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4.0 OVERVIEW OF GEOLOGY AND HYDROGEOLOGY 

The hydrogeologic characteristics of the rock units that occur in the Grand Mesa, Cedaredge and 

Paonia areas directly control the movement of groundwater and the interaction of groundwater 

and surface water in the study area.  Different authors cite slightly different thicknesses for the 

units.  This report, for the most part, uses USGS figures (Brooks 1983) and the geologic maps 

prepared by C. Richard Dunrud, P.E. and other USGS staff (USGS Coal Investigations Maps C-

115 and 116 [Dunrud 1989a, 1989b], Map C-109 [Dunrud 1987] and Map C-97A [Ellis and 

Freeman 1984]).  The descriptions below are based on the literature cited at the back of this 

report, coupled with the observations of Messrs. Dunrud and Rold and WWE staff.  Exhibit 4 

provides a geologic map of the study area, as published by the USGS.  Figure 3 is a simplified 

schematic geologic cross section, while Exhibits 5 & 6 provide detailed geologic cross sections, 

the locations of which appear on Exhibit 4.   

The detailed geologic cross sections provided as Exhibits 5 and 6 demonstrate the stratigraphic 

relationship between bedrock formations.  The east/west section (Exhibit 5) located on a line 

north of Cedaredge provides sub-surface details including fault offsets and lithologic changes 

between the numerous coal resource test holes used to create the cross section.  These wells and 

their associated lithologies were extracted from information compiled by Dunrud (1989a,  

1989b).  Exhibit 6 (the north/south section) provides a scaled version of Figure 3.  This exhibit 

shows the downward dip, or tilt, of the bedrock formations in comparison to the increasing 

elevation towards the north.  

Throughout the discussion that follows, the west side of the study area is used in reference to the 

vicinity of Cedaredge, while the east side of the study area is used in reference to the vicinity of 

Paonia Reservoir. 
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4.1 Comparison of East and West Sides of Study Area 

It is important to recognize that there are topographic, hydrologic and shallow hydrogeologic 

differences from the east side of the study area (roughly Paonia Reservoir) to the west side 

(roughly Cedaredge), as noted in various documents.  Brooks (1983) states that: 

A greater area of bedrock in the Cedaredge study area is overlain by thick, 
unconsolidated Quaternary deposits than in the Paonia area.  This is due to the 
differences in topography of the two areas.  The Cedaredge study area in western 
Delta County is rugged, but not nearly as steep as the Paonia study area in the 
eastern part of the county.  The steeper slopes and greater stream gradients in 
eastern Delta County create a greater potential for sediment transport in streams, 
resulting in the erosion of surficial deposits from local valley walls and cliff fronts 
facing the North Fork of the Gunnison River, and exposure of the underlying 
bedrock... The Mesaverde Formation and overlying unconsolidated Quaternary 
deposits are more saturated in the Cedaredge study area than in the Paonia study 
area.  

Mr. Bruce Bertram also describes these differences in his June 2002 report as follows:   

There is a significant difference in the existing surface terrain (topography) 
between the eastern project area near Paonia and the western project area near 
Cedaredge.  The valleys narrow and are surrounded by very steep slopes in the 
eastern area and contain few if any of the outwash alluvium terraces that begin to 
dominate the lower slopes of the Grand Mesa toward the west.  Specific 
recognizable terraces are:  (among others) Pitkin Mesa, Hanson Mesa, Rogers 
Mesa, Redlands Mesa, Cedar Mesa, and numerous smaller mesas (having 
minimal alluvium caps) around the Cedaredge area.  The significant difference at 
Cedaredge is the entire Surface Creek Valley is for the most part a large outwash 
of alluvium beginning high in the scrub oak and lower aspen levels of the Grand 
Mesa tapering out but not disappearing until reaching the Gunnison River.  There 
are increased occurrences of springs and successful shallow (most less than 300 
ft) water wells in areas covered with the outwash alluvium. 

Figure 4 graphically represents the differences in surface topography across the study 

area by use of a colored-shaded relief image.  Although the surficial characteristics differ 

across the study area, there is relatively little difference in the hydrogeology of the 

bedrock formations as discussed in the sections which follow. 





Characterization and Assessment of Water Resources on the Southeastern Flank of the Grand Mesa,  
Delta, Gunnison and Mesa Counties, Colorado 

 
 

 
021-082.000 Wright Water Engineers Page 17 
January 2003  

 

4.2 Bedrock Sequence 

The discussion that follows generally describes the geologic and hydrogeologic conditions in 

terms of the Cedaredge area, which includes the general vicinity of the Town of Cedaredge in the 

western side of the study area, and the Paonia Reservoir area in the eastern side of the study area.  

The overall study area is located along the southern edge (and southeastern part) of the Piceance 

Basin (Hettinger and Kirschbaum 2002).  The bedrock, as measured on top of the Rollins 

Sandstone (Dunrud 1989a; Dunrud 1989b, based on structural contours), dips northward at 2.5 to 

3.5 degrees in the Paonia Reservoir area and 2.5 to 4.5 degrees in the Cedaredge area.  Faults and 

fractures that occur in the study area are discussed in Section 4.11. 

The bedrock from the Paonia Reservoir area (including the Upper West Muddy Creek area) to 

the Cedaredge area (including the Hells Kitchen-Grand Mesa areas) ranges from Cretaceous to 

Tertiary in age.   Described from oldest to youngest (ascending order), the bedrock consists of 

the following (please also refer to Exhibits 5 & 6 for geologic cross sections, which are shown 

on Exhibit 4, Geologic Map of Study Area): 

1. Mancos Shale, with a total thickness of as much as 5,000 feet.  

2. Sandstones, mudstones, and claystones of the Mesaverde Formation, which ranges in 

thickness from about 2,400 to 2,800 feet (excluding the Cozette Member present in 

the Cedaredge area) to as much as 3,200 feet thick beneath Grand Mesa, which 

includes the Cozette Member and a tongue of Mancos Shale.   

3. Claystone, siltstone, and sandstone of the Wasatch Formation, 1,000 to 2,500 feet 

thick. 

4. Marlstone, oil shale, siltstone and sandstone of the Green River Formation, about 

1,000 feet thick. 

5. Siltstone, sandstone and claystone of the Uinta Formation, from a few hundred to 

perhaps 1,000 to 1,200 feet thick.  
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6. Layered basaltic volcanic rocks that cap Grand Mesa, 200 to 800 feet thick.   

Each of the geologic units listed above is discussed in more detail below. 

 4.3 Mancos Shale (Upper Cretaceous) 

This unit underlies the Mesaverde Formation (see Figure 3) and consists primarily of gray shale 

and mudstone.  There are local, yellowish-gray bentonitic clay zones and sandy limestone beds 

in its upper part, particularly in the Cedaredge-Hotchkiss area.  A tongue of Mancos Shale also 

occurs between the Cozette Member of the Mesaverde Formation and the overlying Rollins 

Sandstone (Photo 1).  

 

 

 

 

 

 

Photo 1—An outcrop of the Mancos Shale (gray shale and overlying yellowish, bentonitic 
clay), looking eastward across Cottonwood Creek.  At this location, the Mancos Shale is 
overlain by permeable, unconsolidated alluvial deposits; springs are located at the contact 
between the Mancos Shale and the overlying alluvial deposits (right center). 

In general, the Mancos Shale and mudstone contain little water, because there is very little open 

pore space within the bedrock.  The Mancos Shale normally provides a basal hydrologic seal for 

the overlying rocks of the Mesaverde Formation.  However, some water of poor quality may be 

locally present in the upper 10 to 20 feet of fractured, weathered sub-crops, particularly beneath 

water-bearing, unconsolidated deposits.  Within the study area, several permitted Mancos Shale 

water wells provide domestic water supplies. 
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4.4 Mesaverde Formation (Upper Cretaceous) 

The Mesaverde Formation member units vary somewhat, particularly with regard to thickness, 

based on location within the study area.  The Paonia Reservoir (east side of study area) and 

Cedaredge (west side) areas are both described below. 

 

 

 

 

 

 

 

 

 

Photo 2—Bedrock exposure of the Mesaverde Formation east of Somerset.  The upper part of the 
Coal-Bearing Member is beneath the lower, lenticular sandstone (bottom), followed by the Barren 
Member (center) and the Ohio Creek Member (top) where the more massive sandstones are located. 

In the Paonia Reservoir area (Photo 2), the Mesaverde Formation (also called the Williams Fork 

Formation by Hettinger and Kirschbaum 2002) is subdivided into four members (Dunrud 1989a) 

listed from bottom to top: 

1. Basal Rollins Sandstone Member—80 to 200 feet thick,  

2. Coal-Bearing Member—300 to 650 feet thick,  
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3. Barren Member—750 to 1,000 feet thick, and  

4. Ohio Creek Member—500 to 900 feet thick.   

In the Cedaredge area, the Mesaverde Formation includes five members, excluding a tongue of 

Mancos Shale (Dunrud 1989b).   These members (also listed from bottom to top) include: 

1. Basal Cozette Member—a few feet thick to about 150 feet thick, a tongue of Mancos 

Shale—200 to 425 feet thick,  

2. Rollins Sandstone Member—80 to 200 feet thick, 

3. Coal-Bearing Member—about 300 feet thick in the Cedaredge area to approximately 

700 feet thick beneath Grand Mesa, 

4. Barren Member—1,000 to 1,200 feet thick, and 

5. Ohio Creek Member—900 to 1,100 feet thick.  

These members are discussed in more detail below.  An overview of hydrogeologic parameters 

for various stratigraphic units in the Mesaverde Formation and the overlying unconsolidated 

deposits is provided in Table 1. 
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Table 1 

Summary of Hydrogeologic Parameters for Various Stratigraphic Units 

  Brooks (1983)1 Brooks and Ackerman (1985)2 
 

Hydrostratigraphic 
Unit 

 
 

Sub-Unit 

Thick-
ness 
(ft) 

Trans-
missivity 
(ft2/day) 

 
 

Storativity3 

 
Sample 
Points 

 
Yield 
(gpm) 

 
Conductance 

(µS/cm) 

Dissolved 
Solids 
(mg/L) 

 
Dominant 

Cation 

 
Dominant 

Anion 

Alluvium (Stevens 
Gulch) 

-- -- 108 to 230 0.002 to 0.2 6 Wells    1 to 750 80 to 3,220 63 to 2,970 Calcium Bicarbonate 

Quaternary deposits Unconsolidated -- 1,900 -- 8 
Springs 

Up to 200 48 to 510 46 to 305 Calcium Bicarbonate 

Mesaverde 
Formation (upper) 

Barren Member 500 0.33 -- 

Mesaverde 
Formation (lower) 

Rollins 
Sandstone 

200 -- -- 

Mesaverde 
Formation (lower) 

Coal Beds 600 1.5 to16.7 0.00004 to 
0.097 

 
 
 

19 
Wells 

 
 
 

0.7 to 25 

 
 
 

325 to 5,390 

 
 
 

206 to 
3,360 

 
 
 

Sodium 

 
 

Bicarbonate 
and Sulfate 

 

 

 

1 Information contained in USGS Report 83-4069 titled Hydrology and Subsidence Potential of 
Proposed Coal-Lease Tracts in Delta County, Colorado (Brooks 1983). 

2 Information contained in USGS Report 84-4185 titled Reconnaissance of Groundwater Resources in 
the Lower Gunnison River Basin, Southwestern Colorado (Brooks and Ackerman 1985). 

3 Defined in a water-bearing unit as the ratio of the volume of water that a given mass of saturated rock 
or soil will yield by gravity to the volume of that mass.  (Also referred to as “storage coefficient.”) 
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4.4.1 Cozette Member (Upper Cretaceous) 

This unit consists of fine to very fine-grained sandstone and siltstone, and is light tan to pale 

yellowish orange to gray.  The sandstone thins eastward, as shown in Exhibit 5.   It also becomes 

finer grained eastward and downward in the section.  The thickness ranges from a few feet north 

of the town of Hotchkiss to about 50 feet in the Hells Kitchen area west of the town of 

Cedaredge to about 150 feet thick beneath Grand Mesa.  The top of the Cozette Member was 

used by Dunrud (1989b) as the datum for the coal sections in the Cedaredge area, as did Gill and 

Hail (1975).  

Information on the porosity/permeability of the Cozette Member is not readily available.  

However, the sandstone interstices are expected to be filled with calcareous, clay cement similar 

to the basal portion of the Rollins Sandstone (discussed below). Permeability and water 

availability would therefore likely be low, but may locally have sufficient hydrologic connection 

with unconsolidated deposits to allow for domestic water well uses.  

4.4.2       Rollins Sandstone Member (Upper Cretaceous) 

This member often consists of a basal part containing inter-layered, silty sandstones and 

mudstones, and an upper part, which is thickly layered to massive.  The sandstone is fine to very 

fine-grained to silty, and tan to light gray.  This geologic unit is considered to be a shore face 

sandstone of marine origin (Hettinger and Kirschbaum 2002).  The member, which is 80 to 200 

feet thick, becomes coarser grained, contains more quartz, and is locally light gray to very light 

gray in the upper part (Photo 3).  Calcareous and siliceous cement and clay commonly fill the 

space among sand grains in the lower part.  Bertram (2002) offered the same observation:  “The 

Rollins Sandstone contains visible clay and calcareous matrix cementation of varying amounts 

throughout the western area.” 
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Photo 3—Outcrop of the Rollins Sandstone (background) located northwest of the town of Cedaredge.  
The upper white, more permeable, sandstone cap is underlain by tan, less permeable, sandstone. 

The upper 50 to 70 feet of the Rollins Sandstone locally tongues into the overlying Coal-Bearing 

Member.  The basal part of the unit, which is locally gradational with the underlying tongue of 

Mancos Shale, is less prominent westward.  Elongate limonite concretions are locally common in 

the upper part (Hettinger and Kirschbaum 2002, Dunrud 1989a; Dunrud 1989b).  

Although some references identify the Rollins Sandstone as a potential “regional aquifer,” 

mining experience and domestic water well records from the Colorado SEO clearly demonstrate 

that the Rollins Sandstone is not a regional aquifer in the study area (see Section 6.0 for a 

discussion of the term “aquifer”).  As discussed in Section 6, there are a relatively small number 

of low capacity domestic wells which are completed into the lower Mesaverde Formation and 

the Rollins Sandstone, mainly near Cedaredge.  WWE’s analysis indicates that many of these 

wells are recharged from the nearby unconsolidated surficial deposits, and that the water bearing 

areas of the Rollins Sandstone are limited in extent.   

Bertram (2002) refers to localized white sand lenses atop the Rollins Sandstone:   

There are 2-3 visible local occurrences of a white sand lens deposited above the 
top of the Rollins Sandstone.  The white sands are a very pure and porous true 
beach sand 5 to 20 feet thick extending laterally along strike 200 to 1,200 feet and 
an unknown distance down dip under the surface.  There are known springs and 
wet coal mines associated with these sands.  Whereas near the same location and 
elevation the Rollins sand immediately below is void of water at the outcrop. 
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Within the study area, the Rollins Sandstone has limited springs or surface flow associated with 

it, particularly where the matrix is well cemented or filled with clay such as in the Paonia 

Reservoir area.  In the eastern portion of the study area, coal mining experience indicates that the 

Rollins Sandstone is highly cemented and a poor water producer.   

4.4.3 Coal-Bearing Member  

The Coal-Bearing Member of the Mesaverde Formation consists of a sequence of inter-bedded 

sandstones, mudstones, shales, siltstones, and coal seams.  This unit includes the Bowie Shale 

Member and the overlying Paonia Shale Member of Lee (1912), Collins (1976), and Hettinger 

and Kirschbaum (2002) in the Paonia Reservoir area, but only the Bowie Shale Member of Lee 

(1912) in the Cedaredge area.  This member ranges in thickness from 650 to about 700 feet in the 

Terror Creek and Grand Mesa areas to approximately 300 feet in the Cedaredge area (Dunrud 

1989a; Dunrud 1989b).  The sandstones, coal seams and the burned zones of this member are 

discussed separately below.   

4.4.3.1 Sandstones 

The sandstones, which are as much as 100 feet thick in the eastern part of the study area, become 

thinner and less continuous westward. The sandstones, which are light yellowish brown to tan, 

are fine to very fine-grained, and usually contain a calcareous-clay matrix.  The sandstone 

between the C and lower D coal seams in the Hubbard Creek area, however, locally contains 

open pore space in the upper part, and higher permeability.  The mudstone, siltstone, and shale, 

which are mostly light gray to dark gray in color, thin and thicken as the sandstones thicken and 

thin.    

The sandstones commonly are of low to very low permeability, because the pore space is filled 

with calcareous clays.  Exceptions include the sandstone between the C and lower D seams in 

the Bear-Hubbard Creek area.   




