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4.4.3.2

Coal Seams

The coal in the Coal-Bearing Member consists of single coal seams and coal zones (where
“zone” refers to a section with multiple coal seams interspersed with sandstone, shale,
mudstones, etc. within a certain stratigraphic interval). The coal seams occur about 200 to 300
feet lower stratigraphically in the western part of the study area than in the eastern part. The A
coal zone overlies the Rollins Sandstone in both the Paonia Reservoir and Cedaredge areas. The
A coal seam occurs beneath a tongue of the Rollins Sandstone in the Hubbard Creek area. One
coal seam in the A coal zone is about 45 feet thick beneath Park Reservoir on Grand Mesa. In
the Cedaredge area, the so-called A coal zone contains as many as 10 individual coal seams a
foot or so to 10 feet thick and is as much as 150 feet thick. On the east side of Hubbard Creek it
consists of only two thin coal seams (Dunrud 1989a; Dunrud 1989b, see coal sections).
The 30-foot-thick coal seam in the Paonia Reservoir area, known as the B seam (also called the
Somerset seam), is either absent in the Cedaredge area, or it consists of a zone of thin coals. The
B coal seam occurs 80 to 100 feet above the main part of the Rollins Sandstone in the Paonia
Reservoir area to perhaps 250 feet above the Rollins in the Cedaredge area. The C coal seam is
located 30 to 80 feet above the B seam in the Paonia Reservoir area to 120 feet above the B in
the Cedaredge area. The D coal seams occur 150 to 220 feet above the C zone in the Paonia
Reservoir area, but are absent in the Cedaredge area. The two E coal seams, which are locally
present in the Paonia Reservoir area but are absent in the Cedaredge area, occur 150 to 250 feet
above the uppermost D coal seam.
The lack of correlation between coal seams over relatively short distances (Dunrud 1989a;
Dunrud 1989b) is a reflection of the depositional environment in which these coals formed. The
coals originate from intertidal brackish to fresh water swamps near the ancestral ocean’s
shoreline. The swamps were periodically criss-crossed with braided stream channels carrying
sand and silt, only to become quiet, stagnant swamps and collectors of organic materials over
extended periods of time.
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CDMG (2001) reported that the coal seams in the North Fork of the Gunnison area contain
limited water and have low transmissivities. Bertram (2002) stated that coal seams near outcrops
in the Cedaredge area have varying amounts of water. The coal seams, which contain few
visible fractures and cleats prior to mining, are nearly always devoid of water in the Paonia
Reservoir area. This information is based on underground mapping of the B, C, and E seams by
Dunrud in the Somerset, Bear, and Hawksnest mines during the 1970’s. The coal seams thin and
pinch out eastward from the Somerset-Hawksnest area such that the B seam is the only coal of
mineable thickness in the Paonia Reservoir area. In addition, the fracturing of rock above the
coal seams, caused by room-and-pillar mining of the past and longwall mining of today, has
usually yielded little or no water. In cases where water has been encountered during mining in
the coal seams, it is typically due to fracturing that causes a secondary permeability or due to
subcrops in the vicinity of surface water. Water occurrence in these types of fractures is
representative of small, isolated lenses or zones. Where these fractures are in contact with the
overlying unconsolidated alluvial deposits, mine inflows may occur that mimic the surface
drainage conditions or that decrease over time as the volume of water in storage is reduced.
Inflows from faults and fractures outside of stream valleys generally dry up or are soon reduced
to a trickle (CDMG 2001).

Additionally, Bertram (2002) noted that coal mines in the vicinity

of Cedaredge are influenced by nearby surface irrigation, and that historically some of these
mines were “charged” with water via springtime irrigation, and the stored water was pumped out
during the summer for irrigation.
4.4.3.3

Burned Zones in the Coal-Bearing Member

Zones of baked, altered, and slumped rock are common along many outcrops of the CoalBearing Member from the Hawksnest Mine area to the Cedaredge area. The burning and baking,
which was caused by burning of the coal seams, appears to have occurred prior to the deposition
of the Quaternary-aged unconsolidated deposits. The rocks above the burned beds have been
hardened, fractured, and otherwise altered by the heat, steam, and chemicals intruding into the
rocks from the burning coal. At the west side of Bear Creek in the Somerset mine, where one of
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the more extensive burned areas occurs (Photo 4), the coal has burned northward from the
outcrop as much as 1,500 feet in the B seam (Dunrud 1976).
The baking, slumping, and successive inward failure and associated fracturing produce a
secondary porosity and permeability in these rocks that did not previously exist. The fractures
occur along joint trends, as well as in other directions, where thermal stresses, slumping, and
attendant cantilever failure exceeded the strength of the rock. Although these burned coal zones
may locally contain some water, they are limited in extent to zones back from the outcrop a few
hundred to perhaps as much as 1,500 feet where the topography is conducive to water infiltration
(Dunrud 1976). Infiltration from precipitation is limited in the Paonia Reservoir area because of
the steep slopes and rugged topography. In the Cedaredge area, where burning is estimated to
occur roughly 500 feet inward from the outcrop (plus or minus 200 to 300 feet), the topography
is more subdued and infiltration of precipitation and surface flow may be more common than in
the eastern portion of the study area.
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Photo 4—Outcrop showing the uppermost part of the Mancos Shale (above the trees), the Rollins
Sandstone (the lowest, yellowish orange sandstone ledge and overlying light gray cliff), and the
burned and slumped rocks of the Coal-Bearing Member. The A through E coal seams have been
burned back from the outcrop as much as 1,500 feet at this location (Dunrud 1976).

4.4.4

Barren Member of the Mesaverde Formation (Upper Cretaceous)

This unit consists of inter-bedded, discontinuous sandstone, mudstone, siltstone, shale, and local,
thin coal beds. The sandstones, which are light brown to light gray, are fine to very fine-grained.
The matrices of the sandstone, siltstone, and mudstone are filled with interstitial clay and
calcareous material.
Based on mining experience and according to Brooks (1983) and Brooks and Ackerman (1985),
this sequence of rocks is the least permeable of all the rocks of the Mesaverde Formation.
Dunrud’s experience in local coal mines and his interviews with miners and mining geologists
indicate that the Barren Member sequence is so impermeable in both the vertical and horizontal
directions that the gas encountered during the caving and fracturing associated with longwall
mining in the Coal-Bearing zone is essentially trapped and sealed from escaping, except where
degasification wells are installed during mining to prevent gas from entering the mine workings.
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This lack of permeability leads to a general lack of water in the Barren Member, although as
reported in Section 6, there are a small number of Barren Member wells in the study area. These
likely occur in isolated zones of enhanced (secondary) permeability.
4.4.5

Ohio Creek Member of the Mesaverde Formation (Upper Cretaceous)

The Ohio Creek Member of Johnson and May (1980) consists of a sequence of inter-bedded,
lenticular sandstones, mudstones, and shale. This sequence, which ranges from 500 to 1,100 feet
thick, was also called the Ohio Creek Formation to the east by Gaskill and Godwin in the
Marcellina Mountain area (1966). The sandstones, which range from a few feet to as much as
200 feet thick in short lateral distances, are fine to coarse grained to locally conglomeratic,
particularly in the upper part. The sandstones are light gray to light tan; the mudstones and shale
are light gray to medium gray in color.
The pore space among the sand grains is usually filled with clay in the lower part. However, the
upper sandstones can be locally porous and thus likely to contain some of the more permeable
zones in the Mesaverde Formation. Although the upper sandstones can have a local horizontal
permeability, there is a very low vertical permeability from one sandstone to the next due to
intervening shale and mudstone between the sandstones.
4.5

Wasatch Formation (Tertiary)

The Wasatch Formation, which is composed of varicolored (mostly shades of red, brown, and
gray) claystone, mudstone, and local lenticular sandstones and limestones, ranges from 1,000 to
more than 2,500 feet thick (Photo 5). The formation commonly contains a basal conglomerate
and lenticular sandstones in the lower part, particularly in the McClure Pass area. Large debris
flows and mudflows were readily mobilized in the claystone during periods of high precipitation
in the geologic past (Pleistocene) (Photo 6). Numerous large and small landslides still occur in
the area.
Outcrop exposures and drill hole data are limited near the top of Grand Mesa. Therefore, details
about the lithologic characteristics of the Tertiary rocks (Wasatch, Green River, and Uinta
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Formations) are limited, and the thicknesses of these rocks can only be estimated. Richard
Dunrud met with John R. Donnell, retired geologist of the USGS, during January 2003 to verify
the geologic characteristics and thicknesses of the Tertiary rocks and unconsolidated deposits
near the top of Grand Mesa. Mr. Donnell made the original geologic map that was used by other
geologists of the USGS to compile maps of the area, which in turn was used to compile Exhibit 4
of this report.

Photo 5—Outcrop exposure of the
upper part of the Wasatch Formation
along the highway road cut from
Cedaredge to Grand Mesa. The red
and reddish gray clays and silts, which
have a very low permeability, are
readily subject to mudflows and other
landslides during periods of heavy
precipitation.
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Photo 6—Debris flow deposit on Coal Gulch, located north of the West Elk mine. The jeep road on this
stable deposit allows access to the high country, even during wet periods.

Mr. Donnell (2003), who has extensively studied the Tertiary rocks of the Piceance Basin and, to
a lesser degree, the Uinta Basin, describes the intertonguing relationship of the Wasatch, Green
River, and Uinta Formations as follows:
The upper part of the Wasatch Formation intertongues with the overlying Green
River Formation. The Uinta Formation intertongues with the upper part of the
underlying Green River Formation.
This is because the depositional
environments in Early Tertiary time fluctuated. The Green River sediments
(marlstone, oil shale, siltstone, and sandstone), which were deposited in a large
lake (Lake Uinta—located in northwestern Colorado and northeastern Utah),
expanded during wetter climates and contracted in drier climates. Conversely, the
river deposits of the upper part of the Wasatch Formation (claystone, siltstone,
and sandstone) and the river deposits of the Uinta Formation (siltstone, sandstone,
and claystone) generally expanded during drier periods and contracted during
wetter periods. The maximum areal extent of Lake Uinta, which is roughly equal
to the areal extent of the Mahogany oil shale bed (a bed of low to very low
permeability), was between the current size of Lake Erie and Lake Ontario.
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The Wasatch Formation has low to very low horizontal and vertical permeabilities because of its
high clay content, but may be low to moderate for the lenticular sandstones present in this
formation. The clays of the Wasatch Formation and the stabilized debris flows made up of
Wasatch clays transmit water very slowly. One can observe this in driving unpaved roads in
these Wasatch clays during rainstorms. The road becomes very slick rapidly, then dries out
quickly after the rain has stopped. This happens because the water can only soak into the clay a
very short distance.
In some areas, the large debris flows that contain a heterogeneous mixture of volcanic boulders
and gravels from Grand Mesa, also are of low permeability. These flows, which can cover large
areas of bedrock near the Wasatch Formation outcrops, can therefore seal the underlying bedrock
from precipitation and resulting infiltration. At depth, the overburden pressure also forces this
weak material to seal fractures and faults. In other areas, these deposits have been reworked and
stratified, removing some of the fine-grained materials, thus forming relatively permeable
unconsolidated alluvial deposits.
There are few springs or domestic water wells in the Wasatch Formation in the study area.
4.6

Green River Formation (Eocene)

The Green River Formation is made up of light gray marlstone, oil shale, siltstone, and sandstone
(Photo 7). This formation intertongues with the underlying Wasatch Formation.
In the study area, the Green River Formation has a very low to moderate horizontal permeability
and a low to very low vertical permeability. The Mahogany oil shale bed (1 to 3 feet thick),
which is located near the base of the formation throughout the northwestern part of the study
area, has a low to very low permeability (Donnell 2003).

Extensive wetlands, lakes, and

reservoirs are located on the marlstones and claystones of the intertonguing Green River and
Uinta Formations on Grand Mesa, attesting to their low to very low vertical permeability
(Photos 8 & 9).
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Photo 7—Outcrop showing shale and marlstone of the Green River Formation, which is
exposed in the road cut of highway from Cedaredge to Grand Mesa.
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Photo 8—View of a wetland located on landslide (Toreva Block) material of the Green River and/or Unita
Formations on Grand Mesa.

Photo 9—View of Ward Creek Reservoir located on landslide (Toreva Block) material of the Green River
and/or Uinta Formations on Grand Mesa.
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4.7

Uinta Formation (Eocene)

The Uinta Formation overlies and inter-tongues with the Green River Formation. The formation
consists of a sequence of siltstone, sandstone, and claystone.
In the study area, the permeability of the Uinta Formation is not well documented, but vertical
permeability is likely to be low to very low because of the presence of siltstone and claystone
inter-layered with sandstone. The presence of numerous wetlands, lakes and reservoirs on Grand
Mesa also attests to this low permeability. The abundance of surface water on the top of Grand
Mesa near the Uinta Formation outcrops appears to be sufficient to provide a domestic supply to
several wells completed in this formation.
4.8

Basalt Dikes, Dike-like Bodies and Sills

A mafic (i.e., an igneous intrusion that is rich in calcium, iron and magnesium) dike-like body
called “Iron Point” is located on the west side of Hubbard Creek. Mafic sills also intrude the B
and C coal seams in Terror Creek. Easterly trending basalt dikes, ranging in width from a few
feet to about 30 feet, occur in the Hubbard Park-Bull Mountain area between Muddy Creek and
West Muddy Creek (Exhibit 4). These dikes and dike-like bodies, because of their similar
lithology to the sills intruding the coal seams in the Terror Creek area, are also the probable
source of the basalts on Grand Mesa (Ellis and Freeman 1984). The Grand Mesa volcanic rocks
may therefore have originally extended eastward to the current Muddy Creek area.

Surface

evidence of this is represented by the large number of basalt boulders still present in the Muddy
Creek drainage.
There is a good possibility that fracturing could be caused by these dike and sill intrusions. In
some cases, water may occur in these fractures. For example, at the West Elk Mine, water-filled
fractures from the Mount Gunnison intrusion were believed to be the source of mine inflows
during 1996-97 (see Section 6.5.2).
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4.9

Basalt Flows

Mafic extrusive rocks, consisting of layered basalts and andesitic basalts, overlie the Uinta and
Green River Formations on Grand Mesa (Photo 10). These dark colored, layered rocks, rich in
calcium, iron and magnesium and highly jointed and fractured, are on the order of 200 to 800
feet thick. Extensive talus deposits are located around the edge of the rock in places. The
original extent of the basalt flows very likely included at least the present area of lakes and
wetlands on Grand Mesa, and also the areas where the dikes and dike-like bodies are located on
Hubbard Creek, Bull Mountain and in the West and East Muddy Creek drainages.

Basalt Outcrop

Photo 10—Road cut view showing (from top to bottom)
the basalt outcrops, basalt talus deposits, and the rocks
of the Green River or Uinta Formations that underlie the
volcanic rocks.

Precipitation can percolate down through the joints and fractures of these volcanic rocks to the
underlying rocks of the Uinta and Green River Formations. Therefore, though this crystalline
rock, itself, is impermeable, water can flow vertically and horizontally through the joints and
fractures in the rock.

The massive and vesicular basalts contain calcium-rich plagioclase

feldspar, hornblende and pyroxene. As a result, water in contact with basalts is likely to contain
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significant amounts of calcium, iron and magnesium, and perhaps manganese and sodium to a
lesser degree.
Weathering and mass wasting of the basalt flows including Toreva Block2 movements account
for most of the extensive lakes, reservoirs and marshes on Grand Mesa. The periodic rotational
and translational movements of these basalt blocks and underlying bedrock formed topographic
depressions which contain the natural lakes and marshes in the area (Yeend 1969). Most fresh
water springs tapped at their source for domestic water use by the Towns of Cedaredge, Colby
Canyon, and Orchard City (among others) are related to these lakes and ponds. On Grand Mesa,
these springs are separated from the potential gas-bearing zone by thousands of feet of very low
permeability rocks. The fine-grained nature of the underlying Uinta and Green River Formations
restricts seepage losses from these perennial lakes and springs into the underlying bedrock.
However, these natural lakes and marshes do provide recharge to downslope unconsolidated
deposits.
4.10

Unconsolidated Deposits

Extensive unconsolidated deposits, which range in age from the Pleistocene ice age to the
present, overlie much of the bedrock from the Paonia Reservoir to Cedaredge areas. The
geology and hydrogeology of these unconsolidated deposits are discussed below.
4.10.1

Geology

Unconsolidated deposits (also referred to herein as unconsolidated surficial deposits or surficial
deposits), which can be as much as several hundred feet thick, consist of landslides, debris flows,
mudflows, glacial deposits, and various types of alluvial and colluvial deposits. The debris
flows, which were mobilized during periods of high precipitation in the geologic past
(Pleistocene) but now are essentially immobile, are perhaps the most extensive. The debris flow

2

A Toreva Block is a slump block consisting essentially of a single large mass of undisturbed material which,
during descent, has undergone a backward rotation toward the parent cliff about a horizontal axis that roughly
parallels it (Bates and Jackson 1987).
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deposits commonly consist of a heterogeneous mixture of clay, silt, sand, gravel, and boulders
derived from bedrock, weathered bedrock, volcanic boulders and gravels from the volcanic rocks
on Grand Mesa (Photo 6). The clays and silts are mostly derived from the Wasatch Formation,
but also are from the Mesaverde, Green River and Uinta Formations to a lesser degree. The
gravels and boulders of the debris flow deposits commonly are engulfed in a matrix of clay and
silt.
This blanket of unconsolidated deposits covers more of the bedrock in the Cedaredge area than it
does in the Paonia Reservoir area. The unconsolidated deposits, which are most extensive from
Stevens Gulch to Leroux Creek, have been eroded away to a greater degree in the eastern part of
the area than to the west, because the topography is steeper in the eastern area. The steeper
stream and slope gradients cause greater erosion power in the east than in the west (Ellis et al.
1987; Ellis and Freeman 1984; Dunrud 1989a; Dunrud 1989b).
In some areas, the debris flow deposits and other landslide deposits have been extensively
reworked, sorted, and stratified by water, particularly in the upper parts, to form zones that are
permeable. These alluvial fan and pediment deposits all dip gently toward the North Fork of
the Gunnison River drainage and are more extensive in the Cedaredge-Hotchkiss area. These
permeable deposits range from well sorted and stratified younger gravels and boulders, with
some alternating layers of sand, silt, and clay on Rogers Mesa (Photo 11), to older, less well
sorted gravels and larger boulders on Cedar Mesa (Photo 12), to the oldest and poorly sorted
gravels and still larger boulders on Oak Mesa. These alluvial deposits overlie an erosion (rock
cut) surface, and occur on at least three or more levels. The deposits range in age from preBull Lake to Pinedale in age (Hail 1972; Ellis et al. 1987). Extensive irrigation (from surface
water) on these mesas plays a major role in the hydrology of the west side of the study area, as
discussed in Sections 5 and 6 of this report.
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Photo 11—Road cut view of well-sorted and stratified alluvial deposits on the east side of Rogers
Mesa. The gravel and boulder zone is overlain by a sand-silt-clay deposit, which provides a fertile soil
for agriculture. Local basalt boulders can be seen engulfed within the sand-silt matrix.
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Photo 12—Road cut view of sorted and stratified alluvial deposits on the east side of Cedar Mesa. The
gravel and boulder zone contains larger basalt boulders and is somewhat less stratified than the gravelboulder zone at Rogers Mesa. The boulders engulfed in the overlying sand-silt-clay layer are also larger
than at Rogers Mesa.

The numerous mesas between Terror Creek and Cedaredge, with extensive irrigated fields and
orchards, occur on sand and silt deposits that commonly overlie the gravel-boulder zones of
these high-level alluvial surfaces (pediments). These alluvial surfaces generally increase in
number and extent westward from Terror Creek to the Cedaredge area.
4.10.2

Hydrogeology of Unconsolidated Deposits

The reworked, sorted and stratified unconsolidated deposits have good permeability and easily
transmit groundwater. Most springs in the area arise from this material. Many of the water wells
derive their water from this material or from the weathered bedrock immediately below it.
Where these deposits contain water from streams, ditches, upgradient springs or other sources,
and where they overlie areas of the Mesaverde Formation with high secondary permeability (due
to burns, fractures, faults or weathering), the deposits can be an important recharge source for
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isolated areas of the Mesaverde Formation, especially on the west side of the study area. Waters
from these units are usually fresh and are calcium/magnesium-bicarbonate type. Occasionally,
these waters may also contain significant levels of sodium due to release of sodium from clays
through the natural ion-exchange process.
In contrast to the reworked, sorted and stratified deposits, the unconsolidated debris flow
deposits derived from the Wasatch Formation consist primarily of clay, gravel and boulders with
some sand and silt.

Immediately downgradient of the Wasatch Formation outcrops, these

deposits underlie the reworked unconsolidated surficial deposits and overlie the bedrock. These
debris flow deposits were mobilized during periods of high precipitation in the geologic past
(Pleistocene).

The deposits also include heterogeneous to well-sorted and stratified basalt

gravels and boulders. These deposits, which are as much as several hundred feet thick, have a
very low permeability where they are heterogeneous, but are very permeable where they are
well-sorted and stratified. The well-sorted and stratified deposits become more common toward
the major drainages because the materials were reworked by fluvial activities.
Grand Mesa Coal Company’s 1984 mine permit document estimated that the unconsolidated
alluvial deposits, which are as much as 250 feet thick in places in the Red Canyon mine permit
area, are on the order of 100 times more permeable than the coal beds, even where a secondary
fracture permeability exists. Additionally, most mining-related documents reviewed concluded
that the alluvial/colluvial deposits were the only geologic unit that provided adequate quantity
and quality of water to support beneficial uses (Montgomery Watson Mining Group 2000;
CDMG 2001).
4.11

Faults and Fractures

Steeply dipping faults offset the bedrock, some through the Mancos Shale and Mesaverde
Formation, or some within certain rock sequences. Faults in the Paonia Reservoir area, some of
which are discontinuous, trend mainly northwestward, northward, and northeastward, and offset
the bedrock from a few feet to as much as about 50 feet (see Exhibits 4, 5 and 6). Faults in the
Cedaredge area trend northeastward and northward, and offset the bedrock from a few tens of
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feet to over 500 feet. The northeast-trending fault beneath the alluvial deposits on Surface Creek
offsets the Rollins Sandstone (downward to the northwest) as much as 550 feet (see cross section
A-A’ on Exhibit 5). Another northward-trending fault offsets bedrock beneath alluvial deposits
north of the town of Cedaredge downward to the west as much as 200 feet (Dunrud 1989).
In both the Paonia Reservoir and Cedaredge areas, the Upper Cretaceous Mancos Shale and the
Mesaverde Formation are more likely to be transected by faults than other formations. The
overlying Wasatch, Green River and Uinta Formations are Paleocene and Eocene (epochs within
the Tertiary Period) in age, and, therefore, would not have been involved in the tectonic activity
at the end of the Cretaceous period. In other words, the younger Wasatch and Green River
Formations had not been deposited when most of the faulting occurred. There may be some
faulting related to mid-Tertiary intrusive activity that formed the West Elk Mountains. Because
the Paonia Reservoir area is closer to these intrusive bodies, any potential faulting relating to this
activity would have impacted the bedrock in the Paonia Reservoir area far more than in the
Cedaredge area.
Faults, occurring both within rock sequences (such as compaction-type faults within the CoalBearing Member) and throughout the bedrock, can be localized sources of water in the
Somerset-Paonia Reservoir area. For example, faults within the Coal-Bearing Member and the B
seam in the Somerset mine yielded water and gas under pressure in the 1970’s. More recently,
the West Elk Mine experienced fault inflows; this topic is discussed in Section 6.5.2. Because
the water contained within the West Elk Mine fault was age-dated at about 10,000 years old, this
fault water was not connected to current, meteoric surface water.
When considering faults and their relationship to surface drainages, it is important to note that
over thousands of years, erosion of material from the Wasatch Formation with subsequent
deposition in stream channels has tended to “seal” some reaches of the channel bottoms from the
underlying faults. In addition, fractures tend to “heal” from within, as formations expand and
swell, such as clays expanding due to water additions. The effectiveness of Wasatch Formation
materials at “sealing” was noted by Brooks (1983): “alluvial deposits contain fine siltstone and
clay sediments derived from the Wasatch formation. This silt and clay could seal subsidence
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cracks.” Brooks (1983) also noted that few faults were reported in the Cedaredge/Paonia study
area addressed by his report. The fact that healing and sealing are effective at closing fractures
in the study area is also discussed in the 1997 update of the West Elk Mine’s Probable
Hydrologic Consequences discussion (Mountain Coal Company 1997), based on research by the
Colorado Geological Survey.
North of the town of Cedaredge, the geologic data indicate that faults with large displacements
that trend northeastward and northward are not connected with the lakes and reservoirs atop the
Grand Mesa. This lack of interconnection may be either because the faults are older than the
Wasatch and Green River Formations and therefore do not cut them, or that the faults have been
“healed” and “sealed” with time if they do cut these geologic units. If a hydraulic connection
existed between these faults and the lakes and reservoirs on Grand Mesa, very large springs
would have to exist because of the large existing pressure gradient between the faults in the
Mesaverde Formation and the lakes, marshes and reservoirs located on the Uinta and Green
River Formations; yet no large (high flow rate) springs are apparent along the fault traces.
Regarding the extensiveness of faults and fractures on the east side of the study area, the 1996
Bowie #2 Coal Mine Permit Document (Bowie Resources, Limited 1996) states:
The primary (granular) permeability is low due to the lithologic composition of
the sandstone and the secondary (fracture) permeability is not well developed.
Extensive core drilling within these strata shows that fracture zones are not well
developed. Similar observations were made in the Orchard Valley underground
mine. Fracture zones or zones of lost circulation during drilling do not appear to
extend from hole-to-hole. Fracture and fault zones, although encountered, are not
well developed.
Water inflows to coal mines associated with faults and fractures are often characterized by an
initial surge of water which either decreases significantly or ceases with time. Inflows from
faults and fractures located outside of stream valleys, such as in the Bowie #1 mine, generally
dry up with time or flow intermittently at discrete points along the fault or fracture. Where mine
portals underlie colluvium, they typically experience small seasonal inflows or “drippers.”
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In summary, as conduits for the transfer of water, these faults are estimated to have a very low
transfer capacity, for the following reasons:
1. The faults (of Late Cretaceous age) most likely predate the rocks of Tertiary age,
and, therefore, do not transect the clays, silts, and marlstones of the Wasatch,
Green River and Uinta Formations.
2. Debris flows with low permeability have blanketed portions of the faults.
3. Fractures attributable to faults may have been closed with time due to “healing”
and “sealing” mechanisms, described herein.
4. The faults in the Cedaredge area, in particular, project northward to abundant
lakes and reservoirs on Grand Mesa.

If there were a hydraulic connection

between these lakes and the faults in the Mesaverde Formation, some of the water
in these lakes would continue to leak out and be the source of high-pressure, highvolume springs in the Cedaredge area, yet no springs of this magnitude are
apparent.
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