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Hydrogeologic Data for the Coconino Plateau and Adjacent 
Areas, Coconino and Yavapai Counties, Arizona

By Donald J. Bills and Marilyn E. Flynn

Abstract 

Data on geology, topography, hydrology, climate, land use, and vegetation were compiled between 
October 2000 and September 2001 and assembled into a database for use by local and regional water-
resources managers and for future water-resource investigations. The hydrologic data include information 
on wells, springs, streamflow, water chemistry, and water use. Limitations of the data and additional data 
needs also were prepared. The roughly 5,000-square-mile Coconino Plateau contains a complex regional 
aquifer that has become increasingly important as a source of water supply for domestic, municipal, and 
in-stream uses owing to population growth and development. The flow characteristics of the regional 
aquifer are poorly understood because the aquifer is deeply buried, which limits exploratory drilling and 
testing, and because the geologic structure, which controls the occurrence and movement of ground water, 
is complex. The study area is about 10,300 square miles and, besides containing the entire Coconino 
Plateau, includes parts of adjacent areas where ground water from the Coconino Plateau discharges. 
Selected data are presented in tabular or graphical form. All data are available in electronic form.
INTRODUCTION 

The water resources of the Coconino Plateau in 
northern Arizona are under increasing pressure from 
development. The population of this arid region 
continues to grow, and the number of visitors to most 
of the numerous national and state parks and 
monuments in the region continues to increase each 
year. About 4.5 to 4.9 million people have visited 
Grand Canyon National Park (GCNP) each year since 
1995 (Ghioto, 2001). Residents, local and tribal 
governments, facilities managers, Federal interests, and 
environmental groups within the region recognize the 
potential consequences of increased water development 
attendant to population growth. Public input has 

identified the sustainability, protection, and 
maintenance of springs and seeps and associated 
riparian habitat on the Coconino Plateau as major 
issues that have broad support. Concerns about the 
effects of water development on regional springs, 
surface-water and riparian resources, and the 
availability and sustainability of regional water 
supplies have led to the organization of several action 
groups.

Regional stakeholders agree that an improved 
understanding of the regional hydrogeologic system is 
needed to address the concerns of water supply and 
ground-water sustainability. Such an understanding 
requires a base of information that adequately 
describes the system. That base of information 
Introduction 1



currently does not exist for the Coconino Plateau. 
Hydrogeologic data is most abundant in the vicinity of 
large population centers like Flagstaff and Sedona, but 
is sparse in less populated areas like Williams, 
Tusayan, Valle, and Cameron. Basic geologic or 
hydrologic information is nonexistent for large parts of 
the Coconino Plateau. In order to develop a conceptual 
hydrogeologic framework for the Coconino Plateau, a 
comprehensive effort was needed to compile existing 
data, collect additional data where available, and 
identify data gaps. The hydrogeologic data in this 
report will provide critical information for interested 
water users on the Coconino Plateau. This study also 
will provide information on the amount and variability 
of flow in discharge areas of the regional aquifer that 
support riparian habitat. The compilation of these data 
and the formulation of a comprehensive database 
would allow for effective follow-up studies.

This study was done by the U.S. Geological Survey 
(USGS) in cooperation with the City of Williams. 
Partial funding of this investigation was provided to the 
City of Williams through a grant from the Arizona 
Water Protection Fund Commission (AWPFC). The 
views and findings of this report do not necessarily 
represent those of the AWPFC nor the Arizona 
Department of Water Resources (ADWR). A USGS 
study of the Coconino Plateau that is part of the ADWR 
Rural Watershed Initiatives (RWI) will be one of the 
main benefactors. Through the RWI study, the database 
will be expanded and refined, and the information 
developed will be used to complete conceptual and 
interpretive models for the water-resource systems on 
the Coconino Plateau.

The hydrogeologic data contained in this report 
and additional data from this study are available in 
electronic form and may be obtained from the U.S. 
Geological Survey office in Tucson, Arizona, or by 
accessing the Arizona District Web page at URL:
http://az.water.usgs.gov/index.html.

Purpose and Scope

This report presents basic hydrogeologic data that 
could be used to describe the hydrogeologic framework 
and ground-water flow systems of the Coconino 
Plateau. Existing hydrogeologic data were compiled 
from October 2000 to September 2001. Data are 
provided on climate, geology, topography, hydrology, 

land use, vegetation, and water use. The hydrologic 
data include information on wells, springs, streamflow, 
water chemistry, and water use. Limitations of the data 
and types of additional data that would be helpful for 
follow-up studies also are discussed. Selected data are 
presented in tabular or graphical form. All data are 
available in spreadsheet form on the compact disc 
provided at the back of the report.

Methods of Investigation

Existing data were identified, inventoried, and 
compiled. Areal data included climate, geology, 
topography, hydrology, land use, vegetation, water use, 
aerial photography, and remotely sensed imagery. 

Remotely sensed data such as digital elevation 
data, satellite and aerial photography, and gravity and 
aeromagnetic surveys can be useful tools for evaluating 
the physiography of an area as it relates to the 
occurrence and distribution of water resources, land 
use, and vegetation types and patterns. The 7.5-minute 
digital elevation model (DEM) provides the same 
coverage as a standard USGS 7.5-minute quadrangle 
with comparable resolution. DEMs are useful for 
evaluating the natural features of the landscape and 
possible geologic structures that can influence the 
occurrence of water resources. 

Point data include the locations of wells and 
springs, well construction and spring development 
data, well logs, aquifer properties, water usage, water 
chemistry, water temperature, water levels, air 
temperature, precipitation, and stratigraphy. Selected 
new wells and other holes of opportunity were 
inventoried where accessible. In addition, 
12 unsurveyed springs identified from maps were 
inventoried to further supplement the database. 
Streamflow data also were compiled where available. 
Regional geology, hypsography, aerial photography, 
and remotely sensed data will facilitate the evaluation 
of topographic and geologic structural controls on the 
boundaries of the hydrogeologic flow system. Climate, 
land-use, vegetation, and water-use data can be used to 
evaluate recharge and discharge components of the 
ground-water systems and to establish the boundaries 
of riparian zones that could be affected by 
development. Well and spring data provide information 
necessary for determining the occurrence and 
movement of ground water.

Data were obtained from Federal, State, tribal, and 
municipal databases; from university theses; reports 
and data of private consultants; from private 
2 Hydrogeologic Data for the Coconino Plateau and Adjacent Areas, Coconino and Yavapai Counties, Arizona



landowners; and from USGS field observations 
(table 1). USGS databases include the National Water 
Information System (NWIS); the Earth Resources 
Observations Systems National Elevation Dataset, 
National Aerial Photograph Program, and National 
Land Cover Characterization program; and the 
National Biological Information Infrastructure Project. 
Additional spatial data are from the USGS National 
Geophysical Data grids (Phillips and others, 1993). 
Other Federal databases were those of the National 
Weather Service, National Park Service (NPS), and 
Forest Service. State databases were those of the 
Arizona Department of Water Resources (Ground-
Water Site Inventory; GWSI), the Arizona Geological 
Survey (AGS), and the Arizona State Land Department 
(ASLD). Tribal databases were those of the Havasupai 
Tribe. Municipal databases were those of the cities of 
Flagstaff and Williams and the towns of Valle and 
Tusayan. University theses were those from Northern 
Arizona University (NAU) and the University of 
Nevada at Las Vegas (UNLV). All data acquired for 
this project are to be incorporated into a regional 
database that includes data developed for 
hydrogeologic investigations in adjacent areas to the 
south (Parker and Flynn, 2000; Betsy Woodhouse, 
Hydrologist, USGS, written commun., 2001). Spatial 
components of the data are to be used to build 
geographic information system data files and coverages 
that will facilitate the evaluation of data suitability for 
the development of conceptual hydrogeologic 
framework information.

Selected wells and selected unsurveyed springs 
inventoried for this study were located by map and 
Differential Global Positioning System to obtain 
precise location and elevation data. All available well-
log, construction, development, pump or aquifer test, 
and water-chemistry data were obtained for wells. All 
available lithologic, development, discharge, physical 
characteristic, and water-chemistry data were obtained 
for springs. 

Activities of this study were coordinated with 
activities of other groups when possible to optimize 
data collection, reduce duplicated efforts, and share 
data with groups that are compiling information for the 
North-Central Arizona Regional Water Study. The 
North-Central Arizona Regional Water Study is a 
group of Federal, State, municipal, tribal, local, and 
environmental agencies that are concerned about 
ground-water development on the Coconino Plateau 
and the attendant demand for water. This group has 

organized to facilitate studies on growth, development, 
water demand, and water supply. Some of the other 
water studies currently in progress by stakeholders of 
the North-Central Arizona Regional Water Study 
include: (1) recent Havasupai tribal spring inventories 
(Tom Crouch, hydrologist, Natural Resources 
Consulting Engineers, written commun., 2000), 
(2) ongoing NPS/AWPFC and NPS/USGS inventory of 
water resources on the south rim of Grand Canyon 
(John Rihs, hydrologist, NPS, written commun. 2000), 
(3) Forest Service inventory of springs (John Ward, 
hydrologist, Hydro Geo Chem Inc., written commun., 
2001), (4) USGS evaluation of water resources in 
adjacent basins as part of the RWI (John Parker and 
Betsy Woodhouse, hydrologists, USGS, oral commun., 
2000), and (5) current academic research on water 
resources of the Coconino Plateau and south rim of 
Grand Canyon (A.E. Springer, Ph.D., professor, 
Northern Arizona University, oral commun., 2000, and 
Dave Kreamer, professor, University of Nevada Las 
Vegas, written commun., 2000).

All well and spring data from the data inventory 
and compilation were reviewed for completeness and 
consistency and were examined for accuracy, precision, 
redundancy, and errors. Well and spring information 
with errors or questionable data were flagged for field 
verification at a later date as part of the RWI study. In 
addition, newly drilled wells, other holes of 
opportunity, and accessible unsurveyed springs were 
field inventoried and evaluated. As the data were 
refined they were loaded into the USGS NWIS 
database where they will be accessible through USGS 
Web pages. The database developed through this study 
represents the core of information needed by the RWI 
study of the water resources of the Coconino Plateau. 
As part of the RWI study, questionable data and 
additional data needs identified by this study are to be 
resolved, and all data are to be evaluated to develop 
conceptual, water budget, and framework models of the 
Coconino Plateau. These data are to be used in the 
construction of interpretive and predictive ground-
water flow models that may be used to address issues 
about the sustainability of water resources in the area.

DESCRIPTION OF THE STUDY AREA 

The Coconino Plateau is a subprovince of the 
Colorado Plateau in north-central Arizona, south of the 
Colorado River (fig.1; Billingsley and Hendricks, 
Description of the Study Area 3
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1989). The study area encompasses about 
10,300 square miles, including all of the Coconino 
Plateau and parts of the Little Colorado River and 
Verde River Basins. The boundaries of the study area 
are defined by the Colorado River to the north, The 
Aubrey Fault to the west, the Mogollon Escarpment 
and Verde River to the south, and the Echo Cliffs 
Monocline and western edge of the Black Mesa Basin 
to the east (fig. 1). These features define the 
preliminary hydrogeologic boundaries of the study area 
and represent physical controls on the occurrence and 
movement of surface-water and ground-water 
resources on a regional scale. The main area of focus 
for this study is the Coconino Plateau.

Physical Features and Climate

The Coconino Plateau, about 5,000 square miles in 
area, is a Cenozoic aged, upland, physiographic 
province composed of a thick sequence of nearly flat-
lying Paleozoic and younger consolidated sedimentary 
rocks exposed at the south rim of Grand Canyon 
(Billingsley and Hendricks, 1989; Beus and Morales, 
1990). Erosion of these sediments on the plateau has 
exposed a land surface characterized by a complex 
series of low relief hills and mesas with broad mature 
valleys.

The hydrogeologic framework of the Coconino 
Plateau is defined largely by the geology and geologic 
structure that underlie the area (figs. 2 and 3). To the 
north the Colorado River has exposed a nearly 5,000 ft 
thick sequence of Precambrian to Paleozoic rocks. The 
Precambrian rocks are granite, metamorphosed granite, 
schist, and gneiss exposed in deeply incised canyons 
tributary to the Colorado River (Beus and Morales, 
1990) and at the upper end of the Big Chino Wash 
(Reynolds, 1988). The Precambrian rocks have low 
permeability and are considered a basal confining layer 
to ground-water systems on the Coconino Plateau 
(Metzger, 1961; Twenter and Metzger, 1963; Bills and 
others, 2000). The Paleozoic rocks are sandstone, 
siltstone, shale, and limestone and range in age from 
early Cambrian to Permian. These rocks underlie 
almost the entire area and are exposed in deep canyons 
along the Colorado River to the north (Beus and 
Morales, 1990) and the Mogollon Rim to the south 
(Twenter and Metzger, 1963). The Paleozoic rocks 
contain most of the principal ground-water flow 
systems that occur on the Coconino Plateau (Metzger, 

1961; Twenter and Metzger, 1963; McGavock and 
others, 1986; Bills and others, 2000). The Permian 
Kaibab Formation forms the bedrock surface over 
much of the Coconino Plateau (Reynolds, 1988). In 
places, erosional remnants of the Triassic Moenkopi 
Formation dot the landscape as low mesas and hills 
(McGavock and others, 1986; Reynolds, 1988). Many 
valleys formed on the Kaibab Formation erosional 
surface have been filled with Cenozoic gravel and 
lacustrine deposits to depths of 100 ft or more 
(Billingsley and others, 2000). Cenozoic travertine is 
notable in some of the larger drainages. Travertine is 
still being deposited in Havasu Creek and the Little 
Colorado River (Cooley, 1976; Marx, 1995). On the 
southwestern part of the Coconino Plateau, the 
Paleozoic rocks are overlain by Triassic and younger 
sedimentary rocks, which are overlain in places by 
volcanic rocks of the Mt. Floyd and San Francisco 
Peaks Volcanic Fields (Billingsley and Hendricks, 
1989). 

The most notable structural features of the 
Coconino Plateau are the Havasu Downwarp, the 
Kaibab Monocline, the Mesa Butte Fault, the San 
Francisco Volcanic Field, the Aubrey Cliffs, the 
Mogollon Rim, and breccia pipes (figs. 1 and 2). The 
Havasu Downwarp is a structural trough that trends 
northwest to southeast down the axis of the Cataract 
Creek drainage. The trough is the result of regional 
compression during the Laramide orogeny that also 
was responsible for the broad regional uplift of the 
plateau (Krantz, 1989). The area is still seismically 
active (Fellows, 2000). There are also several 
topographically closed basins within the Coconino 
Plateau study area (fig. 1). These closed basins are 
thought to be related to still-active crustal extension 
occurring in the area, or to young karst development 
(Billingsley and others, 2000), and could significantly 
influence the ground-water flow systems. Much of the 
eastern edge of the Coconino Plateau is defined by a 
series of parallel to sub-parallel monoclines and faults 
falling off to the east (Metzger, 1961; Cooley and 
others, 1969; and Cooley, 1976). The most prominent 
of these are the East Kaibab Monocline, Mesa Butte 
Fault, and Echo Cliffs Monocline that have a combined 
relief of more than 3,000 ft (figs. 2 and 3). The Mesa 
Butte Fault that trends northeast-southwest is an 
extension of the East Kaibab Monocline at the eastern 
edge of the Kaibab Uplift (Shoemaker and others, 
1978). This structure is Laramide in origin and is a 
principal structural feature at the eastern edge of the 
Description of the Study Area 5
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to or during the initial phases of mid-Tertiary volcanism; many 
units were deposited by drainage flowing north and east onto the 
Colorado Plateau; includes "rim gravels" and associated finer grained 
rocks along the Mogollon Rim; some units, especially those along 
the Tansition Zone, may overlap in age with unit Tsm

CHINLE FORMATION—Late Triassic. Shinarump Conglomerate Member 
(TrCS), Keyenta and Moenave Formations, and Wingate Sandstone

SHINARUMP CONGLOMERATE MEMBER 

MOENKOPI FORMATION— Middle(?) and early Triassic

SEDIMENTARY ROCKS—Kaibab Formation, Toroweap Formation, 
and Coconino Sandstone on the Colorado Plateau; age-equivalent 
rocks in the Basin and Range Province and Transition Zone are 
included with unit PP

SEDIMENTARY ROCKS—Schnebly Hill Formation, Hermit Formation, 
Supai Group, and Naco Group

SEDIMENTARY ROCKS—Redwall Limestone, Muav Limestone, Martin 
Limestone, Temple Butte Limestone, and Tonto Group in northern 
Arizona

SEDIMENTARY ROCKS — Middle Proterozoic. Grand Canyon Supergroup 
(locally late Proterozoic) and local basalt flows and diabase

GRANITOID ROCKS—Middle or early Proterozoic; 1,400 or 1,650 to 
175 million years of age

METAMORPHIC ROCKS—Early Proterozoic; 1,650 to 1,800 million 
years of age. Undifferentiated metavolcanic and gneissic rocks
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Figure 2. Continued.
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Coconino Plateau. The San Francisco Volcanic Field 
covers most of the southern third of the Coconino 
Plateau stretching from Bill Williams Mountain in the 
west to San Francisco Mountain in the east. The 
volcanic field is from 6.0 to 0.05 million years old with 
a linear age trend from west to east (Nealey and 
Sheridan, 1989). The Aubrey Cliffs are the surface 
expression of the normal Aubrey Fault. The 
sedimentary rocks on the east side of the fault are 
uplifted 500 ft, exposing parts of the Hermit Shale and 
Upper Supai Formation at the base of the cliffs 
(Billingsley and others, 2000). South of and partly 
obscured by the San Francisco Volcanic Field is the 
Mogollon Rim. The Mogollon Rim is a 2,000 ft 
escarpment that exposes more than 3,000 ft of the 
Paleozoic and younger rock units at the southern edge 
of the study area above the Verde River Valley (Pierce, 
1984) and trends northwest to southeast through the 
southern end of the study area. Breccia pipes are 
solution collapse features that bottom in the Redwall 
Limestone and stoop upward and number in the 
hundreds throughout the Coconino Plateau (Billingsley 
and others, 2000). Because of the small size and large 
number of these features, they are not shown on any of 
the illustrations in this report. Breccia pipes are 
significant features, however, owing to their relation to 
ground-water movement and to secondary 
mineralization, which may influence water chemistry 
(Wenrich and others, 1994). 

Drainages on the Coconino Plateau are either 
immature, mature, or internal (fig. 1). Most of the 
immature drainages are at the margins of the Coconino 
Plateau and drain north toward the Colorado River or 
south toward the Verde River. These immature 
drainages are short and steep and tend to be deeply 
incised into the sedimentary rocks. Springs exist along 
these drainages where the channels intersect the water 
table or a perched water-bearing zone. The only 
drainages that have the appearance of mature river 
valleys are the Little Colorado River, Cataract Creek, 
and the Verde River. These drainages have large, well-
developed tributary drainage patterns that reach most 
parts of the Coconino Plateau (fig. 1). Some internal 
drainage on the Coconino Plateau occurs in 
topographically closed basins.

Altitude and climate are strongly correlated within 
the study area (figs. 4 and 5; McGavock and others, 
1986; Bills and others, 2000). Altitude within the study 
area ranges from 12,633 ft at the top of San Francisco 
Mountain to 1,730 ft at the confluence of National 

Canyon and the Colorado River. Altitudes along the 
upper and middle Verde River to the south range from 
about 3,500 to 4,400 ft. The Coconino Plateau in north-
central Arizona is dominated by a high, desert-type 
environment with islands of alpine environments at the 
higher altitudes. The average annual temperature 
ranges from 43 oF at Fort Valley on the southwest flank 
of San Francisco Mountain to 68 oF at Phantom Ranch 
at the bottom of Grand Canyon (Sellers and others, 
1985). The average annual precipitation for the area 
ranges from 5.5 in. at Cameron at the eastern edge of 
the area to 27.7 in. at Junipine (Sellers and others, 
1985). Precipitation is strongly correlated to altitude; 
generally less than 15 in. per year falls at altitudes 
below 5,000 ft, and more than 25 in. per year falls at 
altitudes above 7,000 ft (fig. 5; McGavock and others, 
1986; Bills and others, 2000).

Ponderosa pine forest with piñon and juniper pine, 
aspen, and oak is the primary vegetation type at higher 
altitudes. Vegetation at lower altitudes is mostly sparse 
grasses, brush, and other high desert species. Riparian 
habitat consisting of a diverse mixture of cottonwood, 
ash, and sycamore with mixed brush and grass occurs 
throughout the Coconino Plateau at springs, seeps, and 
along short stream segments fed by springs (Metzger, 
1961; Bills and others, 2000).

Population Growth and Land Use

Over the past decade, the rate of population growth 
and development on the Coconino Plateau has been 
equal to and in some cases exceeded that for the rest of 
the State of Arizona (Kasindorf and McMahon 
accessed, April 24, 2001). The population of the study 
area increased 20 percent from 1990 to 2000 and is 
currently about 78,000; about 80 percent live in the 
Flagstaff area (U.S. Census Bureau accessed, April 24, 
2001). About 5 percent of the population lives at the 
western end of the Navajo Reservation and on the 
Havasupai Reservation. The remainder of the 
population lives in smaller population centers, such as 
Williams, Valle, Tusayan, Grand Canyon Village, 
Parks, and in rural areas throughout the study area. The 
Verde Valley area south of the Mogollon Rim was one 
of the fastest growing rural areas in the United States in 
1999 (Woods and Poole Economics, Inc., 1999), and 
the population is projected to more than double by 
2050.
10 Hydrogeologic Data for the Coconino Plateau and Adjacent Areas, Coconino and Yavapai Counties, Arizona
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In addition, northern Arizona attracts millions of 
visitors each year to one of the largest concentrations of 
national parks and monuments in the western United 
States (Ghioto, 2001). Chief among these is Grand 
Canyon National Park (GCNP), which is designated a 
World Heritage Site and is one of the seven natural 
wonders of the world (National Park Service accessed, 
April 2001). Currently, 4.5 to 4.9 million people visit 
GCNP each year (Ghioto, 2001). Although GCNP 
visitation fluctuates, the average rate has increased 
annually by about 6 percent since 1985, and at least 
90 percent of this visitation occurs at the south rim of 
GCNP (Ghioto, 2001).

The Coconino Plateau study area includes multiple 
jurisdictions including the Kaibab and Coconino 
National Forests, GCNP, the Havasupai Indian 
Reservation, the Navajo Indian Reservation, Navajo 
and Hopi Tribal trust lands, State of Arizona trust land, 
and private ownership. According to the Arizona State 
Land Department (1998), about 42 percent of the land 
in the study area is federally owned as national forests, 
parks, and monuments. About 20 percent of the land is 
included in Indian reservations or native trust lands, 
and 38 percent is about evenly split between State trust 
and privately owned lands. The water-demand and 
water-supply issues of these different jurisdictional 
areas are the principal reason for the current interest in 
the availability and sustainability of regional water 
resources.

Water Resources

Ground-water resources consist of several perched 
water-bearing zones, a regionally extensive aquifer, and 
a limestone aquifer (fig. 3b). The extent of these 
ground-water systems is not fully defined, and there is 
little information to determine movement of water from 
source areas into and through the different water-
bearing zones to discharge areas. There are few 
perennial streams in the study area, but many short 
perennial reaches are supported by ground-water 
discharge (McGavock and others, 1986). Flow and 
chemistry information exists only for the larger 
perennial streams.

Perched water-bearing zones provided some of the 
first water supplies in the study area. The first 
successful wells drilled in the area were shallow wells 
completed in perched water-bearing zones near the 
larger communities and ranches (Harshbarger and 

Associates and John Carollo Engineers, 1972). Some 
of the original water supplies in the mid- to late 1800s 
were a few small, perched-aquifer springs close to the 
developing cities of Flagstaff and Williams (Bills and 
others, 2000; Dennis Dalbeck, City Manager, City of 
Williams, oral commun. 2000). Springs along the south 
rim of GCNP also were used to support tourism and 
mining in the late 1800s and early 1900s (Billingsley 
and others, 1997; and John Rihs, Hydrologist, Grand 
Canyon National Park, oral commun. 2001). Ground 
water discharges from perched water-bearing zones in 
alluvium, the Kaibab Formation, the Coconino 
Sandstone, and the Upper and Middle Supai 
Formations throughout the interior of the Coconino 
Plateau (fig. 6). Most of these perched water-bearing 
zones are small, discontinuous, and yield only small 
amounts of water, which limit their use as sources of 
water supply (Metzger, 1961; McGavock and others, 
1986). Many springs and seeps also occur in the higher 
elevations of the Coconino Plateau where they emit 
from perched water-bearing zones in alluvium, 
volcanic rocks, and consolidated sediments 
(McGavock and others, 1986; Bills and others, 2000).

As water use in the area began to exceed these less 
dependable near-surface water resources, exploratory 
drilling led to the discovery of ground water in the 
Paleozoic sandstones that underlie the study area 
(Harshbarger and Associates and John Carollo 
Engineers, 1972). The first municipal supply wells, 
drilled into what was then called the Coconino aquifer, 
were developed in the 1950s. The regional aquifer as it 
is currently defined (Bills and others, 2000) consists of 
hydraulically connected water-bearing zones in the 
Kaibab Formation, Coconino Sandstone, Schnebly Hill 
Formation, and sandstone units in the Upper and 
Middle Supai Formations (Bills and others, 2000). 
Several investigators have suggested drainage from the 
regional aquifer to an underlying limestone aquifer in 
the northern part of the study area is related to geologic 
structure (Cooley and others, 1969; McGavock and 
others, 1986; Bills and others, 2000).

This limestone aquifer is composed of water-
bearing zones in the Redwall and Muav Limestones, 
and in the Martin/Temple Butte Formation and 
Devonian Limestones where present (Metzger, 1961; 
Cooley and others, 1969). The first successful well 
completed in water-bearing zones of the limestone 
aquifer (the Redwall and Muav Limestones) was a test 
well for the City of Flagstaff drilled in 1981 to a total 
depth of about 3,400 ft (Montgomery, 1981). Since 
Description of the Study Area 13
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then, 10 water wells have been drilled into the Redwall 
and Muav Limestones at similar depths for public 
supply, commercial development, or industrial use on 
the Coconino Plateau. Little is currently known about 
the yield of these newer wells or the hydraulic 
characteristics of the limestone aquifer in proximity of 
these wells. Depth to water in the limestone aquifer is 
greater than 3,000 ft below land surface in most of the 
study area.

Springs have been used and developed as an 
important source of water supply in the study area 
since antiquity (Roland Manakaja, Director, Havasupai 
Natural Resources Department, oral commun., 2001; 
Paul Whitefield Natural Resources Specialist, Wupatki 
National Monument, oral commun., 2001). South rim 
springs, springs in the Havasu Creek Basin, and other 
springs throughout the Coconino Plateau have been and 
continue to be important physical and cultural 
resources for the native people of the region (Kaibab 
National Forest, 1999). Locally, large and small springs 
supply water for livestock, wildlife, and riparian 
habitat. Regionally, larger springs provide base flow in 
streams and are used for public supply, agriculture, and 
recreation (McGavock and others, 1986). Blue Springs, 
Havasu Spring, Indian Garden, Hermit Spring, and at 
least 30 other springs at the north end of the study area 
emit from water-bearing zones in the Redwall and 
Muav Limestones into tributary canyons of the Grand 
Canyon that are about 3,000 feet below the mean 
elevation of the Coconino Plateau. Other springs emit 
from water-bearing zones in the Upper and Middle 
Supai Formations and the Redwall and Muav 
Limestone that are exposed in drainages flowing south 
from the Mogollon Rim into the Verde Valley, such as 
Oak Creek Canyon, Sycamore Canyon, and Hell 
Canyon (Twenter and Metzger, 1963).

Surface-water resources of the Coconino Plateau 
also are an important part of the natural environment of 
the study area. The perennial Colorado and Verde 
Rivers bound and drain the Coconino Plateau to the 
north and south, respectively. The only other perennial 
streams of significant length are the lower 13 mi of the 
Little Colorado River; Havasu Creek, downstream of 
Havasu Springs; and Oak Creek. All other drainages in 
the area are ephemeral; a few short perennial reaches 
are supported by spring discharge (fig. 1).

Errol L. Montgomery and Associates (1999) have 
evaluated available ground-water data for a large part 
of the study area and developed a two-dimensional 
ground-water flow model to estimate potential effects 

of ground-water withdrawal for the Tusayan Growth 
Environmental Impact Statement. Their report 
indicates a direct relation between ground-water 
pumping and spring flows in areas where ground water 
discharges from the regional aquifer in the northern 
part of the plateau. Wilson (2000) used a geologic 
framework model and three-dimensional ground-water 
flow model to delineate capture zones for three of the 
major spring areas along the south rim of Grand 
Canyon. Additional work is in progress by Northern 
Arizona University, the Havasupai Tribe, the USGS, 
and the NPS. Northern Arizona University is 
conducting studies to define spring discharge along the 
south rim of Grand Canyon and delineate additional 
capture zones for these spring areas (A.E. Springer, 
Ph.D., professor, Northern Arizona University, oral 
commun., 2000). The Havasupai Tribe has inventoried 
springs on the Havasupai reservation and adjacent areas 
and continues to collect water-resources data (Natural 
Resources Consulting Engineers, Inc., 1999, 2000). 
The USGS and the NPS monitor selected springs and 
are in the process of inventorying and measuring flow 
at all springs along the south rim of Grand Canyon 
(S.A. Monroe, Hydrologic Technician, USGS, oral 
commun., 2000).

AVAILABLE DATA 

Existing hydrogeologic data were compiled from 
October 2000 through September 2001 for this report. 
These data include information on climate, geology, 
ground water, surface water, water chemistry, land use, 
vegetation, and water use (tables 2–4, 6 and 7; figs. 2, 
3, 5–11). Some new wells and unsurveyed springs also 
were inventoried as part of this data compilation. These 
data are from deep wells drilled in the Williams and 
Flagstaff areas and from selected unsurveyed springs 
along the south rim of Grand Canyon. Climate, ground-
water, surface-water, water-chemistry and water-use 
data are provided on the compact disc at the back of 
this report and are available in electronic form from the 
USGS District office in Tucson, Arizona. Geology, 
land-use, and vegetation data are in maps in digital and 
paper form derived from remote-sensing techniques 
and standard geologic mapping. New data will be 
added to this base of information as the study 
continues, as part of the Arizona RWI, to further define 
the hydrogeologic framework of the Coconino Plateau.
16 Hydrogeologic Data for the Coconino Plateau and Adjacent Areas, Coconino and Yavapai Counties, Arizona



D
IS

C
H

A
R

G
E

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

OCT.

Oak Creek near Sedona

NOV. DEC. FEB.JAN. MAR. APR. MAY
20001999

JUNE JULY AUG. SEPT.

Verde River near Paulden

Verde River near Clarkdale

Havasu Creek at Supai

Havasu Creek above
mouth near Supai

0

100

50

180

160

140

120

100

80

60

40

20

200

150

200

250

300

350

400

450

240
220
200
180
160
140
120
100
80
60
40

32

30

28

26

24

22

20

18

300
275
250
225
200
175
150
125
100
75
50
25

16

20

Figure 7. Discharge at selected streamflow-gaging stations on the Coconino Plateau, Arizona.
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Climate Data

Most of the climate data available for the study 
area were obtained from the National Weather Service. 
There are 36 reporting stations within the study area, 
and 17 of those are currently active (fig. 1, table 6). The 
period of record for these sites ranges from 3 years at 
the Bellmont National Weather Service Office near 
Flagstaff to 89 years at Fort Valley northwest of 
Flagstaff. Recorded temperature and precipitation data 
are available for all the sites in the study area. Recorded 
evaporation data are available for only one site (Grand 
Canyon NP2). The distribution of sites throughout the 
study area is fair; the poorest data availability is in the 
northwestern part. Most sites have adequate periods of 
record for statistical analysis. Annual recorded 
precipitation and average annual precipitation for 
selected sites are shown on figure 4.

Additional precipitation data were obtained from a 
statistical-geographical approach model developed at 
Oregon State University called PRISM (Parameter-
Elevation Regressions on Independent Slopes Model, 
fig. 5; Daly and others, 1994). PRISM uses DEM data 
that contain information describing the Earth’s 
topography (slopes, aspects, and elevations) and 
observed precipitation measurements to determine 
variations in precipitation as a function of elevation 
(Daly and others, 1994). PRISM uses a regression 
model to extend point data from weather stations to the 
entire area of interest. These estimates are derived from 
a horizontal grid and are compatible for use in 
geographic information systems.

Geologic Data

The general geology and geologic structure of the 
region is known or inferred from more detailed 
geologic investigations in adjacent areas (Cooley and 
others, 1969; Ulrich and others, 1984; Wolfe and 
others, 1987; Nealey and Sheridan, 1989; Newhall and 
others, 1987; Huntoon and others, 1986; Huntoon and 
others, 1981 and 1982; Wenrich and others, 1997; 
Billingsley and others 2000). The level of detailed 
geologic information found in these adjacent areas, 
however, is generally lacking for large parts of the 
Coconino Plateau (fig. 2; Reynolds, 1988).

Geology and structural information in sufficient 
detail (minimally 1:100,000 scale) are important 
components of a hydrogeologic framework analysis. 

Some parts of the Havasu Basin, the Coconino Plateau 
west of Cameron, and the Bill Williams Mountain area 
have yet to be mapped at this scale. The USGS is 
currently mapping areas between Grand Canyon and 
Williams, and between Grand Canyon and Flagstaff 
(George Billingsley, geologist, USGS, written 
commun., 2001).

Ground-Water Data

Well Data

Types and sources of existing well data collected 
and compiled for this report are summarized in table 1, 
and well locations and selected hydrographs are shown 
on figure 6. The database created for this study has 
information on 1,767 wells. The USGS NWIS database 
contains information on 1,408 of those wells. The next 
largest source of information is the ADWR GWSI 
database that contains information on 360 wells not 
already in the USGS NWIS database. Other sources of 
well information for this study are NPS and Forest 
Service databases and information from private well 
owners, tribal well data (National Resources 
Consulting Engineers, 1999, 2000), and data from 
NAU and UNLV thesis studies (Goings, 1985; 
Zukosky, 1995; Fitzgerald, 1996; and Wilson, 2000). 
Table 2 presents general information on the wells 
including location, total depth, depth to water, well 
design, and whether borehole logs or additional 
information are available. Well depths range from a few 
feet to 6,500 ft below land surface and well yields 
range from less than 1 to 1,293 gallons per minute 
(gpm; table 2). Figure 6 shows the location of wells on 
the Coconino Plateau and the location and temporal 
trends of water levels in selected wells. The criteria for 
selection of these observation wells were well 
construction and design and access for water-level 
measurements. Additional wells in areas where data are 
limited will be used as observation wells as they 
become available and access is obtained.

Spring Data

Of 295 springs mapped in the study area, 164 have 
been inventoried with reliable information on location, 
geologic unit, flow rate, and water chemistry. The 
USGS NWIS database contains, at a minimum, 
locational information on 188 springs. The next largest 
source of information is the Havasupai tribal data, 
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which cover reservation springs. Other sources of 
spring information for this study are the ADWR GWSI, 
Forest Service, and the NPS databases and information 
from private and academic sources (table 1). Spring 
locations are shown on figure 6. Spring flows range 
from less than 1 to more than 48,000 gpm (Blue 
Spring; table 2). 

Surface-Water Data

Streamflow data are available for 66 streamflow 
sites within the study area (fig. 1, table 3). Of these, 
29 are continuous-record sites for flow with periods of 
record that range from 2 to 59 years, and 13 of these 
were active in the 2001 water year (October 2000 to 
September 2001). Figure 7 shows discharge at selected 
streamflow-gaging stations for the 2000 water year.

Peak-flow and partial-record discharge data were 
obtained for 32 sites within the study area; 4 of these 
are active sites. Most of this information is collected 
along the larger perennial streams in the area and near 
population centers such as the City of Flagstaff. There 
are little if any data available on flow and basin 
characteristics for many of the ephemeral streams and 
for topographically closed basins within the study area. 

Water-Chemistry Data

The water-chemistry data include information for 
22 streams, 156 springs, and 420 wells (table 4). The 
sources for these data are the USGS, the NPS, NAU 
and UNLV theses, and the Havasupai Tribe. Of 
1,364 water samples analyzed, 1,090 were analyzed 
only for major cations and anions; 610 were analyzed 
for nutrients; 365 were analyzed for trace elements; 
and 120 were analyzed for radionuclides or isotopes.

Water chemistry is varied throughout the study 
area. Specific conductance values range from 8.0 to 
20,200 µS/cm, and dissolved solids range from 31 to 
12,400 mg/L. Alkalinity ranges from 26 to 483 mg/L, 
and pH ranges from 5.8 to 10.8. In 264 of the samples, 
some major ions, nutrients, trace elements, and 
radionuclides exceeded the U.S. Environmental 
Protection Agency (USEPA) Maximum Contaminant 
Levels (MCLs) or Secondary Maximum Contaminant 
Levels (SMCLs) for drinking water. Table 5 shows the 
constituents that exceeded USEPA MCLs or SMCLs at 
selected wells, springs, and surface-water sites.

Remotely Sensed Data

Digital elevation data with a resolution of one arc-
second (about 30 meters) were obtained from the Earth 
Resources Observations Systems Data Center as part of 
the National Elevation Dataset (U.S. Geological 
Survey, 2001a; fig. 8).

The entire study area is imaged with Landsat 7 
Thematic Mapper (TM) data. The Landsat 7 TM 
satellite collects radiation data in seven 
electromagnetic spectral bands. Bands 1, 4, and 7 
record data in the near and middle infrared parts of the 
spectrum (fig. 9). Bands 1, 2, and 3 record data in the 
blue, green, and red parts of the visible spectrum 
(fig. 10). These spectral band combinations were 
selected owing to their ability to enhance surface 
structural and vegetation information (Chavez and 
others, 1996). The ground resolution of these data is 
about 98.4 ft, but resampling provides a nominal 
resolution of about 10 ft. Landsat 7 TM data, were 
acquired for two time periods, June 1993 and June 
2000 (USGS, 2000d), in order to provide data for both 
wet and dry climatic conditions. As the data are 
classified to relate colors to spectral class and surface 
features, these images can be qualitatively analyzed to 
determine conditions in detail for small areas.

Black and white aerial photographs also were 
acquired for the entire study area. The photographs are 
part of the National Aerial Photograph Program and 
were taken during 1958 and 1972 (U.S. Geological 
Survey, 2000d). The scales of the photographs are 
1:34,000 and 1:30,000, respectively, with a resolution 
of about 6 feet. Satellite and aerial photography can be 
used to determine land use, riparian areas, and geologic 
structure. Aerial photography is being used to facilitate 
ongoing geologic mapping in the study area (George 
Billingsley, Geologist, U.S. Geological Survey, oral 
commun., 2001). 

Gravity and aeromagnetic data for this study were 
extracted from the national 2- and 3-kilometer grids of 
the USGS (fig. 11; Phillips and others, 1993) and 
registered to topographic data for display of the 
images. The gravity field of the Earth is equal to the 
theoretical sea-level acceleration at the equator of 
32.2 feet per second per second. This unit is too large 
for geophysical work, so the milligal is used. One 
milligal is equal to 3.281x10-5 feet per second per 
second. After the gravitational data are adjusted for 
latitude, altitude, tides, density, and instrument drift, 
gravity anomalies caused by differences in the density 
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of different types of geologic material can be resolved. 
Aeromagnetic data are used to evaluate magnetic field 
anomalies caused by the magnetic fields of different 
types of rock and geologic structures superimposed on 
the Earth’s magnetic field. The magnetic effects of rock 
are complex, having both magnitude and direction. 
Magnetic gradients near the edges of magnetic 
anomalies commonly indicate the location of geologic 
structures or contacts. Gravity and aeromagnetic data 
can be used to evaluate potential faults, fractures, and 
contacts of rocks of contrasting density for their effects 
on the occurrence of water resources. 

Land-Use, Vegetation, and Water-Use Data

Land-use and vegetation data can be used to 
evaluate runoff and evapotranspiration components of 
water budgets used to characterize regional hydrology. 
Water-use data provide information on ground-water 
and surface-water withdrawals that also are 
components in the construction of water budgets. 
Land-use and vegetation data were obtained from the 
National Land Cover Characterization Project (U.S. 
Geological Survey, 2001b) and the Arizona National 
Biological Information Infrastructure Project (U.S. 
Geological Survey, 2001c). The land-use and 
vegetation data are not provided in this report, but are 
part of the database developed for this study. Water-use 
data were obtained from municipalities, private water 
companies, tribal governments, and industrial water 
users in the study area (table 7).

DATA REQUIREMENTS FOR COMPREHENSIVE 
INVESTIGATIVE STUDIES 

The hydrogeologic evaluation of water resources 
and ground-water flow of the Coconino Plateau 
requires adequate quantitative information that can 
provide an accurate characterization of surface and 
subsurface conditions. Although this data report 
provides substantial information to begin the 
hydrogeologic evaluation, additional data and 
monitoring will be needed to fill in data gaps and 
complete a characterization of the regional 
hydrogeology. These data needs include the 
development of a monitoring plan that will provide 

additional baseline information that can be used to 
detect future changes in the hydrogeologic system, 
water use, land use, and vegetation.

Evaluation and analysis of data for the Coconino 
Plateau is limited by the lack of data for large parts of 
the study area. In many cases, there are few, if any, well 
data or other sources of information for the Havasu 
Basin, for the area between Flagstaff and Williams, and 
for the area south of Williams into the Verde Valley. 
Information on springs and vegetation in riparian areas 
associated with springs is limited to that for a few sites 
mainly along the south rim of Grand Canyon from 
Horseshoe Mesa to Boucher Canyon, and along the 
Verde River and Oak Creek. Current geologic maps of 
the Coconino Plateau and the greater Grand Canyon 
region are at scales of 1:250,000 or smaller. These 
maps do not show sufficient detail to develop 
hydrogeologic framework information needed to infer 
the occurrence, control, and movement of water from 
recharge areas to discharge areas on the Coconino 
Plateau.

Additional data needed to better characterize the 
hydrogeology of the Coconino Plateau include (1) an 
inventory of additional wells and springs and 
verification of existing well and spring information, 
(2) water-chemistry data that can be used to resolve the 
origin, occurrence, and movement of water, (3) large-
scale geologic mapping of surface formations and 
structure in areas where this information is lacking, 
(4) selected geophysical information that will enhance 
understanding of the hydrogeologic framework in areas 
where direct physical information is lacking, and (5) a 
program to monitor spring discharge, streamflow, and 
ground-water levels. As of September 2001, hydrologic 
data were still being collected and compiled into the 
database.

Additional well data will provide greater 
understanding of subsurface hydrogeology for large 
parts of the Coconino Plateau. Data could be collected 
from existing wells in those areas where information is 
currently lacking and from new wells drilled in the 
study area. Additional spring data will provide a 
greater understanding of the flow and flow variability 
in discharge areas of the Coconino Plateau. Areas 
where this type of information is needed most include 
the Little Colorado River, the south rim of Grand 
Canyon from Boucher Creek to Mohawk Creek, all the 
springs in the Havasu Basin, and springs in tributaries 
to the Verde River from Paulden downstream to Oak 
Creek.
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Large-scale geologic mapping of surface 
formations and structure for the Valle, Cameron, and 
Williams 1:100,000-scale quadrangles will provide 
additional details on regional geology and structural 
trends. This information can be used to better 
understand the hydrogeologic framework and to 
construct ground-water flow models that reflect actual 
conditions.

Geophysical information will provide the means to 
interpolate surface and subsurface information in areas 
where physical information from wells, springs, and 
geologic mapping are lacking. Airborne gravity and 
aeromagnetic surveys, and resistivity and seismic 
surveys can provide more detailed information on 
structural features that are part of the hydrogeologic 
framework. The southern end of the Havasu 
Downwarp, the Mesa Butte Fault in the vicinity of 
Williams, the structurally complex area to the west of 
Cameron, and converging fault systems south of the 
south rim of GCNP are all areas in which these data are 
lacking. All these additional data needs are components 
of other continuing studies designed to complete the 
evaluation of the hydrogeology of the Coconino 
Plateau. 

Current and Future Monitoring Activities.—A 
program is in progress to monitor springflow, 
streamflow, and ground-water levels to provide 
baseline data and information that could serve as an 
initial measure for detection of change. Spring 
monitoring would provide useful information for any 
further study because of the role that springs play in 
sustaining riparian areas. Streamflow, spring-discharge, 
and water-level data increase in value with the length of 
record, as longer records tend to better document the 
range of natural variations. The scales of variations 
mirror those of the climate, ranging from daily to 
mulitdecadal. Because brief records are limited 
representations, continued operation of continuous-
records sites would have significant value to ongoing 
and future studies. Future monitoring could include:

• Monitoring additional springs along the south rim 
of Grand Canyon on a biannual basis. Springs 
currently monitored on the south rim of Grand 
Canyon represent a small portion of the known 
discharge area to the north (table 2, fig. 6). These 
springs are being monitored biannually for flow 
and water chemistry as part of a parallel program 
with the NPS using standard USGS techniques 
(Robert Hart, Hydrologist, USGS, Flagstaff, 

Arizona, oral commun., 2000). Several of the sites 
are instrumented for continuous record of stage 
and flow. Biannual monitoring of springs could be 
expanded to include additional major discharge 
points such as Turquoise Canyon, Royal Arch 
Creek, 140 Mile Canyon, Olo Canyon, and 
Matkatamiba Canyon. Under the Coconino 
Plateau RWI, inventory of the remaining regional 
aquifer springs on the Coconino Plateau has begun 
and will be completed in 2002.

• Monitoring springs that discharge to the south of 
the Coconino Plateau. Monitoring these springs 
would provide additional information on flow 
variability. Annual and biannual monitoring of 
selected headwater springs that discharge from the 
Coconino Plateau to the south and contribute to 
the base flow of the Verde River Basin has begun 
as part of the Upper and Middle Verde RWI study 
(John Hoffmann, Hydrologist, USGS, oral 
commun., 2001). These data will be incorporated 
into the Coconino Plateau database as they 
become available.

• Monitoring streamflow at additional sites. Streams 
where additional base-flow discharge or runoff 
data would improve our understanding of the 
regional hydrogeology include the Little Colorado 
River below Blue Springs, several topographically 
closed basins in the Havasu drainage, and Royal 
Arch Creek. Continuous record streamflow-
gaging stations may be established and maintained 
by the USGS at these sites as part of the Coconino 
Plateau RWI and NPS monitoring programs. 

• Monitoring water levels in selected wells on a 
quarterly basis. Wells in the Flagstaff area, new 
wells drilled near Williams, and the Havasupai 
well at Hilltop (fig. 6) are currently being 
monitored. Water-level data from additional wells 
in the Valle and Tusayan area would help to fill in 
data gaps. 

SUMMARY 

The Coconino Plateau area contains important 
surface-water, ground-water, and riparian resources 
that are under increasing pressure from development. 
Concerns have been raised about the effects of water 
development on regional springs, surface-water and 
riparian resources, and the availability and 
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sustainability of regional-water supplies. Stakeholders 
agree that an improved understanding of the regional 
hydrogeologic system is needed to address the 
concerns of water supply and ground-water 
sustainability. Such an understanding requires a base of 
information that adequately describes the system. That 
base of information currently does not exist for the 
Coconino Plateau.

In cooperation with the City of Williams, the 
USGS compiled available water-resources data for the 
Coconino Plateau from October 2000 through 
September 2001 as the initial phase of a study of the 
regional hydrogeology. The USGS compiled data on 
climate, geology, ground water, surface water, water 
chemistry, land use, vegetation, and water use. The 
study area for this report encompasses about 
10,300 square miles in northern Arizona including all 
of the Coconino Plateau (about 5,000 square miles) and 
parts of the Little Colorado River and Verde River 
Basins. These data will serve as the core of information 
used to guide additional data collection, monitoring, 
evaluation, and interpretation as part of ongoing 
studies.

Most of the climate data available for the study area are 
from the National Weather Service. There are 
36 reporting stations within the study area and 17 of 
those are currently active. The average annual 
precipitation ranges from 5.5 to 27.7 in. for periods of 
record that range from 3 to 89 years. Additional 
precipitation data were obtained from a statistical-
geographical approach model developed at Oregon 
State University called PRISM. PRISM uses digital 
elevation model data to determine variations in 
precipitation as a function of elevation. The general 
geology and geologic structure of the region is known 
or inferred from more detailed geologic investigations 
in adjacent areas. Geologic mapping studies are 
currently ongoing to improve our understanding of 
areal geology and geologic structure in the detail 
needed for ongoing water-resources studies.

The database assembled for this study has 
information on 1,767 wells and 295 springs. Well 
information includes location, total depth, depth to 
water, well design, and a list of available borehole logs 
and additional information. Well-logs and pump or 
aquifer-test data also are available for some wells. Well 
depths range from a few feet to 6,500 ft below land 
surface. Well yields range from less than 1.0 to 
1,293 gpm. Of the 295 springs mapped in the study 

area, 164 have been inventoried with reliable 
information on the location, geologic unit, flow rate, 
and water chemistry. Spring flows range from less than 
1 to more than 48,000 gpm.

Streamflow data are available for 66 streamflow 
sites within the study area. Of these, 29 are continuous 
record sites for flow, and of these, 13 were still active in 
the 2001 water year. Peak-flow, partial-record 
information was obtained for 32 sites within the study 
area; 4 of these sites are active.

The water-chemistry data include information for 
22 streams, 156 springs, and 420 wells. Of 1,364 water 
samples analyzed, 1,090 were analyzed only for major 
cations and anions; 610 were analyzed for nutrients. 
Trace-element chemistry is available for 365 samples, 
and radionuclides or isotope data are available for 
120 of the samples. Water chemistry is varied 
throughout the study area. Specific conductance values 
range from 8.0 to 20,200 µS/cm and dissolved solids 
range from 31 to 12,400 to mg/L. Alkalinity ranges 
from 26 to 483 mg/L, and pH ranges from 5.8 to 10.8. 
In 264 of the samples, some major ions, nutrients, trace 
elements, and radionuclides exceeded the USEPA 
MCLs or SMCLs for drinking water.

Land-use and vegetation data were obtained from 
the National Land Cover Characterization Project and 
the Arizona National Biological Information 
Infrastructure project. The land-use and vegetation data 
are not provided in this report, but are part of the 
database developed during this study. Water-use data 
were obtained from municipalities, private water 
companies, tribal governments, and industrial water 
users in the study area.

The hydrogeologic evaluation of water resources 
and ground-water flow of the Coconino Plateau 
requires adequate quantitative information that can 
provide an accurate characterization of surface and 
subsurface conditions. While this data report provides 
substantial information to begin the hydrogeologic 
evaluation, additional data and monitoring could fill in 
data gaps and be used to better characterize the regional 
hydrogeology. The additional data could include: (1) an 
inventory of additional wells and springs and 
verification of existing well and spring information, 
(2) water-chemistry data that can be used to resolve the 
origin, occurrence, and movement of water, (3) large-
scale geologic mapping of surface formations and 
structure in areas where the information is lacking, 
(4) selected geophysical information that will enhance 
understanding of the hydrogeologic framework in areas 
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where direct physical information is lacking, and (5) a 
program to monitor spring discharge, streamflow, and 
ground-water levels at additional sites. As of 
September 2001, hydrogeologic data were still being 
collected and compiled into the database.
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