center quadrangle is one
of 32 maps that make up the Killdeer
100k sheet.
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R Lignite Reserves T *
Killdeer 10K Sheet, North Dakeda = 1

Figure 10. The lignite reserves (mineable coal deposits in gray) of the Killdeer 100k sheet. The Killdeer sheet includes the
southern half of Dunn County and the western edge of Mercer County. The Dunn Center Quadrangle (see Figures 8 and 9) is
located near the center of the map.

Correlating Electric Logs

Lignite, as with other coals, is most easily identified on gamma and density logs. Lignite has very low
counts on the gamma log (unless it is uraniferous) because of its low clay content. Fort Union lignites generally
have readings of 5 to 10 gamma counts per second as compared to mudstone which typically have counts
around 20. On the density log, lignite typically has about 125 counts per second compared to mudstone which
has roughly 50 counts per second. Coal as thin as six inches is easily identifiable on coal exploration expanded-
scale gamma or density logs (scale = 5 feet to the inch). However, coals less than two feet thick are virtually
impossible to identify on oil well gamma logs where scales are typically 50 feet to the inch. Resistivity logs are
of much less utility when it comes to identifying lignites in the Fort Union Group in North Dakota.

Thick Williston Basin lignites, those more than 15 feet thick, are generally correlatable between drill
holes spaced three to six miles apart. While thin coals, those less than five feet thick, are often difficult to
correlate between holes that are separated by more than one mile. Typically, accurate correlations of thin coals
require testholes be spaced no more than 1,500 feet apart. Closely spaced testholes are also beneficial to
correlating thick coals because they convey a more gradual change in log signatures that result from parting
changes, thinning, thickening, and splitting.
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There are few areas outside of existing or recently abandoned coal mines where sufficient subsurface
control exists to easily correlate shallow lignites in North Dakota. Generally, coals are best correlated as
stratigraphic packages that are bounded by coals. While coal thicknesses may change rapidly over short
distances, the thickness of the stratigraphic package remains relatively constant.

COAL RESERVESBY COUNTY

The following chapters contain tables of the thickness, number of seams, acre-feet, and tonnages of
mineable lignite for every economic coal deposit in western and central North Dakota. Within each table, the
deposits are arranged in descending order from the northernmost to the southernmost deposits in the county.
Deposits were named for prominent geographical features that occurred within, or adjacent to, the limits of the
deposits such as towns, buttes, creeks, rivers, dams, cemeteries, etc. Medium-sized deposits were often
informally divided along section lines in the table to enable a more accurate determination of the average coal
thickness. The acre-feet of coal was determined for each subdivision of a deposit, but the tonnage was only
calculated for the entire deposit. Large deposits were often artificially terminated along township lines to enable
amore accurate determination of the average coal thickness.

Two generalized cross sections, one east-west and the other north-south, were constructed for each of
the 21 coal-bearing counties in North Dakota. These cross sections demonstrate general relationships between
mudstone, lignite, and sandstone in the Fort Union Group. The intent of these sections is to demonstrate the
relative abundance of thin, discontinuous coals in the Fort Union Group as compared to relatively rare thick,
extensive lignites. Detailed cross sections are available through a variety of North Dakota Geological Survey
(e.g. Groenewold etal., 1979; Moran et al., 1978; Murphy, 1998; Murphy and Goven, 1998; Murphy et al.,
1999; Murphy etal., 2001) and United States Geological Survey publications (e.g. Lewis, 1977, Lewis, 1979;
Cook, 1981; and Hinds, 1983 and 1985).

Measured sections and electric logs through Fort Union strata reveal that 60 to 70% of this rock unit
consists of claystone and mudstone. Sandstones constitutes approximately 25 to 30% and lignite 5% of the
Fort Union Group. The interbedded nature of these rocks are obvious on the cross sections. Itis also readily
apparent on these diagrams that thin coals are discontinuous while thick coals are often laterally persistent,
sometimes extending throughout a county or through multiple counties. The overall character of Fort Union
strata is best seen in the cross sections for Billings, Burke, Golden Valley, McKenzie, Mountrail, Stark, and
Williams counties where logs from numerous oil wells have provided deep subsurface control. Unfortunately,
prior to 2000, oil companies were not required to run gamma logs through surface casing. Prior to this
mandate, many companies quit logging at the base of the surface casing which is routinely set below Fort Union
strata.
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ADAMS COUNTY

Adams County contains approximately 150 million tons of economically mineable lignite (Figure 11,
Table 3). Generalized geologic cross sections through the county demonstrate there is a maximum of 1,000 feet
of Fort Union strata in the area (Figures 12 and 13). The Harmon and Hanson beds are the major coals and
are present throughout the western and south-central portion of the county (Figures 12 and 13). The Harmon
bed was mined by surface and underground methods near Haynes in T.129N., R.94W.

Adams County
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Figure 11. The mineable lignite deposits in Adams County.
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BILLINGS COUNTY

Billings County contains approximately 2.8 billion tons of economically mineable lignite (Figure 14,
Table 4). The mineable coal deposits are scattered throughout the county, but the most tonnage comes from the
Green River (811 million tons) and Belfield (696 million tons) deposits (Table 4, Figures 15 and 16). Thereisa
maximum of about 1,500 feet of Fort Union strata in this county. There is a propensity of sandstone beneath the
Harmon and Hanson coals near the middle of section A-A’ (Figure 15). There is fairly good data control in this
county due to the number of available gamma logs from oil and gas wells.
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Figure 14. The mineable lignite deposits in Billings County.
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BOWMAN COUNTY

Bowman County contains 1.6 billion tons of economically mineable lignite (Figure 17, Table 5). At least
1.2 billion tons, or 80 % of this amount, is attributable to the Harmon bed in the Star and Gascoyne deposits
(Table 5, Figures 18 and 19). The Harmon bed was mined at the Gascoyne mine until it closed in 1995. The
Harmon bed was also mined in the Bowman (1914-1942) and Halleck (1919-1944) mines both in T132N,
R102W. Montana-Dakota Utility and Dakota Westmoreland have been exploring plans to reopen the
Gascoyne mine in recent years. Non-coal bearing Cretaceous rocks are exposed at the surface in the western
portion of the county (Figure 17). The east flank of the Cedar Creek anticline is readily apparent on both cross
sections (Figures 18 and 19).
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Figure 17. The mineable lignite deposits in Bowman County.
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Figure 19. Cross-section B-B’ through Bowman County. The trace of this cross section is in Figure 17.
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BURKE COUNTY

Burke County contains 527 million tons of economically mineable lignite (Figure 20, Table 6). The
largest mineable tonnage is found within the Larson /Columbus deposit (142 million), the Beaver Lake deposits
(111 million), and the Woburn deposit (116 million tons). The Noonan and Kincaid beds were mined were
mined at the Larson and Columbus mines for many years, the mines ceased operation in the mid 1980s (Figures
21 and 22). There is a maximum of approximately 1,500 feet of Fort Union strata in this county. Glacial
deposits are present throughout the surface of the county, thicknesses range from several feet to several
hundreds of feet (Figure 22). Athick, extensive sandstone is present in the lower 1/3 of the Fort Union Group
in the southern portion of cross section B-B’ (Figure 22). This sandstone could be the Cannonball Formation,
but it appears to be a little too high stratigraphically.
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Figure 20. The mineable lignite deposits in Burke County.
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BURLEIGH COUNTY

Burleigh County contains approximately 31 million tons of economically mineable lignite (Figures 23-25,
Table7). The Wilton Deposit is the only economic deposit in the county. Wilton was an important early mining
center and both abandoned underground and surface mines are present in the area. Mining ceased at the Wilton
Mine in 1946 although mining continued in this area until 1968. Glacial deposits are present throughout the
county, but are generally only a few tens of feet thick. Fort Union strata is only 600 to 700 feet thick in Burleigh
County and noncoal-bearing Cretaceous rocks are present at the surface in the southern part of the county

(Figure 25).
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Figure 23. The mineable lignite deposits in Burleigh County.
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Figure 24. Cross-section A-A’ through Burleigh County. The trace of this cross section is in Figure 23.
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Figure 25. Cross-section B-B’ through Burleigh County. The trace of this cross section is in Figure 23.
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DIVIDE COUNTY

Divide County contains approximately 318 million tons of mineable lignite (Figure 26, Table 8). Several
economic deposits occur along the western edge of the county as well as the Noonan/Larson deposit along the
eastern edge. The Alkabo bed, previously unreported in the literature, is up to 25 feet thick and accounts for
most of the economic coal in the western part of the county (Figures 27 and 28). The thickness and depth of
this bed make it an excellent candidate for coalbed methane exploration. The Noonan bed is approximately ten
feet thick and was mined by both underground and surface methods in the Noonan area from the early 1900s
until 1962. Glacial cover ranges in thickness from zero along a few drainages north of ND Highway 5 to several
hundred feet in buried channels (Figure 27).
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Figure 26. The mineable lignite deposits in Divide County.
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Figure 27. Cross-section A-A’ through Divide County. The trace of this cross section is in Figure 26.
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DUNN COUNTY

Dunn County contains approximately 1.7 billion tons of mineable lignite (Figure 29, Table 9). Economic
coal deposits occur throughout the southern and central portion of the county. More than half of this mineable
tonnage (891 million tons) comes from the Dunn Center coal. The Dunn Center bed reaches a maximum
thickness of 22 feet in this area (Figures 30 and 31). The Gas Pipeline Company of America planned to
establish a coal gasification plant in this area in the mid to late 1970s, but abandoned the project. More than
100 million tons of mineable coal are present in the Fayette, Crooked Creek, Lighting Creek, and JK Ranch
deposits (Figure 29, Table 9). Anumber of wagon mines have operated in Dunn County, but no large-scale
mines have ever operated in the county. The JK Ranch deposit is an extension of a deposit in Stark County
where the Lehigh bed was mined by Royal Oak Industries. The Harmon bed is one of the more laterally
persistent coals in the county (Figures 30 and 31). The general lack of subsurface control in Dunn County as
compared to Billings County is evident when comparing figures 15 and 30.
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Figure 29. The mineable lignite deposits in Dunn County.
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Figure 30. Cross-section A-A’ through Dunn County. The trace of this cross section is in Figure 29.
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Figure 31. Cross-section B-B’ through Dunn County. The trace of this cross section is in Figure 29.
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GOLDEN VALLEY COUNTY

Golden Valley County contains approximately 1.4 billion tons of mineable lignite(Figure 32, Table 10).
Most of this, almost 900 million tons is contained in the Beach deposit (historically referred to as the Beach/
Wibaux deposit because it extends into eastern Montana near the town of Wibaux). Tenneco purchased coal
leases in the Beach area in the 1970s with the intent of establishing a coal gasification plant in the area. The
project was abandoned in the 1980s due to concerns over availability of water and the failure of natural gas
prices to reach levels that had been projected earlier. The Harmon bed, the primary coal in the Beach deposit,
is more than 30 feet thick in and around the town of Beach (Figure 33). The underlying Hanson bed is more
than 15 feet thick in the central part of the county. The HT Butte bed obtains a thickness of 25 feet near Flat
Top Butte (Figure 33). The Flat Top Butte deposit contains approximately 400,000 million tons of mineable
coal, but would likely never be mined due to its close proximity to the South Unit of the Theodore Roosevelt
National Park (approximately 8 miles to the northeast). The T Cross, and a few associated coals underlying it,
can be traced over much of the central portion of the county. The Harmon, Hanson, and T Cross are likely
coalbed methane targets in the area (Murphy et. al., 2000). Strata dips steeply to the north in the southern
portion of the county due to the influence of the eastern flank of the Cedar Creek anticline (Figure 34).
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Figure 32. The mineable lignite deposits in Golden Valley County.
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Figure 33. Cross-section A-A’ through Golden Valley County. The trace of this cross section is in Figure 32.
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Figure 34. Cross-section B-B’ through Golden Valley County. The trace of this cross section is in Figure 32.
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GRANT COUNTY

Grant County contains approximately 173 million tons of mineable lignite in about a half dozen deposits
that occur in the west-central and northwestern portions of the county (Figure 35, Table 11). None of these
deposits contains more than 70 million tons of coal and none of the mineable coals were more than 10 feet thick
(Figures 36 and 37). Well control is generally poor throughout the county except for the areas around New
Leipzig and Elgin. Deep subsurface control, ie., wells that penetrate the Fort Union Group, is limited throughout
the county (Figures 36 and 37). Coal-bearing rocks of the Fort Union Group are absent along the southeastern
edge of the county (Figure 36). Coal was mined from the Haynes bed in the Davenport Mine near New Leipzig
from 1925 until 1970 (Groenewold et al., 1983).
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Figure 35. The mineable lignite deposits in Grant County.
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Figure 36. Cross-section A-A’ through Grant County. The trace of this cross section is in Figure 35.
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HETTINGER COUNTY

There are approximately 730 million tons of economically mineable lignite in Hettinger County (Figure
38, Table 12). Two deposits, Coal Bank Creek and Mehrer Creek, contain more than 100 million tons of
mineable coal. Four of the major coals in southwestern North Dakota, HT Butte, Harmon, Hanson, and T
Cross appear to be present in this county (Figures 39 and 40). The Fort Union Group is 800 to 1,200 feet
thick in this county. Deep subsurface control through the basal four hundred feet or so of the Fort Union is
lacking throughout the county. Several small, abandoned coal mines are present in the central portion of the

county.
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Figure 38. The mineable lignite deposits in Hettinger County.
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Figure 39. Cross-section A-A’ through Hettinger County. The trace of this cross section is in Figure 38.
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Figure 40. Cross-section B-B’ through Hettinger County. The trace of this cross section is in Figure 38.
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McHENRY COUNTY

Only about 5 million tons of mineable lignite is present in McHenry County (Figures 41-43, Table 13).
The Fort Union Group is absent from the eastern and northern portions of the county. The Coteau bed is
approximately 12 feet thick within the Bonnes Coulee deposit. The Velva mine extended into this area from
Ward County. The mine was in existence from 1927 until the mid-1980s. It was first operated by Truax-Traer

and later by the Consolidation Coal Corporation (Groenewold et al., 1983).
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Figure 41. The mineable lignite deposits in McHenry County.
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Figure 42. Cross-section A-A’ through McHenry County. The trace of this cross section is in Figure 41.
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Figure 43. Cross-section B-B’ through McHenry County. The trace of this cross section is in Figure 41.

66



NOITTIINE'S

000'05¢'S

abeuuo |

000°€

1994-240V

0S¢

SaJ0y

(nesy0D) T

spag Jo 'ON

= ALNNOD AYNIHOW d04 SNOL 1V10Ll

1) 8-9 S08s ‘M\08Y ‘NTSTL 11S0Od3d 337TNOD SINNOH

(1g) ssauxoIYl uondiioseq jeba awreN usodag
[e02 dAIIRINWIND

‘Aiuno) A1usHoN ul susoda@ auubi] ajgesuli\ €T a|gel

67



McKENZIE COUNTY

McKenzie County contains approximately 1.8 billion tons of mineable lignite (Figure 44, Table 14). Six
deposits (Keene, Blue Buttes, Bowline Creek, Poker Jim Creek, and Prairie Dog Creek) contain more than
100 million tons of mineable lignite. Most of the economic deposits in this county consist of two coal beds with
combined thicknesses that range from 10 to 20 feet. The axis of the north-trending Nesson anticline is readily
apparent on figure 44 as reflected in the Tertiary/Cretaceous contact. Strata within the Bullion Creek and
Sentinel Butte Formations can be seen dipping away from the axis of this anticline in this area. Ingeneral,
McKenzie County has excellent deep, subsurface control due to the large number of oil wells that have been
drilled in the area (Figures 45 and 46).

The Harmon bed reaches a maximum thickness of 53 feet in central McKenzie County, the thickest coal
in North Dakota (Murphy and Goven, 1998). The Harmon bed is 400 to 800 feet beneath the surface in this
area, too deep for surface mining, but a candidate for coalbed methane (Figures 45 and 46). The underlying
Hanson bed is thin and discontinuous in this county. McKenzie County likely contains many old wagon mines
that were active in the early 1900s. However, no large scale surface or underground mining has taken place in
this county.
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Figure 44. The mineable lignite deposits in McKenzie County.
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Figure 45. Cross-section A-A’ through McKenzie County. The trace of this cross section is in Figure 44.
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Figure 46. Cross-section B-B’ through McKenzie County. The trace of this cross section is in Figure 44
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McLEAN COUNTY

McLean County contains approximately 1.5 billion tons of economically mineable lignite (Figures 47-
49, Table 15). Asnoted on Table 15, we initially determined the county contained about 580 million tons of
mineable lignite based upon non-confidential information in our files. Dennis James, Falkirk Mining Company,
provided us with the outline of the economic coal and reserve estimates for the Underwood area (Underwood
and Falkirk deposits). We did not revise the numbers for the Underwood deposit or show the data for the
Falkirk deposit in order to protect the confidentiality of this information.

In addition to the Underwood and Falkirk deposits, the Garrison deposit contains more than 100 million
tons of mineable lignite (277 million tons). This deposit contains a maximum of 12 feet of mineable coal, often
as not in two beds (Figure 49). This site has been of some interest to companies due to its close proximity to
Lake Sakakawea, a source of cooling water for a power plant (Morin, 1979). Deep well control is absent
throughout much of McLean County (Figures 48 and 49).
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Figure 47. The mineable lignite deposits in McLean County.
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Figure 48. Cross-section A-A’ through McLean County. The trace of this cross section is in Figure 47.
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Figure 49. Cross-section B-B’ through McLean County. The trace of this cross section is in Figure 47.
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MERCER COUNTY

Mercer County contains approximately 1.3 billion tons of economically mineable lignite (Figure 50,
Table 16). Several deposits exceed 100 million tons of mineable coal (Beulah Trench West, 311 million;
Beulah Trench East, 176 million; Renner Trench East, 138 million; and Coyote Creek, 195 million). The Beulah
or Beulah-Zap bed is the major coal in this area (Figures 51 and 52). The Coteau Properties Company mines
the Beulah-Zap bed at the Freedom Mine. The Freedom Mine encompasses portions of the Beulah Trench
East, Beulah Trench West, Renner Trench East, and Truax North deposits. The Beulah bed is also being mined
within the Brush Creek North and South deposits by Dakota Westmoreland at the Beulah Mine (Figure 50).
The Beulah-Zap has an average thickness of 18 feet in the Beulah Trench East and West deposits and is the
thickest coal in the county (Figures 51 and 52). It accounts for more than half of the mineable coal in the
county. Groenewold and others (1979), conducted a detailed study of the Knife River Basin which includes
Mercer County (Table 16).

Table 16. The Major Coals in Central Mercer County in descending order (after Groenewold, 1979).

SENTINEL BUTTE FORMATION
Harnisch

Twin Buttes

Schoolhouse

Beulah-Zap

Spaer

Jim Creek

Antelope Creek

Kinneman Creek

Hagel

BULLION CREEK FORMATION
Tavis Creek

Coal Lake Coulee

Weller Slough

Beulah became an important mining center in the early 1900s, first by underground methods and later by
surface methods. A number of large mines have operated in this county; including the Indian Head mine that
operated from 1922 to the mid-1980s (Figure 50). Currently, two-thirds of North Dakota’s coal production is
coming from this county. The Freedom mine, which supplies coal to both the Antelope Valley powerplant and
Basin Electric’s gasification plant, mines approximately 16 million tons of coal per year, slightly more than half of
North Dakota’s annual production. Approximately three million tons is mined annually at the Beulah Mine.
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Figure 50. The mineable lignite deposits in Mercer County.
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Figure 51. Cross-section A-A’ through Mercer County. The trace of this cross section is in Figure 50.

82



dnougy LU 04 0 S5EE AjRRaUad 0N $300 S0 158l O dincucy wonen) Po4 |0 FERE SAREPUE] J0H (531 .
anufi [l aunEpny pus avopsfars SUENG DUE SUNIEDUES [ SelrouE) LAY Moo
Sjqe(EMY ElEg on [ EIES Ay EJUNY PUE BeIENY [ misodaq Eoeg [

sapu ol g 0 = \\

m_._.__u_ﬂ_um___mﬂ_ﬂ. . .1.............1....

fueel e
0001
0L
T ——
bIlIIllIlIlIlIlllIlIll e
e e,
——
..II|I|-I-|III|-I-
e = e
I|I|II|I — —_—
R o o 0o @ae 0o @ oa Qo . - - . . . . -
uogesa)g 8 g

yinog YHoN

Figure 52. Cross-section B-B’ through Mercer County. The trace of this cross section is in Figure 50.
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MORTON COUNTY

Morton County contains approximately 590 million tons of economically mineable lignite (Figure 53,
Table 18). Coal-bearing rocks of the Fort Union Group are absent along the southeastern edge of the county
(Figures 54 and 55). As mapped, the Heart Butte Creek North deposit was the only one that exceeded 100
million tons in the county (210 million). The Sweet Briar deposit was close at 90 million tons. The
northwestward dip of strata towards the center of the Williston Basin near Watford City is very pronounced in
both cross sections (Figures 54 and 55).

Several small surface and underground coal mines have operated in Morton County. The first coal mine
in North Dakota began operation at Sims in the 1870s. Early mining was primarily by underground methods,
other underground mines operated near New Salem. According to the North Dakota Public Service
Commission, there are 71 listings for abandoned mine sites in this county.
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Figure 53. The mineable lignite deposits in Morton County.
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Figure 54. Cross-section A-A’ through Morton County. The trace of this cross section is in Figure 53.
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Figure 55. Cross-section B-B’ through Morton County. The trace of this cross section is in Figure 53.
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MOUNTRAIL COUNTY

Mountrail County contains approximately 220 million tons of mineable lignite (Figure 56, Table 19).
The Shell Creek deposits contain 64 million tons, more coal than any other deposit in the county. Adequate
subsurface control (one well every three miles) across six townships enables the stratigraphic relationships
between sandstone, mudstone, and lignite in the Fort Union Group to be displayed across portions of the cross
sections in this county (Figures 57 and 58). The eastern flank of the Nesson Anticline is reflected in the Tertiary/
Cretaceous contact in western Mountrail County (Figure 57).

Large-scale coal mining has never taken place in Mountrail County. However, a number of small,
abandoned coal mines are scattered across the area, especially in the north-central portion of the county.

Maouniral Coanty

RO RS RIZW RO RGIW R RESW

T152NM

T1&M™

‘Wihila Earin

b
s
-
"
®
TG

®
[
®
TABEN

Ti6aH

Epwork #
ok | g
.’, ‘ ’I s
|-g'.w L Farshall Mo

T182H

Pamhal Sodl

b3

T161H

Bannsr

TAG0M

Wl Ecancmic Coal Dapasits
Minpd amas

Figure 56. The mineable lignite deposits in Mountrail County.
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OLIVER COUNTY

There are approximately 1.1 billion tons of mineable coal in Oliver County (Figure 59, Table 20).
Several deposits contain more than 100 million tons of coal; Center (300 million), Square Butte Creek (247
million), Center Northeast (141 million), and Fort Clark (109 million). The Kinneman Creek and Hagel (A and
B) coal beds extend throughout much of the central portion of the county (Figures 60 and 61). Fort Union
stratais 700 to 1,200 feet thick in this county. Unfortunately, there is little to no subsurface control beyond a
depth of about 400 feet in this area. Adetailed study of western Oliver County, involving numerous cross

sections through the upper and middle portions of the Fort Union, was undertaken by Groenewold and others
(1979).

The Center Mine, operated by BNI Coal, Ltd., was established in 1970. In this mine, the Kinneman
Creek (5 feet thick) and Hagel (10 feet thick) beds are the target beds and annual production is approximately
4.5 milliontons.
Ollver County

I B Economic Coal Deposits

= Mined arsas
3
=
Slanharoid
Brush Creek Morth Kinmeman 4 j,'t B
‘Hrﬂdy’ Cresk Creek b
= - Fort Clark
3 ﬁ. Otter u-wgh t% 4
= -3 4 Pleasant
] Valley '
Brush Creek SE | Red Bulte Spring Brook Schogl !
E=. .. g . »
- Ll

b, " .
E -
= Buﬁguca:sak
= Centar NE

Coyote Creak I

Soulth Brush Cresak
=
T
e Buckmann| Cematany
[
RETW RB6W RESW RE4W RB3W REZW RE1W

Figure 59. The mineable lignite deposits in Oliver County.

100



RSy LORAT) o JO S50 @Raauad pop Se00 )0 1581 o dncug) LU o4 Jo aSeg SHEIaUad S0 15aL -

spuirT Il BLCISANRY pue sumsdern [ BUOISHTE PUS BUMSPUES [ ] 1 dnoue) doi pod
sepeay BEg oy [ EIEAS JBnIY Sl PUE ssueuy [ sysodeq jenern [
s8I Ol s 0
oot sroooERid
— Rewsl
< v
0ogL
e o AT L
e =L e A o
e eSS
jfE ————— ———  ______ Wea
e —— —— e
s B — ——  Uewsuuly -
L=t il —— - B —— ’
i gy IR R,
=S ol - : -.---II - 3 i 1
|
A A AZEE | L] i} [} G i O i e} i i ) =} i oo
uonessiy ¥
jse3q

1sep
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Figure 61. Cross-section B-B’ through Oliver County. The trace of this cross section is in Figure 59.
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SLOPE COUNTY

Slope County contains four billion tons of mineable lignite, more coal reserves than any other North
Dakota county (Figure 62, Table 21). Within this county, there are eight deposits that contain more than 100
million tons of mineable lignite: Mud Creek (123 million), Bacon Creek (192 million), Boyce Creek (328
million), Spring Creek (965 million), Spring Creek East (479 million), Black Butte North (914 million), and
Black Butte South (711 million). The Bacon Creek deposit consists primarily of the T Cross coal.
Stratigraphically, the T Cross is the oldest mineable coal in North Dakota. According to C.J. Hares (1928), it
was mined in at least six small mines in the area (T.133N.,R.104W). The T Cross bed is one of only two coals
in North Dakota, the other is the Harmon bed, that are more than 30 feet thick (Figures 63 and 64).

The Harmon bed is 36 feet thick in outcrop along Sand Creek in central Slope County, the thickest
surface exposure of coal in North Dakota. Three billion tons, or 75 percent of Slope County’s coal reserves,
are attributable to the Harmon bed (Table 21). Spring Creek, Spring Creek East, Black Butte North, and
Black Butte South are subdivisions of one continuous deposit of the Harmon coal in central Slope County. This
deposit was subdivided, as were others, to enable more accurate estimations of the reserves.

The Harmon, Hanson, and T Cross coals can be traced in the subsurface throughout much of Slope
County (Figures 63 and 64). The HT Butte coal outcrops at the base of Black Butte. Black Butte was
formerly known as HT Butte, which is how this coal derived its name. The HT Bultte is absent in the west half
of the county due to erosion and was difficult to trace in the subsurface in the eastern half of the county. A
persistent coal was identified as the HT Butte in figure 63 because it is at the correct stratigraphic position.
Strata in western Slope County is dipping steeply off the east limb of the Cedar Creek anticline (Figure 63). As
aresult, the Harmon and Hanson beds decrease in elevation about 700 feet over a distance of about 30 miles
from west to east across western Slope County. A northeast-trending synclinal feature may be present in the
Chalky Buttes where White River strata is preserved 100 feet below adjacent Fort Union strata. There are
hundreds of shallow uranium holes in this area, but they are generally less than 200 feet deep.

There are several small abandoned coal mines (wagon mines) spread across Slope County. However,
coal has never been mined on a large-scale in this county.
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Figure 62. The mineable lignite deposits in Slope County.
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Figure 63. Cross-section A-A’ through Slope County. The trace of this cross section is in Figure 62.
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Figure 64. Cross-section B-B’ through Slope County. The trace of this cross section is in Figure 62.
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STARK COUNTY

Stark County contains approximately 3.1 billion tons of mineable lignite (Figure 65, Table 22). Two-
thirds of this reserve is held in the Belfield deposit (2.3 billion tons) where mineable coal thickness average 16.3
feet (often in two beds). The Lehigh and the overlying Dickinson bed are the primary mineable coals in the
county (Figures 66 and 67). The Lehigh bed has a maximum thickness of 25 feet north of Dickinson and is
approximately 15 feet thick south of Belfield. The Dickinson bed is situated 30 to 50 feet above the Lehigh bed
and is approximately 5 feet thick (Murphy et al., 2000). Two other deposits in this county exceed 100 million
tons of lignite reserves: West Dickinson (159 million) and JK Ranch (353 million). Duck Creek is close to this
amount at 92 million tons. The Lehigh bed accounts for 80 to 90% of the lignite reserves in Stark County.

The Harmon and Hanson coal beds can be traced through the western portion of the county at depths
of 700 to 800 feet (Figure 66). These coals may extend beyond this area. However, it is difficult to correlate
beds across the northeast-trending Little Badlands syncline in areas without adequate subsurface control (Biek
and Murphy, 1997). The Little Badlands structure is prominently displayed by the Lehigh bed on the east-west
cross section through this county (Figure 66). This structure is less evident in the underlying Harmon and
Hanson beds in that same figure. Figure 66 is one of the few county cross sections that contains sufficient well
control to give an accurate depiction of Fort Union strata.

Lehigh, just east of Dickinson, was an important mining center in the 1900s (Biek and Murphy, 1997).
More than a dozen mines, primarily underground, operated in this area from the late 1890s until 1988 when the
Husky Briquetting Company closed the last mine. Husky operated a short-term venture, the JK Ranch Mine,
five miles north of Dickinson from 1988 to 1990. The mining in this area removed either the Lehigh and/or
Dickinson beds. Great Northern Properties is currently studying the feasibility of establishing a coal mine and
electric generating station along the east edge of the Belfield Deposit, southwest of the town of South Heart.
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Figure 65. The mineable lignite deposits in Stark County.
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Figure 66. Cross-section A-A’ through Stark County. The trace of this cross section is in Figure 65.
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Figure 67. Cross-section B-B’ through Stark County. The trace of this cross section is in Figure 65.
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WARD COUNTY

Ward County contains approximately 420 tons of mineable lignite in three deposits located in the
southeastern portion of the county (Figure 68 and Table 23). The Bonnes Coulee deposit, at 272 million tons,
is the only one that exceeds 100 million tons. The Coteau bed accounts for most of the lignite reserves in the
county. The Coteau bed extends over an area of at least 162 square miles in southeastern Ward and
southwestern McHenry counties (Figures 69 and 70). This bed is, on average, 10 to 12 feet thick and has a
maximum thickness of 22 feet (Murphy, 1998).

The Coteau bed outcrops along numerous coulees and ravines that lead into the Souris River Valley. A
number of small underground and wagon mines operated within these ravines in the past. The Coteau bed was
the target of these mines including the Velva mine, the only large-scale surface mine to have operated in this
county. This mine, in existence from 1927 until the mid-1980s, was first operated by Truax-Traer and later by
the Consolidation Coal Company (Groenewold et al., 1983). Approximately 18 underground coal mines
operated along the Des Lacs Valley, near Kenmare, in the early 1900s.
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Figure 68. The mineable lignite deposits in Ward County.
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Figure 69. Cross-section A-A’ through Ward County. The trace of this cross section is in Figure 68.
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Figure 70. Cross-section B-B’ through Ward County. The trace of this cross section is in Figure 68.
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WILLIAMS COUNTY

Williams County contains approximately 1.6 billion tons of economically mineable lignite in 15 deposits
that occur throughout all but the northeastern portion of the county (Figures 71-73, Table 24). About half of
these deposits contain more than 100 million tons; Willow Creek (167 million), Blacktail Lake (102 million),
Camp Creek (269 million), Cow Creek (110 million), Sand Creek (402 million), Stony Creek (199 million) and
Beaver Creek (149 million).

A fourteen-foot thick lignite is present along the northern edge of the cross section in figure 73. This is
the exception however, as most coals in Williams County are less than 10 feet thick. Figures 72 and 73
demonstrate the limited lateral extent of thin coals in Williams County. There is good well control in the central
portion of the county where deep wells (generally oil and gas gamma logs) are spaced only a few miles apart
(Figure 73). The west flank of the Nesson anticline is evident along the eastern edge of cross section A-A’
(Figure 72).
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Figure 71. The mineable lignite deposits in Williams County.
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Figure 72. Cross-section A-A’ through Williams County. The trace of this cross section is in Figure 71.
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NORTH DAKOTALIGNITE RESERVES

Murphy (2001), using the same methodologies as this report, determined that North Dakota contains
25.1 billion tons of strippable lignite reserves (Table 25). At the present rate of mining, it would take 835 years
to exhaust North Dakota’s supply of economically recoverable lignite. Slope county contains over 4 billion tons
of mineable coal, the most of any county in North Dakota (Figure 74). Slope County, along with three other
North Dakota counties (Stark, Billings, and McKenzie), account for approximately half of the mineable lignite in
North Dakota (Figure 74). Interestingly, large-scale coal mining has only taken place in one of these counties,
Stark County. The three counties that are commonly referred to as “the heart of coal country” (McLean,
Mercer, and Oliver) rank 8", 10™, and 11™, respectfully, in tons of mineable lignite. This relationship
emphasizes the importance of proximity of mineable deposits and mine-mouth power plants to reliable water
sources (for cooling) and infrastructure (transmission lines, highways, railroads, etc.).

Table 25. North Dakota Lignite Reserves by County

County Lignite Reserves (tons) ReserveRanking
Adams 149,800,000 19
Billings 2,771,743,750 3
Bowman 1,648,080,000 6
Burke 535,111,500 14
Burleigh 30,800,000 20
Divide 395,692,500 16
Dunn 1,720,960,500 5
Golden Valley 1,433,001,500 9
Grant 172,952,500 18
Hettinger 729,872,500 12
McHenry 5,250,000 21
McKenzie 1,760,727,500 4
McLean 1,500,000,000 8
Mercer 1,267,497,000 10
Morton 594,291,250 13
Mountrail 218,198,750 17
Oliver 1,066,441,250 1
Slope 4,032,871,500 1
Stark 3,051,664,000 2
Ward 416,752,000 15
Williams 1,554,206,500 7
TOTAL 25,055,914,500
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MD Lignite Reserves by County
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Figure 74. North Dakota’s lignite reserves by county. Eleven counties contain more than one billion tons of mineable lignite.

THICK COALS INNORTH DAKOTA

The Fort Union Group contains thousands of individual coal beds, as demonstrated by the cross
sections in the previous county chapters. As previously noted, thick seams can be traced for hundreds or
thousands of square miles, sometimes through multiple counties in western North Dakota. Conversely, thin
seams of coal split, thin, and disappear within a township or do not extend beyond a few sections.

There are only two coals in western North Dakota that are known to be more than 30 feet thick, the T
Cross and the Harmon (Murphy and Goven, 1998a; Murphy et. al., 1999). The T Cross is more than 30 feet
thick within one or two sections in southwestern Slope County (T.133N., R104W). The Harmon bed is more
than 30 feet thick in four localities; north of Bowman in Bowman County, southwest of Amidon in Slope County
(Figure 75), near Beach in Golden Valley County, and over portions of six townships in south-central McKenzie
County (Murphy and Goven, 1998c). The Harmon bed underlies parts of at least nine counties in southwestern
North Dakota; Bowman, Adams, Hettinger, Slope, Golden Valley, Billings, Stark, McKenzie, and Dunn
(Murphy etal., 2002). The Harmon bed obtains a maximum thickness of 53 feet and is more than 50 feet thick
in four localities in T147N, R101-102W (Murphy and Goven 1998a).

The T Cross is more than 20 feet thick over an area of approximately 10,000 acres in portions of three
counties, Bowman, Slope, and Golden Valley. The Harmon bed is more than 20 feet thick in an area of
approximately 414,700 acres in eight counties, Bowman, Slope, Hettinger, Billings, Golden Valley, Dunn,
McKenzie, and Williams (Figure 76). There are six additional coals that are more than 20 feet thick and extend
for acombined area of 59,000 acres; the HT Butte bed in eastern Golden Valley and western Billings counties,
the Lehigh bed near Dickinson in Stark County, the Dunn Center bed in central Dunn County, the Beulah-Zap
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Figure 75. The Harmon bed is visible in the cut bank of Sand Creek in Slope County. The photograph was taken near the old
Russell Ranch in Slope County, site of the thickest exposure of coal (the Harmon bed at 36 feet) in North Dakota.
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Figure 76. Distribution of thick coals (coals more than 20 feet thick) in western North Dakota.
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bed in northern Mercer County, the Alkabo bed in western Divide County, and the Coteau bed in southeastern
Ward and southwestern McHenry counties (Murphy and Goven, 1998b). There are approximately 20.7 billion
tons of coal within beds that are more than 20 feet thick (Figure 76).

Forty-two cross sections were created for this report (Figure 77). When possible, these sections were
oriented north-south, east-west and aligned with sections in adjacent counties to provide seamless or near
seamless control. However, the traces of the sections were ultimately determined by the available subsurface
control. The general demeanor and scope of the cross sections somewhat limits their usefulness. To cover this
area in stratigraphic detail would have required several hundred cross sections, each extending from two to four
feet in length. Even with these limitations, the general character of the Fort Union Group and the relationships
between various seams of coal are evident on these sections. For example, as first noted by Groenewold and
others (1979), the Beulah-Zap and Dunn Center coals may be equivalent. Both coals are about 20 feet thick
(Dunn Center ranges from 18 to 26 feet and the Beulah Zap from 16 to 23 feet) and occur at the same
approximate stratigraphic horizon (Figure 78). The Beulah-Zap bed thins and splits in western Mercer County
and the Dunn Center thins and splits in eastern Dunn County. Itis difficult, if not impossible, to correlate the
coals across those areas with the existing drillhole control. The Beulah-Zap and Dunn Center beds may or may
not be physically connected. What we do know is that conditions were favorable during that interval of
geologic time for thick deposits of peat to accumulate in a large swamp or a series of swamps in this area.

These sections also accurately depict the known structural features in western North Dakota. The dip
of strata towards the center of the Williston Basin, near the town of Watford City, is evident in nearly every
cross section. Structural features, such as anticlines and synclines, are also readily apparent. No doubt some
of these sections cross faults, but there is insufficient data control to identify them and they would generally not
be identifiable on sections of this scale.

Of necessity, | named all of the mineable lignite deposits. As noted previously in this report, deposits
were named for prominent geographic features in the area such as buttes, creeks, and cemeteries. Inthe 1970s,
there were about a dozen companies actively exploring for coal (North American Coal Company, Consolidation
Coal Company, W.H. Hunt, Lone Star Producing, Baukol Noonan, Sunoco Energy Development Company,
Gulf Minerals, Nokota, etc). The exploration department of these companies often named deposits using the
same general criteriathat | did. Asaresult, three companies may have known one deposit by three different
names. Rather than attempting to determine which name or names took precedence amongst the companies, |
named the deposits myself. Inanumber of cases, the names will likely mirror those chosen by at least one
company in the past because there are often a limited number of prominent geographic features in a given area.
As of 1982, there were 100 named coal beds in North Dakota (Lerud, 1982). | purposely avoided naming
coal beds because there is insufficient drillnole control in many areas to determine with any certainty the exact
relationship between beds. 1 also did not see the usefulness of naming hundreds or thousands of thin beds of
coal that will likely never be utilized for anything. 1did propose the name Alkabo for a thick lignite in western
Divide County that I view as a prime candidate for coalbed methane exploration (Figure 79).

131



", f("-"-u—'ﬂr'"’
= Trace of Cross Sections

,..f"’r' I Economic Coal Deposis
Mined Areas

Figure 77. The cross sections and coal deposits presented in this report.

132



gl & g 2 : g
ik e
e % g
- a8
Em '%_5
; g g
g3 .
=15 8 §E
E =]
o| 3¢
23 c
sii
°] g§3%
533
: >
- ] E
5 % "
g §
.
- \ EE
< o
.

SR\ TN A T
}/!’ W (,_f":

> gL,

Dunn  Mercer
-

Glacial Deposits
Fort Lvinn Group:

= Tast Hola Panairates Basa of Forf Linion Group

N
~
| ™

—

| =T

Dunn Centar

West
A
.

Figure 78. Stratigraphic cross-section across Dunn and Mercer counties. The Dunn Center and Beulah-Zap beds are at the
same approximate stratigraphic horizon. Modified from figures 30 and 51.

133



Figure 79. Cross section from western Divide County to eastern Burke County. At a maximum thickness of 29 feet, the Alkabo
coal dominates over all other coals in this section. Modified from figures 21 and 27.
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