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ABSTRACT
The principal aquifer in the Blanding area is made up of

geographically isolated bedrock of the Dakota and Burro
Canyon Formations. These units are largely structurally
intact and composed primarily of sandstone and lesser, later-
ally discontinuous mudstone, claystone, and shale. Ground
water flows generally to the south or southeast across the
study area. The total amount of water in transient storage in
the principal aquifer is estimated at 156,000 acre-feet (192
hm3). Recharge to the principal aquifer occurs from direct
precipitation and infiltration of surface water transported
onto Blanding-White Mesa via canals and pipelines and
stored in reservoirs along the northern portion of the study
area. Water levels in the principal aquifer have fluctuated
through time, generally increasing prior to 1989 and decreas-
ing since then. Fluctuations in water level are primarily the
result of changes in the rate of artificial recharge, due to
replacement of canals with pipelines, lining of reservoirs,
and land-use changes. Based on chlorofluorocarbon appar-
ent-age-of-recharge data, most ground water was recharged
prior to 1980, and ground water generally increases in age to
the south-southeast, parallel to the potentiometric slope. Sta-
ble isotope ratios from ground and surface water suggest a
significant component of water in the principal aquifer is the
result of artificial recharge from a variety of sources. Dis-
charge of the Dakota-Burro Canyon aquifer occurs primarily
by seepage and springs along the margins of the study area
and along drainages including Lems Draw, Browns Canyon,
and Corral Creek, and by subsurface outflow along the
southern margin of the study area. Withdrawal from wells is
a significant source of discharge locally. Future changes in
water delivery, storage, and land use across Blanding-White
Mesa will further alter the balance between recharge and dis-
charge and the amount of water in the principal aquifer.

INTRODUCTION
Recent residential growth in unincorporated portions of

San Juan County north and east of Blanding utilizes ground
water derived primarily from sandstone of the undivided
Dakota and Burro Canyon Formations for culinary water.
The primary source of recharge to the bedrock aquifer may
be seepage from unlined irrigation canals and reservoirs
along the northern extent of the study area, but the relative
contribution of seepage to total recharge is unknown. Poten-

tial installation of a pipe system for water delivery along the
northern canal could decrease recharge from seepage and
adversely affect ground-water availability at culinary wells
near Blanding. Ground-water budgets, subsurface geometry,
extent, sources, and amounts of recharge for this aquifer have
not been assessed prior to this study and are of concern to
local water managers.

The goal of this study is to characterize the geologic
framework of the Dakota-Burro Canyon aquifer and adjacent
units and estimate the relative amounts of artificial and natu-
ral recharge for this aquifer. The scope of work for this proj-
ect included new geologic mapping based on color air pho-
tos and extensive fieldwork, new measured stratigraphic sec-
tions of the principal aquifer, and well-log analysis. These
data are used to constrain the extent and geologic character-
istics of the principal aquifer. To estimate sources of re-
charge and discharge and the amount of water in the princi-
pal aquifer, new and compiled water-level, and new geo-
chemical, isotopic, and dissolved gas data from ground- and
surface-water were collected and analyzed. Hydrologic and
geologic framework data presented in this report will support
informed resource management decisions and provide basic
data necessary for future numerical modeling of ground-
water flow in the principal aquifer.

GEOGRAPHIC SETTING
Geography

Blanding is located in the Colorado Plateau physio-
graphic province of southeastern Utah (Stokes, 1977). The
study area, referred to in this report as Blanding-White Mesa,
consists of the Blanding bench including the municipality of
Blanding and the surrounding farm and residential lands
which grade southward into White Mesa (figure 1). The
study area is characterized by a series of south sloping mesas
bounded by Recapture Creek along the north and east and
Brushy Basin Wash to the west. To the south the study area
is arbitrarily bounded by farmlands along White Mesa.

Along the western portion of the study area, several
south-draining canyons begin along the northern reaches of
Blanding-White Mesa, including Westwater Creek and Big
Canyon. To the east, Lems Draw, Browns Canyon, and sev-
eral other smaller drainage systems cut the central and east-
ern portions of Blanding-White Mesa (figure 1). Many
smaller stream courses on White Mesa are intermittent, flow-
ing only during runoff events, including snowmelt or peri-

GEOLOGIC AND HYDROLOGIC CHARACTERIZATION
OF THE DAKOTA-BURRO CANYON AQUIFER NEAR

BLANDING, SAN JUAN COUNTY, UTAH

by
Stefan Kirby



2 Utah Geological Survey

Figure 1. Geographic overview of the Blanding-White Mesa area.
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odic intense rainfall (figure 1). Larger drainages along the
margins of Blanding-White Mesa, including Johnson, Recap-
ture, and Cottonwood Creeks, are perennial, with much of
their yearly flow derived from spring and summer snowmelt
in the Abajo Mountains north of the study area. Westwater
Creek and the lower portions of Lems Draw, Browns Can-
yon, and Corral Canyon also are perennial (figures 1 and 2).

History of Water Use
Since the earliest twentieth century, surface water has

been imported and stored on Blanding-White Mesa for both
agricultural and municipal uses (Danny Fleming, city of
Blanding, verbal communication, 2005). The primary source
of regional surface water is the upland areas of the Abajo
Mountains north of the study area. Early water delivery con-
sisted of two water-diversion ditches, one in the northern
portion (upper canal) and one in the southern portion (lower
canal) of the study area, that brought water from Johnson and
Recapture Creeks onto Blanding-White Mesa (figures 1 and
2). The upper canal was completed in 1900 and the lower
canal was completed several years later. The two canals sup-
plied water for irrigation, domestic, and municipal use across
Blanding-White Mesa. The first in a series of five reservoirs
were constructed in 1916 and filled with water from the
northern canal (Danny Fleming, verbal communication,
2005). All of these reservoirs were initially filled directly
over unconsolidated deposits and Dakota-Burro Canyon
bedrock. Of the five initial reservoirs three are still in use:
Starvation Reservoir and City of Blanding Reservoirs 3 and
4 (figure 2). City of Blanding Reservoirs 3 and 4 were
upgraded and at least partially lined with impermeable clay
during the summer of 1990, and similar work is pending for
Starvation Reservoir (Jeff Black, city of Blanding, verbal
communication, 2006). The lower canal was replaced with a
closed pipe in the early 1980s, and portions of the upper
canal have been replaced with closed pipe since 1990 (Jeff
Black, verbal communication, 2006).

Surface water currently used in the Blanding area is con-
veyed via canals and pipelines from Johnson Creek and
Recapture Reservoir (Utah Division of Water Resources,
1996, 2000). Areas outside of the city of Blanding rely on
ground water pumped from the Dakota-Burro Canyon
aquifer for culinary water (figure 2). Irrigation water is
either from piped surface water sources or ground water
(Utah Division of Water Resources, 1996). Nearly all of the
856 wells within the study area are less than 150 feet (46 m)
deep and completed in the Dakota and Burro Canyon aquifer
(figure 2) (Utah Division of Water Rights, 2006). Most of
these wells are used for domestic supply and small-scale irri-
gation of gardens, landscaping, and stock. Within the city of
Blanding municipal boundaries, private water wells are com-
monly used in conjunction with municipal water to irrigate
landscaping and gardens (Jeff Black, verbal communication,
2006).

Climate
The climate of the study area is semiarid, with hot sum-

mers with occasional high-intensity rainfall events and cool
winters with periodic snow and rain (figure 3). Mean annu-
al precipitation at Blanding is 13 inches (33 cm), but actual

yearly precipitation is highly variable (figure 4) (Western
Regional Climate Center, 2006). To the north of the study
area, upland portions of the Abajo Mountains receive con-
siderably more precipitation. At the Camp Jackson snotel
site, along the upper reaches of Johnson Creek on the south
flank of the Abajo Mountains, average annual precipitation is
29 inches (74 cm) (Western Regional Climate Center, 2006).
Water derived from the Abajo Mountains supplies most of
the surface water used across the Blanding-White Mesa.
From the months of April thru October estimated average
monthly potential evapotranspiration greatly exceeds precip-
itation. Total annual potential evapotranspiration, calculated
using the Hargreaves equation, is 47 inches (120 cm) at
Blanding (figure 3) (Ashcroft and others, 1992). Actual
evapotranspiration is dependent on many localized meteoro-
logical and geographic parameters and likely varies from the
potential evapotranspiration shown in figure 3. Annual pre-
cipitation measured at Blanding has a slightly decreasing
trend for much of the period of record (1900-2006) (figure
4). Mean annual temperature at Blanding is 50ºF (10ºC)
(Western Regional Climate Center, 2006).

GEOLOGIC AND HYDROLOGIC SETTING
Regional Geologic Background

The study area is characterized by flat or gently south-
sloping mesas separated by canyon systems incised in Upper
Jurassic and Cretaceous rocks (Hintze and Stokes, 1963;
Haynes and others, 1972). Resistant Cretaceous sandstone
forms caprocks that underlie mesa tops and form cliffs along
adjoining canyons that expose Upper Jurassic units across
the study area (Haynes and others, 1972). Thin mantles of
Quaternary-age unconsolidated deposits cover most of the
mesa tops and parts of the intervening canyons (Haynes and
others, 1972; Biggar and others, 1981). Rocks older than
Late Jurassic lie beneath the study area but are not exposed
at the surface (plate 1) (Haynes and others, 1972). Several
rock units older than those exposed at the surface are inter-
cepted by deep wells and may become increasingly impor-
tant aquifers in the near future (Gaeaorama Inc., 2004).
Detailed discussion of potential aquifers beneath the Burro
Canyon Formation is beyond the scope of this report, but
generally the Early Jurassic Navajo Sandstone may contain
usable quantities of ground water beneath the study area
(Gaeaorama Inc., 2004).

The study area is located in the Blanding sub-basin of
the larger Paradox Basin, characterized by thick sequences of
anhydrite, carbonate, and organic-rich shale of the Paradox
Formation (figure 5). The Paradox Formation is part of the
Hermosa Group, which, together with the overlying Cutler
Group, were deposited during Pennsylvanian and Permian
transgressions and regressions (Condon, 1995; Nuccio and
Condon, 1996). The Paradox Basin covers much of south-
eastern Utah and adjoining portions of Colorado, Arizona,
and New Mexico (figure 5). The Blanding sub-basin occu-
pies the southwestern corner of the Paradox Basin; it is
bounded to the west by the Comb Ridge monocline, to the
north and northeast by the Abajo Mountains and Paradox
fold and fault belt, and to the southeast by the four corners
platform (Nuccio and Condon, 1996) (figure 5).

3Geologic and hydrologic characteristics of the Dakota-Burro Canyon aquifer near Blanding, Utah
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Figure 2. False color Landsat image of the Blanding area. Areas of active irrigation are green. Surface water including City of Blanding reservoirs
and Recapture Reservoir are dark blue. Image date is 6/15/2000, data available from Intermountain Region Digital Archive Center (2006). Water
wells from the Utah Division of Water Rights (2006).
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Figure 3. Climate data for Blanding. Potential evapotranspiration exceeds average precipitation nearly every month. Climate data are for the 1904
to 2005 period, and are compiled from Ashcroft and others (1992) and Western Regional Climate Center (2006).

0

10

20

30

40

50

60

70

80

90

100

0

5

10

15

20

Average Precipitation

Potential Evapotranspiration

Mean Temperature

Mean Low Temperature

Mean High Temperature

T
e
m

p
e
ra

tu
re

in
d
e
g
re

e
s

ºF

P
re

ci
p

ita
tio

n
o

r
p

o
te

n
tia

l
e
va

p
o

tr
a

n
sp

ir
a

tio
n

in
in

ch
e

s

Jan Feb Mar Apr

Explanation

May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 4. Annual precipitation at Blanding with linear least squares regression lines and slope of line for selected time periods. Regression lines
and slopes represent secular change in precipitation for each recharge period. Precipitation data from the Western Regional Climate Center (2006).

Early recharge, prior to 1979

Middle recharge, 1979 to 1989

Late recharge, 1989 to present

Recharge period

0

5

10

15

20

25

30

1900 1920 1940 1960 1980 2000

Year

P
re

ci
p

it
at

io
n

(i
n

ch
es

)

0.2-0.08 -0.09

Regression line for a given recharge period; 
number is slope of line

-0.08

Annual precipitation at Blanding

Explanation

Regression line for period of record (1904-2005); 
number is slope of line

-0.02

-0.02



6 Utah Geological Survey

Figure 5. Regional tectonic setting of the Blanding area, showing the extent of the Paradox Basin, major sub-basins, and geographic provinces (mod-
ified from Nuccio and Condon, 1996). Depth to basement from Condon (1995).
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Deposition of the sedimentary section in the Paradox
Basin was episodic and included a variety of rock types rang-
ing from marine carbonate, sandstone, organic-rich shale,
and salts to foreland continental deposits of sandstone, mud-
stone, and claystone (Hintze and Stokes, 1963; Haynes and
others, 1972; Craig, 1981; Molenaar, 1981, 1987; Condon,
1995; Nuccio and Condon, 1996). Deposition, burial, and
subsequent exhumation of these rocks occurred in response
to regional and local tectonic and eustatic events ranging
from the early Paleozoic to Tertiary (Nuccio and Condon,
1996). Late Cretaceous through early Tertiary Laramide
reverse faulting produced major structures, including the
Comb Ridge monocline west of the study area (Sears, 1956;
Lewis and Campbell, 1965; Nuccio and Condon, 1996) (fig-
ure 5).

During the mid-Tertiary, emplacement of the igneous
laccoliths of the Abajo Mountains north of the study area
locally deformed and uplifted the sedimentary sequence of
the Paradox Basin (Witkind, 1964; Friedman and Huffman,
1998). Faulting and folding occurred near igneous intru-
sions, and bedrock in the Blanding area was tilted gently to
the south and southeast away from intrusions in the Abajo
Mountains (Witkind, 1964).

Beginning during the late Tertiary, between 4 and 8 Ma,
and continuing through the Quaternary, uplift and drainage
integration across the Colorado Plateau removed several
thousand feet of overlying Tertiary and Cretaceous sedimen-
tary rocks from the Blanding area, exposing the bedrock that
comprises the principal aquifer (Pederson and others, 2002;
McMillan and others, 2006). Episodic deposition of Quater-
nary unconsolidated sediment has occurred as stream inci-
sion and uplift have continued into the present (Biggar and
others, 1981).

Based on well logs, current total thickness of sedimenta-
ry rocks beneath the study area is approximately 7000 feet
(2100 m), and includes Paleozoic through Mesozoic strata
that rest on Precambrian basement (figure 5) (Condon,
1995). Detailed discussion of the stratigraphy underlying the
Upper Jurassic and Cretaceous bedrock exposed in the study
area is beyond the scope of this report, but is included in
recent work to the north by Doelling (2004).

Bedrock across the Blanding sub-basin is shallowly dip-
ping and generally structurally intact except for a series of
gentle southeast- and south-trending folds and the basin-
scale north-south trending Comb Ridge monocline. Several
east-west striking graben systems along the southern margin
of the Abajo Mountains cut rocks north of the study area
(Witkind, 1964; Haynes and others, 1972).

Local Geologic Background
Bedrock units exposed in the study area include Upper

Jurassic through Cretaceous sedimentary rocks (plate 1)
(Hintze and Stokes, 1963; Haynes and others, 1972). The
stratigraphy of these units is the primary geologic control on
ground-water movement and availability beneath the study
area and will therefore be discussed in greater detail. The
oldest unit exposed in the study area, the Upper Jurassic
Brushy Basin Member of the Morrison Formation, is over-
lain by Cretaceous rocks including the Lower Cretaceous
Burro Canyon Formation, and the Upper Cretaceous Dakota
Sandstone and Mancos Shale.

Brushy Basin Member of the Morrison Formation
The Brushy Basin Member of the Morrison Formation

crops out along canyons that bound and cut Blanding-White
Mesa, immediately below the cliff-forming sandstone of the
Burro Canyon Formation (plate 2) (Haynes and others, 1972;
Montgomery, 1980). Natural exposure of the Brushy Basin
Member is generally poor, and characterized by small land-
slide complexes and areas of intact bedrock that are gener-
ally overgrown with piñon, juniper, and oak brush scrub
(Montgomery, 1980).

Locally the Brushy Basin Member of the Morrison For-
mation consists of interbedded mudstone, claystone, shale,
and sandstone. Much of the uppermost Brushy Basin Mem-
ber consists of variegated red to green mudstone, siltstone, or
claystone (Huff and Lesure, 1965). Medium- to coarse-
grained sandstone and minor conglomerate interbeds, litho-
logically similar to overlying Burro Canyon sandstone, are
less common and generally less than 10 to 15 feet thick (3-4
m), lenticular in geometry, and laterally discontinuous (fig-
ure 6). The Brushy Basin Member was deposited in a mixed
lacustrine and fluvial environment (Currie, 1997; Aubrey,
1998); south of the study area, the age of deposition of the
Brushy Basin Member is approximately 148 Ma (Late Juras-
sic) (Kowalis and others, 1998).

The top of the Brushy Basin Member of the Morrison
Formation commonly consists of an altered, abrupt, discon-
formable surface separating red or greenish mottled mud-
stones or rare sandstone beds of the uppermost Brushy Basin
Member from the trough cross-bedded sandstone, pebbly
sandstone, and conglomerate of the overlying Burro Canyon
Formation (plate 2; figure 6) (Huff and Leisure, 1965; Craig,
1981; Currie, 2002). Local erosional relief of several feet is
apparent along exposures of the upper contact, which may
represent a depositional hiatus of up to 30 Ma north of the
study area (Craig, 1981; Doelling, 2004) (figure 6). The con-
tact is mapped as the base of cliff-forming sandstones that
ring Blanding-White Mesa and form nearby canyon rims
(Haynes and others, 1972; Montgomery, 1980).

Mudstone and claystone of the upper Brushy Basin
Member likely represent a low permeability hydrologic bar-
rier that forms the lower boundary of the Dakota-Burro
Canyon aquifer (Avery, 1986). Where sandstone of the
Brushy Basin Member directly underlies the upper contact,
water may move vertically between the Brushy Basin Mem-
ber and Burro Canyon Formation but is unlikely to move lat-
erally due to the discontinuous nature of the sandstone beds
(figure 6). These factors also suggest that any significant
recharge and ground-water flow from upland exposures of
the Brushy Basin Member north of the study area are unlike-
ly, and further supports the hydrologically isolated nature of
the overlying Dakota-Burro Canyon aquifer.

Burro Canyon Formation
The Burro Canyon Formation crops out as a yellow to

white sandstone (Haynes and others, 1972; Craig, 1981)
forming a generally unbroken vertical cliff typically between
40 and 60 feet (12-18 m) and up to 80 to 100 feet (24-31 m)
high along the margin of Blanding-White Mesa and adjoin-
ing canyon rims (Montgomery, 1980) (figure 7). Fine-grain-
ed mudstone, claystone, and interbedded sandstone, in upper
portions of the Burro Canyon Formation, form slopes and

7Geologic and hydrologic characteristics of the Dakota-Burro Canyon aquifer near Blanding, Utah
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Figure 6. Contacts of the Burro Canyon Formation and the Brushy Basin Member of the Morrison Formation. A) Typical contact of Burro Canyon
Formation sandstone with underlying impermeable variegated mudstone of the Brushy Basin Member; circled rock hammer for scale. B) Base of the
Burro Canyon Formation southeast of Blanding showing several feet of erosional relief. C) Base of the Burro Canyon Formation sandstone resting
directly on sandstone of the Brushy Basin Member; circled rock hammer for scale. Contacts like this may facilitate vertical leakage between the
Brushy Basin Member and the Burro Canyon Formation, but are generally laterally discontinuous. D) Shows the same contact 15 feet from C) where
the Burro Canyon Formation rests on siltstone and mudstone of the Brushy Basin Member. Arrows show small seeps typical of the base of the Burro
Canyon Formation along the margins of Blanding-White Mesa.
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Figure 7. Contact between the Dakota and Burro Canyon Formations and stratigraphy of the Burro Canyon Formation. (A) Photo of resistant authi-
genic chert layer locally marking the top of the Burro Canyon Formation. Inset box shows close up of chert layer, overlying sandstone of the Burro
Canyon Formation. B) Angular chert rip-up clasts in lower bioturbated sandstone of the Dakota Formation just stratigraphically above chert layer.
C) Cliff-forming sandstone of the Burro Canyon Formation along Westwater Creek. Most of the ground-water in the Dakota-Burro Canyon Aquifer
in the Blanding area resides in similar sandstone. D) Close up of low-angle cross-stratification in medium-grained Burro Canyon sandstone along
measured section 1. E) Trough cross-bedding in coarse-grained Burro Canyon sandstone along measured section 1. F) Mudstone interbed in the
upper Burro Canyon Formation south of Blanding. Similar interbeds, while generally laterally discontinuous, may form important local imperme-
able layers.
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ledges along canyon rims in the study area. Burro Canyon
bedrock is not contiguous across the region; instead, it forms
caprock on spatially isolated mesas and cuestas separated by
intervening canyons (plate 1) (Avery, 1986; Lowe, 1996).

The Burro Canyon Formation is about 100 feet (31 m)
thick in the study area, consisting of medium- to coarse-
grained sandstone, conglomerate, and pebbly sandstone, with
interbeds of green mudstone, sandy mudstone, and claystone
(Stokes, 1952; Huff and Lesure, 1965; Craig, 1981; Currie,
1997) (plate 2; figure 7). Cross-bedded channel sandstone,
conglomerate, and scattered thin interbeds, less than 3 feet (1
m) thick, of blue to green claystone or mudstone dominate
much of the lower Burro Canyon Formation (plate 2) (Craig,
1981). Claystone interbeds are laterally discontinuous, par-
ticularly in the lower Burro Canyon Formation; laterally con-
tinuous scour surfaces are apparent in many outcrops. Mud-
stone, claystone, and interbedded sandstone are more com-
mon in upper portions of the Burro Canyon Formation (plate
2). The Burro Canyon Formation was deposited under fluvial
conditions associated with regional flexure and uplift pro-
duced by the Sevier fold and thrust belt located to the west
and southwest (Craig, 1981; Currie, 1997, 2002). Local age
constraint on deposition of the Burro Canyon Formation is
lacking; palynomorphs north of the study area, collected near
the top of the formation, indicate an Early Cretaceous age of
deposition (Tschudy and others, 1984).

Sandstone of the Burro Canyon Formation commonly
comprises most or all of the saturated part of the Dakota-
Burro Canyon aquifer in the study area. These sandstones
are laterally continuous beneath the Blanding-White Mesa
area and, where exposed or thinly mantled with unconsoli-
dated deposits, may provide direct recharge pathways to the
principal aquifer. Mudstone and claystone interbeds are gen-
erally laterally discontinuous but may form impermeable lay-
ers locally.

Dakota Formation
Outcrop of the Dakota Formation is less extensive and

more variable in character than Burro Canyon Formation
(plate 1) (Haynes and others, 1972). Commonly, outcrops of
the Dakota Formation form small slopes and “slickrock”
sandstone benches above Burro Canyon cliffs along the mar-
gins of Blanding-White Mesa. Outcrops of Dakota Forma-
tion sandstone occur sporadically across Blanding-White
Mesa, usually along small drainages (plate 1). City of Bland-
ing Reservoirs 3 and 4 and Starvation Reservoir lie directly
on sandstone and mudstone of the Dakota Formation.

The Dakota Formation locally consists of a variety of
lithologies including sandstone, mudstone, siltstone, shale,
and local beds of low-rank coal and carbonaceous shale
(Plate 2) (Young, 1960; Huff and Lesure, 1965). Woody
trace fossils, extensive bioturbation, low-rank coal, and car-
bonaceous shales and mudstones are characteristic of the
Dakota Formation across the study area (Young, 1960;
Haynes and others, 1972; Doelling, 2004) (figure 8). The
base of the Dakota Formation represents an erosional surface
developed in the Burro Canyon Formation (Huff and Leisure,
1965), and rip-up clasts of the uppermost Burro Canyon For-
mation are found in some of the lower sandstone of the
Dakota Formation (Huff and Leisure, 1965) (figure 7).

The Dakota Formation, where measured along the north-
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Figure 8. Photographs of the Dakota Formation A) Burrow trace fos-
sils (circled) typical of fine-grained sandstone in the Dakota Forma-
tion near Blanding. B) Carbonaceous mudstone interbedded with thin
sandstone in the Dakota Formation; circled rock hammer for scale. C)
Wood trace fossils (circled) typical of Dakota Formation sandstone.



ern margin of Blanding-White Mesa, is at least 30 to 40 feet
(9-12 m) thick, consisting of interbedded sandstone, silt-
stone, mudstone and shale (plate 2). Sandstone is laterally
variable, commonly interfingering or pinching out into mud-
stone or shale within several hundred feet. Sandstone beds up
to 20 feet (6 m) thick are common in the lower Dakota For-
mation, consisting of medium-grained trough and planar
cross-bedded quartz arenite and fine- to medium-grained
sandstone that are commonly massively bedded or bioturbat-
ed. The upper portion of the Dakota Formation is character-
ized by carbonaceous mudstone, siltstone, and sandstone
beds less than 10 feet (3 m) thick. The Mancos Shale con-
formably overlies the Dakota Formation, where it has not
been removed by subsequent erosion (Haynes and others,
1972; Molenaar, 1981; Doelling, 2004). The Dakota Forma-
tion was deposited in fluvial and marginal marine conditions
produced by southwestward transgression of the Cretaceous
Interior Seaway (Molenaar, 1981; Elder and Kirkland, 1994).
The Dakota Formation is Late Cretaceous in age (Molenaar,
1981); more detailed local age constraints for the Dakota
Formation are lacking (Huff and Lesure, 1965; Haynes and
others, 1972).

The relatively complex distribution of permeable sand-
stone and impermeable mudstone and shale within the Dako-
ta Formation may place important spatial controls on
recharge to the principal aquifer. Areas where Dakota For-
mation sandstone is exposed or thinly mantled by unconsol-
idated deposits and in direct contact with underlying sand-
stone of the Burro Canyon Formation, such as near city of
Blanding Reservoirs 3 and 4 prior to relining, and along
drainages across much of Blanding-White Mesa, may be
important recharge areas. Where the Burro Canyon Form-
ation is completely saturated, lower sandstone of the Dakota
Formation may also harbor and produce water.

Mancos Shale
Outcrops of the Upper Cretaceous Mancos Shale occur

as hills and slopes generally near or directly beneath overly-
ing Quaternary pediment remnants across portions of the
study area. Mancos Shale is absent in most of the study area
where rocks of the Dakota Sandstone and Burro Canyon For-
mation are either exposed or directly mantled by thin uncon-
solidated deposits.

The Mancos Shale in the study area consists of marine
shale and interbeds of thin (less than 2 feet [0.7 m] thick)
sandstone and siltstone beds. Various pelecypod fossils are
common in Mancos Shale outcrop areas (Huff and Lesure,
1965; Haynes and others, 1972) (figure 9). Total thickness is
estimated at 30 to 40 feet (9-12 m), but is generally 0 to 20
feet (0-6 m). The Mancos Shale was deposited during trans-
gression and highstand of the Cretaceous Interior Seaway
during the Late Cretaceous (Elder and Kirkland, 1994).

Areas where the Mancos Shale is either mapped or pres-
ent in the subsurface are shown in figure 10. Where present,
the Mancos Shale may act as an important impermeable layer
reducing the amount of potential infiltration and recharge to
the underlying Dakota-Burro Canyon aquifer (Avery, 1986;
Goodknight and Smith, 1996). Local perched water tables
may exist in unconsolidated deposits above Mancos Shale
beds but are likely to be limited in extent (Goodknight and
Smith, 1996).

Quaternary Deposits
Unconsolidated deposits of Quaternary age cover most

of the Blanding-White Mesa area (plate 1). Locally these
deposits include (1) alluvium, consisting of sand and gravel
lining active stream channels, (2) loess that covers much of
the mesa tops, and (3) erosional remnants of pediment sur-
faces, characterized by clast-supported gravel and cobbles
and thick layers of pedogenic calcite (figure 9).
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Burro Canyon Formation 

unconsolidated
deposits

Figure 9. Mancos Shale and unconsolidated deposits. A) Weathered
slope of Mancos Shale southeast of Blanding. Inset shows various
pelecypod fossils (circled) indicative of Mancos Shale outcrops. Little
recharge of the principal aquifer is likely where outcrops such as these
occur. B) Quaternary clast- and matrix-supported unconsolidated
cobble deposits that cap small hills on Blanding-White Mesa. These
deposits and C) unconsolidated fine-grained sand and silt deposits
where they directly overlie sandstone of the Dakota or Burro Canyon
Formations likely facilitate recharge of the principal aquifer.
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Figure 10. Well log summary and outcrop of Creteaceous and Jurassic rocks in the Blanding area.
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Previous workers and I mapped active alluvial deposits
along many of the stream courses that bound and drain
Blanding-White Mesa (Haynes and others, 1972; Mont-
gomery, 1980) (Plate 1). These deposits typically consist of
sand and gravel in active stream channels and dissected
stream terraces along channel margins (Biggar and others,
1981). Typical thickness is less than 20 feet (6 m) along
many of the drainages in the study area.

Loess deposits of red to brown, finely bedded silt, sand,
and lesser clay rest directly on Cretaceous and Upper Juras-
sic bedrock across much of the study area (Haynes and oth-
ers, 1972; Biggar and others, 1981). Loess thickness in the
Blanding area averages 10 feet (3 m) based on available
wells logs (table A.1). In exposures south of Blanding, a
series of buried calcareous soils indicates periodic deposition
of loess during the Holocene (Biggar and others, 1981).

Pediment remnants form conspicuous higher surfaces
and hills across the northern and southeastern portions of the
study area (plate 1; figure 9b). Clast-supported, intermixed
gravel and cobbles are derived from rocks exposed in and
near the Abajo Mountains. Samples from sand lenses in ped-
iment remnants are reversely magnetized, implying that they
were deposited during the Matayama reverse chron, between
700,000 and 2.4 Ma years ago (Biggar and others, 1981).

Due to their relatively high permeability (Goodknight
and Smith, 1996), unconsolidated deposits, particularly
where less than 30 feet (9 m) thick, likely facilitate recharge
of the principal aquifer by infiltration of precipitation and
various types of artificial recharge. In areas where these
deposits overlie Mancos Shale or fine-grained deposits of the
upper Dakota Formation, significant recharge of the princi-
pal aquifer is unlikely and localized perched water tables
may exist within the unconsolidated deposits.

Local Structure
Bedrock dips shallowly 2 to 5 degrees to the south-

southeast, away from the Abajo Mountains (plate 1) (Haynes
and others, 1972; Gaeaorama Inc., 2004). No faults have
been mapped in the study area (plate 1) (Haynes and others,
1972). Joints were found to be uncommon across exposures
of the Dakota and Burro Canyon Formations. Where present,
primary joints are nearly vertical and north striking, and
commonly several meters in length; secondary joint sets are
oriented east-west and commonly terminate at the longer pri-
mary joint surfaces. Where present, joints may facilitate
general north to south movement of ground water. Structur-
al control of ground water is likely limited due to the relative
absence of faults and the apparent low frequency of joints.

Subsurface Data
Water-Well Logs

To constrain the subsurface extent and geometry of the
Dakota-Burro Canyon aquifer, I examined available water-
well logs for the study area (Utah Division of Water Rights,
2006) (table A.1). I noted lithologic contacts between the
Brushy Basin Member of the Morrison Formation, Burro
Canyon Formation, Dakota Sandstone, and overlying uncon-
solidated deposits where appropriate. I also noted basic well
completion data including screen interval and static water

level (table A.1).
The contact between the Burro Canyon Formation and

the Brushy Basin Member is apparent in most well logs and
is most commonly defined by a vertical transition from con-
tinuous white sandstone of the overlying Burro Canyon For-
mation to red or less commonly green shale or claystone
interbedded with sandstone (< 10 feet thick) of the Brushy
Basin Member. In the absence of red clay or shale in the
uppermost Brushy Basin Member, I placed the contact at the
transition from thick (> 20 feet) sandstone commonly noted
as white to a thin (< 10 feet thick) sandstone noted as brown
or tan in color. The contact between the Burro Canyon and
overlying Dakota Formation is more variable, and I noted it
only where evidence is strong for its position. In areas where
Dakota Formation sandstone rests directly on sandstone of
the upper Burro Canyon Formation, the base of the Dakota
Formation may not be recognizable based on driller logs.

Most wells in the Blanding-White Mesa area are com-
pleted in the basal Burro Canyon Formation and the upper-
most portion of the Brushy Basin Member of the Morrison
Formation. Few wells are entirely completed in the Brushy
Basin Member of the Morrison Formation. Several deep
wells penetrate units below these formations, however sig-
nificant production from these deeper aquifers has not yet
occurred.

The lithology of the uppermost Brushy Basin Member
varies across the Blanding-White Mesa area. Figure 10
shows the locations of wells where sandstone of the Brushy
Basin Member directly underlies Burro Canyon Formation
sandstone. Permeable sandstone beds in the upper Brushy
Basin Member, where laterally continuous, may facilitate
downward leakage from the principal aquifer. Hydraulic
continuity between sandstones in the uppermost Brushy
Basin Member and the Burro Canyon Formation may
increase the saturated thickness and volume of ground water
in transient storage.

Open intervals and screened intervals are not always
noted on well logs. Open intervals or screened zones com-
monly include at least the lower half of the hole. Wells that
are completed across the base of the Burro Canyon Forma-
tion provide local hydrologic continuity between the Burro
Canyon sandstones and thin sandstones in the uppermost
Brushy Basin Member (figure 10).

Logged wells north of Blanding show Mancos Shale
overlying rocks of the principal aquifer near areas where
Mancos Shale is mapped at the surface (plate 1, figure 10).
The thickness of Mancos Shale where present is up to 40 feet
(12 m); average thickness is approximately 15 feet (5 m).
Infiltration to the principal aquifer may be reduced where
impermeable Mancos Shale overlies the principal aquifer.
Local perched water tables may be developed in and above
areas where Mancos Shale is present in the subsurface
(Goodknight and Smith, 1996).

Structure Contours
Structure contours of the base of the Burro Canyon For-

mation based on well logs and geologic mapping are pre-
sented in plate 3. The base of the Burro Canyon Formation
slopes gently southeast and south at an average of 116 feet
per mile (22 m per km) across the study area. North of
Blanding the Burro Canyon Formation dips to the southeast,
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and east of Lems Draw and south of Blanding the Burro
Canyon Formation dips south (plate 3); this change in orien-
tation possibly defines a subtle south plunging syncline par-
allel to Lems Draw (Gaeaorama Inc., 2004). However, sur-
ficial strike and dip data are ambiguous (plate 1), suggesting
that changes in dip direction apparent on plate 3 are related
to paleotopography prior to deposition of the Burro Canyon
Formation. Where well log data points are dense, small-
scale changes up to 20 to 30 feet (6-9 m) in contact elevation
over short lateral distances are apparent (plate 3). Small-
scale changes at the base of the Burro Canyon may represent
paleotopography developed prior to deposition of the Burro
Canyon and Dakota formations.

HYDROGEOLOGIC SETTING
Aquifer Characteristics

The principal aquifer extends between Recapture and
Westwater Canyons across contiguous portions of Dakota
and Burro Canyon Formation bedrock from an arbitrary east-
west boundary in the south, northward beneath Blanding-
White Mesa (plate 4; figure 2). Total land area above the
principal aquifer is 30,800 acres (125 km2). The Cretaceous
and Upper Jurassic rocks, including the Mancos, Dakota, and
Burro Canyon Formations and the upper part of the Brushy
Basin Member of the Morrison Formation, comprise the
principal aquifer and aquicludes in the Blanding-White Mesa
area. The principal aquifer includes the Dakota and Burro
Canyon Formations, bounded below by the Brushy Basin
Member aquiclude and, locally, above by erosional remnants
of the Mancos Shale aquiclude.

The principal aquifer is largely unconfined. Confining
conditions may exist where the Mancos Shale is mapped at
the surface and/or noted on well logs, and the principal
aquifer is completely saturated near the City of Blanding
Reservoirs (figure 10). The possible extent of confined con-
ditions is only a small fraction (less than 5 percent) of the
total area of the principal aquifer (figure 10) and evidence for
confining conditions in the principal aquifer away from out-
crops of the Mancos Shale exists only at a single flowing
well near the intersection of Lem’s Draw and Highway 191.
The principal aquifer is therefore assumed to be entirely
unconfined for all subsequent water level and water volume
calculations.

Ground-water movement through rocks is controlled by
basic geologic properties that include porosity and perme-
ability. Porosity is a measure in percent of the open inter-
granular void space in a rock mass. Because pores that are
not connected are unable to convey fluids and therefore
unlikely to directly control water movement, a measure of
effective porosity or interconnected pore space is commonly
presented as a measure of usable pore space. Hydraulic con-
ductivity is the velocity at which water moves through a sat-
urated porous medium.

Freethey and Cordy (1991) presented regional porosity
and permeability data for the Dakota and Burro Canyon For-
mations based on drill-stem, aquifer, and laboratory tests.
Data for the Dakota and Burro Canyon Formations are undif-
ferentiated and represent composite regional hydrologic
properties of the two units. Based on 39 measurements,

effective porosity ranged from 2 to 22 percent with a mean
value of 10 percent (Freethey and Cordy, 1991). Values in
the study area may be higher than the mean due to the high
local ratio of sandstone to mudstone and claystone, and the
near-surface condition of the aquifer. Regional transmissiv-
ity values calculated from aquifer tests and estimated from
saturated thickness and hydraulic conductivity are greater
than 100 ft2/day (9 m2/day) (Freethey and Cordy, 1991).
Hydraulic conductivity based on laboratory measurements of
the Dakota and Burro Canyon Formation had a mean of 0.32
feet per day (1.14 x 10-4 cm/sec) and a range of 0.11 to 0.52
feet per day (0.39-1.83 x 10-4 cm/sec) (Freethey and Cordy,
1991). Single slug tests north of the study area, near Monti-
cello, gave lower hydraulic conductivities, 0.06 feet per day
(2 x 10-5 cm/sec) for the Dakota and Burro Canyon Forma-
tions (Goodknight and Smith, 1996) in geologic conditions
similar to those across Blanding-White Mesa.

Ground Water Levels and Movement
Contours of ground-water elevation in the principal

aquifer are based on existing springs and seeps, U.S. Geo-
logical Survey long-term monitoring wells (2006a), and new
water level measurements (plate 4, table 1). Ground-water
levels were contoured using ArcGIS, and then modified in
areas of poor fit from water level and spring location and ele-
vation data (table 1) taken during March and April of 2006.
Dashed lines on plate 4 show areas of estimated ground-
water elevation. In these areas either well or spring data is
lacking and ground-water elevations are assumed based on
nearby measured values and geology (i.e., the structure con-
tour on the base of the principal aquifer). Error in areas of
estimated ground-water elevation may be significant and is
likely compounded by subsequent calculations based on the
potentiometric surface (plate 4, figures 11 and 12).

Ground-water elevations for the Dakota-Burro Canyon
aquifer decrease to the south and southeast across the study
area (plate 4). The hydraulic gradient is steepest along the
northern portion of the study area just south of the City of
Blanding Reservoirs and the upper canal (plate 4). To the
south the hydraulic gradient decreases and is nearly equal to
the topographic slope. Previous work by Avery (1986) esti-
mated the gradient at approximately 100 feet per mile (19
m/km) to the south. The average hydraulic gradient based
on plate 4 is 104 feet per mile (20 m/km) to the south.

Depth to ground water for the study area is the difference
between land surface elevation, taken from a 10-meter Digi-
tal Elevation Model (U.S. Geological Survey, 2006b), and
the ground-water surface derived from plate 4 using ArcGIS
(figure 11). Depth to water varies from 0 to 200 feet (0-60
m) across the study area; average depth to water is 90 feet
(27 m) (figure 11). Areas of relatively shallow ground water,
within 20 feet (6 m) of the land surface, line many of the
drainages including Lems Draw and Browns Canyon (figure
11).

Water in Transient Storage
The total amount of ground water in the principal aquifer

is the product of the saturated volume of rock and effective
porosity of the principal aquifer. The saturated volume of
rock in the principal aquifer is the difference between the
potentiometric surface (plate 4) and the structure contour on
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Id East1 North1 Water Elevation2 Date Description
1 634295 4162449 5846 3/28/2006 USGS 1 long term well
2 633753 4164444 5948 3/28/2006 USGS 2 long term well
3 634896 4164550 5933 3/28/2006 USGS 3 long term well
4 634495 4166953 6114 3/28/2006 USGS 4 long term well
5 634299 4164939 — — USGS 5 long term well
6 634250 4164939 — — USGS 6 long term well
7 634704 4160174 — — USGS 7 long term well
8 635947 4168261 6180 4/10/2006 well
9 633528 4170032 6430 4/11/2006 well
10 634677 4166792 6100 4/10/2006 well
11 633230 4167096 6148 4/10/2006 well
12 634326 4164228 5939 4/12/2006 well
13 633658 4168363 6248 4/13/2006 well
14 637869 4166286 5960 4/13/2006 spring/seep
15 637842 4166343 5980 4/13/2006 spring/seep
16 636179 4165527 6020 4/14/2006 spring/seep
17 636664 4166190 6020 4/14/2006 spring/seep
18 637603 4168819 6120 4/13/2006 spring/seep
19 637628 4168771 6120 4/14/2006 spring/seep
20 637725 4168514 6100 4/13/2006 spring/seep
21 635778 4168382 6190 4/14/2006 spring/seep
22 637132 4161506 5735 4/14/2006 spring/seep
23 633909 4156875 5600 4/13/2006 spring/seep
24 632648 4168551 6300 4/14/2006 spring/seep
25 635034 4164655 5941 6/7/2005 well log
26 634714 4167355 6154 5/5/2005 well log
27 632531 4154992 5575 4/21/2005 well log
28 632255 4154363 5531 4/9/2005 well log
29 632148 4155323 5575 4/29/2005 well log
30 631927 4154694 5515 4/22/2005 well log
31 631767 4154967 5510 4/21/2005 well log
32 631647 4154767 5502 4/22/2005 well log
33 631372 4154984 5496 4/21/2005 well log
34 631119 4154584 5485 4/21/2005 well log
(1)=easting, northing coordinates are in NAD 27 UTM zone 12 N
(2)=Water elevation in feet above sea level

Table 1. Water-level sites used to construct potentiometric surface shown on plate 4 and location of additional long-term monitoring wells.
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Figure 11. Depth to water, in spring 2006, in the Dakota-Burro Canyon aquifer beneath the Blanding area. Values are the difference between the
potentiometric surface in Plate 4 and 10-meter digital elevation model available from the U.S. Geological Survey (2006b). Areas of estimated ground-
water elevation have greater potential for error than other parts of the study area. Pixels are 200 x 200 meters (660 x 660 ft).
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Figure 12. Saturated thickness, in spring 2006, for the Dakota-Burro Canyon aquifer. Thickness is difference between the potentiometric surface
(plate 4) and the base of the Burro Canyon structure contour (plate 2). Areas of estimated ground-water elevation have greater potential for error
than other parts of the study area. Pixels are 200 x 200 meters (660 x 660 ft).
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the base of the Burro Canyon Formation (plate 3). Grid sur-
faces for both plate 3 and plate 4 were generated using a nat-
ural neighbor interpolation technique in ArcGIS. The struc-
ture contour grid was then subtracted from the potentiomet-
ric grid to produce a saturated thickness grid (figure 12).
Total volume of saturated rock is 1,560,000 acre-feet (1920
hm3), estimated by summing the saturated volume of each
square 200 x 200 meters (660 x 660 ft) pixel in figure 12 ac-
ross the entire aquifer.

A zone of high-saturated thickness extends south and
southeast of City of Blanding Reservoirs and the upper canal,
along Lems Draw in the north and roughly parallel to the
mesa axis to the south (figure 12). Saturated thickness
decreases to zero along exposed portions of the base of the
Burro Canyon Formation along the margin of Blanding-
White Mesa (figure 12). Multiplying the saturated rock vol-
ume by mean effective porosity (interconnected pore space
through which water may move) of ten percent (Freethey and
Cordy, 1991) yields 156,000 acre-feet (192 hm3) of water in
transient storage. Actual effective porosity of the principal
aquifer may vary between at least 2 and 22 percent (Freethey
and Cordy, 1991), and estimates of transient storage may
vary accordingly from 31,000 acre-feet (38 hm3) and
343,000 acre-feet (423 hm3).

Long-Term Water Levels
Since 1942, the U.S. Geological Survey has periodically

measured water levels at wells near Blanding. Seven wells
having the longest period of record were analyzed in greater

detail (figure 13, table 2) (U.S. Geological Survey, 2006a).
U.S. Geological Survey wells 5, 6, and 7 provide water-level
data for the area beginning in 1942, and monitoring of U.S.
Geological Survey wells 1, 2, 3, and 4 began later, and con-
tinues to the present.

Rates of water-level change, taken as the linear least
squares regression line for a given well and time period, are
shown in table 2. Statistical data for regressions and water-
level data is shown in table A.2. Most regressions (table A.2)
have statistically valid trends and are therefore useful in pre-
dicting water-level changes through time. Data sets with
poor regression trends are also included in subsequent calcu-
lations because of the limited amount of water-level meas-
urements for the study area. This may ultimately increase
error in calculation of mean values but does provide needed
spatial and temporal coverage of water-level change in the
principal aquifer.

Water levels in monitoring wells show at least three dis-
tinct periods of water-level change. An early period of in-
creasing water levels is apparent in all seven monitoring
wells with periods of record ranging from 1942 to 1979 (fig-
ure 13, table 2). Water-level fluctuation and decline in the
late 1970s and early 1980s followed by steadily increasing
water levels define a middle period from 1979 to 1989.
Since 1989 water levels have slowly declined at all sites (fig-
ure 13, table 2). Mean rate of ground-water level increase for
all monitoring wells is 6.7 inches (16.9 cm) per year prior to
1979 and 7.3 inches (18.5 cm) per year between 1979 and
1989. Since 1989 ground-water levels have declined by a
mean rate of 5.3 inches (13.4 cm) per year.
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Long-term precipitation trends at Blanding show little
correlation with water-level trends (figures 4 and 13). The
precipitation trend, taken as the slope of the least squares
regression line prior to 1979, shows slightly decreasing year-
ly precipitation, during a period of ground-water level
increase. Prior to 1989, ground-water level increases meas-
ured at all seven long-term monitoring wells are therefore
likely due to unintended artificial recharge from any or all of
the potential artificial recharge sources discussed in the water
budget section below. After 1989, water levels in monitoring
wells have declined slowly and water-level fluctuations may
at least partially correlate with annual precipitation measured
at Blanding (figures 4 and 13).

WATER-BUDGET COMPONENTS
Introduction

The annual water budget is the balance of water added to
(recharge) and removed from (discharge) and the change in
storage in the principal aquifer (Fetter, 1980). Assuming
steady state conditions, the sum of all components of re-
charge should equal the sum of all components of discharge
and the change in storage over the same period (Freeze and
Cherry, 1979).

Changes in the water budget components through time
have resulted in continuous change in measured water levels
in the principal aquifer (figure 13). Because of this, and the
potential for future changes in recharge and discharge, water
budget components are estimated for distinct time periods
that include 1) a period of water level increase prior to 1990,
2) a period of water level decrease since then, and 3) an
assumed future state based on planned changes to water
delivery and storage across the study area (figure 14, table 3).
Numerical modeling of transient water-level conditions in
the Dakota-Burro Canyon aquifer is required to accurately
constrain all water-budget components and is beyond the
scope of this report.

I based ground-water budget components presented in
this report on estimated inputs and outputs to the Dakota and
Burro Canyon aquifer in the study area. The estimates of
water-budget components listed below each have inherent
error that is relative to a given component. Water-budget
components with relatively small inputs or outputs are in
many cases less than the possible error associated with many
of the larger water-budget components.

Recharge
Recharge to the principal aquifer occurs naturally

through direct infiltration of rain and snow, and artificially
from seepage of unlined reservoirs, ponds, and canals, un-
consumed irrigation water, and septic systems. Subsurface
input from underlying units is unlikely because of (1) down-
ward ground-water gradients between the Dakota and Burro
Canyon aquifer and the Brushy Basin Member, (2) the rela-
tively impermeable underlying Brushy Basin Member, and
(3) the apparent lack of significant geologic structures that
could facilitate hydrologic communication between the prin-
cipal aquifer and underlying units. Recharge varies both
temporally and spatially across the study area; detailed dis-
cussion of the various components of recharge is presented
below.

Precipitation
Recharge by direct infiltration of precipitation in arid

areas likely occurs from only a small fraction of total annual
precipitation (Scanlon, 2004). Previous empirical estimates
of recharge as a percentage of annual precipitation range
from 2 to 7 percent for areas with precipitation and evapo-
transpiration ranges similar to that at Blanding (Price and
Arnow, 1974; Flint and others, 2002; Scanlon, 2004). Price
and Arnow (1974) estimated recharge for shallow aquifers
across the Colorado Plateau at 4 percent of annual precipita-
tion. Local recharge of 1370 acre-feet (2 hm3) per year is
calculated based on 4 percent of 13 inches (33 cm) average
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Average change in water
level in inches (cm) per year

for each time period

Monitoring well Prior to 1979 1979-1989 After 1990 Average depth Period of record
to water (ft)

USGS 1 16.2 (41.1) 7.9 (20.1) -3.7 (-9.3) 84.1 1951-2006
USGS 2 2.5 (6.3) 4.6 (11.7) -0.7 (-1.9) 122.9 1953-2006
USGS 3 9.0 (22.9) 7.9 (20.1) -5.8 (-14.7) 97.6 1953-2006
USGS 4 6.5 (16.5) 8.8 (22.4) -10.8 (-27.4) 47.6 1961-2006
USGS 5 3.2 (8.1) NA NA 18.3 1942-1956
USGS 6 2.3 (5.8) NA NA 49.7 1942-1977
USGS 7 7.1 (18.0) NA NA 79.5 1947-1971
Mean 6.7 (16.9) 7.3 (18.5) -5.3 (-13.4)

Table 2. Trends in annual water-level change at U.S. Geological Survey monitoring wells in the Blanding area. Rate of change taken from slope of
best fit linear regression line for each data period. Statistical summary of trends is presented in table A.2. Water levels increased in all wells prior
to 1989; since 1989 water levels have declined. Location of monitoring wells is shown on plate 4.
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Figure 14. Graph of annual water budget components for the Dakota and Burro Canyon aquifer near Blanding, Utah. Imbalance between recharge
and discharge is assumed to be change in storage for a given period. Prior to 1990 change in storage is estimated as an increase of 900 acre-feet.
Since 1990 and in the future, change in storage is estimated as a decrease of 640 acre-feet. For further description see text and table 3.

Prior to 1990 Since 1990 Future
Component Recharge Discharge Recharge Discharge Recharge Discharge
Precipitation 1370 1370 1370
Canal seepage 1650 270 0
Reservoir seepage 970 240 0
Excess irrigation 1540 1540 1540
Septic Seepage 30 30 30
Total recharge 5560 3450 2940
Reduction of recharge 2110 2620

Well withdrawal 90 90 90
Subsurface outflow 25 25 25
Evapotranspiration 650 650 650
Springs and seepage 3900 3330 2820
Total discharge 5560 3450 2940
Change in storage 900 -640 -640

Table 3. Water budget components for the Dakota-Burro Canyon aquifer in the study area. All values are in acre-feet per year. Loss of recharge
represents the reduction of artificial recharge compared to pre-1990 conditions. Negative values for change in storage represent a cumulative loss
of water from the principal aquifer. See text for further explanation.



annual precipitation (for the period 1904 to 2006) measured
at Blanding and the total surface area (30,800 acres) above
the principal aquifer on which infiltration and recharge can
occur (table 3). Recharge calculated for 2 and 7 percent of
annual precipitation is 680 acre-feet (1 hm3) and 2390 acre-
feet (3 hm3) per year, respectively.

Artificial Recharge
Various types of artificial recharge likely contribute

water to the Dakota-Burro Canyon aquifer. Since the Bland-
ing area was settled in the early part of the twentieth century,
water has been brought onto the Blanding-White Mesa for
irrigation and culinary purposes along upper and lower canal
systems (figure 2), and stored in a series of reservoirs along
the northern portion of Blanding-White Mesa. The primary
source of this water is the perennial Johnson Creek drainage,
which drains upland portions of the Abajo Mountains (figure
2). The annual amount of artificial recharge from varying
sources has changed as the extent and characteristics of these
sources have changed.
Canals: Initially two water-diversion ditches, one in the
northern (upper canal) and one in the southern (lower canal)
portion of the study area, delivered surface water to the
Blanding-White Mesa area from Johnson Creek (figure 2).
The upper (now partially enclosed) and lower (now com-
pletely enclosed pipeline) canals deliver 2390 and 2410 acre-
feet (~ 3 hm3) per year, respectively (Utah Division of Water
Resources, 2001). Seepage from the lower canal, prior to
installation of a closed pipe system in the 1980s, was esti-
mated at 800 acre-feet per year for a 4.7-mile (7.6-km)
stretch along the east portion of the study area (Utah Division
of Water Resources, 1973), or a seepage rate of 0.07 acre-
foot per mile per acre-foot of delivered water. Applying this
seepage rate over the 6.8-mile (11 km) length of the lower
canal above the principal aquifer gives estimated seepage of
1150 acre-feet (1.4 hm3) per year prior to installation of a
closed pipe system in the early 1980s. Similar seepage was
assumed for the upper canal (Utah Division of Water
Resources, 1973), and applying these seepage rates over the
3-mile (4.9 km) historical length of the upper canal above the
principal aquifer gives an estimated seepage of 500 acre-feet
(0.6 hm3) per year for the upper canal. Actual seepage may
be less than this value due to the presence of impermeable
Mancos Shale beneath portions of the upper canal. Prior to
replacement of the lower canal and portions of the upper
canal with closed pipe, total canal seepage is estimated at up
to 1650 acre-feet (2 hm3) per year for the period prior to 1990
(table 3, figure 14).

Seepage from the remaining 1.6-mile (2.7 km) unpiped
section of the upper canal may still account for some artifi-
cial recharge since 1990. Assuming similar seepage rates,
current estimated seepage from the upper canal is 270 acre-
ft (0.3 hm3) per year since 1990 (table 3, figure 14). The
entire upper canal will be replaced with closed pipe in com-
ing years (Jeff Black, verbal communication, 2006), elimi-
nating this component of recharge in the near future (table 3,
figure 14).
City of Blanding Reservoirs: Early in the previous centu-
ry, the city of Blanding constructed reservoirs that store
water diverted from Johnson Creek (figure 2). Currently
three reservoirs are actively used, including City of Blanding

Reservoirs 3 and 4 and Starvation Reservoir. Reservoirs are
filled as fluctuating stream flows allow and municipal de-
mand dictates (Danny Fleming, verbal communication, 2005).

City of Blanding Reservoirs 4, 3, and Starvation Reser-
voir, were all initially unlined, and rested directly on bedrock
of the Dakota Formation (Danny Fleming, verbal communi-
cation, 2005). The reservoirs are generally only partially
full (perhaps 60 percent full) much of the year due to fluctu-
ating demand and changes in water supply (Danny Fleming,
verbal communication, 2005). There is no existing data on
potential seepage of these reservoirs into the bedrock aquifer
(Danny Fleming, verbal communication, 2006) and quantita-
tive methods, including monitoring wells and seepage and
tracer studies, are beyond the scope of this report. Instead, I
made crude estimates of seepage using the area of contact
between the reservoirs and the underlying aquifer rocks and
the estimated hydraulic conductivity of rocks underlying the
reservoirs. I calculated contact areas of the reservoirs using
air photos and ArcGIS and assumed the reservoirs are 60 per-
cent full for the entire year. The contact areas of the City of
Blanding Reservoirs 3 and 4 and Starvation Reservoir are
estimated at 6.6, 26.4, and 10.8 acres (2.7, 10.7, and 4.4
hectares), respectively. Estimated potential seepage assum-
ing hydraulic conductivity of 0.06 feet per day (2 x 10-5
cm/s) (Goodknight and Smith, 1996) for aquifer rocks imme-
diately underlying the reservoirs yields 150, 580, and 240
acre-feet (0.2, 0.7, and 0.3 hm3) per year for city of Blanding
reservoirs 3, 4, and Starvation reservoir respectively for the
period prior to 1990. Seepage prior to 1990 is therefore esti-
mated at 970 acre-feet (1.2 hm3) per year (table 3, figure 14).

Beginning in 1990, both City of Blanding Reservoirs 3
and 4 were at least partially lined by impermeable clay, and
similar clay lining is planned for Starvation Reservoir in the
next few years (Jeff Black, verbal communication, 2006).
Current and future seepage rates therefore are likely only a
small fraction of the seepage rates prior to relining. Current
seepage for the period since 1990 is assumed to be just that
of unlined Starvation Reservoir or 240 acre-feet (0.29 hm3)
per year (table 3, figure 14). Future relining of Starvation
Reservoir could reduce total seepage to zero (table 3).
Excess irrigation: Nearly all of the water from the lower
canal is used to irrigate various crops during the summer
months. Irrigation is common on agricultural lands that cov-
er portions of the northern and much of the southern portion
of Blanding-White Mesa (figure 2). Common crops include
alfalfa, pasture, and grains; irrigation techniques include var-
ious types of sprinkler and flood irrigation (Utah Division of
Water Resources, 1996). Excess irrigation water that is not
lost to evapotranspiration infiltrates and recharges the princi-
pal aquifer. Loss of irrigation water to ground water depends
on many variables including climate, irrigation, and crop
type, as well as soil type and substrate characteristics (Sus-
ong, 1995; Plummer and others, 2000). Previous work has
shown sprinkler irrigation of alfalfa in similar soil types in
other portions of Utah results in minor or no recharge of the
underlying aquifer, whereas flood irrigation recharges ap-
proximately 50 percent of the total water applied—between
30 and 36 inches (76-91cm) of recharge over the area of irri-
gation per irrigation season (Susong, 1995). Total flood-irri-
gated acreage was estimated from Utah Division of Water
Resources (1996) land-use data and 2004 aerial photography
at 615 acres (249 ha) (figure 2). The crop type for nearly all
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of the flood-irrigated acreage is alfalfa. Assuming recharge
from flood irrigation equal to 30 inches (76 cm) (Susong,
1995), total potential recharge from irrigation is 1540 acre-
feet (1.9 hm3) per year across the study area (table 3, figure
14). Actual recharge from irrigation may be much less than
this value, and depends on yearly changes in crop and irriga-
tion type and climate. Because of a lack of detailed yearly
crop and water application data, yearly infiltration of uncon-
sumed irrigation is assumed to be constant for all water bud-
get time periods considered.

Infiltration of residential irrigation for lawns and land-
scaping may contribute significant recharge in and around
the city of Blanding. No data are available for this type of
recharge in the study area.
Septic systems: Seepage from septic systems in portions of
Blanding-White Mesa not serviced by the city of Blanding
municipal sewer system contributes to recharge of the Dako-
ta and Burro Canyon aquifer. Total potential septic recharge
was estimated from daily per capita indoor use of 70 gallons
(265 L) (Utah Division of Water Resources, 2001, pg. 33)
multiplied by approximately 400 citizens (U.S. Census
Bureau, 2006) in outlying portions of the study area not
served by the city of Blanding water and sewer system. Total
potential yearly recharge from septic systems is 30 acre-feet
(0.04 hm3) per year (table 3). Actual recharge amount is like-
ly less than this amount due to evapotranspiration of at least
a portion of septic water before it can reach the water table.
Determination of the amount of septic seepage lost to evap-
otranspiration is beyond the scope of this study.

Change in Storage
Change in total storage is estimated as the product of

measured water level change, effective porosity (assumed to
be 10 percent), and area over which water level change like-
ly occurs. Water level change is taken from mean rates of
water level change (figure 13). Water levels are assumed to
have increased 7 inches (18 cm) per year prior to 1989, and
to have decreased 5 inches (13 cm) per year since then. It is
assumed that most of the change in storage occurs in portions
of the aquifer near Blanding where most of the artificial
recharge likely occurs, over an estimated area of 15,400
acres (6230 hectares). Change in storage is therefore esti-
mated as a yearly increase of 900 acre-feet (1.1 hm3) prior to
1990 and yearly decrease of 640 acre-feet (0.8 hm3) since
1990 (table 3). Future reduction in storage is assumed to
equal that of the period since 1990. Reduction in storage
may increase as future artificial recharge is reduced and
domestic withdrawals increase. Therefore future annual
reduction in storage, of 640 acre-feet (0.8 hm3) (table 3), is a
minimum.

Discharge
Total discharge from the Dakota-Burro Canyon aquifer

is the sum of water withdrawn from wells, surficial discharge
by springs and seeps along the margin of Blanding-White
Mesa and along creeks and drainages, evapotranspiration in
areas where the water table is near the land surface, subsur-
face outflow along the southern margin of the study area, and
seepage to the underlying Brushy Basin Member.

Well Withdrawals
I estimated total discharge from private wells from aver-

age per capita water use and the number of citizens using pri-
vate wells as their principal source of culinary water. Aver-
age water use for the Blanding area is 200 gallons per capita
per day (770 L) or 0.22 acre-feet per capita per year (Utah
Division of Water Resources, 1996). The total population
relying on domestic wells is estimated from recent census
data at approximately 400 persons within the study area
(U.S. Census Bureau, 2006). Based on these estimates, total
yearly withdrawal from domestic wells is 90 acre-feet (0.1
hm3) per year for all time periods (table 3). Future domes-
tic well withdrawal will increase as population in areas
reliant on ground water increases. Because of uncertainty in
future population growth no attempt is made to estimate cor-
responding increases in domestic well withdrawal. A portion
of the water withdrawn from wells is returned to the aquifer
via seepage from septic systems, which is estimated above,
and infiltration of domestic irrigation water, which is beyond
the scope of this study.

Springs and Seepage
Water discharges from the principal aquifer at various

springs, as seepage along drainages and canyons cut into the
principal aquifer, and as seepage downward into the underly-
ing Brushy Basin Member. Because data accounting for
springs and seepage is lacking, this water budget component
is calculated as the residual when all other terms are estimat-
ed. For these calculations it is assumed that changes in stor-
age and artificial recharge previously estimated are reflected
in either increases or decreases in total spring flow and seep-
age for a given water budget period.

Springs and seeps in the Dakota-Burro Canyon aquifer
exist along several drainages on Blanding-White Mesa,
along the margin of the mesa near the base of the Burro
Canyon Formation, and at other locations where the poten-
tiometric surface intersects the land surface. Major springs
and points of seepage recorded by this study are shown on
plate 4. Along drainages, springs commonly issue along bed-
ding planes in sandstone of the Burro Canyon Formation or
along the contact of the Burro Canyon Formation and the
underlying Brushy Basin Member. Major areas of seepage
from the principal aquifer occur along the lower sections of
Lems Draw (Gaeaorama Inc., 2004), Browns Canyon, Corral
Creek, and Westwater Canyon. Major springs and seeps
exist along canyon walls bounding the principal aquifer, near
the base of the Dakota-Burro Canyon aquifer along Recap-
ture Canyon and Westwater Canyon. Total discharge from
the various springs and seeps is not estimated separately
from leakage to the underlying Brushy Basin Member, but
likely represents the single largest component of discharge
from the principal aquifer.

Downward seepage from the base of the Burro Canyon
Formation into the underlying Brushy Basin Member is like-
ly minor across much of the study area where the uppermost
Brushy Basin is characterized by low permeability mudstone
and claystone. However, in other areas sandstone of the
basal Burro Canyon Formation rests directly on discontinu-
ous sandstone of the Brushy Basin Member (figures 6 and
10). In these areas seepage from the overlying Burro Canyon
Formation into the underlying Brushy Basin may be signifi-
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cant. Figure 10 shows two areas, north of Blanding and in
Browns Canyon, where well logs do not indicate confining
beds between the Brushy Basin Member and Burro Canyon
Formation. Much of the study area lacks well control, how-
ever, so the actual amount of discharge from this type of
seepage is unknown.

Many well logs record the presence of thin sandstone
beds below the fine-grained mudstone and claystone that typ-
ify the uppermost Brushy Basin Member (Utah Division of
Water Rights, 2006). Wells with open completions or contin-
uously screened intervals across the contact of the Burro
Canyon Formation and the Brushy Basin Member including
at least one Brushy Basin sandstone are common. Wells such
as these may be points of downward leakage of ground water
into permeable sandstone of the Brushy Basin Member. The
total amount of leakage is unknown and likely dependent on
site-specific borehole and lithologic characteristics.

Total estimated discharge from springs and seepage is
3900 acre-feet (5 hm3) per year for the period before 1990
(table 3, figure 14). After 1990, reductions in water levels
and storage are assumed to decrease discharge to springs and
seepage to 3330 acre-feet (4 hm3) per year. Potential future
reductions in artificial recharge and subsequent reductions in
storage yield 2820 acre-feet (3 hm3) per year of discharge to
springs, seeps, and vertical leakage (table 3, figure 14).

Subsurface Outflow
Along the southern edge of the study area, a southward

sloping potentiometric surface implies ground water is leav-
ing the study area in the principal aquifer. Total amount of
southward seepage is estimated using the cross sectional area
of the saturated portion of the Dakota Burro Canyon aquifer,
effective porosity, and estimated permeability of the aquifer.
Based on saturated thickness data shown in figure 12, the
total cross sectional area through which ground water leaves
the study area is 12 acres (48,600 m2). Assuming hydraulic
conductivity of 0.06 ft/day (2 x 10-5 cm/s) (Goodknight and
Smith, 1996) for aquifer rocks and an effective porosity of
ten percent (Freethey and Cordy, 1991) yields a total subsur-
face outflow of 25 acre-feet per year (0.03 hm3) (table 3).

Evapotranspiration
Evapotranspiration likely occurs in areas of shallow

ground water where phreatophytes can actively withdraw
water from the principal aquifer. In the study area the prin-
cipal phreatophyte community consists of mixed cottonwood
and willow stands that line drainages with perennial flow and
areas of shallow ground water within 10 feet (3 m) of the sur-
face (Avery, 1986; USGS National Gap Analysis Program,
2004). Total yearly evapotranspiration for cottonwood and
willow communities in climates similar to Blanding is
approximately 3 feet (1 m) (Bewazir, 2000; Leenhouts and
others, 2006). Total area of evapotranspiration from ground
water is taken from the depth to ground water grid shown in
figure 11. Across the study area, 217 acres (89 ha) have
ground water at less than 10 feet (3 m) below the land sur-
face. Total evapotranspiration is estimated as the product of
the vegetated area with shallow ground water (217 acres
[87.8 ha]) and the yearly rate of evapotranspiration (3 feet [1
m]). Total annual evapotranspiration is estimated at 650

acre-feet (0.8 hm3) (table 3, figure 14).
The area covered by phreatophyte communities may

change through time as land use and ground-water levels
fluctuate (Bewazir, 2000). A comparison of available land-
cover data from 1995 (Homer, 1995) and 2004 (U.S. Geo-
logical Survey National Gap Analysis Program, 2004) shows
little change in area of mapped phreatophyte communities in
the study area. Field investigation of phreatophyte commu-
nities, and discussions with local landowners, also found no
evidence of recent changes in phreatophyte extent. There-
fore evapotranspiration from ground water is considered
steady through time. However, continued ground-water level
declines may reduce the extent of phreatophyte communities
in the study area, possibly reducing this form of discharge in
the future.

WATER CHEMISTRY AND ISOTOPE
SAMPLING
Introduction

Ground and surface waters contain chemical and iso-
topic constituents that can provide important constraints on
certain aspects of the hydrogeologic system (Freeze and
Cherry, 1979; Fetter, 1980; Domineco and Schwartz, 1997;
Clark and Fritz, 1997). To constrain ground-water flow
paths and the timing and sources of recharge for the princi-
pal aquifer, samples were collected during April 2006 using
standard collection methods (Wilde and others, 1998). Sam-
ples were analyzed for general solute chemistry and stable
and unstable isotopes at the Brigham Young University
(BYU) hydrogeology laboratory, and dissolved chlorofluoro-
carbon (CFC) concentrations were analyzed at the Universi-
ty of Utah Dissolved Gas Laboratory.

Solute Chemistry
Ground water within an aquifer aquires a distinct chem-

ical composition based on the chemical composition of the
water that recharges the aquifer and its interaction with the
geologic framework (Fetter, 1980; Domenico and Schwartz,
1997). Ground and surface waters were sampled for major
dissolved cations and anions at selected sites in the study
area (figure 15, table A.3). The relative concentrations of the
principle anions and cations are plotted on a trilinear diagram
shown in figure 16. Surface waters from the upper canal,
City of Blanding Reservoirs 3 and 4, Recapture Reservoir,
and Johnson Creek form end members on the trilinear dia-
gram (figure 16) and are of calcium-magensium-bicarb-
onate type. Ground-water and surface-water from other
streams across the study area plot along a trend of increasing
sodium, chloride, and sulfate concentration relative to city of
Blanding reservoirs, the upper canal, and Johnson Creek (fig-
ure 16). Major ion chemistry of ground water from wells
and springs is primarily calcium-magnesium-sodium- and
either bicarbonate or sulfate type.

Stiff diagram plots of ground- and surface-water chem-
istry (figure 15) show minor down gradient evolution of
ground-water solute chemistry in the Dakota-Burro Canyon
aquifer. This implies ground water is quickly chemically
equilibrated after recharge and only slightly altered along its
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Figure 15. Summary of surface- and ground-water solute chemistry in the Blanding area.
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Figure 16. Trilinear diagram of surface- and ground-water samples for the Blanding-White Mesa area.



flow path. The chemical composition of surface water sam-
pled in Browns Canyon and Lems Draw resembles that of
ground water sampled across the study area (figure 15), im-
plying that stream flow at these locations is primarily the
result of seepage from the principal aquifer. Springs and
seeps sampled along the margin of Blanding-White Mesa
south of Recapture Reservoir also closely resemble ground
water from wells, and therefore represent direct seepage
from the principal aquifer. Water sampled along Westwater
Creek west of Blanding appears closely related to water sam-
pled to the north in City of Blanding Reservoir 4, implying
that much of the water in Westwater Creek at this location is
not derived from ground water that has spent any appreciable
time in the principal aquifer.

Stable Isotopes
Sources of recharge to an aquifer and the source and his-

tory of surface water may be determined by analyzing the
composition of stable isotopes of oxygen (16O and 18O) and
hydrogen (1H and 2H). Isotopic ratios of these constituents
in precipitation vary systematically with topography, temper-
ature, and distance from the ocean (Clark and Fritz, 1997).
Stable isotopic ratios in surface waters in arid areas are
strongly affected by evaporation, preferentially enriching the
isotopic ratios of these waters. Conversely, stable isotope
ratios are generally conservative in ground water and there-
fore record the isotopic signature of meteoric or surface
waters at the time of recharge (Clark and Fritz, 1997).

Isotopic ratios of hydrogen (2H/1H) and oxygen (18O/
16O) are calculated in delta (δ) units per mil or parts per thou-
sand relative to a reference standard (Standard Mean Ocean
Water) (Craig, 1961) via the following equation:

δx = Rsample–Rstandard .1000Rstandard

where:
δx = 18O or 2H
Rsample = 18O/16O or 2H/1H in the sampled water
Rstandard = 18O/16O or 2H/1H in the reference standard

Meteoric waters from many parts of the world generally
plot along a meteoric water line (Craig, 1961) (figure 17);
waters from arid areas where evaporation is significant may
follow slightly different trends (Clark and Fritz, 1997). Sta-
ble-isotope ratios for samples from the study area are plotted
along with the meteoric water line (Craig, 1961) in figure 17.
Two composite snow samples from the Abajo Mountains
(Spangler and others, 1996) represent baseline precipitation
data for upland areas that supply much of the water to canals
and reservoirs on the Blanding-White Mesa. No other sam-
ples of precipitation exist for the study area, but modeled val-
ues of δ2H in precipitation (Meehan and others, 2004) are
shown both for areas above 7000 ft (2100 m) in the Abajo
Mountains and for Blanding-White Mesa (figure 17).

Stable-isotope data for wells and springs in the study
area lie primarily between the isotopic composition of sur-
face water in Johnson Creek and the upper canal, and sam-
ples of the city of Blanding and Recapture reservoirs (figure
17). The isotopic composition of Johnson Creek and the
upper canal are enriched compared with the δ2H field (Mee-
han and others, 2004) for the Abajo Mountains and compos-
ite snow samples (Spangler and others, 1996); these samples,
however, form depleted end members of ground-water sam-
ples in figure 17. Surface water samples taken from City of
Blanding Reservoirs 3 and 4 and Recapture Reservoir repre-
sent the enriched end member of the ground and surface
waters sampled (figure 17). Most of the water filling these
reservoirs is assumed to be from isotopically depleted water
delivered via the upper canal from Johnson Creek. Enrich-
ment of water in these reservoirs is most likely related to sur-
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ficial evaporative fractionation that is a common process in
surface water in arid areas (Clark and Fritz, 1997). Isotopic
enrichment in similar reservoirs decreases with depth (Clark
and Fritz, 1997), suggesting water recharged from the city of
Blanding reservoirs is likely more depleted than the sampled
values. Surface water in streams draining Blanding-White
Mesa (samples BL10, 13, 20, 21) plot in the δ2H field (Mee-
han and others, 2004) for Blanding-White Mesa precipitation
and on the enriched end of the ground water field. These
waters may be at least partially sourced from ground water
and then enriched via evaporation along the stream course
and addition of local precipitation (figure 17 and 18).

Mixing of recharge between two isotopically distinct end
members, in this case assumed to be the relatively depleted
upper canal and the enriched lower Browns Canyon creek
(assumed to be similar to local precipitation on Blanding-
White Mesa), can be quantified using δ18O and the follow-
ing linear algebra (Clark and Fritz, 1997):

δsample = χδA+ (1-χ)δB
where:

δsample = δ18O in the sampled water
δA= δ18O of the upper canal (-13.89)
δB= δ18O of lower Browns Canyon (-10.96)
χ = fractional amount of δA relative to δB

This mixing equation assumes all variance in δ18O is the
result of mixing of waters with different δ18O, and is not the
result of dispersion or other processes that may occur below
the water table. Mixing ratios are calculated for all ground-
water samples (table 4). Values of χ (ratio of depleted to
enriched recharge) for samples from wells and springs range
from 0.96 to 0.18 with a mean of 0.53 (table 4, figure 18).
Most samples north of the lower canal commonly have ratios
implying at least half of these waters were initially from
depleted canal sources. Samples BL 12 and 14 south of the
lower canal have lower ratios implying a greater component
of recharge from enriched sources, likely infiltration of
unconsumed irrigation. Some of the variation in mixing rat-
ios may also be the result of variable amounts of precipita-
tion with location.
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Site ID Sampling Date Sample type δ2H δ18O δ18O
mixing ratio

BL 1 4/10/2006 well -99.7 -12.66 0.58
BL 2 4/11/2006 well -100.0 -13.78 0.96
BL 3 4/11/2006 well -103.0 -12.13 0.40
BL 4 4/11/2006 well -97.3 -12.73 0.60
BL 5 4/11/2006 spring -96.1 -12.37 0.48
BL 6 4/11/2006 spring -97.9 -12.66 0.58
BL 7 4/11/2006 reservoir -87.4 -10.99 NA
BL 8 4/11/2006 canal -101.0 -13.89 NA
BL 9 4/11/2006 well -96.9 -12.82 0.63
BL 10 4/12/2006 stream -92.5 -11.18 NA
BL 11 4/12/2006 reservoir -85.5 -10.97 NA
BL 12 4/12/2006 well -97.1 -11.82 0.29
BL 13 4/12/2006 stream -91.2 -11.84 NA
BL 14 4/12/2006 well -92.6 -11.51 0.18
BL 15 4/12/2006 well -96.9 -12.01 0.36
BL 16 4/12/2006 spring -104.2 -12.65 0.58
BL 17 4/12/2006 spring -95.1 -12.47 0.52
BL 18 4/13/2006 well -97.2 -12.78 0.62
BL 19 4/13/2006 spring -99.6 -13.12 0.74
BL 20 4/13/2006 stream -88.9 -11.46 NA
BL 21 4/13/2006 stream -90.2 -10.96 NA
BL 22 4/13/2006 reservoir -91.1 -11.20 NA
BL 23 4/13/2006 stream -100.6 -13.03 NA

Table 4. Summary of stable isotopic sampling results and 18O mixing ratio for sites in the Blanding area. See text for discussion of mixing ratios.
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Figure 18. 18O stable isotopic data and mixing ratios in the Blanding area.



Overall these mixing ratios imply that generally half of
all ground water sampled was initially recharged from iso-
topically depleted water imported onto Blanding-White Mesa.
Because the enriched component of recharge may represent
infiltration of precipitation and/or water recharged from
evaporatively enriched sources, including city of Blanding
Reservoirs and unconsumed irrigation water, the actual com-
ponents of these sources of artificial recharge cannot be
directly constrained but is at least 50 percent.

Chlorofluorocarbons
Chlorofluorocarbons (CFC or Freon) are a family of

refrigerant gases widely used since the 1930s. Atmospheric
concentration of these gases has varied as the compounds
were manufactured and released, increasing in concentration
from the 1950s to the 1990s and slowly decreasing subse-
quently (Busenberg and Plummer, 1992; Plummer and oth-
ers, 1993) (figure 19). CFC concentration in surface water
and precipitation is a function of the atmospheric concentra-
tion and solubility. As precipitation or surface water infil-
trates to the water table it is assumed that the atmospheric
equilibrated CFC concentration for a given temperature and
elevation is preserved (Plummer and others, 1993). There-
fore by assuming values for temperature and elevation of
recharge and known solubility constants, measured CFC
concentrations in ground water represent atmospheric con-
centrations at the time of recharge. By comparing measured
CFC concentrations in ground water with known atmospher-
ic concentrations of these gases through time, an apparent
age of recharge can be calculated (Plummer and others,
1993) (table 5, figure 20).

Samples for this study were collected in April 2006 in
triplicate glass bottles sealed under flowing water to avoid
direct atmospheric contact. Sampling methods follow those
presented by the U.S. Geological Survey (at<http://water.
usgs.gov/lab/>). Samples were analyzed at the University of

Utah Dissolved Gas Laboratory and apparent age estimates
were computed from measured CFC concentrations using
standard spreadsheets available from the U.S. Geological
Survey (at <http://water.usgs.gov/lab/>) and the University
of Utah Dissolved Gas Laboratory. Elevation of recharge
was assumed equal to that of City of Blanding Reservoir 3
for samples north of the southern canal and an approximate
elevation of the southern canal for samples to the south. The
sensitivity of age calculations to variation of recharge eleva-
tions possible across the Blanding-White Mesa was low, with
computed ages varying by a year or less for elevation var-
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Figure 19. Atmospheric concentration of CFC-12 in the northern
hemisphere since 1940. Composite data used to construct curve avail-
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Site ID Depth Total depth Sampling CFC-12 CFC-12 air CFC-12 Tritium (TU), Distance to
to water of well Date concentration, equivalent estimated + error upgradient

(ft) (ft) standard concentration, recharge year, artificial
deviation standard standard recharge

(pmoles/kg) deviation (ppt) deviation source (m)

BL 2 95 140 4/11/2006 1.08, 0.20 254.5, 47.9 1977, 3 6.0, 0.4 2380

BL 3 118 180 4/11/2006 0.86, 0.23 202.7, 54.81 1974, 3 9.1, 0.4 1700

BL 4 65 190 4/11/2006 0.72, 0.01 170.4, 3.3 1972, 0 9.9, 0.3 2350

BL 9 50 140 4/11/2006 0.20, 0.02 47.4, 3.5 1962, 1 5.5, 0.3 3100

BL 12 30 140 4/12/2006 0.28, 0.05 63.7, 11.5 1965, 1 1.9, 0.2 3900

BL 14 40 140 4/12/2006 1.51, 0.18 349.2, 41.0 1983, 2 5.0, 0.4 1300

BL 15 60 160 4/12/2006 0.05, 0.02 11.4, 5.8 1952, 3 3.5, 0.3 4090

BL 19 Spring Spring 4/13/2006 0.61, 0.01 144.3, 1.5 1971, 0 3.3, 0.3 2490

Table 5. Summary of CFC and tritium sampling results for selected sites in the Blanding area. Distance to upgradient artificial-recharge source
is estimated distance to the upper canal and city of Blanding Reservoirs for samples north of the lower canal and the lower canal and major irri-
gated areas for samples south of the lower canal.
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Figure 20. Apparent CFC-12 recharge year for selected sites in the Blanding area.



iance of hundreds of feet, roughly equivalent to the topo-
graphic slope across Blanding-White Mesa. Temperature of
recharge across a shallow water table is commonly assumed
to be nearly equal to the mean annual temperature (Cook and
others, 1995) or 50º F (10º C) for the Blanding area.

Several factors may contribute error and unknowns to
CFC age estimation, including different transport properties
of the various CFC constituents, potential biodegradation of
CFC compounds, contamination from CFC point sources or
certain well components, and improper sampling techniques
(Cook and others, 1995; Busenberg and others, 1993; Plum-
mer and others, 2000). Ground water typically consists of
water with a range of recharge ages due to diffusion and dis-
persion (Clark and Fritz, 1997; Bethke and Johnson, 2002;
Weissman and others, 2002). Because ground water is gen-
erally age stratified with depth, samples near the upper por-
tion of the water column yield the youngest apparent ages.
Samples taken from wells with lengthy screened or open
intervals record an aggregate age of water recharged at vari-
ous times; apparent CFC ages are, therefore, mixed-age val-
ues for ground water that include water both older and
younger than the apparent age (Bethke and Johnson, 2002).

Measurable concentrations of CFC were found at all
sample sites (analyzed for CFC) implying at least a compo-
nent of modern water, recharged since 1950, at each site.
Apparent ages calculated from CFC-12 yielded recharge
dates ranging from 1952 to 1983 (figure 20; table 5). Appar-
ent age of recharge increases to the south-southeast (down
gradient) for a series of wells (sites BL 3, 4, 9 and 15) across
the northern portion of the study area. This suggests most of
the ground water at these sample sites was recharged at dis-
crete sites to the north, likely as seepage from the unlined
upper canal and/or city of Blanding reservoirs. South of the

former lower canal, apparent CFC age distribution is possi-
bly controlled by more localized recharge of unconsumed
irrigation water north of sampling site BL 14. To the south-
west ground water at site BL 12 is older and may be derived
from historical seepage from the lower canal and recharge of
unconsumed irrigation water.

A plot of apparent year of recharge versus distance to
upgradient artificial recharge source (figure 21) shows a sim-
ilar trend of increasing distance from potential recharge
sources with increasing apparent age. For samples north of
the lower canal, upgradient recharge was assumed to occur at
the upper canal and city of Blanding Reservoir 3. For sam-
ples south of the lower canal, recharge was assumed to occur
at the lower canal for BL 12 and along irrigated fields north
of sample site BL 14.

Tritium
Radiogenic or unstable isotopes such as tritium (3H) may

be used to qualitatively constrain apparent ground-water age
(Clark and Fritz, 1997). Tritium is a radioactive isotope of
hydrogen produced in high concentrations during above-
ground testing of thermonuclear devices after 1950, and its
occurrence in ground water has been used to make relative
age determinations based on relative concentration of tritium
in ground water. Tritium concentrations in the atmosphere
peaked in 1963 and have declined since (Clark and Fritz,
1997). Samples for tritium were collected using standard
U.S. Geological Survey sampling techniques (Wilde and oth-
ers, 1998) and analyzed via tritium enrichment and scintilla-
tion counting at Brigham Young University (David Tingey,
Brigham Young University, verbal communication, 2006).
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Tritium count results show measurable concentrations of
tritium for all samples analyzed, indicating at least a portion
of the ground-water sampled was recharged after 1950 (table
5). These data qualitatively support apparent CFC age data
presented above that indicate significant recharge since
1950. Assuming tritium loading to the principal aquifer
peaked during the early 1960s, samples with apparent age of
recharge during this same period should show the highest
values of tritium. Direct comparison of the tritium count data
and CFC apparent age data is more complex and does not
indicate a pronounced peak in tritium concentration for sam-
ples with CFC apparent age dates near the 1963 peak atmos-
pheric tritium levels. Similar discrepancies between tritium
concentrations and apparent CFC age have been noted by
previous workers and may be caused by variance in solubil-
ity, diffusion, and concentration of CFC compounds at time
of recharge, and processes including concentration of initial
tritium loading at a given site, relatively short half life of tri-
tium, and measurement errors associated with small concen-
trations of tritium (Plummer and others, 1993; Cook and
Solomon, 1995; Plummer and others, 2000).

DISCUSSION
Ground water in the principal aquifer beneath Blanding-

White Mesa is controlled by a combination of geologic, geo-
graphic, climatic, and land-use characteristics. The stratigra-
phy and outcrop pattern of the Upper Jurassic through Upper
Cretaceous rocks, which make up the principal aquifer and
aquiclude, place fundamental controls on ground-water
availability. The isolated spatial extent of the Dakota and
Burro Canyon Formations does not allow for regional re-
charge of the principal aquifer. Instead ground-water re-
charge in the Dakota-Burro Canyon aquifer is from local
infiltration of precipitation and various sources of artificial
recharge across Blanding-White Mesa. The ground-water
levels and water quality in the principal aquifer are therefore
highly susceptible to changes in land and water use.

The balance of recharge and discharge to the principal
aquifer has changed with time as evidenced by long-term
ground-water level trends. Ground-water levels increased
prior to 1989 and have declined since then. Early increase in
ground-water levels is due to unintended artificial recharge
of the principal aquifer. Subsequent declines in water levels
may be the result of reductions in yearly artificial recharge.
The relative timing and magnitude of reductions in artificial
recharge is difficult to constrain. Instead, changes in ground-
water level are assumed to represent the aggregate of changes
that include replacement of unlined canals with closed pipe,
the lining of city of Blanding Reservoirs with impermeable
clay, and changes in the type and amount of irrigation across
the study area. A general increase in discharge from pumping
wells in the principal aquifer with time may also be respon-
sible for a lesser but locally important component of ground-
water level decline.

Ground-water budgets based on past, current, and future
states of recharge and discharge indicate annual reduction in
artificial recharge of up to 2100 acre-feet (2.6 hm3) since
changes in water delivery and storage began in the late
1970s. Planned future changes in water delivery and storage
may further reduce the annual amount of artificial recharge

by up to 500 acre-feet (0.6 hm3). Decreasing artificial
recharge has thus far driven a reduction of ground water in
storage and consequent decline in ground-water levels across
the study area. Reduction of ground water in transient stor-
age in the principal aquifer will likely continue and may ulti-
mately reduce water availability and water quality in the
prinicipal aquifer.

Base flow in Lems Draw, Browns Canyon, and Corral
Creek, and seepage from springs along Recapture Canyon is
ultimately sourced from ground water in the principal aquifer
and is therefore directly tied to fluctuations in the ground-
water budget of the study area. Continued future reductions
in artificial recharge and consequent ground-water level de-
cline may also lead to reductions in baseflow along these
drainages.

Ground-water chemistry, stable isotope composition,
and CFC-based apparent age calculations provide support for
recent artificial recharge of the principal aquifer. Stable iso-
tope ratios suggest that water imported to Blanding-White
Mesa and artificially recharged to the principal aquifer com-
prises at least 50 percent of the total ground water at many
sites. Comparison of CFC apparent age data and concentra-
tion of major anions shows little correlation, suggesting that
chemical composition is controlled by local stratigraphic and
mineralogic variation and not residence time in the principal
aquifer. Based on apparent CFC age data much of the
ground water beneath the study area was recharged before
1980. Most ground water, therefore, was recharged prior to
structural changes in water delivery and storage, begun in the
late 1970s; these changes have likely vastly reduced the
amount of artificial recharge to the principal aquifer. There-
fore, measurable changes within the principal aquifer may
occur years after any changes of artificial or natural recharge
to the principal aquifer on Blanding-White Mesa.

SUMMARY AND CONCLUSIONS
The principal aquifer beneath the Blanding-White Mesa

area consists of the sandstone and less abundant fine-grained
deposits of the Dakota and Burro Canyon Formations. These
units form hydrologically isolated caprock, separated from
upland areas to the north and adjoining mesas to the east and
west by intervening canyons incised into the underlying
Brushy Basin Member. The Brushy Basin Member is domi-
nated by impermeable mudstone and lesser, laterally discon-
tinuous sandstone. Downward hydraulic gradients in the
principal aquifer and the impermeable nature of the Brushy
Basin Member preclude recharge of the principal aquifer
from underlying units.

Ground water flows generally to the south or southeast
across the study area. The total amount of water in transient
storage in the principal aquifer is estimated at 156,000 acre-
feet (192 hm3). Long term ground-water level monitoring
indicates recharge averaging 6 to 7 inches (15-18 cm) per
year more than discharge prior to 1989. Since 1989, ground-
water levels have generally declined by a mean of 5 inches
(13 cm) per year at long-term monitoring sites.

Recharge of the principal aquifer occurs from both direct
precipitation and artificial sources including canal and reser-
voir seepage, infiltration of excess irrigation, and minor sep-
tic seepage. Springs and seepage are the primary source of
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discharge from the principal aquifer; other sources of dis-
charge include pumping of irrigation and domestic wells,
evapotranspiration where ground water is shallow, and sub-
surface outflow along the southern portion of the study area.
Yearly change in storage in the principal aquifer is largely the
result of either an excess or reduction of artificial recharge
from seepage of canals and reservoirs across the study area.
Based on water level data, storage in the principal aquifer
increased by 900 acre-feet per year prior to 1990 and has
decreased by 640 acre-feet per year since 1990. Reductions
in spring flow and seepage from the principal aquifer have
likely followed reduced artificial recharge, reductions in stor-
age in the principal aquifer and water level decline since
1990. Because all water budget components are estimated,
numerical modeling of the transient conditions within the
prinicipal aquifer in conjunction with additional seepage
studies will be required to accurately constrain all compo-
nents of recharge and discharge for the principal aquifer.

Apparent CFC ages indicate that most ground water in
the Dakota-Burro Canyon aquifer was recharged prior to
1980, and that ground water generally increases in age to the
south-southeast, parallel to the potentiometric slope. Stable
isotope ratios from ground and surface water support the
hypothesis that a significant component of water in the prin-
cipal aquifer is the result of artificial recharge of waters
imported to Blanding-White Mesa. Solute chemistry indi-
cates ground water is a significant component of stream flow
in several drainages, including Lems Draw and Browns Can-
yon.

Changes in water delivery, storage, and use across
Blanding-White Mesa have altered the water budget of the
Dakota-Burro Canyon aquifer. Future changes in both water
delivery and storage will further alter this balance, potential-
ly leading to a continued decline in ground-water levels
across the Blanding-White Mesa.

Based on the data presented above the primary conclu-
sions of this report are as follows:

1) The principal aquifer, within the study area,
consisting of the Dakota and Burro Canyon For-
mations is hydrologically isolated and receives
recharge only from direct precipitation and var-
ious artificial sources, including seepage from
city of Blanding reservoirs, unlined portions of
the upper canal, and infiltration of unconsumed
irrigation water.

2) Water levels in the principal aquifer along the
western portion of Blanding-White Mesa in-
creased by 6 to 7 inches per year, prior to 1989
(15-18 cm per year). Since 1989 water levels
have decreased by 5 inches per year (13 cm per
year).

3) Estimated yearly water budgets for the principal

aquifer reflect changes in water level, and
include a increase in storage of 898 acre-feet
prior to 1990 and decrease in storage of 642
acre-feet since 1990. Changes in storage are
driven by reductions in artificial recharge from
canal and reservoir seepage occurring since the
1980s.

4) A significant amount of ground water in the
principal aquifer was artificially recharged after
1950 and prior to 1980. Most artificial recharge
is likely derived from canal and reservoir seep-
age and to a lesser degree from excess irrigation
water.

5) Past changes in water delivery, storage, and use
across Blanding-White Mesa have altered the
water budget of the Dakota-Burro Canyon
aquifer. Future changes in both water delivery
and storage will further alter this balance,
potentially leading to a continued decline in
ground-water levels across the Blanding-White
Mesa.

6) Detailed quantitative constraints on recharge
and discharge to the principal aquifer should be
estimated using numerical modeling techniques
and tracer/seepage studies of the city of Bland-
ing reservoirs and remaining unlined portions of
the northern canal.
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Table A.2. Statistical summary of trends in water levels for selected U.S. Geological Survey monitoring wells in the Blanding area. All data used in
regressions are from the U.S. Geological Survey (2006a). Standard equations used to calculate the following statistics are presented in Ott (1977)
and Bhattacharyya and Johnson (1987). Location of monitoring wells is shown on plate 4. See text for further discussion.

Monitoring Time Number of Slope in feet R23 F-statistic4 Df5 F-critical6 F-test7
well period1 measurements per year2

USGS 1 A 29 1.34 0.97 948 27 4 Pass
B 11 0.66 0.86 154 9 5 Pass
C 18 -0.31 0.90 140 16 5 Pass

USGS 2 A 27 0.21 0.34 12 22 4 Pass
B 11 0.38 0.09 10 9 5 Pass
C 18 -0.06 0.05 2 16 5 Fail

USGS 3 A 27 0.75 0.85 112 25 4 Pass
B 11 0.66 0.12 6 9 5 Pass
C 18 -0.48 0.77 54 16 5 Pass

USGS 4 A 19 0.54 0.61 10 17 5 Pass
B 11 0.73 0.69 25 9 5 Pass
C 18 -0.90 0.61 25 16 5 Pass

USGS 5 A 15 0.26 0.21 4 13 5 Fail
USGS 6 A 36 0.19 0.69 77 34 4 Pass
USGS 7 A 25 0.59 0.88 171 23 4 Pass

1A = prior to 1979; B =1979 to 1989; C =1989 to 2006
2Slope of least squares linear regression for each data period; negative represents water-level decline
3Coefficient of determination for a given regression, values closer to 1 indicate a better fit between regression-predicted values and measured values
4F observed value, see Ott (1977) and Bhattacharyya and Johnson (1987) for complete description
5Degrees of freedom taken as the difference between the total number of measurements and the number of variables plus 1
6F-critical values for given degrees of freedom and number of variables at a 5 percent significance level
7Pass indicates F-statistic value is greater than F-critical for a given regression and indicates that the trend is valid within the specified limits; Fail
indicates F-statistic value is less than F-critical for a given regression and indicates that the trend is invalid within the specified limits
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