




















p. 139); one plant proposed for the area of the Kanab
coal field would produce 2 million kilowatts, and the
proposers have applied to the State Engineer for per-
mission to withdraw 110 cubic feet per second (about
50,000 gpm or 80,000 acre-feet per year) from the
ground by wells,

Bulletin 5 reported that the Navajo Sandstone probably
could be developed "by deep wells [that] might pro-
duce the largest quantities of water [ compared to other
underground sources ] but at ratherhigh cost" (Goode,
1964, p. 13); this report presents further arguments to
support the evaluation that the Navajo should yield
good quantities of water to wells, and it estimates
that the amount of water in storage that can bereached
by wells less than 4000 feet deep is probably 10 mil-
lion acre-feet in the 1000-square-mile area underlain
by the Navajo in western Kane County. A reservoir of
underground water of about that size would be essen-
tial to the development of power in the coal fields --
suchas the Kanaband western Kaiparowits -- that are
remote from the water of Lake Powell.

This report presents the results of further reconnais-
sance during 1964 of water resources in western Kane
County, Utah. The results of reconnaissance work
done in 1963 werereported in Water-Resources Bulle-
tin 5 (Goode, 1964); the results herein reported cover
some areas in the southwestern part of Kane County
that were sketchily mentioned in Bulletin 5 and also
cover an appreciable additional area east of that cov-
ered by Bulletin 5 (fig. 1). This report, like its earlier
counterpart, is not at all comprehensive; its conclu-
sions are based on information gathered from about 80
springs and half a dozen wells and from a further eval-
uation of the data reported in Bulletin 5.

Location, Method of Investigation,
and Plan of the Report

The area studied embraces most of western Kane County
in southern Utah, Thearea shownonthe map of figure
2 includes about 1800 square miles from the Salt Lake
Meridian westward through about half of Range 8 West.
The western half of this area was included on the geo-
logic map in Water-Resources Bulletin 5 (Goode, 1964,
fig. 3); and the studies of water resources reported in
Bulletin 5 were concerned principally with the northern
part of that area (the northwest quarter of figure 2, see
center spread), or the area included in Tps. 38, 39,
40, and 41 S., Rs. 5, 6, 7, and 8 W,

This study investigated springs and wells in the rest
of the area of figure 2 that could bereached in one-day
traverses from roads. No investigations were made
along the canyons occupied by Deer Spring Wash, Park
Wash, or the middle reaches of the Paria River. The
springs and wells that were visited were recorded on
a map or on aerial photographs, the flows or yields
of some springs and wells were measured or estimated,
and the waters of some springs and wells were sampled
for chemical analysis. 1 did the field work between
July 19 and August 30, 1964, when I visited the areas
by truck or on foot.

The yields of some springs and small streams were
measured by bucket and stopwatch, by a 90° V-notch
weir, or by a 3-inch Parshall flume. Standard tables
were used to determine the flow through the weir and
flume. The yields of many springs, especially those
that feed flooded meadows, were not readily measured
so their flows were estimated. Yields of single, free-
flowing springs that could not be measured conveniently
were estimated visually and may be in error by 100
percent; yields of large flooded-meadow areas were
estimated byadding to the estimated or measured down-
stream yield of the areas a yield factor of 3 acre-feet
per year per acre, which is the estimated amount of
water required to keep meadows wet in areas where the
evapotranspiration rate from flooded areas is 21 to 24
inches a year. (See Goode, 1964, p. 15-16 fora fur-
ther explanation of the method used.)

Geologic field work consisted largely of attempting to
identify the formation from which a spring was issuing;
in this work the geologic map of the southwestern
quarter of Utah (Hintze, 1963) was especially helpful.

Water samples for chemical analyses were collected
in polyethylene bottles that were thoroughly rinsed in
the water sampled. All samples were analyzed by the
UtahState Chemist, of the State Department of Agricul-
ture.

During the six weeks of field work it was necessary
to be somewhat selective in choosing areas to be in-
vestigated. Existing topographic maps and aerial
photographs were used to help select areas that ap~
peared favorable for springs. Some areas, such as the
regions cut by Deer Spring Wash, Park Wash, and the
middle reaches of the Paria River, were not readily
accessible to one man on foot and were not visited;
these areas are in the driest parts of the region, how-
ever, and I doubt that they support springs that yield
more than a few gallons a minute.

The presentation of the material in this report follows
in part the plan set up in Water-Resources Bulletin 5.
Springs and surface waters of the principal drainages
are discussed in downstream order, and the drainages
arediscussed from west to east. Because many of the
springs and wells are in areas that are not covered by
modern topographic maps -- and hence could not be
given precise numbers according tothe well-numbering
system of Utah (see next section of this report for de-
scription of the system) -- all springs and wells and
sampling localities are givenreference numbers. These
numbers appear on the map of figure 2 and in tables
2,3,4,o0r5,.

The emphasis inthis report is onthe Navajo Sandstone
as anaquifer that has great potential fordevelopment.
Therefore, although the tables contain appreciable in-
information about springs, wells, and chemical quality
of water in the Cretaceous sandstones and in other for-
mations, the principal discussions of this report are
concerned with the arguments fordeveloping the Navajo
Sandstone.






help in taking me to the Fredonia springs in and near
Cottonwood Creek and for showing me the artesian
wells near the mouth of Johnson Canyon,

Several officials of Kane County gave their support
tothe investigation. Among theseare Mr. W.R, Heat-
on, Kane County Assessor; Mr. Merrill MacDonald,
Chairman, Kane County Commission; and Sheriff LaNard
Johnson.

Two graduate students at the University of Utah helped
with part of the field work: John Lawrence was most
helpful with the investigations in the vicinity of Cot-
tonwood and Hackberry Creeks, and ChristopherSeibert
collected several water samples in March 1965.

Dr. Ray E. Marsell of the Utah Water and Power Board
critically read the manuscript and corrected many of
the errors that appeared in it. I am greatly indebted
to himalso for suggestions and encouragement hegave
me while I was preparing this report. Despite the help
I received, I must take responsibility for the opinions
that are expressed, and any errors that remain are
wholly mine.

WATER RESOURCES

The water resources of western Kane County consist of
springs, ephemeral and perennial streams, and large
but imperfectly known quantities of water in storage in
the ground.

Rainfall, which is the ultimate source of all the water
in the area, is scanty over much of the region. In
the vicinity of Kanab annual precipitation is about 12
inches, and precipitation increases northward as the
land becomes higher. On the Paunsaugunt Plateau
annual precipitation ranges from 20 toabout 25 inches
and on the Markagunt Plateau from 25 to more than 30
inches (fig. 2).

The geology of the area is the principal factor that
determines 1) whether the precipitationthat falls will
flow across the land surface or sink into the ground,
2) where springs rise, and 3) the amount of water in
storage in the ground; the first part of this discussion
on water resources, therefore, will briefly describe
the general geology and relate the geology to the hy-
drology of western Kane County.

General Geology and Hydrology

The rocks of western Kane County range in age from
Permian to Recent. The sequence is rather complete
from the Kaibab Formation of Permian age to the Wasatch
Formation of Eocene age (early Tertiary), and also in-
cludes volcanic rocks of Pleistocene and Recent age

along with some surficial deposits of Recent age, but
Tertiary sedimentary rocks younger than Wasatch age
are generally absent. Table 1 lists the principal geo-
logic formations and gives their lithology and water-
bearing properties.

The rocks of western Kane County have gentle dips
toward the north because they have been warped up-
ward from the south. Cliff-forming sandstones and
limestones alternate with slope-forming shales to
create a giant staircase structure that rises strati-
graphically and topographically from south to north
(Plate 1-C). Near the Arizona border are the Vermilion
Cliffs formed of Triassic rocks, and above them suc-
cessively are the White Cliffs of the Navajo Sandstone
and the Pink Cliffs of the Wasatch Formation (fig. 2).
Offsetting this dipping structure are two northeast-
trending, east-side-up, normal faults, the Sevier
(Plate 2-C) and Paunsaugunt, and a fold structure, the
East Kaibab monocline. The structure of the area can
be interpreted from the generalized geologic map (fig.
4), which also shows the areas underlain by coal that
occurs in the Cretaceous rocks in the Kanab and Kai-
parowits coal fields, and from the generalized cross
section (fig. 9), which shows the northward dip of the
rocks in the vicinity of Kanab Creek.

Relation of Geology to Springs, Surface
Water, and Ground Water

The springs, surfacewater, and ground water of west-
ern Kane County are all part of the total natural water
system of the county. Water thatissues from the ground
as a spring becomes surface wateras it flows over the
ground and may later become ground water again as it
sinks into porous material; still later the same water
may returnto the surface once again as a spring. The
dipping sandstones and shales of Kane County promote
this phenomenon of disappearance and reappearance of
water, because the porous sandstones tend to absorb
and store waterwhereas the shales tend to reject wa-
ter. The sequenceis illustrated and described in fig-
ure S.

In the discussion that follows the springs and surface
water are described first in considerable detail, for
these occurrences can be seen; then the ground water
is described from information inferred largely from
springs, for there are few wells to supply direct infor-
mation about ground water,

Springs and Surface Water

The springs and streams covered by this section are
discussed in downstream order within drainages, and
thedrainages arediscussed from west to east. Refer-
ence numbers from 1 to 94 are used to identify the
springs and sample localities on figure 2 and in tables
2,5,and 6. These reference numbers follow the order



Table 1. — Principal geologic formations of western Kane County and their
water-bearing properties.

Thickness
Age Formation in feet Lithology Water-bearing properties
Quaternary Surficial deposits A few to Alluvial sand; dunes; Of local significance
and lava 50 feet basalt flows only--a few springs in
basalt
Tertiary Brian Head and 500 to White, red, and pink Springs on plateaus and in
Wasatch 1,000 limestone and siltstone steep cliffs; 50 to 500 gpm
Cretaceous Kaiparowits, Wahweap, 1,300 to Interbedded sandstone, Springs occur at many
and Straight Cliffs 2,000 siltstone, and claystone. contacts where sandstone
Straight Cliffs contains is above and claystone
coal in Kaiparowits field below; 1 to 500 gpm
Tropic and Dakota 500 to Shale and coal over Springs 2 to 20 gpm in
1,300 conglomerate Sink Valley
Jurassic Winsor, Curtis, 400 to Fine-grained sandstone Probably not water bearing
Entrada 500 and gypsum
Carmel 150 to Limestone and shale Springs of 1 to 5 gpm of
200 water of rather poor quality
Jurassic Navajo, upper massive 1800 to Massive, cross-bedded, Springs yield a few to
member (includes 1500 porous eolian sandstone more than 200 gpm; wells
Gregory's Temple Cap 400 to 600 gpm
Member)
Triassic(?) Tenney Canyon 100 to Mudstone, siltstone, Acts as a barrier to hold
Tongue of Kayenta 200 sandstone water in overlying Navajo
Triassic(?) Lamb Point Tongue 400 to Massive, cross-bedded, Springs yield a few to
of Navajo 500 porous eolian sandstone more than 200 gpm; wells
to 600 gpm
Triassic(?) Kayenta 75 to Mudstone, siltstone, Acts as a barrier to hold
400 sandstone water in overlying Lamb
Point Tongue
Triassic(?) Moenave 500 Siltstone and sandstone Probably not water bearing
Triassic Chinle (includes 500 Sandstone, conglomerate, Sparse springs of a few
Shinarump and Petrified siltstone, claystone gpm; wells to 350 gpm near
Forest Members) mouth of Johnson Canyon
Triassic Moenkopi 1000 Marine limestone; Probably not water bearing
siltstone, gypsum
Permian Kaibab - Not investigated

of discussion except that numbers 90 to 92 were ap-
plied to springs that were described in Bulletin 5, but
whose waters were resampled for additional chemical
analyses in 1964 and 1965; the numbers 90 to 92 thus
appear at the top of table 5 but these springs are not

further described.

Drainage of East Fork of Virgin River

The East Fork of the Virgin River drains a large area
south of the Markagunt Plateau. The principal springs
and tributaries that feed the East Fork north of Mt.
Carmel Junction on U,S, Highway 83 were discussed



























The springs in the left fork of Mill Creek issue from the
Kaiparowits below the Pink Cliffs (springs 21 and 22)
in both west and east branches of left fork. Other
springs issue from lower inthe Kaiparowits or from the
Wahweap at many places right tothe mouth of left fork.
The quality of the water from one spring below the Pink
Cliffs (spring 22, table 5) is appreciably better than
that from any other spring sampled from the Kaiparowits;
this sample has only 214 ppm total solids and a hard-
ness of 190. The quality of the water from the other
spring sampled in left fork (spring 23, table 5) is at
about the median of samples collected from the Wah-
weap; this sample has 356 ppmtotal solids and a hard-
ness of 286.

Both springs (springs 26 and 27) in right fork of Mill
Creek are near the divide to the northward-draining
Paunsaugunt Plateau. One spring (spring 26) once fed
a now abandoned pipeline about 2300 feet long. This
spring is now covered and is evident only because wa-
ter comes fromthe broken pipe about ten feet below the
divide, which here isa saddle. It yieldsabout 1 pint
a minute. The other spring (spring 27) seeps out of
Kaiparowits sandstone justbelow the Pink Cliffs in an
alcove southwest of spring 26. It alsoyields about 1
pint per minute,

Tennys Meadow. Tennys Meadow is well watered by
springs that probably rise from the Straight Cliffs For-
mation, Allwaterfrom springs in the meadow was be-
ing consumed in the meadow on July 30, 1964; there
was no downstream yield from the meadow. Spring 28
has at least two openings and yields about 30 gpm of
water that contains 491 ppm total solids and has a
hardness of 330 ppm (table 5). This wateris of aqual-
ity better than median quality of water from other springs
in the Straight Cliffs.

About half-a-mile downstream from the meadow a small
spring (spring 29) waters agrassy spot on the west side
of the canyon and provides about 5 gpm of downstream
flow. On the east side of the canyona smaller spring
waters a grassy spot but provides no downstream flow.

LOWER JOHNSON CANYON

The presence of springs in lower Johnson Canyon was
reported under the heading of "Johnson Wash" in Bulle-
tin 5 (Goode, 1964, p. 41), and the total yield of the
springs was estimated at 1 to 2 cfs, but no details of
these springs wererecorded. During this investigation,
probably all springs within a mile of the road inJohnson
Canyon were visited, and many of these are here record-
ed (springs 31 to44 inclusive, fig. 2 and table 2), All
but the last of these springs issue fromthe Lamb Point
Tongue of the Navajo; possibly some issue from frac-
tures or faults that parallel the trend of Johnson Canyon.

The springs in and near lower Johnson Canyon are in
Meadow Canyon, Dairy Canyon, Rock Canyon, and
Needle Rock Canyon as well as along the walls of John-
son Canyon. Although it was impossible to measure or
even to makea close estimate of the yields of some of
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these springs, their total yield may be about the 1 to
2 cfs estimated in Bulletin 5 because they provide wa-
ter to irrigate croplands or to flood pastures of about
250 acres. Byusing the spring-flow factor of 3 acre-
feet peracre per yearthat was used in Bulletin 5 (Goode,
1964, p. 5) and which is based on an estimate of the
flow needed to keep meadows wet where the evapo-
transpiration rate is about 2 feet per year, the total
yield of these springs must be about 750 acre-feet or
a little more than 1 cfs. Since normally there is some
downstream flow beyond the mouth of Johnson Canyon,
the estimate of 1 to 2 cfs total flow for the springs
seems reasonable.

Meadow Canyon. The many springs and seeps of
Meadow Canyon, of which 4 arerecorded here (springs
31, 32, 33, and 34), providewater for about 50 acres
of wet meadow and for a pond filled with bullrushes,
and supply water for the W. L. Johnson ranch house.
The individual springs probably yield no more than 10
to 15 gpm each but their aggregate yield is probably
more than 100 gpm because at leastat times some out-
flow from the pond is available to irrigate land beyond
the mouth of Meadow Canyon.

Samples of water from the meadow (spring 32) and from
the Johnson house spring (spring 34) are similar chem-
ically: both contain about 187 ppm_ total solids and
have about 150 ppm hardness (table 5).

Dairy Canyon. Thetwo springs recorded in Dairy Can-
yon (springs 35 and 36) are probably representative
of the springs there, but many small seeps and the
principal spring were covered by water, apparently
flood water, retained behind a dam at the mouth of
Dairy Canyon. Mr. Alvin Judd reported that the nor-
mal yield of the covered spring is "enough to fill a 4-
inch pipe, " or probably between 1/2 and 1 cfs. My
estimate of the outflow from Dairy Canyon on August
29, 1964 was about 2 cfs, but this outflow included
the release of some of the dammed flood water.

The chemical analysis of the sample collected from
spring 36 shows appreciably higher total solids, 324
ppm, and much higher sulfate, 83 ppm, than is usual
for samples from the Navajo, and I therefore believe
that this water may be rising along a fault or fracture,
The temperature of 56° does not indicate a deep-seated
source for the water, but the high solids and sulfate
suggest that the water may have come in contact with
part of the underlying Kayenta, possiblyalong a fault.

s The
seeps in Rock Canyon (spring 37) on August 29, 1964
were supplying only enoughwater to wet about an acre
of ground, and thereservoirformed by a lowdamat the
mouth of the canyon looked, from the condition of the
headgate, as though it had not contained water or been
used in several years.

Springs south of Rock Canyon (spring 38) issue from
rock outcrops on the east side of Johnson Canyon, and,
on August 29, 1964, yielded about 5 gpm flow in front



of the dam half-a-mile below Rock Canyon, and in
addition maintained brim~-full a pond of about 5 acres.
Seepage from the pond provided a flow of about 2 gpm.

Unrecorded springs of probable low yield occur on the
east side of Johnson Canyon near Johnson. These
springs were observed only from a distance but are evi-
dently issuing from near the base of the Lamb Point
Tongue.

Needle Rock Canyon and west side of Johnson Canyon
Five springs (springs 39 to 43, inclusive) are herein
recorded in Needle Rock Canyon and in other small
canyons and embayments on the west side of Johnson
Canyon.

Low dams at the mouths of Needle Rock Canyonand the
next two unnamed canyons to the south are positioned to
capture excess spring water and any possible flood wa-
ters. The dam in Needle Rock Canyon is appreciably
below the springs in this canyon sol was able to exam-
ine these springs on August 29, but I could not seethe
springs feeding the otherreservoirs because water be-
hind the dams obscured spring orifices. The springsin
all three of these canyons are recorded as spring areas
(springs 39, 40, and 41), one for each canyon.

Small springs and seeps occur on both sides of Needle
Rock Canyon; those on the north side have higher
yvields, although none was supplying water that reached
the reservoir. Ratherthe water from these springs sup-
ported about 10 acres of damp and wet meadow above
the reservoir.

The springs in the two canyons south of Needle Rock
support ponds of about 5 acres each as well as a few
acres of cattails beyond the ponds. The larger and
more southerly pond (spring 41) had about a dozen ducks
feeding on it when I was there.

Another spring (spring 42) on the west side of Johnson
Canyon was yielding 15 to 25 gpm of water that was
supporting a wet meadow of about 3 acres and sup-
plying some outflow,

The last recorded spring (spring 43) on the west side
of Johnson Canyon feeds about 5 gpm into anirrigation
ditch and supplies about 1 quart a minute to a collect-
ion box that supplies a pipeline to the Johnson ranch
house about 250 feet from the spring.

Spring? near mouth of Johnson Canyon. Spring 44 just

north of the mouth of Johnson Lakes Canyonmay issue
from a fault or permeable bed in the Moenave Forma-
tion or it may be fed by underflow from irrigation far-
ther up Johnson Canyon. It appears to issue from bed-
rock on what may be afault scarpin bedrock. Itsyield
of 2 to 4 gpmadds little to the flow of Johnson Creek.

JOHNSON LAKES CANYON
Johnson Lakes Canyon is more clearly twodistinct hy-

drologic units than either Kanab Creek or Johnson Can-
yon, forJohnson Lakes Canyon not only lacks perennial
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flow throughout its length but alsolacks through drain-
age forflood waters. Because alluvium from two side
canyons insec. 28, T. 42 S., R. 4% W., hasbuiltadi-
vide across Johnson Lakes Canyon there is no through
passage for floods or snow-melt runoff. Runoff that
reaches section 28 from the northand eastdoes not pass
the about 25-foot high divide but is trapped in a small
depressionin section 28, Thus this canyon, except for
doubtful ground-water underflow beneath the divide, is
separable intotwo completelydistinct hydrologic units.

Upper Johnson Lakes Canyon, The presence of probably
only a few feet of modern flood fill in the depression
above the alluvium dam in section 28 suggests that there
is little runoff from the drainage area of nearly 30 square
miles in upper Johnson Lakes Canyon. This small
amount of runoff could be due in part to the lack of water
in that drainage, but the lack could hardly explain the
absence of floods in anarea that probably normallyre-
ceives cloudburst-type rains of flooding proportions on
essentially every drainage at leastoncea year. Rather
the absence of runoff in this drainage is more likely due
to the high porosity of the NavajoSandstone whichis ex-
posed all overthe drainage area or is covered by sandy
detritus derived from the sandstone. Examination of the
aerial photographs of the drainage of upper Johnson
Lakes Canyon supports the idea of high porosity of this
area because arroyos in the drainage pattern are discon-
tinuous; many are only a few hundred yards long and very
few are as muchas half-a-mile long. Suchdiscontinu-
ous arroyos would develop on porous materials where
fast seepage of flood waters would cause floods torap-
idly lose their carrying and cutting capacities. Areas
such as the drainage of upper Johnson Lakes Canyon
would thus be good recharge areas for underlying aqui-
fers even though they are in a belt of low rainfall.

No known springs occur in upper Johnson Lakes Can-
yon; the scarcity of areas of concentrated vegetation
suggests that little or no ground water comes to the
surface,

Lower Johnson Lakes Canyon and Flood Canyon. In

the vicinity of Johnson Lake (Plate 3-A and B) many
springs and seeps, of which only springs 45 and 46
are recorded here, supply a reservoir (Johnson Lake)
of about 7 acres, a wet meadow of about 10 acres, and,
on August 27, 1964, maintained an outflow from the
reservoir of about 50 gpm. This outflow disappeared
into the alluvium of Johnson Lakes Canyon about half-
a-mile below the reservoir. Another spring system,
spring 48, at the junction of Johnson Lakes and Flood
Canyons yields water that appears to be coming from
sandstone in the Kayenta but which may in part be com-
ing from the underflow down Johnson Lakes Canyon.
The difference between the chemical constituents of
the waters from springs 45 and 46 and the chemical
constituents of the water from spring 48 (table 5) sup-
ports the idea the water from spring 48 is coming from
the Kayenta.

Three measurements of the flow from spring 48 show
fluctuations of yield that are due probably to daily
fluctuations in rates of evapotranspiration, and also


















indicate that alluvium derived fromthe Kayenta is less
permeable than alluvium derived fromthe Navajo. The
flow of the stream in lower Johnson Lakes Canyon one
mile below spring 48 was measured at 17 gpm at about
12:30PM August27, 1964, The flowatthe downstream
end of spring area 48, which consists of small springs
and seeps foradistance of 600 to 700 feet intoand be-
yond the mouth of Flood Canyon, was 23 to 24 gpmat 4:30
PM and 38 gpm at 8AM on August 28. This evident
fluctuation in downstream yield can probably be attri-
buted tothe daily evapotranspiration in the spring area:
during the day the rate of evapotranspiration is high,
so flow in the afternoon is low; during the night the
rateis low, and early in the moming the yield is still
high. The small downstreamloss inflow shown by the
difference between the 12:30 PM measurement a mile
below spring 48 and an assumed yield at the spring
area of something between 24 and 38 gpm shows that
the influent seepage along the reach on alluvium from
the Kayenta Formation is appreciably less than the
seepage that causes a 50 gpm decrease in half-a-mile
along a reach onalluvium from the Navajo {p. 21 above).

A traverse up Flood Canyonrevealed no springs of any
consequence, but I did record one seep (spring 47).
Vegetation along the canyon walls suggests that most
waterthat seeps into porous parts of the Kayenta even-
tually moves laterally toward canyon walls where it is
used by plants.

SEEPS WASH

Seeps Wash nominally drains into Johnson Wash, but
damsinsec. 31, T. 43 S., R. 4 W., apparently capture
all but exceptional floods, sothat normally thereisno
outflow from the drainage of Seeps Wash. This area was
visited inorder to record some of the wells in the area
(whicharediscussed inthe sectiononwells). Afeature
called "Navajo Well" onJohnson quadrangle tumed out
tobea seep (spring 49) thatonce fed a stock trough but
which now supports only a small patch of vegetation.

Drainage of Kaibab Gulch

KaibabGulch has two principal tributaries, DeerSpring
Wash on the west and Park Wash on the east. Both
these washes have tributaries that head below the Pink
Cliffs at the south end of the Paunsaugunt Plateau.
Kaibab Gulch was investigated along the reach called
Kitchen Corral Washabout 8 miles north of US 89; but
only some of the tributaries of Deer Spring Wash and
Park Wash were investigated, the main stems of these
washes were not traversed. The following discussion
will treat first Slide Canyon, Meadow Canyon, and
Crawford Canyon, all tributaries of Deer Spring Wash;
second, Riggs Creek, a tributary of Park Wash; and
third, the main stem of Kitchen Corral Wash.

SLIDE CANYON

Three branches of Slide Canyon head below or near the
Pink Cliffs; these are informally designated here from

west toeast as left pink, right pink, and east branch,

All three branches have good stands of ponderosa pines
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which are probably subirrigated by ground water, but,
except for a tiny flow in right pink, there was no sign
of surface water in left or right pink on July 30, and
none in east branch on August 21, 1964. Evidence of
previous development of a spring (spring 50) in right
pink, which yielded about 1 pint a minute on July 30,
and of a dry seep (spring 51) in east branch, led to the re-
cording here of these essentially insignificant springs.

Two other springs (springs 52 and 53) farther down Slide
Canyon provide a little water for stock., Spring 52 yields
2 to 3 gpm and its water is captured in a small pond;
spring 53 maintains about an acre of wet meadow on the
southwest side of Slide Canyonabout 75 feet above the
canyon floor, and also yields about 2 to 3 gpm which
has beenused for stock watering inthe canyon bottom.

MEADOW CANYON

Meadow Canyon is probably better watered than any
other canyon that heads at the southeast edge of the
Paunsaugunt Plateau, Small springs issue from the Kai-
parowits Formation near the heads of canyons in Craw-
ford Pass (springs 54, 55, and 56) and inPipeline Can-
yon (springs 59 and 60), but this canyonalsohas good
springs in the middle reaches, especially the spring
area (spring 61) that waters the meadow for which the
canyon is named. Atleastadozensprings are scattered
across the canyon bottom, which here is about 400 yards
wide, Their flow is supplemented by seepage, espe-
cially near the southwest wall., Individual springs
yield from 3 to 5 gpm each and their temperatures on
August 20 ranged from 46° to 48°. Probablythe water
is coming from the Wahweap Formation. The analysis of
the only sample collected shows that the waterhas to-
tal solids of 456 ppmand hardness of 309 ppm, both of
which values are above the median for water from the
Wahweap. :

Two other spring areas wererecorded in Meadow Can-
yon. Springs 57 and 58 are about 50 feetabove the can-
yon floor and yield about 2 to 3 gpm each. They sup-
port tiny meadows and the yield of each isdiverted in-
to a pond on the canyon floor. Spring 64 is on the
southwest side of the canyon about 1-1/2 miles below
the meadow. Although only a seep now, this spring
once supplied water for a homestead at the site.

CRAWFORD CANYON

Only the headwaters of the left fork of Crawford Canyon
was visited during this investigation; the well-timbered
branches of the right fork were not visited, but aerial
photographs of the area were studied. These photos
show no spring areas similartothe spring area in Mead-
ow Canyon, but some of the stands of trees may be sup-
ported byunderground sources that yield 10 to 15 gpm
each, Examination of the photographs of the lowerpart
of Crawford Canyon shows that it once had a system for
diverting its flow and storing the water. According to
Mr. Lynn Findlay thediverting ditchwas built in 1925;
presumably it was abandoned because it was difficult to
maintain. Theditch picked up water from Crawford Can-
yon in the west-central portionof sec, 21, T. 39S.,R. 4



W., and transmitted it about 2 miles to natural depres-
sions formed by landslides in sec. 34.

Left fork contains one principal spring area (spring 62)
and a minor seep (spring 63) that was merely damp on
August 22, 1964. The principal spring issued from
nearthe top of the Kaiparowits and yields about 25 gpm
which keeps wet an area of about 4 acres and pro-
vides downstream flow that sinks into the ground with-
in a couple of hundred yards below the spring area.

An unusual feature in the upper part of left fork above
spring 62 is a grove of bigtooth maples (Acer grandi-
dentatum) covering about 3 acres. Trees of this kind
are not common in the canyons of the area for these
were the only ones I noted during the two field sea-
sons I worked in the area.

RIGGS CREEK (LOWER PODUNK)

Riggs Creek has many small tributaries or branches that
head in a huge crescent-shaped amphitheatre at the
southeast edge of Bryce Canyon National Park. These
tributaries provide no perennial flow through Riggs
Creek, and the topographic map of the National Park
shows only one spring, at Yovimpa Pass, between about
7500 feet and the rim, which here ranges from about
8300 feet tomore than 9000 feet. However, the thick
vegetation, especiallythe stands of ponderosa pine in
the canyon bottom, suggests that fairquantities of wa=-
ter must be stored in the near-surface bedrock and in the
surficial deposits eventhough this waterdoesn't come
to the surfaceas springs. Foursprings {(springs 67 to
70) were recorded in Riggs Creek Canyon, the first pro-
bably from the Kaiparowits Formation and the others
from the Straight Cliffs Formation. These springs yield
from 1 to 10 gpm each and are now used principally for
stock, althoughat one time spring 70 probably was the
water supply for a ranch house.

KITCHEN CORRAL WASH

Kitchen Corral Wash is the main stem of Kaibab Gulch
north of US 89. It has no perennial flow but provides
a channel for flood waters that originate upstream or
locally.

Four springs (springs 71 to 74) were recorded in this
area and another unrecorded one is shown on the to-
pographic map of the Buckskin Gulch quadrangle in sec,
23, T. 42 S., R. 3 W. Three of the recorded springs
(71 to 73) issued from sandstone beds in the Petrified
Forest Member of the Chinle Formation. Their yields
were a quart or less perminute, and the springs there-
fore are probably useful only for stock. The fourth
spring (74) appeared to be valley underflow that was
forced to the surface by a bedrock dam created by a
fault across the valley. Its yield is unknown but it
was supporting a pond of about one acre.

Drainage of the Paria River

The Paria River and its many tributaries drain about
1,570 square miles between the Cockscomb and the Pink
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Cliffs that flank the east side of Bryce Canyon Nation-
al Park, In this investigation only about 100 square
miles of the Paria drainage was covered., Traverses
were made along Willis Creek, which heads below the
Pink Cliffs at the east side of Bryce Canyon National
Park, and along Hackberry and Cottonwood Creeks,
whichdrain into the Paria about twomiles below Paria.
In addition, two othersprings that nominallydrain in-
tothe Paria (springs 75 and 89) wererecorded, and two
flash floods, one on Rock Springs Creek, which joins
thePariain T, 38 S., R. 2 W., and the otheronWillis
Creek, were witnessed and recorded.

WILLIS CREEK

Willis Creek has many tributaries and branches that
reach up to the Pink Cliffs on the east side of the rim
of Bryce Canyon, and, although these branches drain
about 9 square miles above 7000 feet, they provided
no surface flow in the creek at 7000 feet on August.3,
1964. Atabout 6825 feet the headwaters spring (spring
75) provided 50 gpmflow tothe creek, and otherdown-
stream springs added to the flow so that the flow of
the creek where it crosses the Skutumpah road about 6
miles below the headwaters spring was 40gpm on August
4, despite losses due to evapotranspiration.

In an effort to get a sample of water from the Wasatch,
I made two traverses inthe al¢cove below Natural Bridge
in Bryce Canyon National Park (Plate 1-A) to find a
spring recorded by Marine (1963, p. 465) at the base
of the Wasatch, but although I climbed about 200 feet
above the base of the Wasatch, I was unable to find
anytrace of the spring. Below the base of the Wasatch
I did find a seep (spring 77) in the Kaiparowits, but I
doubt that this seep could have been the spring record-
ed by Marine. Inthe first alcove north of the Natural
Bridge alcoveI found a tiny spring (spring 76) that yield-
ed about half-a-pint a minute from the Kaiparowits.

The headwaters spring of Willis Creek, mentioned a-
bove, and another spring (spring 79), about 500 yards
downstream from the headwaters, probably both rise
from the Straight Cliffs along the Paunsaugunt fault, in
a manner similar to that diagrammed effectively by Ma-
rine (1963, p. 466) forthe Merrill Ranch spring, which
is on the Paunsaugunt fault about 8 miles northeast of
the headwaters spring in Willis Creek.

About 33 miles east of the Paunsaugunt fault, spring
79 rises from alluvium of the floodplain above the chan-
nel of Willis Creek; probably its source is the under-
lying Winsor Formation.

HACKBERRY CREEK

Hackberry Creek probably has no perennial flow in its
headwaters, and the perennial flow of the middle
reaches does not go beyond the mouth of the creek
during parts of the summer.

The headwaters of Hackberry Creek consist of three
branches, here called west fork, middle fork, and east
fork. East fork, which drains a much greaterareathan




the other branches, is about 10 miles long and has so
deeply entrenched an impassable canyon in the Nav-
ajo Sandstone that west fork joins east fork over a
waterfall (normally dry). The middle fork possibly
traverses a reach of weakness in the Navajo and has
been able to cut notonly as deepa canyon as the east
fork but also a broader one.

Traverses were made up Hackberry Creek from the mouth,
down west fork from its head to the waterfall scarp,
and down a small tributary of east fork from the Cot~-
tonwood-Cannonville road to a point where the chan-
nel dropped into an impassable box. No traverse was
made down middle fork, but the upper part of its can~
yon was observed from the rim.

None of the headwaters branches of Hackberry Creek
has springs, but somewhere in the middle reaches of
the canyon is a spring or springs, probably in the Nav-
ajo, fromwhichissues a flow of more than 1 cfs, which
supplies the water that makes Hackberry Creek per-
ennial in its middle reach. This spring, wherever it
is, provides perennial flow through a reach of 7 or 8
miles, but the evapotranspiration in this reach in the
summer causes the flow to be dissipated before it
reaches the mouth. The daily fluctuations in the eva-
potranspirationrate also cause great daily changes in
the flow of Hackberry Creek, as the following account
illustrates.

On the July 21 traverse up Hackberry Creek I first saw
water in the channel, in the form of a tiny front of a
few gpm moving down channel, at about half-a-mile
above the mouth. As I continued upstream I noticed
that the flow was greater: about 4 miles upstream in
mid-afternoon it was about 100 gpm. I continued the
traverse and as I went upstream I recorded springs 82
and 81, whichyieldedonly 2 and 10 gpmrespectively,
and gave little or no contribution to the creek. About
7 miles upstream the flow in the channel was 400 to
500 gpm, and lateranalysis of the creek water (sample
93, tableS5) suggests that its source is the Navajo. It
was already too late to continue the traverse upstream
so I began thereturn tocamp. After I had walked about
4 miles downstream I noticed that the stream flow ap-
peared to be diminishing, and at about the contact of
the Moenkopi and Kayenta*, or about 23 miles above
the mouth, I saw that the flow stopped completely.
From that point to at least the point where I had first
seen water in the moming, the channel was wet but
contained no moving and little standing water.

I made a check of the flow near the mouth on the fol-
lowing day and found that the water came down channel
about 900 feet below where I had first seen it on the
21st, but there stopped completely. I then measured

*The canyon of the Hackberry Creek cuts across a small
anticlinal structure in which Triassic rocks are ex-
posed; both above and below the anticline the canyon
cuts across the Navajo Sandstone.
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a flow of about 50 gpm at the point where I had first
seen iton the 21st. At the time of measurement water
temperature was 96°, airtemperature inthe shade 99°,
and sand temperature inthe sun 130°, Itwould appear
that the flow of 400 to 500 gpm at its origin, or about
2 acre-feet per day, literally dried up. Undoubtedly
some flow was used by plants and some flow sank into
the channel to provide a saturated base for the next
day's flow -- but certainlya large part simply evapo-
rated.

COTTONWOOD CREEK

Cottonwood Creek is dry in summer throughout most of
its length, but in the middle reaches several springs
that rise in ornearthe main channel orthat rise in short
side tributaries on the west side of the creek supply pe-
rennial flow for short distances. Five springs (springs
84 to 88) whose aggregate yield is 125 to 150 gpm were
recorded near the channel or in tributaries in about a
one-mile reach of Cottonwood Creek, about 6 miles
above its confluence with the Paria River, All these
springs probably originate from the Navajo, but the or-
ifices of springs 84 and 86 arein alluvium so their ul-
timate source is not certain. One otherspring (spring
83) which yields about 8 gpm, rises from the Navajo
about half-a-mile west of Cottonwood Creek and about
2 miles north of the other springs.

It is not known for certain why the springs of Cotton-
wood Wash are concentrated ina short reach of Cotton-
wood Creek when similar rocks are exposed along the
creek bothnorthand southof the springarea. Formost
of its length of about 20 miles, Cottonwood Creek fol-
lows the folded contact between the Navajoonthe west
and overlying Jurassic rocks on the east. North of the
five-spring area a fault that parallels the trend of Cot-
tonwood Canyon is hidden by the alluvium in Cotton-
wood Creek (McIntosh, 1958, map). Possibly an exten-
tion of this fault cuts southward across the canyon of
Cottonwood Creek and has broken the rock sufficiently
for the water to escape from the Navajo. The tremen-
dous recharge area where the Navajo is exposed be-
tween Hackberry and Cottonwood Creeks almost cer-
tainly assures that the Navajo is saturated at depth,
and the springs here suggest that the Navajo is satur-
ated above the level of the creek.

FLOODS ON ROCK SPRINGS CREEK
AND ON WILLIS CREEK

Flood of July 24, 1964 on Rock Springs Creek, OnJuly

24, 1964 JohnLlawrence and I made a traverse down west
fork of Hackberry Creek and later were delayed fromre-
turning to our camp by a flood on Rock Springs Creek
(Plate 4-A and B). While we waited for the flood to sub-
side so that we could cross the creek we made a few
estimates and crude measurements of flow.

Inthe southwest quarterof sec, 23, T, 38S., R, 2 W,
the channel of Rock Springs Creek is about 15 feet wide
and about 8 feet deep (both dimensions estimated).



Rock Springs Creek and its tributaries drain about 50
square miles north of the Cottonwood Creek road tothe
headwaters on the southwest flank of Kaiparowits Peak
in Garfield County (about 5 miles NNE from the north-
east cornerof figure 2). Kaiparowits Peakrisesalmost
to 9200 feet, and much of the area is underlain by the
Tropic Shale -- the high peak promotes thunderstorms
and the shale permits high runoff, and the result is
flash flooding.

When we arrived at the crossing at 3:10 P.M., the
flood was already 3 feet below its crest (as indicated
by the wet high-water mark on the banks) but still flow-
ed about 3 feet deep (estimated). By 3:30 P.M. the
water had dropped another 4 inches and we prepared to
measure the flow by pacing off 100 feet along the bank.
John stood downstreamand I upstreamat opposite ends
of the 100-foot stretch. We then proceeded to time
with a stopwatch the movement of floating objects be-
tween the points: I tossed intothe watera large branch
and started the watch, and John shouted as the branch
passed him. The table shows measurements and ap-
proximate time at which some measurements were made.

Time Elapsed time in seconds Approximate speed
of water in feet per
second

3:45 13.6

12.8
12.6 8
3:50 12.8
4:15 14.0 7
15.0
15.8
4:20 16.2
17.2 6

It can be seen that except for the first measurement,
which was probably in error, the measurements fall in-
to a reasonable progression although the fall-off of
speed is greater in the last 5 minutes than in the pre-
vious 25. By 4:20the waterwas probably between 1 and
2 feet deep and was slowing rapidly.

After this last measurement we stopped measuring in
order to cross the creek before the subsiding waters
completely silted the creek bottom.

Flood on Willis Creek. Onthe afternoon of August 13,
1964, shortlybefore 1 o'clock, athunderstormbroke in
the headwaters drainage of Willis Creek, and it became
evident tome that a flood would comedown the creek.
I therefore stationed myself on the high pediment ter-
race above Willis Creek and waited. At 1:56 P.M. the
flood arrived and I took a few pictures. Then I drove
down the road to the next vantage point where the flood
would pass. It arrived at 2:11 rumbling like a distant
train and carrying shrubs, branches, and tree trunks in
its forward wall. Later measurements onaerial photo-
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graphs showed that it had traveled about 13,000 feetor
23 miles in 15 minutes between my two sightings at the
different vantage points. The beginning of this flood,
traveling at more than 14 feet per second, moved appre-
ciably faster than the subsiding flood in Rock Springs
Creek.

Ground Water
Summation of Storage and Recharge

The aquifers of western Kane County contain many mil-
lionacre-feet of water. The principal aquifer, the Na-
vajo Sandstone, probably contains nearly 20 million
acre-feet, of which perhaps 10 million acre-feet should
be available to wells that aredrilled to the base of the
Navajo. Recharge to the principal aquiferis probably
in the range of 30,000 to 60,000 acre-feet a year, so
withdrawals in excess of that amount will slowly de-
plete the aquifer. However, it may not be practical to
withdraw more than 100,000 or 200,000 acre~feet of
water a year and therefore the complete depletion of
the supplies would require many decades.

Because there has been essentially no development of
ground water in western Kane County, it must be ad-
mitted that the above statements are the result of in-
terpretation of the geology of the area and of the springs
and surface water. In the sections that follow I shall
discuss that interpretation and justify the reasonable-
ness of the figures for storage and recharge.

The Principal Aquifers

In westernKane County the principal supplies of ground
water are in bedrock aquifers: in the Chinle, princi-
pally the Shinarump Member; inthe two members of the
Navajo Sandstone; inthe sandstones inthe Upper Cre-
taceous formations; and possibly but not probably in
the Wasatch Formation. (See table 1 for a listing of
stratigraphic units and their water-bearing properties.)
Of these water-bearing units the most important is the
Navajo Sandstone, which will be discussed in detail
below; the other formations will be discussed briefly
here. For the most part, the only available informa-
tion about the aquifers comes from springs that issue
from them so it will be necessary to repeat in part ma-
terial already covered in Springs and Surface Water.

Locally, as at the mouth of Johnson Canyon (Frontis-
piece), the Chinle, probably the Shinarump Member,
yields perhaps 300 to 500 gpm of water of fair-to-poor
quality to individual wells., In a few places, as in
Kitchen Corral Wash, the Chinle supports springs that
yield a few gallons a minute.

The sandstones in the Straight Cliffs, Wahweap, and
Kaiparowits formations yield water of fair quality to
many springs that issue from cliffs below the Marka-
gunt and Paunsaugunt Plateaus. The yields of these
springs range from a few to several hundred gallons
per minute; records of springs in these formations make
up most of the entries in the spring tables in this re-


















































