
Notes on the Moab-Spanish Valley Glen Canyon 
Aquifer

The Setting

(1) Geologically speaking, the Moab-Spanish Valley is a very unusual 
place.  The valley is located along the crest of a collapsed salt 
anticline, and this collapsed anticline is bounded by steep walls of 
bedrock that are cut by highly complex fault zones.  (Indeed, the 
geologic underpinnings of this valley and its immediate neighbors 
within the paradox basin are different from almost all other places on 
the North American continent.)

(2) The bedrock walls that form the northeast side of the valley are 
mostly composed of sandstones of the Glen Canyon Group (Navajo 
Sandstone, Kayenta Formation and Wingate Sandstone).  These 
sandstones have been severely fractured by the underground 
movement of salt and gypsum and by the subsequent collapse of this 
salt anticline.

(3) This fracturing provides conduits for the reliable natural flow of 
pristine groundwater to Moab-Spanish Valley, and it is certainly one of 
the principal reasons why the springs and wells located along the 
northeast margin of the valley flow so abundantly.  Nearly 80% of the 
groundwater supplies for Moab and Grand County flow through these 
sandstones.

(4) For lack of a better name, these sandstones are herein referred to 
as the Moab-Spanish Valley Glen Canyon Aquifer.  The area of this 
aquifer of most immediate concern to water supply of the valley  is 
that part of the Mill Creek watershed below 9200 feet elevation and 
extending between Sand Flats Road on the north and Mill Creek 
Canyon on the west and south (see Figure 1).  (San Flats Road marks 
the approximate location of the divide between Negro Bill Canyon and 
the North Fork of Mill Creek).

(5) As shown on Figure 1, this area is composed of 4 distinct 
landscapes. 
(a) The high mesas between 6800 and 9200 feet elevation (Wilson 
mesa, South Mesa and Bald Mesa).  These mesas comprise the 
primary recharge area for the aquifer (shown in blue on Fig. 1). 
(b) The rugged canyons of the North Fork of Mill Creek and Mill Creek 



and their tributaries (shown in grey-green on Fig. 1).  These rugged 
canyons, underlain by the Kayenta Formation, form a secondary zone 
of recharge in the canyon bottoms of the principal streams. 
(c) The rugged to flat mesa lands between these canyons (shown in 
orange on Fig. 1, and underlain in most places by pervasively fractured 
Navajo Sandstone).  
(d) Many of the flatter mesa tops are capped by extensive deposits of 
wind blown and residual sand (shown on light brown on Fig. 1).  Most 
of these lands (c and d) are not natural rechage areas at the present 
time.  However, because of the continuous and pervasive fracturing in 
the Navajo Sandstone, they are sensitive areas where extensive/
intensive human activity could result in aquifer contamination. 

 

Hydraulic conductivity and transmissivity of the Glen 
Canyon aquifer (particularly the Navajo Sandstone)

(1) The Navajo Sandstone has the greatest capacity to transmit water 
of all the sedimentary bedrock units underlying the Colorado Plateau.

(2) Hydraulic conductivity estimates of the Navajo Sandstone, derived 
from unfractured core samples, range from 0.0037 to 5.1 feet/day.   
Values calculated from aquifer tests in Utah, Arizona, and Colorado are 
most commonly between 0.1 and 1 feet/day. 

(3) However, the presence of pervasive fractures is the most important 
factor controlling the ability of an aquifer to transmit water. Bedrock 
cut by pervasive joint zones and other fractures may have 
permeabilities  (parallel to the predominant trend of the fractures) 
several orders of magnitude greater than unfractured bedrock.  For 
example, the hydraulic conductivity of an open 0.001 inch-wide 
fracture in Navajo Sandstone intersected by an oil well near the San 
Rafael Swell was calculated to be 132 ft/day.

(5) Therefore, the rate of recharge to the Glen Canyon aquifer is likely 
to be very much larger where the formation is pervasively fractured or 
jointed (such as areas underlain by pervasively fractured Navajo 
Sandstone along or near the northeast rim of Moab-Spanish Valley).

(6) These areas of the aquifer are also much more vulnerable to 
contamination from surface and subsurface sources of pollution.  
  



Water quality of the Glen Canyon Aquifer

(1) In 2005, the Glen Canyon aquifer was rated by the Utah 
Department of Environmental Quality-Department of Water Quality as 
Class 1a (pristine water) and Class 1b (irreplaceable water).

(2) In 2002, the Glen Canyon Aquifer System was designated by the 
U. S. Environmental Protection Agency (EPA) to be the “sole source of 
drinking water for approximately 6,000 permanent residents within the 
City of Moab”. 

(3) The EPA designation considers those areas where the aquifer is 
exposed at the surface to be “moderately to very vulnerable to 
possible contamination”. 

(4) The EPA designation also states that “there is no unappropriated 
alternative drinking water source or combination of sources which 
could provide fifty percent or more of the drinking water to the 
designated area (Moab) nor is there any projected future alternative 
source capable of supplying the area’s drinking water needs at an 
economical cost.” Federal Register Notice, Vol. 67, No 4, January 7, 
2002, p 737. 

Groundwater analyses of the Glen Canyon Aquifer

(1) Mathematical modeling of groundwater is based on assumptions of 
homogeneous, isotropic media. However, groundwater flow in the 
unsaturated zone is more complex, and groundwater flow in 
pervasively fractured rocks is even more complex. Because of these 
complexities, estimating flow in the unsaturated zone of pervasively 
fractured rocks is very general at best.  Therefore we have only a very 
rudimentary understanding of the potential risks of large-scale 
developments on the recharge areas for the Navajo Sandstone (and 
Glen Canyon Aquifer) in the Moab area.

(2) The Glen Canyon aquifer has not been comprehensively studied in 
the Moab area. Most of the studies that have been cited/referenced are 
either: (1) old (done 25 to 60 years ago); (2) very general and regional 
(covering the entire Colorado Plateau) or (3) extrapolations from 
studies in other areas (see following section ‘Summary of other 
relevant studies’) . Local studies of the aquifer have drawn heavily 
from these older regional reports. 



(3) One relatively recent local study (Solomon, D. K., 2001, 
Reconnaissance study of age and recharge temperature of 
groundwater near Moab, Utah:  unpublished consulting report, 21 p.) 
specifically concerns the Glen canyon aquifer in the Moab-Spanish 
valley area.  Unfortunately, this investigation “was a reconnaissance 
study that consisted of a very small number of samples that were 
analyzed for only a selected number of parameters”, and “although the 
analyses presented appear to be internally consistent, it is not possible 
to evaluate how representative these results are of the entire system”.  
However, this study can be used as a guide to the general nature of 
the Moab-Spanish Valley Glen Canyon aquifer system.

(4) Solomon (2001) estimates that most (perhaps as much as 90%) of 
the water produced from wells and springs along the northeast margin 
of Moab-Spanish Valley is at least 40 and perhaps as much as 1000 
years old. He also estimates that this water was derived from recharge 
at elevations between 6500 and 8200 feet along the northwest slope 
of the LaSal Mountains.

(5) However, Solomon also estimates that at least 10% of this water is 
much younger and is probably derived from recharge in areas between 
the La Sal Mountains and Moab-Spanish Valley where pervasively 
fractured Navajo Sandstone is exposed at the land surface or covered 
by a thin veneer of soil and ‘blow sand’.

(6) The Solomon study was intended to better define the general 
nature of the groundwater flow system. The study was focused on 
determining the location of the original source of the water being 
pumped from wells along the northeast side of the valley.  The study 
was not focused on evaluating the vulnerability of the groundwater 
system to contamination from other sources. That is an entirely 
different question.  However, regarding this second question, the 
Solomon study does in fact suggest that:  (a) the Glen Canyon Aquifer 
is irreplaceable; and (b) that irreparable contamination from local 
sources (along or near the northeast margin of Moab-Spanish Valley) 
is possible.

Summary of other relevant studies

A brief summary of other hydrogeologic studies conducted between 



1962 and 2007 is provided here.  See also the summary compiled in 
2007 by Lowe, et al. and referenced at the end of this publication.
   
Jobin, 1962: “The Navajo sandstone, because it is uniformly thick and 
well sorted, has the largest transmissive capacity of all the hydrologic 
units of the Colorado Plateau.” (Ref 6, pg 42)

Blanchard, 1990: “The rate of recharge to the Navajo aquifer 
probably is much larger where the formation is fractured or jointed.”  
(Ref 1, pg 40.)

“Recharge is enhanced where the depressions in the surface of the 
Navajo Sandstone contain thick, unconsolidated deposits. The deposits 
typically are erosional products of the formations of the Glen Canyon 
Group, are sandy, and are capable of holding water in storage for 
infiltration into the Navajo Sandstone.”  (Ref 1, pg 40)

Eisinger and Lowe, 1999: “Secondary permeability due to fractures 
is still the most important factor controlling the ability of the formation 
to yield water. The hydraulic conductivity derived from unfractured 
core samples of the Navajo in Emery County ranges from 0.0037 to 
5.1 feet/day. Based on oil well data, Hood and Patterson (1984), 
calculated that the hydraulic conductivity of an open 0.001 inch-wide 
fracture would be 132 ft/day.  However, such a calculation 
overestimates the ability of a fractured rock aquifer to yield water. The 
highest hydraulic conductivity calculated by Freethey and Cordy 
(1991), from aquifer tests was 88 feet/day for a 44 foot interval of 
fractures Navajo sandstone …..” (Ref 2, pg 9.)

Lowe, Wallace, Kirby and Bishop, 2007:  “Fracturing provides 
primary control on aquifer characteristics of the Glen Canyon Group, 
altering hydraulic conductivity and effective porosity by several orders 
of magnitude (Hood and Patterson, 1984; Freethey and Cordy, 1991). 
High values of hydraulic conductivity encountered in culinary wells 
along the eastern margin of Moab-Spanish Valley are attributed to 
fracturing of the bedrock aquifer (Eisinger and Lowe, 1999). Fracture 
characterization is therefore important in understanding the 
hydrogeology of the Glen Canyon Group in Moab-Spanish Valley.”  (Ref 
7, pg 8)

Lowe, Wallace, Kirby and Bishop, 2007: “Wells encountering joint 
zones may have permeability several orders of magnitude greater 
parallel to joint zone strike than wells that do not intercept joint 



zones…. Wells completed in the Glen Canyon Group along the eastern 
margin of Moab-Spanish Valley intersecting joint zones are likely to 
have greatly increased hydraulic conductivity … oriented to the 
northwest.” (Ref 7, pg 11)
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