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INTRODUCTION

This report is the result of a cooperative project performed by the Colorado
Geological Survey and funded by the U.S. Geological Survey's Branch of Coal
Resources (under Cooperative Agreement No. 14-08-0001-A0086).

Coals contained in the Dakota Sandstone underlie large areas of southwestern
Colorado. Although vast resources of Dakota coal are known to exist in the
area, they have never before been studied in detail. This project is a
reconnaissance resource study of the Dakota coals within parts of the San Juan
River Region where they are known to occur at strippable depths over large
areas. The study area includes Montezuma, Dolores, San Miguel, Montrose,
northern Ouray, southern Delta, and western Mesa Counties (see Figure 1). The
southeastern part of the San Juan River Region, contained in La Plata and
Archuleta Counties, has been excluded from the study due to the relatively
small amount of strippable coal present in that area.

Previous studies on the geology of this region have primarily focused on
uranium and petroleum resources rather than on the coal resources. However,
these studies do contain some useful information, particularly relating to
depositional environments of the Dakota Sandstone.

Coal studies which have been done in the past are local rather than regional
in nature and provide useful data in the few localities where they were done.
Depositional studies are important in Tocating economic coal deposits, since
coal deposition in this area is erratic in nature. Information from this
report may help geologists reconstruct the original conditions of deposition
which are reflected in the present distribution of coal in the region.

Significant information on Dakota coals is scattered through company records,
governmental agency files and the literature, but had never been compiled in
one map or report. Drill hole information, mine data, outcrop measurements,
and coal analyses have been incorporated into this report.

Coal mines have historically supplied domestic and Tocal markets in the
southwestern Colorado region, but in recent years the only significant
production has been to supply the power plant at Nucla. Because of thicker
and cheaper competing coals in nearby regions, quality problems, and lack of a
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local market, coal resources in the area are mainly undeveloped and currently
uneconomic. However, with the depletion of competing coals and changes in
market conditions, these Dakota coals may provide an economic resource in the
future.

The purpose of this report is to provide useful information to anyone
conducting a coal evaluation, or planning coal exploration in this region.
Planners and governmental land managers in the area should find this
information helpful in making Tand use decisions. This resource information
may lead to an increase in coal availability to homes, ranches, and businesses
in the region.
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PREVIOUS STUDIES

A significant amount of Titerature has been published on the geology of
southwestern Colorado, much of it by the U.S. Geological Survey (USGS).
Quadrangle mapping and various special studies were performed at a rapid rate
during the 1950's in response to the sudden demand for the uranjum resources
of the area. USGS reports which contain general geological information, or
focus on uranium, were authored by Boardman, Bromfield, Burbank, Bush, Cater,
Eicher, Ekren, Finlay, Hackman, Haynes, Houser, Joesting, Luedke, Marshall,
McKay, Rogers, Shawe, Shoemaker, Steven, Stokes, Vogel, Wanek, Weir, Williams
and Withington. These reports do not focus on coal resources, but include
stratigraphic information on the Dakota Sandstone and general coal occurrences
within the unit. Geologic mapping, which was done by the USGS in the course
of formulating these publications, delineates the extent of the Dakota
Sandstone in the region, which is essential in the evaluation of the Dakota
coal resources. These USGS reports are contained primarily within the GQ, MF,
and Bulletin series.

Several USGS publications focus specifically on Dakota coal resources in the
region. The report by Barnes and others (1954) primarily deals with coals of
the Mesa Verde Group, but mentions several Dakota coal occurrences. Boyer and
Lee (1925) studied Dakota coal occurrences in several areas of southwestern
Colorado and southeastern Utah. Their unpublished manuscript contains many
useful measured sections and mine measurements. Reports on drilling projects
are contained in separate papers by Cullins and Bowers (1965) and Haines
(1978). Drilling in the east Cortez coal area is summarized by Cullins and
Bowers, whereas Haines provides information on a small drilling project in the
Nucla Coal Field.

E17is and Hopeck (1982) measured and mapped thin, dirty Dakota coal beds in a
small area near the Colorado-Utah border. Dakota coal resources of
southwestern Colorado are discussed in the 1959 and 1972 publications of
Landis on coal resources of Colorado. Lee (1909) mentioned Dakota coals in
his report on the Grand Mesa coal field. Dakota coals are also mentioned in
Richardson's 1909 report on the Book Cl1iffs Coal Field and Shaler's 1907
survey of the Durango-Gallup Coal Field. The coal resources of the Gunnison
Valley, which include Dakota coals, are described by Woodruff (1912).



Many publications other than those of the USGS contain useful information on
the stratigraphy of the Dakota Sandstone in the region. Beaumont and others
(1971), Fassett (1977), Kostura (1975), Owen (1963, 1969), Simmons (1957),
Tyrell (1959), Wilson and Livingston (1980), and Young (1960), among others,
authored papers on coal deposition and stratigraphy of the Dakota Sandstone.
The Wilson and Livingston (1980) paper deals very specifically with
depositional environments of Dakota coal within the region covered by this
report. Boos (1950) wrote a report on Colorado coal which includes locations
of Dakota coal exposures throughout southwestern Colorado, as well as pertinent
information on mining activity in Dakota coal beds at that time. Coffin's
report of 1921 discusses Dakota coal occurrences and early stratigraphic
framework for the region. Duebrouck (1972) presents washability information on
coals, which include those from the Dakota in southwestern Colorado.

In a report on coal fields of eastern and northern Utah, Doelling and Graham
(1972) mention Dakota coals of southwestern Colorado, as did Gregory in a 1938
USGS paper. Analyses of Dakota coals are included in George's 1937 paper of
Colorado coal analyses. A study of mineral resources and geologic hazards in
Montezuma and Dolores Counties, by Johnson and others (1976), contains an
abundance of useful information on Dakota coal occurrences. Schwochow's 1978
survey of mineral resources in Mesa County also provides some helpful
information. Two coal resource studies authored by Shomaker and others contain
significant information on Dakota coals in the region. Shomaker and others
(1971) covers strippable low-sulfur coals of the San Juan Basin in Mew Mexico
and Colorado, and includes drill hole data from drilling done in the Cortez area
in conjunction with the study. Shomaker and Holt (1973) studied coal resources
of the Southern Ute and Ute Mountain Ute Indian reservations in Colorado and
New Mexico. Speltz (1976) calculated the strippable coal resources of
Colorado, including strippable resources of the Dakota Sandstone in the region.

In addition to the vast amount of information obtained from the publicly
available literature, further data on Dakota coals in southwestern Colorado was
obtained from individuals, companies and governmental agencies. These
information sources are discussed in the acknowledgements. Primary sources
from published Titerature, from which significant data was compiled for use in
the tables and maps, include the following: Boyer and Lee (1925), Cullins and
Bowers (1965), Haines (1978), Johnson and others (1976), Lee (1929), Shomaker
and others (1971) and Woodruff (1912).
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GENERAL GEOLOGY
Topography

Southwestern Colorado is primarily within the Colorado Plateau physiographic
province, and consists of dissected plateaus with moderate to strong relief.
Four major rivers transect the area: the Colorado, Gunnison, San Miguel and
Dolores Rivers.

Over most of its outcrop area, the Dakota Sandstone forms a slightly
undulating surface. This is most noticeable in an area informally called the
Sage Plain, a large, relatively flat area between Cortez and Dove Creek, as
well as on the tops of numerous mesas and plateaus in the central part of the
region. The Dakota is exposed at the surface over most of the Sage Plain
except where it is masked by a thin cover of Quaternary deposits.

In general, the topography of the region reflects the underlying structure
because the relatively resistant Dakota Sandstone has tended to retard
erosion, whereas the overlying soft Mancos Shale, and the carbonaceous shale
member of the Dakota, are very susceptible to erosion. One of the two
resistant sandstone members of the Dakota Sandstone generally controls the
surface topography.

The Dakota Sandstone is best exposed on canyon rims, where it forms one, and
in some places, two resistant Tedges in areas of relatively horizontal
stratification. Hogbacks and cuestas are formed by the Dakota where it is
relatively steeply dipping, such as along salt anticlines which are common in
the Paradox Fault and Fold Belt.

Stratigraphy

The Dakota Sandstone is composed mostly of sandstone with lesser amounts of
conglomerate, carbonaceous shale and mudstone, and coal. Sandstones in the
Dakota are predominantly fine-to-medium grained, 1light brown to dark gray, and
carbonaceous. They are thin bedded to massive and generally cross-bedded.

The thickness of the Dakota varies, but is generally 150 to 200 feet thick in
the region. Throughout the region, the Dakota can generally be divided into



an upper sandstone unit, a middle carbonaceous shale unit, and a lower
conglomeratic sandstone unit. Extensive information on the stratigraphy of
the Dakota Sandstone is drawn from Shawe (1968). Figure 2 is a generalized
stratigraphic section of the basal Cretaceous and Upper Jurassic rock units in
southwestern Colorado.

The Dakota grades transitionally upward into the Mancos Shale through a series
of thin alternating sandstone beds and carbonaceous shale interbeds. The
contact is conformable and gradational (Bromfield, 1967). Lagoonal and beach
deposits of the uppermost Dakota Sandstone grade into the marine Mancos Shale,
indicating transgression of the Cretaceous inland sea in the region. The
basal Mancos beds commonly consist of reworked material from the Dakota
Sandstone.

A regional unconformity separates the Dakota from underlying formations. The
Dakota Sandstone disconformably overlies the Brushy Basin Shale Member of the
Morrison Formation throughout most of the region. Lithologic dissimilarity
between the Brushy Basin Member and the Dakota Sandstone facilitates
identification of the formational boundary with the underlying Morrison
Formation where it is present.

Where the Morrison Formation is not present, the Dakota Sandstone overlies the
Burro Canyon Formation. The contact between the Dakota and Burro Canyon
Formations, although disconformable, is not easily distinguished because the
sandstones and conglomerates are similar in both formations. The presence of
green mudstones in the Burro Canyon Formation, compared to dark gray or black
mudstone of the Dakota Sandstone, is in some places a basis of distinction
between the formations. The basal contact of the Dakota is generally a scour
surface that in places contains boulders and pebbles derived from the Burro
Canyon Formation (Carter and Gualtieri, 1957).

The Tower sandstone unit of the Dakota Sandstone is composed of sandstone and
conglomeratic sandstone, carbonaceous shale, siltstone and thin coal beds.
Sandstones in the Tower sandstone unit typically occur in lenses, are festoon
cross-bedded, and show abundant scour-and-fill structures characteristic of
fluvial sediments. The conglomerates in the Dakota contain rounded to
sub-rounded pebbles of sandstone, quartzite, and chert, which in most places



Age

Formation/Member

Lithology

CRETACEOUS

Mancos Shale

Upper Sandstone
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Burro Canyon Formation

Morrison Formation
[Brushy Basin Member|
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Sandy or Silty Shale

—

Figure 2. Generalized stratigraphic section of basal Cretaceous and Upper
Jurassic rocks, southwestern Colorado.
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are colored drab gray and brown. Locally, conglomerates at the base of the
Dakota contain cobbles up to one foot in diameter. Other lithologic criteria
should be used to distinguish the base of the Dakota Sandstone, although the
occurrence and position of the basal conglomerate typically reflects the
disconformity of the lower contact (Carter, 1957; Shawe, 1968).

The shale, mudstone and coal beds in the middle part of the Dakota are thin,
but generally evenly bedded. The shale and mudstone are characterized by an
abundance of carbonaceous material, and the mudstone contains appreciable silt
and sand size particles. In many places these rock types grade laterally into
sandstone, siltstone, and coal. The coal beds are characterized by extreme
Tenticularity and a large proportion of impurities in the form of shale, bone,
and bony coal. Coal beds occur throughout the Dakota, but are generally more
concentrated in the middie unit.

The sandstones in the upper sandstone unit tend to be more Taterally extensive
than those in the Tower unit. These sands are primarily medium to fine-
grained and cross-bedded. They contain ripple marks in places, and locally
show abundant sand-filled "worm borings". These sandstones are interpreted as
being predominantly of marine or marginal marine origin. The upper sandstone
unit probably represents deposition in coastal and near-shore marine

distributary channel environments during transgression of the Cretaceous sea
from the north and southeast.

Regionally as a unit, the Dakota Sandstone grades from lenticular non-marine
beds of sandstone and carbonaceous shale in the northwest part of the study
area, to regularly stratified and more laterally persistent marine beds of
shale and sandstone in the southeastern San Juan Basin, New Mexico. Vertical
and horizontal Tithologic sequences show changes in depositional environments
as a result of a Cretaceous epicontinental sea transgressing across the basin
from northeast to southwest.

The age of the Dakota Sandstone has not been definitely established because of
the Tack of fossil evidence. It is not the same age everywhere, since the
beds were not deposited synchronously on the shores of the transgressing sea.



Structural Geology

The general structure of most of the region is relatively simple, although
some local folding and faulting is present. The primary regional structures
of southwestern Colorado and surrounding areas are shown in Figure 3. The
area is primarily within the Colorado Plateau Province, which is characterized
by gentle regional uplift. The San Juan Basin bounds the study area on the
southeast, where due to the regional dip, Dakota coal beds occur at great
depth and are therefore not economically recoverable. The east side of the
southern part of the region is bounded by the San Juan Mountains. Some Dakota
coal is exposed on the western side of the mountains. Significant deposits do
not occur in this area because complex geologic structures, such as faulting
and folding related to intrusives, result in discontinuities. The coals are
lTocally upgraded in the area near Rico and Dunton.

The Gunnison Uplift and the Piceance Basin form the northeastern boundary of
the Dakota coal region. In the Piceance Basin, Dakota coal occurs at
considerable depths. The southern and western boundaries of the study area
are the New Mexico and Utah state Tines, but no major structural elements near
these borders affect the southwestern Colorado region.

The study area falls within ten tectonic divisions of the Colorado Plateau
(Kelley, 1955). The three primary tectonic divisions in the region are the
Four Corners Platform, which includes the Cortez area, the Paradox Fault and
Fold Belt, which includes the Nucla-Naturita and Norwood areas, and the
Uncompaghre Uplift, between Nucla and Grand Junction. The Four Corners
Platform generally dips gently to the southeast and is transitional into the
San Juan Basin. The Paradox Fault and Fold Belt is generally considered to be
within the Paradox Basin. The part of the belt within western San Miguel and
southwestern Mesa Counties is often termed the Salt Anticline Region.
Localized steep dips occur in association with the anticlinal structures.

Coal is frequently exposed along the flanks and eroded from the crests of the
folds. Uranium occurrences are abundant in this region. Along the
Uncompahgre Plateau, the regional uplift causes rather steep dips of coal beds
which are draped over the Plateau. Along the southwestern and northeastern
margins of the uplift, faulted monoclines parallel the main axis and Tocally
further steepen the strata. The other seven tectonic divisions of the region
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are the Blanding Basin, a small area at the southwest, the Ute Dome southwest
of Cortez, the San Juan Dome, which forms the San Juan Mountains and along the
northeast side the Montrose Sag, the Gunnison Uplift, the Junction Bench and
the Carbonera Sag. Dakota coal in the Uncompahgre River Valley between Delta
and Ouray, including the Montrose area, is within the Montrose Sag. Dakota
coals found along Fruitland Mesa are on the western edge of the Gunnison
Uplift. Coals along the Gunnison River Valley are within the Junction Bench,
where dips are shallow. Many areas are certainly transitional between the
defined tectonic divisions.

In general, there is little evidence of faulting within the region. Folding
is primarily confined to the major structural features previously described.
Steep dips which affect the coal are Timited to the vicinity of the Ute
Mountains, the Uncompahgre Plateau, and the Salt Anticline Region. Structural
elements do not significantly affect the regional Dakota coal deposits in this
area.

Depositional Environments

The Dakota Sandstone records a classic sequence of transgressive deposition
that continued in front of, and at the margins of, an advancing epeiric sea.

The Dakota Sandstone was deposited on a broad coastal plain in front of the
advancing Late Cretaceous sea in which the Mancos Shale was deposited. The
Dakota resulted from the transitional environment between entirely continental
deposits, represented by the underlying Morrison or Burro Canyon Formations,
and entirely marine deposits of the overlying Mancos Shale. According to Owen
(1963), the Dakota is almost totally marine in the southern part of the San
Juan Basin and almost totally non-marine in the north.

The Burro Canyon Formation is a continental fluvial deposit with Jocal
lacustrine beds. The rocks indicate deposition by a series of meandering
stream systems with adjacent terrestrial lakes (Young, 1960).

Owen (1963) states that the lower Dakota sandstones are fluvial in origin, the

middle shale is derived from a swampy area, and the upper Dakota is the
hardest to interpret and is probably indicative of nearshore environment,
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possibly deltaic. From the interpretation of 1ithologies Owen determined that
there are five primary depositional environments in the Dakota. These are:

1) braided-stream sandstone 4) coastal sandstone

2) meandering-stream complex 5) offshore shale

3) coastal shale

The basal Dakota was formed in dominantly fluvial conditions, based on
sedimentary structures and the channeling nature of the basal conglomerates
and sandstones. Owen interprets this as a braided-stream sandstone.

The middle Dakota Sandstone is characterized by thin, burrowed sandstones and
by carbonaceous siltstones and shales deposited in fluvial and shallow marine
environments. According to Owen (1973), deposition probably took place under
a variety of floodplain, paludal and paralic conditions. Young uses different
terminology, calling it a near-shore swamp or lacustrine environment. Wilson
terms it a flood-plain/meandering stream complex with coal. This is
indicative of the fact that interpretation of depositional environments can be
varied according to the source of the interpretation.

The upper Dakota was formed in general by shoreface sand deposits. Owen
defines a coastal shale, a coastal sandstone, and an offshore shale for the
upper Dakota Sandstone.

One of the fundamental factors controlling coal distribution in the San Juan
Basin is that the position of the shoreline was almost constantly changing.
The sea advanced from the northeast, with many minor reversals, to some
position beyond the present San Juan Basin, then retreated entirely. The
cycle was repeated several times, and in each major cycle, as well as in the
minor cycles, the coal swamp environment moved along with the shoreline. When
the shoreline advanced rapidly, time was insufficient for a stable coal swamp
to develop and a sand-rich sequence developed; conversely, if the shoreline
was static for a long period, a stable swamp environment prevailed, resulting
in a thick, areally extensive coal deposit. Thus, rapid shifts in shorelines
resulted in the elimination of conditions favorable to accumulations of
organic debris.

Sediment accumulation, although variable, was less than the rate of
subsidence, which contributed to conditions of rapidly shifting shorelines,
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Tittle or no delta construction, and dirty, lenticular coals (Wilson and
Livingston, 1980). Somewhat less rapid but constant changes formed
persistent, but coal-poor carbonaceous sequences in the marginal marine
environment. The organic material that eventually became coal, settled on the
floors of infilled coastal lagoons, which resulted in the formation of swamps
behind one-time barrier beach ridges. The swamps were narrow and irregular,
and tended to be elongate parallel with the shoreline. Where streams entered
the seaway, sand or silt was deposited, interrupting the Tinear continuity of
the coal swamps (Shomaker and Holt, 1973).

Dakota coal was generally deposited in swamps of limited areal extent which
developed along the flanks of streams rather than in lagoonal environments.
The impure character of most Dakota coal beds indicates that the swamps
received continuous input of non-organic matter. The lens-Tike shape and
discontinuous nature of the coal bodies is a consequence of their forming in
rather small, irregular swamps (Shomaker and Holt, 1973).

Correlations were not made in this report because of the lenticular character
of the coals and the relatively wide spacing between data points. Data from a
number of closely spaced drill holes throughout the region provides evidence
of this Tenticular nature. The Tenticularity of the coals is observable in a
good continuous exposure along the San Juan River near the Four Corners.
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PROJECT FINDINGS

The information gathered on the Dakota Sandstone, and on Dakota coal in
particular, indicates the extreme variability of the coal beds and associated
Tithologies throughout the region. Closely spaced drill holes are especially
indicative of this high degree of variability. The primary sources of
detailed information on Dakota coal were drill holes, mines, water wells,
measured sections and miscellaneous observations of coal occurrences and coal
prospects. Analytical information, principally derived from drill cores and
mine samples, was also available.

Drill Holes

Information was available from approximately 240 drill holes which penetrated
Dakota coal beds in the study area. This information is summarized in Table 1
and much of the source material is contained in CGS Open File Report 86-18B
(see appendix). Areas of concentrated drilling are east of Cortez, the Sage
Plain area, and the Nucla area.

In 1955, 53 holes were drilled east of Cortez for the Empire Electric
Association to evaluate the proposed siting of a power plant. The drilling is
discussed by Cullins and Bowers (1965).

The greatest number of holes, 77, was drilled for the U.S. Bureau of
Reclamation during the period 1961 to 1985. These were primarily shallow core
holes drilled for engineering studies at various proposed dam, tunnel or plant
sites. The individual projects are itemized in the appendix. During 1984 and
1985, the U.S. Bureau of Reclamation drilled 27 holes specifically to
determine the value of Dakota coal resources in the vicinity of Yellow Jacket,
Colorado. The U.S. Bureau of Reclamation is building a canal which infringes
on a coal leaseholding of Perma Resources, and the coal's value 1is in dispute.

For a report on strippable coal resources of the San Juan Basin, the New

Mexico Bureau of Mines and Mineral Resources (see Shomaker and others, 1971)
drilled and cored three coal exploration holes in the Cortez area.
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Quinn Development Corporation conducted a mineral exploration project in the
Montrose area in 1976. Good Tlithologic logs of four drill holes which
penetrated Dakota coal were obtained from Bob Young.

Nine coal exploration holes were drilled and cored by the U.S. Geological
Survey in the Nucla area during 1977. These were in response to a lease
application by Peabody Coal Company in order to expand the Nucla Mine. A
small tract was drilled with relatively close hole spacing (see Haines,
1978). Two continuous drill holes from Peabody Coal Company's Nucla Mine are
contained in records of the Colorado Division of Mined Land Reclamation.

Ferret Exploration provided lithologic and geophysical logs of uranium holes
which were drilled during 1977 and 1978. Twenty of these from an area
northwest of Nucla provided useful information on Dakota coals.

AMAX Coal Company conducted a regional coal exploration program in the Sage
Plain area during 1977 to 1979. The exploration was conducted because of the
possibility of a power plant being built in the area by Colorado Ute Electric
Association. Fifty holes were drilled and geophysically logged with a
standard suite of logs for coal. Ash values were estimated for many coal beds
and derived by analysis for others; these ash values are listed in Table 6.

In and around 1980, numerous coal exploration holes were drilled northeast and
southeast of Dove Creek for Ed Baird of Dove Creek. Baird was trying to
develop a coal mine to supply a uranium mi1l at Monticello, Utah. These drill
holes were not accurately located, so they are not included in Table 1, but
analytical information from them is listed in Tables 5-A and 5-B.

During 1982, 17 coal exploration holes were drilled and cored for Dorado
Exploration (Bragonier, 1982). Dorado has since sold their interest to
Western Energy. This project was conducted northeast of Cortez, between
Cortez and Mancos. Due to the Tow quality, the study found the coal to be
uneconomic to develop at that time.

Two uranium exploration drill holes described in USGS Professional Paper 576-A
also contain useful data. Numerous uranium exploration drill holes from
Cotter Corporation in the Radium Mountain area indicate thin coal beds. This
drill hole information confirms the lenticularity of the coal in the area.
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Mines and Production

The earliest production of Dakota coal was in the 1880's, but the peak period
for most mining was from about 1920 to 1950. The last active Dakota coal mine
in the region, the Nucla Mine, which was by far the largest, shut down
temporarily in 1983. A1l Dakota coal mines were underground mines with the
exception of the Nucla Mine. Most mines produced Tess than 10,000 tons of
coal, and only four exceeded 100,000 tons of production. Two mines of the
U.S. Vanadium Corporation, the U.S. Vanadium and the Liberty Bell, and the
Fiddling Bill of the Vanadium Corporation of America, produced a combined
total of about 375,000 tons of coal in the Nucla area. The Nucla Mine alone
has produced about two million tons.

Most Dakota coal mines are located in one of three areas: the Cortez
District, near Cortez and to the east, the Nucla-Naturita Coal Field, west and
southwest of Nucla, and the Norwood area (formerly considered part of the
Nucla-Norwood District) which is west of Norwood. A few mines were operated
in the vicinity of Montrose and northwest of Dove Creek, an area which extends
into Utah.

Table 2 Tists 52 Dakota coal mines which have definitive Tocation
information. Twenty-nine others are also Tisted for which no location
information was available. For many of these the formation from which the
coal was produced is unknown. It is Tikely that many of these mined Mesa
Verde Group coals.

An abundance of useful information about coal mining in this region is
contained in Boyer and Lee (1925), and Boos (1950). These papers give fairly
detailed accounts of coal mining which was being done at the time of their
studies.

Water Wells

Coal information obtained from an examination of water well logs is shown in
Table 3. About 175 well Togs, most of which are concentrated in populated
areas, are summarized in the table. Only information relating to coal is
included. This information is derived from drillers' logs only, with no
geologists' or geophysical logs for support. Thus, the validity of this
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information must be evaluated in conjunction with other available information
which might be considered more reliable.

Miscellaneous Information

Table 4 summarizes information on Dakota coal which was derived from
miscellaneous information sources. These sources include observed coal
occurrences, measured sections, coal prospects, unnamed mines and sites where
the absence of coal was noted.

Eighty outcrop coal occurrences have been included. These were primarily
derived from Johnson and others (1976), Shomaker and others (1971), and from
field investigation done by the author during May, 1985. Boos (1950)
described many coal occurrences throughout the region, including "along the
edges of Dry Creek Basin, along the edges of Disappointment Valley (especially
the south side), at the west end of Paradox Valley (near Coke Ovens), in the
vicinity of McElmo Canyon, and between Nucla and the mouth of Tabeguatche
Creek". Many specific coal occurrences have been described in the region,
particularly in Montezuma County by Johnson and others (1976).

Measured sections are taken primarily from three sources. Boyer and Lee
(1925) included numerous measured sections in their report, principally from
the Nucla area. A Targe number of measured sections for the Gunnison River
District are contained in Woodruff (1912). Shomaker and others (1971)
includes some sections from the Cortez area.

Seventeen coal prospects which are Tisted in Table 4 originate from various
sources. Data for twelve unnamed mines listed in Table 4 was derived
primarily from Wilson (1985), Johnson and others (1976), and Boyer and Lee
(1925). Four specific Tocations where no Dakota coal is present are also
listed in Table 4.

Analytical Information

Extensive coal analysis data was available from various Titerature and company
sources. Analytical information on Dakota coal has been summarized in Tables
5-A, 5-B and 6. Approximately 250 individual analyses are included in the
tables, including those from different beds in the same core hole and/or
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different analytical basis. These were taken from 76 different locations, and
supplied primarily by eleven sources.

Woodruff (1912) and Lee (1909) give analyses of coal in the Gunnison River
District. The coal ranges from high-volatile A to C bituminous. An increase
in sulfur, fixed carbon and heat content is observed from north to south.

Information on coals west of Dove Creek, mostly from Utah, is provided by
Gregory (1938). Gregory compares the quality of Dakota coal of southwestern
Colorado and southeastern Utah. The Nucla area coals have the best quality;
the Ucolo area (between Monticello, Utah and Dove Creek) has coals of
intermediate quality; Cortez area coals are lowest in quality. Analyses of
numerous Dakota coal mine samples are given in George's (1937) report.

Shomaker and Holt (1973) give analytical data on coals of the two Ute Indian
Reservations, and washability data is included. The only other identified
source of washability data is Godbe (1985).

Analyses of coal from a small tract of land in the Nucla area are reported in
Haines (1978). Some data from the Cortez East area is provided by Canis and
Krantz (1955).

Bragonier (1982) gives analysis data derived from a drilling project northeast
of Cortez. This area has an excellent strip ratio, but the project was
abandoned due to the Tow coal quality (generally 40 to 50 percent ash and low
Btu).

Coal quality data from AMAX Coal Company (1985) drill holes is Timited to ash
content only (see Table 6). Ash ranges from about 22 to 55 percent, with a
weighted average of about 34 percent. Ash was estimated from geophysical logs
to be as high as 68 percent, however, beds with high ash contents were termed
"coaly carbonaceous shale" by AMAX.

Numerous analyses were provided by Ed Baird (1985). Drill hole logs are not
available, so no information is available on coal bed thicknesses and depths.
Improper sampling may have contributed to erroneous analytical results. These
data show that coal on the Disappointment Valley tract is generally 8,000 to
9,000 Btu/1b, but up to 10,300 Btu/Tb in the southwest part of the State
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section which was drilled. In the Dove Creek area drilled by Baird, the
heating value of the coal is reported to be only about 7,000 Btu/1b.

Good analytical information was provided by the U.S. Bureau of Reclamation
(1985) for an area in the vicinity of Yellow Jacket in Montezuma County.

Tables 5-A and 5-B contain most of the analytical information which was
obtained in this investigation. Table 5-A 1ists the following information
(where available) for each analytical data point:

1)
2)
3)
4)
5)
6)

location by county, 7.5' quadrangle, township, range, and section
information source

laboratory name and Tab sample number

coal bed name, thickness and depth ranges

analytical basis

proximate analysis data: percentages of moisture, volatile matter,
fixed carbon and ash

Table 5-B is a continuation of Table 5-A, and information on it is indexed to
Table 5-A. The following information is listed on Table 5-B:

1)
2)
3)

4)
5)

ultimate analysis: percentages of carbon, nitrogen, oxygen, hydrogen
and sulfur

heating value in Btu/1b (as-received basis) and on a moisture and
ash-free basis (MAF)

the Hardgrove Grindability Index (HGI)

the ash softening temperature (AST) in degrees Fahrenheit

remarks

Table 6 gives information from drilling done by AMAX Coal Company, for which
ash values only are given. Most ash values are estimated (by AMAX) from
Tithological and geophysical logs only. Ten of the ash values are derived
from analysis of coal cores. These values are reported in percentage to two
decimal places, whereas the estimates are given to one percent. Table 6

contains the following information:

1)
2)
3)
4)

Tocation by county, 7.5 quadrangle, township, range, and section
coal bed elevation and thickness

ash percentage, either estimated or from analysis

remarks: Tlithologic description from AMAX
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To a limited extent, Dakota coal was formerly used for coking. Some coals
from the Norwood area, the Coke Ovens field southwest of Nucla, and in the
vicinity of Rico were coked around the turn of the century. Only isolated
zones within coal beds were suitable for coking.

The coal beds of the Dakota Sandstone are generally high in ash content and
will require significant preparation for use as fuel for traditional steam
power generation. Several methods might be employed to improve the ultimate
coal quality. Selective mining might be used to reduce the amount of waste in
the mined product. For thin beds with numerous partings, as is typical for
the Dakota coals, this alternative may be impractical in many instances. Coal
cleaning would be necessary to increase the product quality to match boiler
specifications. Separation of impurities by washing adds significantly to the
final cost of the delivered product, especially considering the reduced volume
of mined coal remaining after washing.

Alternate uses of the coal, such as in fluidized bed combustion, may require
no preparation and the quality requirements may be reduced. This will be
discussed Tater in this report.

Resource Estimates

Several reports on Dakota coal include estimates of the amount of coal in
particular areas. These are summarized below. No resource estimates have
been done in this report, due to the large area being discussed and the
lenticular nature of the coal.

Landis (1959) calculated coal resources of 46 million tons (MT) for Montezuma
County within T34-36N, R13-15W. This area includes coals from both the Mesa
Verde Group and the Dakota Formation, which have not been differentiated. In
a later report, Landis (1972) calculated 2.2 MT of coal for about one square
mile within T36N, R16W east of Cortez. In the Nucla-Naturita Field, Landis
calculated resources for four townships as follows: T46N, R15W: 14.8 MT;
T46N, R16W: 54.9 MT; T47N, R15W: 13.6 MT; T47N, R16W: 31.0 MT. A total
area of about 15 square miles was included in these calculations. In the
Cortez area, Landis extended his area of calculation about one-half mile from
known points of information. For the Nucla-Naturita area, a distance of one
mile was used. These resources are therefore all in the measured and
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indicated categories. No resources were inferred due to the geologic
irregularity of the coals.

Speltz (1976) conducted a study of strippable coal resources throughout
Colorado. For Dakota coal in southwestern Colorado he used water wells
extensively as his information source and assumed a three foot thickness of
coal where no information existed. Using this methodology, Speltz calculated
strippable resources of 2.9 billion tons of Dakota coal within 502,000 acres.

The New Mexico Bureau of Mines and Mineral Resources (Shomaker and others,
1971) conducted exploratory drilling and coring in T36-37N, R14-16W, east and
north of Cortez. They state that a reserve of 159 million tons exists from
"fairly continuous" beds 3-13 feet thick in a 34 square mile area. Of this
amount, 19 MT is strippable, or within 150 feet of the surface.

Canis and Krantz (1955) state that "unproven but known millions of tons of
strippable coal" are within a five mile radius to the east and northeast of the
area drilled by Empire Electric (see Plate 5). Three principal coal beds were
identified in the drilling. The beds average three feet thick, with a maximum
thickness of eight feet. The No. 1 bed is thin and dirty. About ten feet
separate it from the No. 2 bed, which is six to eight feet in thickness, and
the most uniform in quality and thickness. About 20 feet below the No. 2 bed
is the No. 3 bed, which is generally not as thick, or of as good quality as the
No. 2 bed. The beds are not present over the entire area, due to channel
sandstones which cut them out, or facies changes into carbonaceous shales.

Five sections which were drilled in T36N, R15W: 21, 22, 23, 27 and 28, have

an average coal thickness of about five feet. It should be noted that core
recovery was a problem in this drilling program, and that coal thicknesses
reported from the drilling tend to be higher than nearby outcrop measurements.

For the area north and east of Cortez, reserve estimates have come from
several sources. In the Canis and Krantz (1955) report to Empire Electric,
4.3 MT were calculated in a bed 3.5 to 13.5 feet thick, with an overburden of
less than 56 feet. The USGS (Cullins and Bowers, 1965) estimates 10.5 MT of
mineable coal (13.1 MT in place) in one bed under less than 90 feet of
overburden. Shomaker and others (1971) gives an estimate of 50.4 MT under
less than 150 feet of overburden, which includes measured, indicated and
inferred coal and also coal in sections 32 through 35 of T36N, RI15W.
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In the Gunnison River District, Lee (1909) reports coal beds which are
irregular in thickness, ranging from a few inches to almost four feet within
short distances. Woodruff (1912) states that most coal is impure and
resembles bone in this district. A few outliers of coal-bearing rocks occur
on the dip slope of the Uncompahgre Plateau to the west. The coalbeds in this
are are of Tittle economic value because the beds are too thin.

Determining the areas which contain Dakota coals of the maximum thickness and
quality is Timited by Tocations of previous exploratory work. Available
information is concentrated in several areas which have historically produced
coal, plus a few other areas for which exploration drilling has been done.
Maps which accompany this report are of varying scales as a consequence of the
variability of data density throughout the region. Coal thickness isopach
maps have not been compiled, since the lenticular coals cannot be correlated
on a regional scale. Coal bed thickness and depth information is given where
available.

Plate 1, at a scale of 1:250,000, shows the entire area of southwestern
Colorado covered by this report. Data points which are in areas of relatively
Tow data density are depicted on this plate. The eight areas covered on
detail map on Plates 2-5, at various map scales, are identified. Plate 2, at
a scale of 1:50,000, contains three maps. The Gunnison River Valley, the
Montrose area and the Nucla Northwest area are depicted on Maps A, B and C
respectively. Maps A and B of Plate 3 illustrate coal resource data for the
Nucla-Naturita and Norwood areas at a scale of 1:24,000. A large area in
parts of Montezuma, Dolores and San Miguel Counties is shown at a scale of
1:50,000 on Plate 4. Map A presents coal resource data for the Dove Creek
area, and Map B covers data in the Yellow Jacket-Dolores area. Plate 5 is at
a scale of 1:6,000 due to the high density of drill hole information in the
Cortez East area.
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TABLE 6
COAL ANALYSIS INFORMATION FROM AMAX COAL CO.
DAKOTA COAL, SOUTHWESTERN COLORADO

Note: Elevations and
thicknesses are
in feet. See end
of table for

explanation of

abbreviations
used.
ThP RGE SEC QTR DATA POINT ID cTY 7.5' QUAD NAHE ELEV  THKN ASHY REHARKS
e T e d e ey g d g e e d ey At e et o028 eet0sttsesttsttssatsssiitststaissrrsssqrrey
034S 025 33 NE NE 43-037-312-001 SJ Eastland 6787.9 45.26  Dirty coal
0374  0léM 13 SE SW SW N¥  05-083-312-006 M2 Arriola 6504.6 3.5 41 Dirty coal
037N 0174 7 SE SE SE SH  05-083-312-004 Mz Hoods Canyon 6671.2 2.0 67 Coaly carb shale
038N 016U 21 MW NW SE SW  05-083-312-008 M2 Yellow Jacket 6981.5 3.8 59 Coaly carb shale
038N 0ieW 22 NW NW NW SE  05-083-312-010 L) Trisble Point 7087.9 5.4 62 Coaly carb shale
038N  OléM 27 SE SE SW 05-083-312-009 L) Triable Point 6849.6 2.6 63 Coaly carb shale
038N 01éM 27 SE SE SHW 05-083-312-009 Mz Trimble Point 6832.2 3.2 6l Coaly carb shale
038N 0li6M 27 NE NE SE NW  05-083-312-017 M2 Yellow Jacket 6966.3 3.1 30.74  Dirty coal
038N 0iéM 27 NE NE SE NN  05-083-312-017  HZ Yellow Jacket 6955.4 3.2 21.92  Dirty coal
038N 016w 27 NE NE SE NW  05-083-312-017 M2 Yellow Jacket 6938.9 1.5 55.14  Coaly carb shale
038N  0l6W 29 C SH 05-083-312-007 M2 Yellow Jacket 6810.3 2.3 67 Coaly carb shale
038N  016M 29 ¢ SH 05-083-312-007  MZ Yellow Jacket 6792.7 5.9 58 Coaly carb shale
038N 0l16W 29 SE SE NE NE  05-083-312-016 M2 Yellow Jacket 6876.7 5.1 9% Coaly carb shale
038N 016M 32 SE SH SW NW  05-083-312-012 Ml Yellow Jacket 6701.9 2.7 65 Coaly carb shale
038N 0i/M 20 NE NW NW SE  05-083-312-001 L)) Yellow Jacket 6826.0 4.2  39.53  Dirty coal
038N 017H 20 NE NW NW SE  05-083-312-001 Mz Yellow Jacket 6812.3 6.3  39.15  Dirty coal
038N 0i7W 20 NE NW NW SE  05-083-312-001 HZ Yellow Jacket 6779.8 3.4 23.42  Dirty coal
038N  OI7W 27 SH SW SW NH  05-083-312-003 Hl Yellow Jacket 6761.9 6.4 37 Dirty coal
038N  017W 27 SH SW SH NN  05-083-312-003 M2 Yellow Jacket 6744.3 12.0 3§ Dirty coal
038N 0I7W 36 N NN NW 05-083-312-011 L) Yellow Jacket 6800.3 4.6 29.41 Dirty coal
038N 0170 36 N NW NN 05-083-312-011 Mz Yellow Jacket 6789.2 3.2 21.69  Dirty coal
038N  0i7u 36 N NW NW 05-083-312-011 Wz Yellow Jacket 6737.9 2.6 51.75  Coaly carb shale
038N  018M 9 SE SE SE SE  05-083-312-019  M: Arriola 6833.6 1.4 40 Dirty coal
038N 0i8W 9 SE SE SE SE  05-083-312-019 M Arriola 6829.8 2.0 47 Dirty coal
039N  0i7W 32 SE SE NE NE  05-083-312-014 1) Yellow Jacket 6905.6 2.7 62 Coaly carb shale
039N  017W 32 SE SE NE NE  05-083-312-014 Mz Yellow Jacket 6892.2 2.2 68 Coaly carb shale
039N 0174 32 SE SE NE NE  05-083-312-014 Mz Yellow Jacket 6878.3 2.9 65 Coaly carb shale
039N 0184 2 SH SE SE 05-033-312-006 DL Cahone ' 6685.5 2.0 62 Coaly carb shale
039N  018¥ 13 C E NE NE 05-033-312-007 DL Cahone 6742.5 1.7 68 Coaly carb shale
039N  018W 13 C E NE NE 05-033-312-007  BL Cahone 6722.4 2.7 585 Coaly carb shale
039N 0184 13 SW SE 05-033-312-008 DL Cahone 6751.3 2.0 34 Dirty coal
039N  01BW 16 NW SE 05-033-312-009 DL Cahone 6554.9 2.6 36 Dirty coal
039N 0184 30 SE SE HE 05-083-312-018 M2 Pleasant View 6762.8 2.0 65 Coaly carb shale
039N  018W 30 SE SE NE 05-083-312-018  MZ Pleasant View 6736.5 2.5 63 Coaly carb shale
040N 0184 3 SW SE NE 05-033-312-002 DL Secret Canyon 7243.6 3.0 59 Coaly carb shale
040N 0184 18 SH SH SH SE  05-033-312-003 DL Chimpagne Spring 6668.2 2.3 64 Coaly carb shale
040N  018M 18 SW SW SW SE  05-033-312-003 DL Champagne Spring 6638.7 2.8 60 Coaly carb shale
040N 0i8M 22 SW SW SE SW  05-033-312-004 DL Cahone 6741.3 2.4 57 Coaly carb shale
040N  018W 22 SW SW SE SW  05-033-312-004 DL Cahone 6712.3 4.0 94 Coaly carb shale
040N 018W 25 N NW 05-033-312-005 DL Cahone 6904.3 2.9 58 Coaly carb shale
041N 020U 13 SH SW SW SE  05-033-312-00! DL Dove Creek 6625.5 2.2 64 Coaly carb shale
042N 0204 11 SE SW SE 05-113-312-001 SH Egnar 6942.6 2.4 43 Dirty coal
0428 0204 11 SE SW SE 05-113-312-001  SH Egnar 6922.5 3.7 54 Coaly carb shale
042N 020 11 SE SW SE 05-113-312-001 SH Egnar 6914.2 9.6 41 Dirty coal
042N  020W 14 C W SE 05-113-312-002  SH Egnar 6855.9 8.5 §I Coaly carb shale
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TABLE 6 (cont'd)

EXPLANATION OF ABBREVIATIONS

Headings
TWP - township

RGE - range

SEC - section

QTR - section subdivision by quarter(s)
CTY - county

ELEV - elevation

THKN - coal thickness

Counties

DL - Dolores

MZ - Montezuma

SJ - San Juan, Utah
SM - San Miguel
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ECONOMIC CONSIDERATIONS

Past Mining

Extensive mining of Dakota coal took place during the latter part of the 19th
century and the first half of this century. Most of the production was from
the Cortez Coal District in Montezuma County and the Nucla-Norwood Field in
Montrose and northern San Miguel Counties (see Table 2). In the early days of
mining, coal seams were exploited for use in smelting operations at Rico,
Norwood, and Coke Ovens. Coal from the region was also used for supplying
local power, industrial needs, and for household heating. Use of the coals in
this area was gradually abandoned when a railway connection with Durango gave
access to the better coals of that area. Competition with other coals of
Colorado and the rest of the Rocky Mountain region has increased through the
years as transportation has continued to progress.

The Nucla Strip Mine was in operation from 1959 to 1983 to supply a local
power plant. No mines producing Dakota coal are currently active in the
region, though it is anticipated that mining in the Nucla area will commence
when the power plant resumes production in 1987.

Leasing Interest

Coal leasing took place in the Dove Creek area in 1979 and Perma Resources has
looked into development of a mine in northern Montezuma County since about
1975. During this time Perma has contended with such obstacles as water
rights, a major pipeline, a large canal project and overall economic

problems. Perma has no firm plans for mine development at this time. The
Cortez Sentinel has reported on various activities related to potential coal
development in the Montezuma and Dolores County area since the middle 1970's.
Large-scale private coal leasing activity has been summarized on Table 7.
State coal leases which were formerly held by various companies and
individuals are also listed.

Marketability

The potential for coal development in this region is dependent on many
economic, technological, and political factors. Some of these factors are
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area-specific while others are general in nature. Area-specific factors
include location, transportation, recovery method, geologic conditions, size
of reserve blocks, and coal quality. General factors include Tegal and
regulatory constraints, political climate, competitive energy availability and
technology, economic and technological characteristics of the coal industry,
and general economic factors.

Location and transportation, which are somewhat interdependent factors, are
currently strong disadvantages to the development of Dakota coals in this
region. The absence of a major railroad in southwestern Colorado severely
1imits the potential market for any coal produced. Even with improved
transportation in the future, the low quality of Dakota coal will place
limitations on the economics of transportation over large distances. A coal
slurry line using carbon dioxide as the slurry medium has been discussed. It
could use southwestern Colorado coals and carbon dioxide and provide an
extensive market opportunity.

The poor quality and erratic distribution of reserves of Dakota coal may
prevent it from becoming competitive in any markets other than local ones.
Within Tocal markets, coals from this region have a competitive advantage over
coals from other regions due to the location and transportation factors. This
advantage may be enhanced with the advent of fluidized-bed combustion
technology and other technologies which may be developed in the future. The
proximity of relatively high quality coals of the San Juan River Region in the
vicinity of Durango, and of the Uinta Region to the northeast, partially
negates this competitive advantage.

The reserve size factor may be another disadvantage of Dakota coals, due to
their erratic distribution and lateral discontinuities. Considering the
enormous area for which the coals are at strippable depths, however, locally
thick areas where mining might be feasible are likely to be located.

General factors affecting the entire coal industry often have marked effects
on local industry, and are often too erratic to enable prediction of their
future effect on this local industry. Technological innovations involving
combustion of Tow quality coals are likely to preferentially benefit the
development of Dakota coals.
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Fluidized-Bed Combustion

One technological innovation for using low-quality coal is in the
implementation stage at the Nucla Plant. This is the fluidized-bed combustion
(FBC) process.

In this process the fuel is suspended in a strong upward flow of air as it
burns. Any partially burned particles are captured at the top of the boiler
and recirculated into the combustion zone. This allows a choice of fuels and
permits a high level of fuel efficiency to be obtained while producing Tow
emissions of oxides of nitrogen. Limestone or other materials that absorb
sulfur dioxide can be mixed with the fuel, controlling sulfur dioxide emissions
without the need for expensive add-on equipment. Fabric-filter bag-houses can
be used to control fly ash and other particulates, resulting in the removal of
more than 99.9 percent of all particulates from the flue gases. FBC technology
may permit the use of low grade coals that are not now economically mineable.
Higher ash content coals can be used, coal washing eliminated, mine reject
material utilized and limestone or calcium in the fuel or parting material can
be advantageous rather than detrimental. In addition to FBC's advantages of
fuel flexibility and environmental protection, it appears to be extremely cost
effective with its increased combustion efficiency and predicted availability
of about 95 percent.

In February, 1984, the Nucla Plant was granted $740,000 from the Electric Power
and Research Institute for construction of a circulating fluidized-bed
combustion facility. The overall project is estimated to cost about $100
million and the Colorado Ute Electric Association has sought financing from
other utilities, equipment manufacturers, and fuel suppliers. The retrofitted
plant is scheduled to start production of electricity in the fall of 1987 and
begin commercial operation in 1990. It will be the first plant of its type to
be built on a utility scale, and generating capacity will be increased from its
former 36,000 Kw to 110,000 Kw while the plant life is extended by 30 years.
The fuel will consist of "anything that will burn", so that coal quality is not
of such crucial importance as with typical power plants. Limestone, coal and
various miscellaneous combustible products to be used will be supplied from
local sources. Criterja for the Nucla Plant will be a minimum of 8,000 Btu/1b,
with no 1imits on ash and sulfur contents. It is anticipated that the plant
will have an annual requirement of 300,000 to 400,000 tons of coal.
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CONCLUSIONS

Available information sources delineate a large area of Dakota coal at
shallow, strip-mineable depths within southwestern Colorado. Geologic
conditions in the region are favorable for Dakota coal in that occurrences are
generally at shallow depths, but are unfavorable in terms of coal bed
continuity and quality. Further closely-spaced drilling will be necessary to
determine the continuity of coal beds in many areas. Analytical data for
these coals indicate they are generally high-volatile B and C bituminous, with
typically high ash contents.

Dakota coal has many disadvantages which are presently preventing its
development. Future uses will be Timited primarily by the area's isolation
and the poor quality of the coal. Advances in technology may stimulate
development, depending on other economic and political factors. The low
quality, generally thin coal beds of the Dakota Formation in southwestern
Colorado may become economic in the future with improvements in combustion
technology such as fluidized-bed combustion.
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APPENDIX

SUPPLEMENTAL INFORMATION CONTAINED IN
COLORADO GEOLOGICAL SURVEY OPEN FILE REPORT 86-18B

The following information is available for inspection in the files of the
Colorado Geological Survey. It consists of geologic and geophysical logs of
drill holes, maps and reports which contain data on Dakota coal in
southwestern Colorado. The bibTliography includes much of this information.

AMAX Coal Company - 3 files
Maps, letters of request and transmittal
Geophysical Togs (2 files)

Cotter Corporation
Radium Mountain (RM) drill holes
USTRAT forms with interpretations of Tithologic and geophysical logs

Empire Electric Association (EEA)
Coal report (Canis and Krantz, 1955)
Logs from Cullins and Bowers (1965), on USTRAT forms

Ferret Exploration
Geophysical Togs of uranium drill holes

Miscellaneous Drill Hole Information
Colorado MLRD - 2 logs from Nucla Mine area
USGS PP 576-A - one drill hole log (USTRAT)
Young/QDC - 4 drill hole logs, Quinn Development Corp.

Quality Data
Ed Baird
U.S. Bureau of Reclamation (DCC project)
USGS Open-file Report 78-899 (Haines, 1978)
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U.S. Bureau of Reclamation - 2 files

Dove Creek Canal (DCC) logs -
geologic logs of drill holes
geophysical Togs

Other Togs - geologic Togs from projects other than Dove Creek Canal:
Cahone Dam Site (CA), 1972
Campbell Forebay Area (CP), 1982
Cross Canyon Pumping Plant (CCPP), 1984
Dallas Divide Dam Site, 1961
Dawson Draw Dam Site (DD), 1974
Dolores Tunnel Site (DT), 1979
Fairview Pumping Plant
Great Cut Dike (GR), 1979
Monument Creek Dam Site (MO), 1974
Monument Creek Pumping Plant (MCP), 1984
Plateau Creek Bridge Site (PC), 1981
Radium Dam (RA), 1975
Ridgway Dam Site, 1972
Rim Basin Dam (no coal info)
Towaoc Power Plant (TP), 1983

USTRAT Forms (from National Coal Resources Data System, US Stratigraphic
forms)

AMAX drill holes

U.S. Bureau of Reclamation drill holes

USGS Open-file Report 78-899 drill holes (Haines, 1978)
NOTE: these forms will Tater be replaced with a printout of this data

Water Well Data - 2 files
Water well drillers' logs (photocopies of logs used in the report):
Delta through Mesa Counties
Montezuma through San Miguel Counties

0717
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