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PURPOSE OF INVESTIGATION

This project was initiated to map, in more detail
than had heretofore been attempted, the geology of
Wet Beaver Creek Canyon. The project is intended to
study stratigraphic sections never visited by geologists
before and to map a cross-section of faults on the
iogollon Slope of the Colorado Plateau. Stratigraphic
and structural information compiled from the study is
expected to aid the geologic investigations of the
Beaver Creek Experimental Watersheds, immediately to the
north of the Canyon. It shows stratigraphic and

structural trends of the region.



FIELDWORK AND METHODS

Fieldwork began in the summer of 1967 and the bulk
of the geologic mapping was finished in August, 1967.
Subsequent visits in the Fall of 1967 and the Spring
of 1968 completed the fieldwork.

The project was done under the direction of Drs.
Rush, Beus, and Smouse of Northern Arizona University.

A brunton compass was the primary instrument used
in the field. It served to measure strike and dip,
trends of faults, and as a hand level in measuring
sections. A base map combining two maps, the Camp
Verde 4LNW and LNE guadrangles, made by the United States
Forest Service and United States Geological Survey was
used in the field. These maps are presently available
in fully edited form by the United States Geological
Survey as Casner Butte and Apache Maid lMountain quad-
rangles. Data was plotted on air photographs and

transferred to the base map by inspections.



PREVIOQUS INVESTIGATIONS

Many studies have been made of the geology in and
near the Verde Valley: the following articles are the
most pertinent to this investigation.

In 1951 R.L. Jackson studied the Supai Formation
along the Mogollon Rim and determined its depositional
history (The Stratigraphy of the Supai Formation along
the Mogollon Rim, Central Arizona: unpublished M.S.
thesis, University of Arizona).

B.E. Sabels, in 1960; studied the volcanism of
this region and tentatively correlated the Hickey For-
mation from the Mingus Mountain area to the San Francisco
and lMormon Mountain volcanic fields (Late Cenozoic
Volcanism in the San Francisco Volcanic Field and Adja-
cent Areas in North Central Arizona: unpublished PhD.
thesis, University of Arizona).

In 1963 F.R. Twenter and D.G. Metzger made a study
of the geology and ground water of the Verdc Valley
(U.S. Geological Survey Bulletin 1177). This study
included some data from the Wet Beaver Creek area.

Dr. R.W. Rush investigated a small area immediately
to the north of the 1oﬁer end of Wet Beaver Creek Canyon

in 1965. In his report he presented one of the first



theories concerning the volcanic sequence of the area
(Report of Geologic Investigation of Six Experimental
Dyainage Basins 1-6, Beaver Creek Watershed, Yavapai
Countys Arizona).

In 1966 Drs. Beus, Rush, and Smouse, all of
Northern Arizona University, investigated a larger area
to the north of Wet Beaver Creek Canyon. In this paper
the authors presented structural trends of the area,
in addition to mapping the surface geology (Geologic
Investigation of Experimental Drainage Basins 7-14;

Beaver Creek Watershed, Coconino County, Arizona).
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GEOGRAPHY AND LOCATION

Wet Beaver Creek Canyon, near the center of Arizena
(Fig.l), is approximately one-half mile wide and
fourteen miles long. It is bounded by 111°32'30 to

g 3 % 5. " e o ' nm
111 42 30 1longitude and 34 38 30 to 34 42 30 latitude.
The canyon drains 413 square miles and is bounded on
the east by the town of Happy Jack and on the west by
the Mogollon Rim(Fig. 2).

Two highways, U.S. 79 and State 87(Mormon Lake
Road) provide the principle access routes tc the area.
Many unimproved Forest Service roads lead to widely
separated points on the rim of the canyon. The major
part of the canyon is accessibly on foot only. Maximum
relief in the area is azpproximately 2500 feet.

Principle centers of population near the canyon are
Camp Verde, McGuireville, and Lake Montezuma below the
mouth of the canyon; the Southwestern lMilitary Academy
in thé mouth of the canyon; and Happy Jack and Stone-
man Lake mear the head of the canyon.

Ebclogical and vegetation zones vary widely in the
study area, primarily as functions of climate. Vege-
tation zones range from lower Upper Sonoran to Upper

Transition, with an abundance of thorny plants covering
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the canyon slopes. Cactus is common in the lower end
of the Canyon, and Ponderosa is predominant in the
upper reaches.

Along Wet Beaver Creek Canyon the climate varies
greatly in a relatively short distance, with temperatures
and precipitation being functions, primarily, of the
elevation.

Two separate and distinct climatic patterns are
characteristic of the area. In the summer, southeast
winds carry moisture in from the Gulf of Mexico. In
the winter most of the precipitation is caused by low
pressure areas off the coast of southern California
which send the moisture to Arizona by southwest winds.

The moisture laden air rises and cools as it passes
over the lMogollon Rim. Precipitation results from this
uplift if the moisture content and temperature change
fall within certain critical limits.

In July and August, showers occur frequently. The
temperatures range from 65 to 90 degrees for the low
and high temperatures near Happy Jack to 75 to 110
degrees at lMontezuma Castle. Precipitation ranges for
the two stations are, respectively, 16 inches and
5 inches.

The winter wet season occurs from December to

February. Snow falls range from a record of 94

11



inches at Happy Jack in 1949 to an average of 2 inches

at Montezuma Well.

The summer climate of the Wet Beaver Creek Canyon
area is one of the factors making the region a

desirable vacation site.

12



FARLY HISTORY

Earliest writings concerning Wet Beaver Creek Canyon
date back to 159%. Colton(1963) condensed the history
of an Indian and Spanish trail passing through the lower
part of the canyon(see Fig.3). The trail led to salt
debosits in the Verde Valley.

The name has been changsd several times in its
history. Early settlers is the area found many beavers
in the stream and called it Beaver Creek. In 1880 the
name was changed to Main Beaver Creek(Official Map of
the Territory of Arizona. author unknown) apparently to
distinguish it from another branch of the Beaver Creek
called Dry Beaver, which often went dry. Later, in 1935,
Parnes(Arizona Place Names) denoted the stream as
Wet Beaver Creek.

Because of the availability of good-quality water
and abundant game, Wet Beaver Creek Canyon was inhabited
by Indians for many years, and numercus ruins in the
canyon attest to its history. Ruins and remains, such
as dwelling sites(Fig. 4), pottery, Jewelry, hunting
materials, and stone tools; are abundant in the canyon.
A brochure ccntaining a brief history of the Verde Valley,
including the Wet Beaver Creek Canyon area;"Montezuma

Castle Naticnal lonument, Arizona™ is distributed by NES.

13



the National Park Service.

14



O iancy

| ABEaen gan P Te
L ‘- .P‘ C-!vrum surTE

/

ARIZONA
CELCE LICET

W7 Q %‘o((
0

A map of northern Arizona showing principal Hopi trails

-

ig. 3 (after Colton)

Pt

15



STRATIGRAPHY

Summary

The rocks that outcrop in Wet Beaver Creek Canyon
are sedimentary and igneous. The sediments are chiefly
Paleozoic, including Supai., Coconino, and Kaibab
formations. According to Sabels'! correlation work(1%60),
the igneous rocks are exclusively Tertiary. A general-
ized stratigraphic column of the rocks exposed is given
in Fig. 5 and the areal extent of the exposed rocks is
shown in Plate 1. Table 1 shows a generalized strati-
graphic section of all rocks in the area; including
those believed to be in the subsurface.

Previous areal and regional studies have shown that
the Redwall Formation(Mississippian), Martin Formation
(Devonian). and possibly a thin section of the Tapeats
Formation({Cambrian) lie beneath the section observed at
the surface, but much thinner as compared to surrounding
sections.

In 1960 Sabels tentatively correlated the Hickey
Formation of the Black Hills with the strata in the

Wet Beaver Creek ares .

16
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Table 1. Generalized section of rocks
in Wet Beaver Creek Canyon, Arizona
(after Twenter and Metzger, 1963)

:

Series

Format o

Thickness
{Feet)

Litheologic Characteristics

|

)
o b ]
o g
8 o = Terrace and stream depesite
Q g o o
] ] o
S 4 85|
=l @
]
sd ol ™ o Olivine basalt lava, tuffs, dikes,
-1 Q cinder cones, sediments, consisting
i ol x 3 of detritzl residue Coconino and
£l 818 | & | Kaibab rocks
m ::: b
£ 'f: Unconformity
=
4 Limestone or dolomitic limestone
2 2 containing nodules and thin beds of
3 ~ chert. Scome calcarecus sandstone.
ot
o o
et
g
o al o o Sandstone composed of fine to medi-
pe L 0 um grained sub-rounded quartz.
5 Bl & Gy s Comspicuous cross-bedding
o s & | 8
= o © =
P o
I . Yudstone; limestone, dolomite,
g g_ggg sandstone, siltstone.
Dl 5 {TuiNe ]
s Bl i ~ Unconformity
—
o aal R Coarsly crystalline cherty lime-
g ERf © stone. Some beds contain crinocids
@ and other fossils
/o LS T L
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Pre-cambrian

a2l o
o m
- -S d}g:
g f{ g egq?' Lithologic Characteristics
8 B 5z
m| ) =
L&)
B ﬁ Dolomite and dolomitic limestone.
5 ';;ﬂ Hl o| Contains thin beds of mudstone,
®l © £ O shale and sandstone.
~ P &
o @© o
=Y [an} =

Unconformity

letaconglomerate and Granite
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PLLEOZOIC ROCKS
Pennsylvanian - Permian

Supail Formation - The Supai Formation was named by

N.H. Darton from the type locality located near the
village of Supai in Havasu Canyon, Arigzona.

It is the conclusion of Jackson({1953) that "the
Supai Formation c¢f Pennsylvanian-Permian age(Fig. 7)
of central Arizona is an advancing deltaic deposit
from the north which has caused a regression of the
Pennsylvanian sea toward the south and southeast due
to sedimentation exeeeding subsidence in the area.”™

The thickness of the Supail Formation in neighboring
Oak Creek Canycn is approximately 1,500 feet(lMears,1548).
The Supai Formation outcrops in the lower end of Wet
Beaver Creek Canyon. An exact thickness cannot be given
because the lower part of the formation is not exposed.
Between the upper Supai and the overlying Coconino
Formation is a zone of interbedded red and white sand-
stones. The United States Geological Survey recognizes
the uppermost red unit of the zone as the top of the
Supai. The transitional zone(Fig. €) in the Supai
thickness ranges from 80 to 120 feet. Jackson used the
lowermost unit having lithologic characteristics similar

to those of the Coconino Formation as the contact bLetween

20



Fig. 6 Air view of lower end of canyon

Fig. 7 Supai outcrop near mouth of canyon
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the two units and Twenter used the top of the uppermost
bed having lithologic characteristics similar to those
of the upper member of the Supai Formation as the con-
tact. This author follows the United States (Geclogical
Survey interpretation in using the top of the uppermost
red-bed as the boundary.

The lower member of the Supai Foermation is not
exposed in Wet Beaver Creek Canyon; but Twenter{1963,

p. 29) reports alternating beds of sandstone. shaly
mudstone, limestone,; and dolomite in Osk Creek Canyon.

The middle member of the Supai Formation is alter-
nating beds of light colored znd fine-grained siltstones
and sandstones. Approximately 143 feet of the unit were
measured by Jackson and later by this author. No con-
glomerate; which is characteristic in the middle Supei
in Ogk Creek Canyon(MecKee. 1938) occurs in the Wet
Beaver Creek section.

In contrast to the lower units; the upper member of
the Supal Formation is predominantly a cliff-former
lacking abundant vegetation. The thickness of 300 feet
for the upper member was measured by Jackson and later
by this author at the Southwestern Military Academy
(Beaver Creek Ranch on map). The lithology reported
is reddish brown to pale brown quartz sandstones and

the sand g{g%pg in the gp;h_:gpgﬁmin texture‘from fing _
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to medium following the Wentworth Scale The Fort
Apache Limestone Member i1s absent in the section studied
in this report.

A summary of the regional aspects of the Supai
Formation is presently being compiled by E.D. McKee
(Personal Communication, 1967) of the United States
Geological Survey.

<3



Permian

Coeonino Formation - The Coconino Fformation was first

mentioned by N.H. Darton in 1910(Willmarth, 1963). The
type section is in the Aubrey Cliffs, Coconinoc County,
Arizona.

The Coconino Formation in the Wet Beaver Creek
Canyon is well exposed in some cliffs in the canyon.
The measured thickness of this unit is approximately
628 feet. %In the Verde Valley south of U.S. Highway 79
the characteristics that distinguish the Coconino
Sandstone from the Toroweap Formation disappear, and
rocks equivalent to the two formations appear as a
massive sandstone unit containing similar cross-bedding
types. . .here the overlying Toroweap Formation is not
recognizable."{Twenter; 1966, p 33) As the character-
jstics of the sandstone unit in Wet Beaver Creek Canyon
are similar to those of the Verde Valley: the combined
thickness of the sandstone unit is considered as
Coconino Formation in this paper.

The Coeonino Formation is a cream to orange-buff
sandstone of rounded to sub-rounded, fine to medium-
grained quartz grains. Coherence ranges from weak to
strong,; resulting in a predominance of cliffs(Fig. 9)

with a few gentle slope forming units. In the upper

2L



Fig. 8 Transition
zone between Coco-
nino and Supai
Formations

Fig. 9 Coconino Formation
cliffs in upper end of
canyon

25



part of the canyon, the formation ccherence may be the
result of silica cement. This formation is both porous
and permeable and forms s good aquifer It is this
vnit which is the source of the Wet Beaver Creek Springs.
Large scale cross-beds occur throughout the forma-
tion(Fig. 10), with interbedded smaller cross-beds(Fig.ll)
some of which have level tops and bottoms(Fig. 12). The
crogs-bedded units dip =28 much as 27 degrees to the
southwest. "The nature and size of the cross-beds
suggests 2 wind blown sand deposit typical of the
Coconino Sandstone®™(Beus, et al, p. 10}.
The Coconino Formation crops out throughout almost

the entire region.

Kaibab Formation - The type section is in Kaibab Culch
in the Kaibab Plategu, six miles north of the Arizona
border and eight miles south of Paria, Utah.

The distinct contact between the Coccnino and
Kaibab formations is two differing rock types. A lime-
stone bed is overlain by a buff sandstone(Fig. 13).
Approximately 180 feet of the formation were measured
in two of the sections. In both sectiocns only the Beta
Member of McKee(1938) is present.

The Kgibab Formation is buff to light gray dolomitic

and sandy limestone, containing nodules and stringers

26



Fig. 10 Large scale cross-beds in Coconino
Formation
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Fig. 12 Cross-beds
with planar tops and
bottoms in Coconino
Formation

Fig. 13 Contact between
Coconino and Kaibab
Formations

28



of gray to orange chert which is irregularly fractured
(Fig. 14). Tha formation is resistant and forms a
step-like series of c¢liffs and ledges. Thin bedding
planes ranging from six inches to several feet are
abundant.

In localized areas solution channels and caverns
are exposed{Fig. 15). Silicified fossils are present

but poorly praserved.

29



Fig. 14. Cherty
Kaibab Formation

Fig. 15 Solution channels
in Kaibab Formation

30



CENOZOIC

Hickey Formation - Anderson and Creasey(l1958) named the

Hickey Formation in the Black Hills near Jerome. The
formation is gravel, tuff. and basalt. Sabels(1960)
tentatively correlated the Hickey Formation with the
volcanics of the San Francisco and Mormon lMountain vol-
canic fields. In the Wet Beaver Creek Canyon area the
formation is stream gravels. a basal tuff unit, alternat-
ing tuffs and basalt with a basalt capping. Using ther-
moluminescence curves from a large number of tuff sectiors
Sabels correlated the Hickey exposures and concluded that
the age ranged from the late Miocene to Pliocene. The ab-
solute date given for the oldest section was 14 million
y ears.

In Wet Beaver Creek Canyon the Hickey Formation is
the thickest formation exposed, ranging from 200 to over
1,000 feet in thickness(Fig. 16). The lower gravels are
egposed in only one small area at the base of the thick
tuff sequence a few hundred yards west of the largest
fault in the canyon(Fig. 17). The gravel contains Kaibab
and Coconino fragments and it is loosely cemented by cal-
cite. A similar gravel outcrops immediately beneath the
basalts covering Red Tank Draw Red Tank Draw is the can-

. yon immediately west of Wet Beaver Creek Canyon(Fig. 18).
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Fig. 16 Large exposure of Hickey Formation

Fig. 17 Exposures(white area) of Hickey
gravels near bottom of canyon
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Fig. 18 Gravel outcrop in Red Tank Draw

Fig. 19 Lower tuff zone of Hickey Formation
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The lower tuff zone outcrops throughout most of the
canyon exposures which are not covered by vegetation
or talus(Fig. 19). The tuff section has 2 thickness
of up to 200 feet in some sections. The tuff is light
colored volcanic glass, feldspar., and quartz fragments
of coarse sand-sized grains. The best classification
would be gray lapilli tuff. HMuch of it is attributed
by Sabels to have come from Thirteen Mjle Caldera

The overlying basalts and tuffs range greatly in
thickness and extent(Fig. 20). Most of these are local
in origin and extend less than 2 mile. In this zone
localized tuff and pyroclastic ejecta(Fig. 21) and
volcanic agglomerate(Fig. 22) occur. The basalts
exhibit cqlumnar Jointing in most areas

The basalt flows capping the Wet Beaver Creek
Canyon area are much thicker and cover a larger area than
the interbedded flows and tuffs below The individual
capping flows range from 50 to 200 feet in thickness
and appear to have been moved in a west-southwest direc-
tion. The composition of the capping basalts is similar
to those lower in the section. The capping basalts con-
tain numerous lava tunnels. Tuffs between the upper

flows are absent. Numerous pieces of xenclithic



material derived from the Coconino and Kaibab rocks

occur on the suriace of the upper basalts.
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Fig. 20 Basalt and
tuff zone of Hickey
Formation

Fig. 21 Tuff and pyro-
clastic ejecta
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Intrusive Bodies - Several intrusive plugs crop out in

Wet Beaver Creek Canyon{see Plate 1). The plug nearest
the mouth of the canyon is called Casner Butte(Fig. 23)
and it is located in sections 13, 14, 23, 24; in
T15NR6E. Peculiar to this plug are olivine phenocrysts
ranging up to 3/4 of an inch. Excellent examples of
spheroidal weathering are located on Casner Dutte
(Fig. 24). Columnar jointing is exhibited on the upper
portion of the plug, with large amounts of lapilli
covering the lower slopes.

The smallest of the plugs exposed is at the junctiam
of Long Canyon and Wet Beaver Creek Canyon(Fig. 25).
The contact with the sedimentary rocks is easily
recognized. Some upwarping of the sediments is apparent
in the contact zone, with little metamorphism visible.

The largest igneous plug exposed in the canyon
(Fig. 26) is called Maverick Butte which is the name
accepted by the local district of the United States
Forest Service, a name not accepted by the United
States Geological Survey. Outcropping in Sgctions
10, 11, 14, 15, T15NR7E, this butte has several radiating
dikes. Maverick Butte rises approximately 250 feet

above the surrounding surface.
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Fiz. 22 Volecanic agglomerate

Fig. 23 » Casner Butte



Fig. 24 CSpheroidal weathering exhibited by basalt
on Casner RPutte

Fig. 25 Small plug at junction of Long and Vet
Beaver Creek canyons.

3



Extrusives ~ A buried cinder cone consisting of pyro-

clastics which have been disected by the stream(Fig. 27)
is exposed about 1/3 mile east (SwiS16R7ET15N) of the
smallest plug. A close examinaticn shows that the
cinders rest on the Ccconinc Formaticn at the base and
the cinders are cverlain by a thin basalt flcw and a
layer of basalt overlies all cf these units. The
conduit is not visible and probably the canyon has not
yet exposed it.

A plug built of welded fine-grained pyrcclastic
material or melaphyre tuff and with a2lmost vertical
walls is exposed in the Sw: of S16T15NR7E(Fig. 2¢).
Because of its unique vertical walls and the ease with
which the material can be carved, the structure was
used as a communal dwelling and fortress by the early
Indians. Two vertical dikes striking northwest, outcrop
on the southwest and northeast of the plug but do not
cut the plug. The evidence is insufficient tc show a
genetic relation.

Surprisingly few dikes cut across the Wet Deaver
Creek Canyon(Fig. 29)}. These are shown in Plate 1. The
dikes form local barriers to the movement of surface
water and ground water and may also provide a conduit

down the fracture they occupy through which water may



i e, s et e o -

descend to buried aquifers(Beus, et al, 1966, p. 17).
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Fig. 26

Maverick Butte

Fig. 27 DBuried and dissected cinder cone




Fig. 28 Melaphyre tuff plug

Dike cutting Canyon near Maverick

b3
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STRUCTURAL GEOQLOGY

Exposures in Wet Beaver Creek Canyon yield evidence
which shows the regional structural pattern. The
regional pattern exhibits two general directions of
fractures. A northwest-southeast fracture set with an
approximate preferred strike of north 35° west was
designated by Beus, et al, (1966)as the Lake Mountain
trend. The northwest trend is well exposed in the
canyon. The second set of fractures is not clearly
exposed. The direction of trend of Wet Beaver Creek
Canyon leads to the inference that a second northeast
trend controls, in part, the pattern of the Canyon.

Tracing the regional fracture systems into the
surrounding lava covered area is difficult. The north-
west trend is visible in some areas. The entire Paleozoic
sequahce in Wet Beaver Creek Canyon is cut by the
regional system. Large fractures(Fig. 30) are exposed
throughout most of the canyon walls. The exposed
faults have displacements which range from 3 tc over
- 600 feet. Between Hog Hill and Maverick Butte a series
of horsts and grabens parallel the northwest trend. In
' one area a horst is associated with an intrusive plug

(Fig. 31).

Lk,



Fig. 31 Horst radiating
frou intrusive plug

b

W

Fig. 30 Large fracture
in Coconino Formation




Local sets of structural features are exhibited by
the radiating fracture systems extending from intrusive
bodies. But the fractures radiating from igneous plugs
are obscured by the lava cover in the surrounding area.

Stratigraphic evidence indicates that there were
three periods of faulting in the Wet Beaver Creek Canyon
area. Much of the movement took place prior to extru-
sion of the lava cover as evidenced by faults terminated
by the volcanics.

Some of the movement occurred during the volcanic
'activity as evidenced by faults and fractures radiating
from intrusive structures. Several small faults are
along vertical dikes, also.

A smaller amount of movement occurred after the
volcanism(Fig. 32). Also, at least onme fault, the
easternmost, shows recurrent movement, which occurred
before and during the volcanic extrusion(Fig. 33).

The largest fault block exposed in Wet Beaver Creek
Canyon is the most conspicuous, with over 600 feet of
apparent displacement(Fig. 34). The fault block is
beneath Hog Hill which is one of the high points in the
area. The fault block has.bedding planes that dip to
the east approximately 4 degrees.

Immediately to the east of the large fault block is
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Fig. 32 Waterfall on recent fault

Fig. 33 Fault exhibiting recurrent movement
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a similar one in which the bedding planes dip to the
west approximately 2 degrees(Fig. 35). This fault
block contains the springs.

Both Wet Beaver Creek Canyon and Clear Creek Canyon
to the south have similar map patterns in their upper
reaches(Fig. 36). The similarity apparently shows a
structural control of the major stream systems in the
area. Definitely northwest-scutheast and northeast-
southwest strvctural patterns appear to contrel the
geographic pattern of both Clear and Wet Beaver canyons.
A similar set of fracture trends has been mapped in
areas to the north of the Wet Beaver Creek area
(Beus, Rush, Smouse, 1968).

The Coconino Formation is brittle and commonly is
highly shattered. The formation is the most extensively
exposed unit in Wet Beaver Creek Canyon and its highly
fractured character, presumably obscures any exposures
of faults trending parallel to the canyon.

The lMogollon Rim, which forms the western boundary
of Wet Beaver Creek Canyon does not appear to be a
distinet fault escarpment. Rather, there appears to be
an erosional feature. Instead of an often hypothesized
single fault, there is a system of step faults extending
down to the Verde Valley, with possibly some faults
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Fig. 34 Largest fault observed

Fig. 35 Fault block containing springs



lying beneath the Verde lake beds. In the area near
the mouth of Wet Beaver Creek Canyon no faults are
adjacent to the rim.

In an earlier paper, Akers(1962) reported a regicnal
dip to the southwest. Wengard(1962) reported a northeast
regional dip. Rush(1965) stated his results indicating
a southwest regional dip substantiating Akers work. No
regional dip was detesctsd in this study.

The volcanic sequence began with the gray lapilli
tuffs from Thirteen Mile Caldera, followed by quiet
fissures flows, with more explosive volcanism and less
fluid basalt extrusion occurring last. All workers
agree that the faulting and volcanism are genetically
related. Sabels(1960) dating of a tuff at the base of
the Hickey Formation at 14 million years allowed him
to postulate that the faulting and volcanism began
in the Miocene.

A future effort to combine all of the localized areas
of study in this area should, when tied together with
absolute radiometric dating of the volcanics, show the.
overall regional tectonic history of the area. Sabels
(1962) has completed part of the work in his paper
"Mogollon Rim Volcanism and Geochronology.® Future

work should be based on his authoritative beginning in
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the effort to unravel the geologic history of this

part of the Colorado Plateau.
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(ZEQMORPHOLOGY

Wet Beaver Creek Canyon is a slope and structure
controlled masted drainage system which drains 413
square miles of the southwestern arm of the Mormon
Mountain Anticline. The stream follows the slope towards
the Verde Valley in a southwesterly direction. In many
cases, however, the orientation of the canyon appears
t¢ show a preferential direction following the regional
tectonic structural patterns as was shown in Fig. 36
in the discussion on structure. Few faults strike
parallel to the stream and most cut the canyon perpen-
dicularly. In several cases faults striking parallel
to the canyon are suspected, but the lack of key strati-
graphic units and the highly fractured condition of
the Coconino Formation obscure any traces. Only in a
very few cases can structural control be positively seen,
and it must be inferred from the regional patterns.

The canyon is parallel to the southern edge of a
lava cascade which flowed into the Verde lake bottom.
Evidently, the filling &f the channel to the north
deflected drainage southward; in the case of Wet Beaver
Creek. The evidence given here is that the inception
of the Wet Beaver Creek came much later than the

development of the lava-filled chammel to the north and
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later than the vclcanism of the Wet Beaver Creek area
because no lavas poured into the canyon. Therefore;
the cutting of the canyon is post-volcanic and post-
tectonic yet it is remarkable that i1t cut to the recorded
depth in such a relatively short period of time. Iiost
likely., the rate of canyon cutting increased after the
exposure of the springs emerging from the Coconino
Formation--and the additional flow of water facilitated
the streams' apparent mastery of the drainage.

if it is assumed that concomittant volcanism and
tectonic activity migrated northward and eastward with
time(Beus, Rush, Smouse, 1966), then Wet Beaver Creek
may have begun its canyon cutting after the initial
phase of volcanic activity at the extreme southern and
western adge of the San Francisco volcanic field. It
can be hoped that additional new absolute dating methods
may be used to date the beginning of canyon cutting and
the rate of canyon cutting. The methods of lichenometry,
radiometry and dendrochronology show promise in this
respect but the techniques and training required are
beyond the scope of this report. In addition, techniques
available in anthropology may be useful in this intri-
guing quest.
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SPRINGS

Springs which produce continuous flow in Wet Beaver
Creek appear in the Coconino Formatiocn at approximately
5,025 feet. Above the main springs many seeps emit
from bedding'surfaces(Fig. 37 and 3&). It is estimated
that about 5 percent of the flow comes from the seeps.

The larger springs appear to emerge from fractures
in the Coconino Formation. Several springs flow from
fractures several hundred feet upstream from one of
the larger faults cutting the canyon{Fig. 39 and 40).

The larger springs show a noticable flow of about 2% cfs.
The combined flow of all of the springs is estimated

at 3 efs. It should be pointed out here that stream
flow at the mouth of the canyon is estimated at 7 cfs.
The differing figures indicate that between the known
springs and the gaging station in the mouth of the canym
other springs are adding to stream flow. Thorough seard:
es along the creek failed to show the locations of any
additional springs. It is presumed that additicnal

flow is added by underwater springs in deep pools.

Many such deep pools are common throughout the length

of the creek. An exampie may be seen in Fig. 41.

Twenter and Metzger(1963) compiled & detailed study
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Figure 36

Similar map patterns of Clear and Wet
Beaver creeks

Fig. 37 Seeps in weak bedding planes of Coconino
Formation
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Fig. 38 Seeps in week bedding planes of Coconine
Formation

Fig. 39 Small spring flowing from fracture
in Coconino Formation



Fig. 40 Large spring flowing from fracture in
Coconino Formation

Fig. 41 An example of many deep pools which may
cover hidden springs
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of the water in Wet Beaver Creek. Their results are
shown in Table 2. A rather low content of dissolved
solids is observed in the water. This indicates
that most of the transportation of the groundwater has
taken place in fractures in the clean., well-sorted,
porous and permeable sandstone of the Coconinc Formation.
An interesting point concerning the springs is their
location in relation to the topography of the area.
The springs are at the base of a point between two
canyons(Fig. 35). Close examination of the area shows
that the water must flow in a southeast directiom to
the springs or it must run under the canyon northeast
©. the springs and rise up to the spring cutlets. In
either case, following a water table with an even
gradient seems unlikely. HMoreover, it appears that the
springs are controlled primarily by minor structures,
ratler than by an even water table gradient. If this
assumption is true, the probability is greatest that
structural control of groundwater is predominant
throughout the surrounding ares, including the experi-

mental watersheds to the north of Wet Beaver Creek Canyon.
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Table 2: (Twenter and Metazger)
Approxi-
Name mate land Date of Source
surface collection
altitude
(feet)
Wet Beaver Creek 5,025 10-19-59 Coconinoc Sandstone
Spring
Temp. Calcium [agnesium
Discharge(gpm) (°F.) Silica (ca) (Mg)
(3102)
1.200-1, 500E 60 23 25 10
Sodium and
Potassiunm Bicarbonate Sulfate Chloride Fluoride
(Na+ K) (CaC0,)  (s0,) (C1) (F)
L.8 147 o2 2.5 o2
Specific
Dissolved Hardness conductance
Nitrate solidse as Sodium (micro-
(NO3) (sum) (caco,) ( percent) mhos)at 25°
C
> 143 115 8 236
phH Remarks

Tl
from fault

Initial flow is several hundred feet upstream
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SUMMAR” AND CONCLUSIONS

Exposures in Wet Beaver Creek Canyon clearly indi-

cate the regional stretigraphy and structural trends.
The Supai, Coconincs Kaibab, and lickey formations

underly the area surrounding Wet Beaver Creek. The

regional structural trends, one striking northwest-

southeast and the other an inferred northeast-southwest,

a: e recorded- A gently sloping erosional surface carved

on the sedimentary rocks beneath the volcanics descends

southwest to the Mogollon Him.

This study indicates that the Mogollon Rim is an
eorsional escarpment rather than a single fault scarp.

The springs are controlled by the joint systems

and planes of weakness in the sedimentary rock units,

rather than by she major fault systems.
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UPPER SECTION
NWASE£S13T15NR7E
ileasured by Beus and Thompson

Hickey Formation:

Massive basalt flow; dense; dark olivine
basalt; columnar Jointing; forms sheer
BELEE N % 5 o 0 b e S ik 54
Breecia zone; reddish broken fragments. 3
Massive basalt flow; demnse, dark olivine
basalt; columnar jointing; large lava

tube near base; forms sheer cliff. . 115.0
Tuff and lapilli; red to grev; eroded

back; mostly small(g -3 cm); some

larger(2 - 80 cm) fragments., . . . . 15.0
Massive basalt flow; dense, dark olivine
basalt; colummar jointing; forms sheer

cliff; poor jointing in lower part . 100.0
Tuff; gray to reddish brown; nc bedding
visigle; highly weathered; mostly small

(¢ -2 em) fragments; forms slope. . . 10.5
Massive basalt flow; dense, dark olivine
basalt; pocr columnar jointing; cliff

TOIE s o ow v o s R b e B €5.0
Thin basalt flow; dense, dark olivine

basalt; columnar jointing; forms small

BIAEE . 5 o % o & % e e R R 25.0
Thin basalt flow; dense, dark clivine

basalt; columnar jointing; forms small

BAATE. v o o % % & % @Le et v wiad e 20.0
llassive tuff and lapilli; gray to reddish
brown; some thin beds of agglomerate;

forms gentle slope - + « « + o + o & 201.0

Total Hickey For- 628.0
mation

Kaibab Formation:
Limestone, medium light gray; very fine
grained; cherty, 1 foot layers of cherty

limestone; cherty nodules and stringers
throughout; 1 to 2 foot parting planes 68.0
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Limestone; massive; medium light gray;

small smount of chert . . . . . . . . . 5.8
Limestone; cherty; up to 90% chert;
forms resistant units 1 to 2 feet thick 12.5

Limestone; medium light %ray; abundant
irregular chert nodules (up to 20%); up
to 3inches in diameter; fine grained;

cliff former. . . & b N P S S 3120
Limestone; medium 1ight gray; fine
grained; cherty; eliff former . . . . . 5.8

Sandy limestone; abundant chert nodules

oriented vertically to beddingj crinoid

stems; massive wncrusting bryozoans,

Productid brachiopod remains; 6 inch

layers of fractured chert . . . " 28.0
Sandy limestone; light gray brown, 1 to

2 foot units; traces of fossils; weathers

to steep slcpe' magsive upper layar > 32.0

Cherty 1imeatone, large irregular chert

nodules . . . & e R _— 1.0

Limestone; 1ight gra brown; finely

erystalline; few smail concretinns'

massive; resistant. . . . 5 " 4.0

Limestone; reddish brown; silty, thin

beds ag basep T . [ r-=ohe S 2.0
Total Kaibab 170.8

Coconino Formation:

Sandstone; grayish-brown to light brown;

medium to fine grained quartz grains;
sub-angular; well sorted; massive . . . 135.4
Sandstone; cream to grayish-orange; poorly
sorted; fine to large quartz sand grains

cracks with calcite fillings. . . . . . 28.4
Bottom

Total Coconino 163.8
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JIDDLE SECTION
NEESWE S15T15NR7E
“easured by J.R. Thompson, Jr.

tilckey Formation:

lassive basalt flows; dense, dark clivine
basalt; cliff former. . « - + + o « « « o 5160
Jassive lapilli tuff; light gray; slope
former; fine sand grains to small pebble
EXGING i 3 s o o = o RLS e R T

v i w 32:0
Detritus;basalt and tuff . . . . « . . . 150

U dd

Total Hickey Formation 563.0

Kaibab Formation

Limestons; medium light gray; very fine

grained; cherty; 1 foot layers of cherty
limestone; cherty nodules and stringers -
throughout; 1 to 2 foot parting planes . 68.0
Limestone; massive; medium light gray;

sunll smount of cHeTE + « & « & % o + 5 5.8
Limestone; cherty; up to 90% chert;
forms resistant units 1 to 2 feet thick 12.5

Limestone; medium light gray; abundant
irregular chert nodules(up to 20%); up
to 3 inches in diameter; fine grained;

QAL T IOIMEY & o ie o aw e e 12.0
Limestone; medium light gray; fine
grained; cherty; c¢liff former . . . . . 5.8

Sandy Limestone; abundant chert nodules

oriented vertically to bedding; crinoid

Stems; massive encrusting bryozoans,

Productid brachiopod remains; 6 inch

layers of fractured chert . . . . . . . 28.0
Sandy limestone; massive upger layer; light

gray grown; 1 to 2 foot umits; traces of
fossils; weathers to steep slope; 32.0
Cherty limestone;. large irregular chert

DR RS 5 5 s s B oo i T U e 1.0
Limestone; light gray brown; finely
crystalline; few sma%l concretions;
MEsalve; rvesistant . o + ¢ o s o e 6w e 4.0

et e e e e — AR S —
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Limestone; reddish brown, silty; thin

beds at base. . . . 0% e 2.0

Total Kaibab 170.8
Coconine Formation:

Sandstone; grayish brown; medium to fine

grained quartz grains; sub-angular; well

gorted; massive . ¢ ¢ & ¢ o . 5 e e e @ 125.0

Sandstone; creamy orange; poorly sorted;

fine to large quartz sand grains; calcite

SUPLNENER o i v o o v 8 & s E B ow ok 29.1

Sandstone; clean; well sorted; cream;

medium sized quartz grains; fissile . . 54.2

Sandstone; light orange; well sorted;

sub-rounded; medium size quartz grains. 15.4

Sandstone; large grains; well sorted;

frosted; moderate orange-pink . . . . . 414 .0

Sandstone; clean; well sorted; medium '

size quartz grains; cream; sub-angular. 11.4

Sandstone; dirty; sub-angular to sub-

rounded; orange; quartz; medium grains. 127.4

Sandstone; cream to white; clean; well

sorted; fine grains; quartz; sub-angular

to sub-rounded . . . . . S e 88.6

Sandstone; cream; well sorted, clean;

quartz; fine grains. sub-angular. . . -« 59.0

Sandst.one; orange-buff; quartz; fine grains;

angular to sub-angular; iron stains . . "

Sandstone; clean; fine grained; quartz;

sub-angular; eream-buff. . . . e 5.4

Sandstone; sub-rounded; buff; fine to

medium quartz grains; iron stain in veins 43.8

Sandstone; cream; sub-rounded; fine to

medium quariz grains «  jmns Eapealivle 6.8

Sandstone; clean; compact; fine quartz

grains; suburounded, CIEE v o s o 11.6
Total Coconino 628.7
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LOWER SECTION
HiASWS23T15NREE
lieasured by Jackson and Thompson

Feet

Tertiary basalt:

Supai-Tertiary basalt contact: erosional uncon-

formity of low relief (3' - 5').

Supai fermation:
"AY member (after lcKee):

Concealed; basalt talus covered slope. .
Sandstone; moderate orange grown; fine
grained; cement weak; non calcareous;
medium scale cross-laminations; weathers
smooth, blocky; forms cliff. . . . . . .
Siltstone; light brown; mottled gray to
white in part; cement weak, calcareous;

bedding massive; exfoliates upon weathering.

forms vertical cliff . . . . . .
Sandstone; moderate orange brown, fine
grained; cement weak; non calcareous;
medium scale uross—laminationa; weathers
smooth, blocky; forms cliff. . . o . . &
Sandstone; moderate reddish orange;
medium grained; small-scale cross-
laminations grade upward into medium
scale cross laminations; weathers smooth
rounded; forms I4¥T. 57 - . « ¢ o ¢ « o
Sandstone; moderate orange grown; fine
grained; cement weak, non caliareous;
medium sca_e cross-laminations; weathers
smooth; bloeky; forms eliff. . . . . . .
Sandstone; moderate reddish orange;
medium grained; small secale cross-
laminations grade upward into medium
scale cross laminations; weathers smooth
rounded; forms cliff. . . . - ‘
Siltatone* light brown; rottled gray to
white in part; cement weak; calcareous;

bedding massive; exfoliates upon weathering; g

forms vebtical cliff. . « « ¢« ¢« ¢ &+ o o &
Sandstone; moderate orange brown; medium
grained; cement weak; friable; non calcar-
eous; weathers gnarly; forms ledge. . . .
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Jandstone; moderate reddish orange;

medium grained; small scale cross-

laminations grade upward into medium

scale cross-laminations; weathers smooth
youpded; forma eI1ff. . « + « 2 o o & 66.0
Sandstone; moderate reddish orange;
medium grained; cement firm, calsareous;

bedding massive; exfoliates upon weathering;
contains small irregular lenses of gray
siltstone at base; weathers rounded;

bedding irregular; forms cliff. . . . . 32.0
Sandstone; light gray; cement weak; friable;
calcarecus; medium grained; weathers sw oth
rounded; forms small ledge. . . . . . . . 0.5
Sandstone; moderate reddish orange;

medium grained; cement firm, caleareous;

bedding massive; exfoliates upon weathering;
contains small irregular lenses of gray
siltstone at base; weathers rounded; bedding !
Ireular; forms oliff: « ¢ v o v o = v u 11.0 |
Sandstone; moderate orange brown; fine
to very fine grained; cement weak, gonu
calcareous; contains calcite seams(z")
normal to bedding;small scale cross- !
laminations; weathers rounded; forms ledge 16.5

Total "A" member 295.0

member(after lMcKee):

Siltstone; moderate orange brown; thin

irregular bedding; cement weak; non-cal-
careous; weathers rounded; forms slops . . 41.0

Sandstone; light gray; medium to fine grained;
cement weak, non-calcareous,; friable; bed-

ding massive; weathers smooth rounded; forms

e L P e S 2.0

Sandstone; moderate orange brown; fine to

very fine grained; cement weak, con-calecar-
eous; contains calcite seams(%") normal to

bedding; small scale cross-laminations;

weathers rounded; forms ledge. . . . . . 11.0
Siltstone; moderate orange brown; thin

irregular bedding; cement weak; non-cal-
careous; weathers rounded; forms &tépe. . 22.0
Siltstone; light gray; cement firm, non-
calcareous; thin bedded(z"-~ 2") weathers

imooth rounded; exhibits jointing; forms |
ed.ge- Sl s AN B S SN SRR CIE R Sally h RE 16:5’
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Mudstone; grayish purple; thin, irregular
bedding; grades upward Into grayish green
nmudstone; weathers hackly; forms slope .. 8.0
Siltstone; moderate orange brown; thin
irregular bedding; cement weak, non-calcar-

eous; weathers rounded; forms slope. . . 38.0
Siltstone; grayish green; thin bedded;
cement weak; calcareous; forms slope ... 0.5

Siltstone; moderate orange brown; thin
irregular bedding; cement weak; non-cal-
careous; weathers rounded; forms slope . . 4.5

Total incomplete "B"™ member
143.5
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