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GEOLOGY AND GROUND WATER IN VERDE VALLEY—THE
MOGOLLON RIM REGION, ARIZONA

By F. R. TweNtEr and D. G. MErzeEr

ABSTRACT

Verde Valley is in central Arizona and is a part of the Mogollon Rim region,
a mountainous region that forms the transition zone between the Colorado
Plateaus and Basin and Range physiographic provinces. Flowing through the
valley is the Verde River, which, together with the Salt River, is the chief
source of surface water used to support the agricultural economy of central
Arizona. The flow in both rivers is perennial and is sustained by ground water
from numerous springs.

" The average flow in the Verde River near its point of exit from Verde Valley
is 470 cubic feet per second. Runoff from precipitation is a major contributor
of water to the river, supplying more than half the average flow ; but precipitation
generally is sporadic, and many weeks may pass without the addition of water
from this source. Thus, perennial flow in the river is maintained by ground
water that issues either directly to the river or to its tributary streams—West
Clear, Beaver, Oak, and Sycamore Creeks. Base flow in the Verde River south
of Camp Verde, as measured during the winter, is 225 cubic feet per second.

In Verde Valley, ground water occurs in rocks of Precambrian, Paleozoic,
and Cenozoic ages. The Precambrian rocks are chiefly metamorphic and in-
trusive, the Paleozoic rocks are all sedimentary, and the Cenozoic rocks are
chiefly volcanic and sedimentary.

The Paleozoic rocks, in ascending order, are the Tapeats(?) Sandstone of
Cambrian age; the Martin Limestone of Devonian age; the Redwall Limestone
of Mississippian age; the Supai Formation of Pennsylvanian and Permian age;
and the Coconino Sandstone, the Toroweap Formation, and the Kaibab Lime-
stone of Permian age.

The Cenozoic rocks, is ascending order, are the sedimentary rocks of Tertiary
age; the volcanic rocks of Tertiary age; the Verde Formation of late(?) Ter-
tiary or early Quaternary age; and the volcanic rocks, gravel, and streamwash
of Quaternary age.

The major structural features of the region are the Mormon Mountain anti-
cline and the Verde, Oak Creek, Sedona, and Cathedral Rock faults. Upwarp
during Cenozoic time elevated rocks in the Mormon Mountain anticline more
than 1,500 feet above stratigraphically equivalent rocks near the central part
of Verde Valley. Structural movement during Tertiary and Quaternary time
displaced rocks in the Verde fault zone about 3,000 feet and displaced rocks
along the other faults 300 to 1,000 feet.

Ground water in the Verde Valley area occurs chiefly in Cenozoic and Paleo-
zoic sedimentary rocks. The major aquifers are the Verde Formation, Supai
Formation, Redwall Limestone, and Coconino Sandstone.
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More than 100 wells yield ground water from the Verde Formation. Lime-
stones and the coarser clastic rocks are the chief aquifers. " Most of the water
is under artesian pressure, and, in places, the pressure is sufficient to produce
flowing wells. The water is used for irrigation and for public and domestic
supplies.

Ground water that issues from springs in the Supai Formation, Redwall Lime-
stone, and Coconino Sandstone supplies most of the perennial flow in the Verde
River and its tributary streams. The lower member of the Supai, and possibly
the Redwall, yield water to wells in the Sedona area. The Redwall Limestone
probably yields water to a spring that supplements the water supply for Clark-
dale.

The dissolved-solids content of ground water from rocks in Verde Valley gen-
erally ranges from 200 to 90,000 parts per million. Most water in the Verde For-
mation contains less than 500 parts per million dissolved solids; but near Camp
Verde some water is salty—water from one well has a dissolved-solids content
of more than 90,000 parts per million. The dissolved-solids content of water
from the Paleozoic rocks ranges from about 200 to 500 parts per million.

INTRODUCTION
PURPOSE OF INVESTIGATION

Verde Valley is a part of the Mogollon Rim region of central
"Arizona (fig. 1). This region, which is drained by the Salt and
Verde Rivers, forms the transition zone between the Colorado Pla-
teaus and Basin and Range physiographic provinces. The region
takes its name from the Mogollon Rim, a prominent 200-mile-long
escarpment which forms much of the northeastern boundary of the
region.

The Mogollon Rim region is the source of almost all surface water
that supports the agricultural economy of central Arizona. Springs
of the region issue from rocks of the plateau, and the water drains
downstream where it is utilized in the basins of the Basin and Range
province.

The purpose of the investigation of Verde Valley is to supply basic
geohydrologic data for use in present and future water-resources de-
Velopment Specifically, this report should aid ground-water develop-
ment in the region by showing some of the interrelations of ground
water and surface water, by describing the hydrologic conditions in
large parts of the region that are not yet developed, and by pointing
out the effects of geologic structure and stratigraphy upon the oc-
currence and movement of ground water.

PREVIOUS INVESTIGATIONS

Many studies have been made of the geology in Verde Valley, par-
ticularly in the copper mining area around Jerome; the following
articles, listed chronologically, are most pertinent to the present
Investigation.
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FIGURE 1.—Map of Arizona showing position of Verde Valley in the Mogollon Rim region.

1890. Blake, W. P., Thenardite, mirabilite, glauberite, halite, and associates, of
the Verde Valley, Arizona Territory: Am. Jour. Sci., 3d ser., v. 39,
no. 229, p. 43—45.
Description of evaporite minerals from the Verde Formation south
of Camp Verde.
1922. Reber, L. E., Jr., Geology and ore deposits of Jerome district: Am. Inst.
Mining Metall. Engineers Trans., v. 66, p. 3-26.
Good description of the geology and ore deposits in the Jerome area.
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1923. Jenkins, O. P., Verde River lake beds near Clarkdale, Arizona: Am. Jour.
Sei., 5th ser., v. 5, no. 25, p. 65-81.
First reconnaissance of the Verde Formation.
1926. Lindgren, Waldemar, Ore deposits of the Jerome and Bradshaw Mountains
quadrangles, Arizona: U.S. Geol. Survey Bull. 782, 192 p.
Discussion of the mineralogy of the ore deposits in the Jerome mining
district.
1949. Mahard, R. H., Late Cenozoic chronology of the Upper Verde Valley,
Arizona: Denison Univ. Sci. Lab. Bull,, v. 41, p. 97-127.
Geologic history of Verde Valley and description of the Verde Forma-
tion and other Cenozoic rocks.
1950. Price, W. E., Jr., Cenozoic gravels on the rim of Sycamore Canyon,
Arizona: Geol. Soc. America Bull,, v. 61, no. 5, p. 501-508.
Description of, and possible origin for Cenozoic gravels in the Colorado
Plateaus along the Mogollon Rim.
1954. Feth, J. H., Preliminary report of investigations of springs in the Mogollon
Rim region, Arizona, with sections on base flow of streams by N. D.
White and quality of water by J. D. Hem: U.S. Geol. Survey open-file
report, 77 p.
One of the first discussions of the hydrologic characteristics of Verde
Valley.
1958. Lehner, R. E., Geology of the Clarkdale quadrangle, Arizona: U.S.
Geol. Survey Bull. 1021-N, p. 511-592.
Description and geologic history of the rocks north of the Jerome
area in Verde Valley.
1958. Anderson, C. A., and Creasey, S. C., Geology and ore deposits of the
Jerome area, Yavapai County, Arizona: U.S. Geol. Survey Prof.
Paper 308, 185 p.
Comprehensive and detailed report on the geology and ore deposits
in the northern part of the Black Hills.
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FIELDWORK AND PERSONNEL

Fieldwork was started in the summer of 1957. Geologic mapping
was finished in 1959, and the hydrologic fieldwork in 1960.

The project began under the direction of D. G. Metzger, who super-
vised the collection of hydrologic data during the early part of the
study and assisted in the early stages of the geologic fieldwork. He
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was succeeded by F. R. Twenter, who did most of the geologic map-
ping, measured the stratigraphic sections, compiled most of the data
for the report, and interpreted the hydrology. All photographs were
made by F. R. Twenter. ‘

Personnel of the U.S. Geological Survey who assisted the authors
were R. S. Stulik and W. F. Hardt of the Ground Water Branch
and J. E. Bowie and E. J. Jones of the Surface Water Branch. Dis-
cussions with M. E. Cooley aided the authors in their interpretations
of the Cenozoic geology.

GEOGRAPHY AND HISTORY

Verde Valley, near the center of Arizona (fig. 1), is 20 miles wide
and 30 miles long. It is drained by the Verde River and is bounded
on the north and east by the Mogollon Rim (fig. 2). The rim rises
abruptly above the valley floor as a sheer precipice ranging in height
from 1,000 to 2,000 feet (fig. 3). Its altitude is 6,000-7,000 feet along
the northern part of the valley and 5,000-6,000 feet along the eastern
part.

The Black Hills (fig. 2), a northwest-trending range, bound Verde
Valley on the southwest and rise 1,000-3,000 feet above the valley
floor. The highest peak, Woodchute Mountain, has an altitude of
7,834 feet. Mingus Mountain, Squaw Peak, and Tule Mesa have alti-
tudes of 7,743, 6,544, and 6,682 feet, respectively.

Two highways, U.S. 79 and U.S. 89A (pl. 1) provide the principal
access routes to Verde Valley. Both highways cross and descend the
Black Hills, traverse the valley northeastward, and ascend the
Mogollon Rim to the Colorado Plateaus. Of the two, probably the
most scenic route is U.S. 89A. This highway passes through the ghost
town of Jerome (fig. 4) and has a torturous descent from the Black
Hills into the valley. From the western part of the valley the geo-
logic features are displayed superbly, as shown by figure 5. In the
northeastern part of the valley the highway traverses beautiful “red-
rock country” and winds its way north along the bottom of Oak Creek
Canyon (fig. 6).

Principal centers of population in Verde Valley are Camp Verde,
Cornville, Cottonwood, Clarkdale, and Sedona (pl. 1). Each com-
munity is on or near the flood plain of a perennial stream, and all are
dependent partly on the streams and their flood plains for existence.

Because of the great abundance of easily available good-quality
water in a region where water generally is at a premium, Verde
Valley has been inhabited for many years, and numerous ruins in the
area attest a long and varied history. The following brief summary
of the early history of the valley was taken from a brochure, “Monte-
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FI1GURE 2.—Index map of Verde Valley, Yavapai and Coconino Counties, Ariz.

zuma Castle National Monument, Arizona,” distributed by the Na-
tional Park Service.

Scant archeological evidence so far available indicates human ‘beings were
living in Verde Valley over a thousand years ago. These were industrious,
sedentary Indians from southern Arizona who settled on the fertile river terraces
and began farming. They probably lived in comparative peace in the valley.
until about the beginning of the 12th century.

After 1100, another group of farm Indians entered the valley from the north.
These people constructed communal dwellings, or pueblos, which after A.D. 1250
were converted into large compact defensible structures.
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FIGURE 3.—Mogollon Rim in the northern part of Verde Valley. The rim is the boundary between the
Colorado Plateaus and Basin and Range physiographic provinces. Supai Formation (PPs); Coconino
Sandstone (Pc)¢ Toroweap Formation (Pt); and Kaibab Limestone (Pk). View east.

FIGURE 4. —Mingus Mountain area in the northern part of the Black Hills. The Verde fault zone is parallel
to the base of the mountain range; one of its principal segments is near Jerome. Precambrian rocks
(P€); Paleozoic rocks undifferentiated (Pz); Tertiary volcanic rocks (Tv); sedimentary rocks of the
Verde Formation (QTv); and Quaternary streamwash (Qs). View west.
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FIGURE 5.—Verde Valley. A part of the Mogollon Rim, the southwestern boundary of the Colorado
Plateau s, marks the horizon. Rising above the plateaus is the volcanic San Francisco Mountain. In the
Verde V alley area, the surface of the Colorado Plateaus is developed on the Kaibab Limestone of Permian
age and on volcanic rocks of Tertiary and Quaternary age. The rocks forming the Mogollon Rim are the
Supai Formation of Pennsylvanian and Permian age and the Coconino Sandstone, the Toroweap Forma-
tion, and the Kaibab Limestone of Permian age. The white bench-forming deposit below the rim is the
Verde Formation of late(?) Tertiary or early Quaternary age. View north from Camp Verde.

Munds Mtn

F1GURE 6.—Mouth of Oak Creek Canyon near Sedona. Lower member of the Supai Formation (PPsl);
middle member of the Supai Formation (PPsm); upper member of the Supai Formation (PPsu);
Coconino Sandstone (Pc); Toroweap Formation (Pt); Kaibab Limestone (Pk); Tertiary sedimentary
rocks (Ts); and Tertiary voleanic rocks (Tv). View downstream.
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The majority of these Indians concentrated into large settlements for
protection. It can be imagined with what enthusiasm a band of the
farmers might have first noticed, on the north barik of Beaver Creek, only
4 miles from the Verde River, a great cavern-pitted limestone cliff, well over
100 feet high. This was an ideal spot for a dwelling site, with good farmland
nearby on the creek terrace. Here they began building rooms to accommodate
their needs. We find that in a quarter-mile strip of cliff there were two distinct
apartment houses. Growth during several generations made one of these vil-
lages a 5-story structure with 45 rooms. A pundred yards east was a 5-story
structure with 20 rooms, which was destined, centuries later, to be inaccurately
called Montezuma Castle. As many as 200  persons may well have lived in the
several house clusters. Montezuma Castle was probably abandoned during
the first part of the 1400’s.

Ruins and remains, such as dwelling sites, pottery, jewelry, hunting
materials, and stone tools, are abundant throughout the valley and
along the Mogollon Rim. The restoration of the dwelling area at
Tuzigoot National Monument near Clarkdale has revealed several
pueblos which have a total of more than 100 rooms. Numerous small
dwellings and at least one 3-story structure are in the West Clear Creek
Canyon. The tops of many buttes and mesas, such as Sacred Moun-
tain and those near Cornville, are covered with dwelling ruins and
pottery. Several dwellings are in alcoves in Montezuma Well.

The first white man entered the valley in 1583, and in the nearly 300
years that followed, the valley was visited only by explorers, trappers,
and prospectors. In 1863, the year that Arizona became a territory,
the first settlers arrived and built a settlement on the north bank of
West Clear Creek. The settling party “* * * dug a well, dammed
West Clear Creek, dug an irrigation ditch (after one unsuccessful
start), and by May (1865) had some 200 acres in grain and garden
vegetables * * *” (Pierson, 1957, p. 327). However, as stated by
Mindeleft (1896, p. 185), “* * * ordinary pursuits were almost im-
possible * * *” because “* * * the hostile Apache and Walapai
roamed over it [Verde Valley] without hinderance or opposi-
tion * ok $.37 - '

Soon after the arrival of the early settlers “* * * there occurred
some notorious Apache raids which led to the establishment of Camp
Lincoln * * *” (Parker and Humburg, 1960, p. 16). “The original
camp was near the river, and in those days much of the land along the
river was marshy, supporting heavy growths of willows, reeds, and
rushes. Malaria was a problem, according to some chroniclers; there
were anopheles and other mosquitoes in the region along with swarms
of other insects * * *” (Pierson, 1957, p. 332). To provide for better
protection against the Indians and the insects, the camp was relocated
and the name changed to Fort Verde; the town of Camp Verde now
occupies this site. Today Camp Verde is primarily a farming and
ranching community that has a population of about 1,500.
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In 1876 “* * * M. A. Raffner discovered an outcropping of ore and
located two claims in the present Jerome avea * * *” (Parker and
Humburg, 1960, p. 26). Mining activity increased rapidly, and by
1929 the population of Jerome was about 15,000. Smelters were built
at Clarkdale and Clemenceau. The boom continued for many years,
but in January 1953 most of the mining activity ceased. Today the
town of Jerome, 2,000 feet above the valley floor on the steep slope of
Mingus Mountain, has become a ghost town. The populations of
Jerome and Clarkdale are about 250 and 1,000 respectively.

The town of Cottonwood, first settled in the early 1870s is the
largest community in Verde Valley. Because of its location in the
ranching and farming country along the Verde River and because of
its close proximity to the Jerome mining district, Cottonwood has
survived the economic changes in the valley and has continued to
grow. The population of the town is about 3,000.

In 1902 a post office was established in Sedona. The town is at the
mouth of Oak Creek Canyon along the cool.waters of Oak Creek
amidst spectacular scenery. Thousands of people visit Sedona and
the surrounding “red-rock country” each year. The country is a
photographers’ paradise, where scenes for such pictures as “Apache,”
“Copper Canyon,” and “Broken Arrow” have been filmed. The pop-
ulation of Sedona and the “red-rock country” is about 3,500.

The greatest boon to the economy of the valley in recent years came
on October 30, 1959, when the $16 million plant of the Phoenix Cement
Co., an Arizona-operated division of the American Cement Co., was
located just northwest of Clarkdale. - Cement from the plant is being
used in the construction of the dam in Glen Canyon of the Colorado
River at Page, Ariz. :

River flood plains along all perennial streams in the Verde Valley
are used for agriculture and are irrigated chiefly by water from diver-
sions, although some water is supplied by wells. In 1960, the irrigated
land comprised about 10,000 acres (J. A. West, oral communication,
1961). Irrigation in the valley dates back to the time of the early
Indian population, and some stretches of their ancient irrigation
ditches are still utilized by ranchers. One of the ditches near Monte-
zuma Well is excellently preserved (fig. 7). The following description
of the ditch is taken from a brochure, “Trails at Montezuma Well,”
distributed by the National Park Service.

* * * the original prehistoric ditch [was] dug with stone tools to a depth of
about 3 feet and a length of over 1 mile. The water from the well [Montezuma
Well] contains much lime in solution: experiments have shown that an object
left in the ditch water will build up about 34 inch of lime deposit in a year.
When the Indians cleaned their ditches, they evidently took advantage of this

natural lining material and didn’t serap the ditch sides too thoroughly. Eventu-
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FIGURE 7.—Ancient irrigation ditch near Montezuma Well. The ditch, dug with stone tools, is now lined
with limy material deposited from the irrigation water diverted for agriculture by the early Indians.

ally the ditches narrowed, and the lining grew to over a foot in thickness; there
was probably very little water loss from either evaporation or seepage in such
a deep, narrow ditch.

CLIMATE

Climate and water supplies play a major role in determining the
location of areas of habitation and centers of population. Precipita-
tion and temperature, climatological features which are partly deter-
mined by altitude, vary considerably in Verde Valley (table 1).

Data from several U.S. Weather Bureau climatological stations at
various altitudes in the valley are representative of the climate in the
valley. Data from the climatological station at Flagstaff are repre-
sentative of the climate on the part of the plateau that bounds the
valley.

The average annual precipitation ranges from 11.32 inches at
Clemenceau to 20.48 inches at Flagstaff. May and June are the driest
months at most stations, and during these months the average monthly
precipitation at all stations is less than 1 inch. The wettest months are
July and August, when the average precipitation at all stations ex-
ceeds 1 inch and that at several stations exceeds 2 inches. The highest

693-389 O - 63 - 2
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monthly precipitation ever recorded at any station is 12.60 inches at
Flagstaff in January 1895; Camp Verde had 12.08 inches of precipi-
tation in August 1876. During much of the year the precipitation is
rain; snow is common during the winter at stations above 5,000 feet.

Temperatures generally are highest during June, July, August, and
September and lowest during January. The highest temperature re-
corded was 114°F at Cottonwood on July 30, 1951, and at Montezuma
Castle on July 11,1958. The lowest temperature recorded was at Flag-
stafl, where the temperature was —30°F on January 22, 1937.

SURFACE WATER

Woater has been one of the significant factors influencing the growth
and development of Verde Valley, because this valley is one of a few
areas in Arizona having perennial streams. The Verde River, the
largest stream in the valley, flows southeast from Perkinsville,(fig. 2)
through the valley for about 65 miles and collects water from several
perennial tributary streams. The area of initial perennial flow in the
river is about 5 miles northwest of Perkinsville; upstream from there,
the Verde River and its tributaries, although draining a large area, are
intermittent streams. Downstream from Verde Valley the river flows
southward for more than 60 miles and enters the Salt River near
Phoenix.

The principal perennial streams tributary to the Verde River in
Verde Valley are West Clear, Beaver, Oak, and Sycamore Creeks,
all of which are spring fed from the Mogollon Rim. The perennial
flow of West Clear Creek beings 40 miles upstream from the mouth,
and seeps and springs cause a progressive increase in flow for 25 miles
downstream. Beaver Creek has two tributaries, Dry Beaver and Wet
Beaver Creeks, but only the latter is perennial. The initial flow in, and
the greatest influx of water into, Wet Beaver Creek is 28 miles up-
stream from the mouth of Beaver Creek ; water from Soda Spring and
Montezuma Well (pl. 1) flows to the creek in its lower reaches. In
Oak ‘Creek much of the water is from many seeps and small springs
along a 10-mile stretch in Oak Creek Canyon; the perennial flow be-
gins 50 miles upstream from the confluence of the creek and the Verde
River. Seeps and springs in the Page Springs and Spring Creek areas
(pl. 1) supply a large volume of water to Oak Creek. Sycamore Creek
extends north of the Verde River for 20 miles and is spring fed, but
it is perennial only in the lower several miles of its course; the prin-
cipal influx of water to Sycamore Creek is at Summer’s Spring (pl. 1).

Surface-water flow in the Verde Valley area was measured for
differing periods of time at 5 stream-gaging stations, and miscellane-
ous discharge measurements were made at 12 other stations. (See pl.
1 for location of gaging stations.) Summarized streamflow data, in-
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cluding average, minimum, and maximum discharge at the gaging
stations, are given in table 2. The complete records have been pub-
lished in the annual water-supply papers entitled “Surface Water
_Supply of the United States, Part 9, Colorado River Basin.”

The record of most significance in estimating ground-water dis-
charge is that for the Chasm gaging station. This station is at the
south end of the valley where the flow is on bedrock and probably
represents total outflow from the valley. The period of record is
1934-45. Monthly and average monthly mean discharge at this station
are given in table 3, and daily discharge for a representative water
year, October 1937-September 1938, is given in table 4.

The average discharge for the Verde River at Chasm gaging station
for 11 years was 470 cfs (cubic feet per second) ; the monthly average
discharge (fig. 8) ranged from 1,790 cfs in March to 90 cfs in June.

Base flow at Chasm gaging station is maintained chiefly by springs
and seeps—that is, by discharge of ground water—and, therefore,
probably represents the minimum amount of ground water discharged
in Verde Valley. The monthly average base flow for the Verde River
at this station (table 5; fig. 8) ranged from 240 cfs in February to 90
cfs in June; the average base flow was 170 cfs. The average base flow
for the four months November through February was 225 cfs—this
flow probably most nearly represents the ground-water discharge.

Base flow was highest during the winter and lowest during the
summer, reflecting changes in the amount of evapotranspiration. As
the temperature increases, evaporation increases, reaching a maximum
in midsummer. Similarly, transpiration by plants begins with the
leafing out in spring, reaches a maximum in midsummer, and declines
again with the approach of winter. Discharge above base flow reflects
runoff from precipitation and snowmelt upstream and is greatest in
February, March, and April.

The average base flow of Qak Creek just above Page Springs during
the four winter months mentioned above was 40 cfs (table 5). Adding
the flow from Page Springs, 36 cfs, and that from Spring Creek and
other springs, about 16 cfs, the actual base flow near the mouth of
Oak Creek should be about 90 cfs; this figure is substantiated by a
streamflow measurement of 92 cfs made near the mouth of the creek
on April 14, 1915. Also, the average base flow of Beaver Creek for
October, November, December, and January was 15 cfs, and several
measurements of West Clear Creek near Bull Pen Ranch reveal that
the average base flow of this stream is 15 cfs or more. Thus,
the combined average base flow of Oak, Beaver, and West Clear Creeks
is about 120 cfs, and this indicates that more than half of the ground-

water discharge is in these tributary streams.
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TaBLE 3.—Monthly and average monthly mean discharge of Verde River at Chasm
gaging station

[From records published in U.S. Geol. Survey annual water-supply papers entitled ‘‘Surface Water Supply
of the United States, Part 9, Colorado River Basin.”” Discharge in cubic feet per second] -

Water | Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug.| Sept. | Aver-
year age
¢ 7: SR S IR ISR I FS R 200 97.4 82.5 | 102 316 145 | ...
1935...___ 138 192 233 | 648 | 1,335 | 1,292 737 110 79.7 | 106 416 329 462
1936___... 190 | 198 212 198 725 458 106 71.9 | 209 299 241 285
1937______ 175 | 248 216 | 248 | 4,400 | 2,873 | 1,186 109 110 153 127 148 808
1938_.__._ 173 176 211 | 208 4,028 89.2 80.3 | 112 232 135 516
1939 ... 143 169 243 | 222 221 07 240 85.2 67.4 72.91 201 [ 1,152 301
1940....._ 152 173 199 | 257 805 280 216 101 90.7 | 64.7| 276 284 239
1941______ 551 | 338 11,350 | 819 | 2,720 | 2,987 | 3,050 | 337 114 163 155 275 | 1,059

1942____.. 462 | 285 277 | 363 833 168 88.3 | 102 122 112

1943_____. 158 179 219 | 247 570 | 1,468 190 | 103 82.0 | 84.2 | 284 147 310
1944 _____ 182 185 256 | 233 306 | 1,737 | 1,463 | 217 84.7 | 87.5 114 164 419
1945....__ 172 | 222 227 | 230 374 | 1,545 | 1,445 149 8L0 | 121 265 107 413

TaBLE 4.—Daily and monthly discharge of Verde River at Chasm gaging station
for water year October 1937-September 1938

[U.8. Geol. Survey (1939, p. 266). Italic figures represent base flow plus runoff; others represent base flow
only. Discharge in cubic feet per second]

Day QOct. | Nov. | Dec. | Jan. | Feb. Mar. | Apr. | May | June | July | Aug. |Sept.
159 { 188 227 | 101 77| 158 118 128
163 | 200 209 94 73| 134 99 131
163 [ 208 209 88 79 | 118 90 131
163 | 208 200 90 771 18 81 404
156 [ 213 192 94 88| 108 151 248
163 | 213 178 | 114 92 94 233 180
179 | 213 164 | 101 79 92 189 180
179 | 208 155 [ 104 73 90 247 158
175 | 200 155 97 67 90 294 144
163 | 200 153 88 67 85 206 131
171 | 204 147 83 69 | 169 169 128
175 1 208 139 83 67 99 144 124
171 | 222 126 85 65 | 101 | 1,690 124
175 | 230 116 88 77 97 764 116
171 | 217 131 83 81| 118 310 114
171 1 208 142 79 79 | 104 240 108
167 | 204 183 79 69 | 101 218 111
171 | 204 291 83 67 | 106 209 11
179 [ 208 203 85 69 99 186 108
179 | 213 150 88 711 111 175 106
188 | 208 124 90 69 [ 114 161 101
192 | 204 114 92 69 [ 101 153 99
188 | 200 106 97 69 | 116 147 106
184 | 213 99 97 79 | 106 136 101
188 | 222 101 90 79 | 159 139 108
188 | 222 92 85 79| 106 134 108
184 | 222 90 85 81| 131 121 106
188 | 222 90 83 97 | 111 111 108
188 | 217 93 81| 142 114 111 114
188 | 217 94 79 | 158 | 114 136 114

______ 217 eemeee| 79 |...-| 106 128 |___.._

Miscellaneous measurements were made at 14 sites on the Verde
River and its tributaries during May 1959 to determine influent and
effluent stretches of these streams. For example, measurements at sites
on Oak Creek were Sedona, 32 cfs; Red Rock Crossing, 20 cfs; and,
near Hidden Valley Ranch, 15 cfs. Thus, 17 cfs of water, including an
unknown amount of water diverted to irrigation ditches, was lost
between Sedona and Hidden Valley Ranch. From Hidden Valley
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FIGURE 8.—Average monthly discharge and base flow of Verde River at Chasm gaging station (sec. 2, T
12 N, R. 5 E.) for period 1934-45, inclusive.

Ranch to just above Page Springs, the stream gained 7 cfs. The dis-
charge of Page Springs was determined by measuring the flow in Oak
Creek just above and just below the springs; the discharge was 36 cfs.
The actual discharge of the spring probably is greater, because some
water must be lost in the fish hatchery at the spring. If all the water
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TABLE 5.—Monthly average base flow at stream-gaging stations in Verde Valley for
period of record shown in table 2

[ From records published in U.S. Geol. Survey annual water-supply papers entitled “Surface Water Supply
of the United States, Part 9, Colorado River Basin’’]

Base flow, in cubic feet per second, rounded
Stream

Jan. | Feb. [ Mar. | Apr. { May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Verde River

Sec.28, T.17N.,R.3E___| 90 90 80 80 80 80 80 80 80 80 80 80
SEY sec. 30, T.14 N, R.
;3 O, 160 | 150 | 130 110 80 70 90 90 | 110 { 100 130 140

Sec. 2, T. 12 N., R. 5 E.
(Chasm gaging station)_| 230 | 240 | 230 | 160 | 120 | 90| 100! 150 | 140 1270 | 200 | 230

Oak Creek

..................... 40 40 40 30 30 20 20 20 20 30 40 40

..................... 20 20 20 10 10 10 10 0 10 10 10 20

lost between Sedona and Hidden Valley Ranch were recharged to the
ground-water reservoir feeding Page Springs, it still would not pro-
vide the water necessary to account for the large discharge at Page
Springs.

WELL-NUMBERING SYSTEM

The well numbers used by the Geological Survey in Arizona are in
-accordance with the Bureau of Land Management’s system of land
subdivision. The land survey in Arizona is based on the Gila and
Salt River meridian and base line, which divide the State into four
quadrants (fig. 9). These quadrants are designated counterclockwise
by the capital letters A, B, C, and D. All land north and east of the
point of origin is in A quadrant, that north and west in B quadrant,
that south and west in C quadrant, and that south and east in D quad-
rant. The first digit of a well number indicates the township, the
second the range, and the third the section in which the well is situated.
The lowercase letters a, b, ¢, and d after the section number indicate
the well location within the section. The firsg letter denotes a par-
ticular 160-acre tract (fig. 9), the second the 40-acre tract, and the
third the 10-acre tract. These letters also are assigied n a counter-
clockwise direction, beginning in the northeast quarter. If the loca-
tion is known within a 10-acre tract, three lowercase letters are shown
in the well number, In the example shown in figure 9, well number
(A—4-5) 19caa designates the well as being in the NE14NE1,SW1j
sec. 19, T. 4 N, R. 5 E. Where there is more than one well within a
10-acre tract, consecutive numbers beginning with 1 are added as
suffixes.
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FIGURE 9.—Well-numbering system in Arizona.

GEOLOGY AND WATER-BEARING PROPERTIES OF THE

ROCKS

STRATIGRAPHIC SUMMARY

The rocks that, crop out in Verde Valley are metamorphic, intrusive,
volcanic, and sedimentary. In the area mapped, the metamorphic and
intrusive rocks are chiefly of Precambrian age; the unmetamorphosed
volcanic rocks are of Tertiary and Quaternary age; and the sedimen-
tary rocks are of Paleozoic, Tertiary, and Quaternary age. The oldest
rocks are the metamorphic rocks. A generalized stratigraphic section
of the rocks is given in table 6, and the areal extent of exposed rocks
is shown on plate 1.
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TABLE 6.—Generalized section of rocks in Verde Valley, Arizona

g
g g1
s | 2 3| 8|8 g . Water-bearing
= |2 5 ° g 8 Lithologic characteristics characteristics
=} ES 2 g g
w 0 o] 56 a4
-
&
o Terrace deposits and stream deposits Yields water to a few
g = wells along the Verde
P 2 + River. Generally
£8 z 2 above the water
88 g table.
<] 3 &
e &
2 w
B~
? Unconformity
E Gravel and minor amounts of sand, silt, | Generally above the
54 and clay; fragments derived from ad- water table.
3 3 - jacent bedrock.
5 : |3
[l
§ S
Q
k] Unconformity
2 Rhyolitic lava, rhyodacite, and a few | Not water bearing.
Ay E - o beds of tuffaceous sediments.
& e 2
Lo
g | e
Unconformity
2 Diverse lithology resulting from facies | Principal aquifer in the
S =1 changes of sediments deposited in & area. Limestone
2| . " 2 closed or partly closed basin. A thick | and sand and gravel
8 5& | 8% < limestone facies is adjacent to the facies are water bear-
=8| 8 § g + Verde River ¢thick facies); away from | ing where below the
g5 | 88 S % the thick facies the rocks change water table.
£3 | 88 R by rapidly to interbedded limestone and
& 5, 3 3 clastic material. Several thin basaltic
[ § flows are intercalated in the lakebeds.
_ Unconformity
Basaltic lava, dikes, cinder cones, and | Yields water to a few
< @« volcanic sedimentary rocks. Frag- stock wells. Nota
§Q = ments in the sedimentary rocks are major acquifer.
=% ° + chiefly volcanic; a few beds are com-
Fes] o 2 posed mostly of fragments of Precam-
g g § = brian and Paleozoic rocks.
= -
S 3 &
g1 =
ke
3 Unconformity - -
= —~ B Conglomerate, gravel, very coarse to | Not known to be
< 38 + very fine grained sandstone, siltstone, water bearing.
g =8 S bentonitic clay, marl, and some lime-
8 g3 =] stone. Precambrian and Paleozoic
i1 =a z rock fragments predominate in most
= '§) exposures,
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TaABLE 6.—Generalized section of rocks in Verde Valley, Arizona—Continued

GEQOLOGY AND WATER-BEARING PROPERTIES OF THE ROCKS

Water-bearing

Lithologic characteristics characteristics

Era
System
Series

Group
Formation
Thickness (feet)

| Unconformity

Limestone or dolomitic limestone con-
taining nodules and thin beds of chert.
Some calcaroous sandstone, especially
in the northwestern part of the area.

Not known to be water
bearing.

Kaibab
Limestone
3004

In most of the valley the formation is [ Not an aquifer.

very flne grained to flne-grained sand-

El %5 stone. In the Sycamore Creek area a
g §3| B basal sandstone is overlain by sand-
£ 2 g1 stone and sandy limestone and, in
A 55| B turn, by sandstone, siltstone, and
a | B8 shale.
=]
9
> .
I © Sandstone composed of very fine grained | Yields water to springs
5 g 2 to fine-grained rounded to subrounded in canyons elong
] 7 I grains of quartz. Conspicuous large- eastern margin of
< 2 e scale crossbedding. area.
1 ~*
w

Paleozoic
Pennsylvanian
and Permian
1,500-1,600-4

Supai Formation ‘ Coconino

Lower member, about 600 ft thick, is
composed of thin beds of sandstone,
mudstone, limestone, and dolomite.
Middle member, about 275 {4 thick, is
composed of thin-bedded ‘dolomitic
intraformational conglomerate, mud-
stone, limestone, siltstone, an(i sand-
stone. Upper member, more than 650
ft thick, is composed of sandstone and
siltstone.

Second ranking aquifer
in area. Springs
issue from upper
member in Oak
Creek Canyon.
Sandstone lenses in
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PRECAMBRIAN ROCKS

Metamorphic and igneous rocks of Precambrian age crop out only
in the Black Hills (figs. 4, 10). The rocks are exposed at altitudes

FIGURE 10.—Squaw Peak area in the southern part of the Black Hills, The Verde fault zone is parallel to
the base of the mountain range. Precambrian rocks (p€); Paleozoic rocks undifferentiated (Pz), Tertiary
voleanie rocks (Tv); sedimentary rocks of the Verde Formation (QTvV); Quaternary volcanic rocks (Qv);
and Quaternary streamwash (Qs). View east.

from 3,500 feet to more than 6,000 feet and are topographically high
compared to correlative rocks in the Colorado Plateaus. They owe
their elevated position to the Verde fault which separates structurally
the Blacks Hills from Verde Valley and the Colorado Plateaus. (See
geologic section, pl. 1.)

The Precambrian rocks of Arizona were subdivided into older and
younger Precambrian by Butler and Wilson (1938, p. 11). This sub-
division was adopted by Anderson and Creasey (1958, p. 8-45), who
made a detailed and comprehensive study of the older Precambrian
rocks in the northern part of the Black Hills and assigned the rocks
along the western margin of Verde Valley to the Ash Creek Group of
the Yavapai Series. They concluded that this group, which they
divided into seven formations, is “***perhaps 20,000 feet thick***.”
The Ash Creek Group, as described by Anderson and Creasey, con-
sists of basaltic flows, rhyolitic flows, andesitic flows, dacitic flows,
rhyolitic breccia, volcanic breccia, basaltic agglomerate, andesitic ag-
glomerate, and tuffaceous sedimentary rocks. All the rocks have been
metamorphosed, but in some places the metamorphism is so slight that
the original rock texture is apparent.



GEOLOGY AND WATER-BEARING PROPERTIES OF THE ROCKS 23

Igneous rocks of Precambrian age intrude the regionally metamor-
phosed Ash Creek Group. These intrusive rocks are chiefly diorite
and quartz porphyry. The intruded rocks show very little effect of
contact metamorphism. ,

Small quantities of water are captured and stored in the joints of the
Precambrian rocks. Where the joints that contain water are inter-
cepted by the land surface, a few springs and seeps discharge small
amounts of water; however, the rocks are not known to yield water to

wells.
PALEOZOIC ROCKS

Sedimentary rocks of Paleozoic age are exposed in the cliffs and
mountains that encircle Verde Valley, and they form much of the
valley floor in the northern part of the valley. Most Paleozoic rocks
were eroded from the central part of the valley prior to Cenozoic sedi-
mentation and volcanism.

The base of the Paleozoic rocks in the Black Hills west of the
Verde fault zone generally is above an altitude of 6,000 feet. In the
fault zone the rocks are step faulted ; the blocks are downdropped to
the east, and the lowest outcrop is below an altitude of 3,500 feet. Else-
where in the valley the base is not exposed, and no wells have penetrated
the rocks to their base. Three miles south of the report area along
the Verde River the base of the Paleozoic section is at an altitude of
about 2,900 feet.

The Paleozoic rocks unconformably overlie the Precambrian rocks
and range in age from Cambrian to Permian. The Paleozoic section
on the west side of the valley consists of the Tapeats(?) Sandstone, the
Martin Limestone, the Redwall Limestone, and the lower part of the
Supai Formation. The best exposures of these rocks are on the east
side of the Black Hills in the peripheral zone of Mingus Mountain
(fig. 4) and Squaw Peak (fig. 10). Paleozoic rocks younger than the
Supai Formation have been eroded from the Black Hills, and, chiefly
because of this erosion, the preserved thickness varies greatly. How-
ever, some variation in thickness is due to the uneven erosional surface
upon which the Paleozoic rocks accumulated. The thickest Paleozoic
section is near Jerome, probably near the locality where Anderson and
Creasey (1958, p. 46) measured about 1,200 feet of Paleozoic rocks.

Throughout the rest of Verde Valley the exposed Paleozoic rocks
are chiefly of Pennsylvanian and Permian age. The best exposures
form the steep cliffs of the Mogollon Rim (figs. 3,5). Here the Paleo-
zoic sections consists of the Redwall Limestone, the Supai Formation,
the Coconino Sandstone, the Toroweap Formation, and the Kaibab
Limestone. The maximum thickness of these: rocks is about 2,000
feet. Neither the Tapeats(?) Sandstone nor the Martin Limestone
crop out or have been penetrated by wells in this area.
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TAPEATS(?) SANDSTONE

The Tapeats(?) Sandstone crops out along the east side of Mingus
Mountain and in Squaw Peak at an altitude of 5,000-6,000 feet. Small
exposures of Tapeats(?) in downfaulted blocks in the Verde fault zone
are at an altitude of 4,000-4,600 feet. Southeast of Squaw Peak, as in
Chasm Creek, most outcrops are in the Verde fault zone at an altitude
of 3,000—4,500 feet.

The thickness of the Tapeats(?) Sandstone varies greatly, mostly
because isolated hills of Precambrian rocks were as much as 100 feet
above the surface of low relief upon which the Tapeats(?) was de-
posited. Locally, these ancestral hills protrude through the
Tapeats(?) and into the overlying Martin Limestone. In the Jerome
area, Anderson and Creasey (1958, p. 48) found that the thickness of
the Tapeats(?) “* * * ranges from a few inches to about, 100 feet.” In
the southern part of the Black Hills, the thickness ranges from 30 to
80 feet; however, a thickness of less than 1 foot was found along the
Verde River south of Brown Springs.

Anderson and Creasey (1958, p. 48) described the Tapeats(?) Sand-
stone in the northern part of the Black Hills as “* * * two lithologic
units: a lower unit, which generally comprises two-thirds of the total
thickness, consisting chiefly of sandstone, and an upper unit consisting
chiefly of limy siltstone and marl.” They noted that the color of the
lowgr unit “* * * generally ranges from dusky red to dark reddish
brown * * ** and that the beds in the upper unit “* * * grade upward
into rocks of light-colored hues, yellowish gray, pale olive and dusky
yellow.” These two units are exposed in all outcrops of the formation
in the Black Hills. Locally in the southern part of the Black Hills, the
lower unit is light gray to very pale orange and the upper unit is gray-
ish red to dusky red.

The lower unit of the Tapeats(?) is a coarse-grained to very coarse
grained sandstone and conglomerate that forms cliffs. The fragments
are chiefly quartz and feldspar and have a maximum diameter of
about three-fourths of an inch. The lower unit has a firm siliceous
cement and, in places, is so tightly cemented that it is almost a
quartzite. The upper unit of the Tapeats(?) is chiefly siltstone and
limy or dolomitic mudstone that forms slopes. The rocks in the upper
unit are moderately cemented with siliceous and calcareous cement.

No diagnostic fossils were found in the Tapeats(?) Sandstone, and
its exact age is unknown. The contact between the Tapeats(?) and
the overlying Martin Limestone appears to be gradational. The
upper calcareous or dolomitic mudstone of the Tapeats(?) grades
imperceptibly into the lowermost dolomitic beds of the Martin.

The siliceous cement that has filled the voids of the Tapeats(?)
Sandstone makes the sandstone unsuitable for the storage and trans-
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mission of ground water, though a small quantity of water probably
is stored in joints. However, none of the inventoried wells or springs
obtain water from the Tapeats(?).

MARTIN LIMESTONE

The Martin Limestone is exposed almost continuously in a periph-
eral zone around Mingus Mountain, and erosional remnants of the
formation are exposed south of Mingus Mountain. In the Squaw
Peak area the Martin is also well exposed ; southeast of Squaw Peak
the formation occurs in deep canyons that cut faulted blocks down-
dropped to the east (fig. 11).

F1GURE 11.—Tilted block of Martin Limestone (Dm) in the Verde fault zone southeast of Squaw Peak.
Gypsiferous clay beds of the Verde Formation (Qtv) underlie the Quartenary gravels (Qg) on Wingfield
Mesa. View north from Chasm Creek.

The Martin Limestone is generally 450-500 feet thick. In the north-
ern part of the Black Hills, Anderson and Creasey (1958, p. 49) re-
ported 465 feet on the western flank of Mingus Mountain, and
Stoyanow (1936, p. 495-497) described a section 505 feet thick near
Jerome. The Martin is measured with difficulty in the southern part
of the Black Hills chiefly because of erosion of the uppermost beds
and extensive faulting.

The Martin Limestone is mostly dolomitic, and many beds are
dolomite. Anderson and Creasey (1958, p. 50-51) divided the forma-
tion into four units: the lower unit is a coarse-grained dolomitic
limestone 34 to 53 feet thick; the second unit is a lithographic lime-
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stone and dolomitic limestone 80-90 feet thick; the third unit is a
fine- to medium-grained dolomitic limestone 65-78 feet thick; and
the upper unit, about 350 feet thick, is chiefly dolomitic limestone,
and probably some dolomite, that contains thin interbeds of limy silt-
stone and shale. Stoyanow (1936, p. 495-497) described the Martin
at Jerome, and, although he did not divide it, the four lithologic
units can be distinguished in his section.

A partial section of the Martin Limestone was measured by the
authors at Squaw Peak, where the uppermost beds are missing or are
covered. The section is 326 feet thick and has lithologic character-
istics, from top to bottom, as follows: -

(6) From 231 feet above the base to the top of the section the beds are mostly
light-olive-gray and grayish-purple dolomite and dolomitic limestone and
mudstone. The unit forms a steplike ledge-stope topography. The beds
are 2 inches to 2 feet thick; some beds have a platy appearance.

(5) From 183 to 231 feet above the base a mottled moderate-red to pale-red
argillaceous dolomite and dolomitic mudstone forms a steep slope. The

 beds are 2 to 6 inches thick. TFossils, chiefly brachiopods, are abundant
in the lower 35 feet.

(4) From 156 to 183 feet above the base a very light gray to light-brownish-
gray dolomitic limestone forms a slope. The beds are 3 inches to 1 foot
thick.

(8) From 143 to 156 feet above the base a white to moderate-reddish-orange
medium-grained to very coarse grained sandstone forms a slope. This
unit contains plates of arthrodiran fish. The beds are 3 inches to 1 foot
thick; the weathered surface reveals a varvelike platy bedding.

(2) From 28 to 143 feet above the base a pinkish-gray to white very fine grained
(almost lithographic) dolomitic limestone forms a steep slope. The beds
are 2 inches to 1 foot thick. Nodules and lenses of medium-gray chert
are scattered through the unit.

(1) The lower 28 feet is a light-brownish-gray dolomite and dolomitic lime-
stone that forms a vertical cliff. The beds are 14 inch to 2 feet thick;
the weathered surface reveals a varvelike platy bedding.

The Martin Limestone at Squaw Peak is similar in lithologic char-
acteristics and thickness to the Martin in the Mingus Mountain area.
The following correlation seems justified.

Squaw Peak area Mingus Mountain area
Unit Thickness Unit Thickness

(feet) (feet)

6 95+ .. Upper 350+

A S Middle 65-78

5 1{%} ___________ Lithographic 80-90

1 28 .. Lower 34-53
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About 140 feet above the base of the Martin is a sandstone unit
(unit 3 at Squaw Peak) that is distinctive and apparently correlative
throughout the Black Hills. In the Mingus Mountain area this sandy
unit is near the top of the lithographic unit and is an “excellent key
bed” (Anderson and Creasey, 1958, p. 50).

The Martin Limestone yields little or no water to wells or springs
in the report area. South of the report area, about 10 miles southeast
of Camp Verde on the west bank of the Verde River, the Martin is
in the highly fractured Verde fault zone, and here the formation
yields water to Brown Spring and to several seeps (pl. 1).

REDWALL LIMESTONE

The only complete sections and extensive outcrops of the Redwall
Limestone are in the Black Hills along the edge of Mingus Mountain.
Here the altitude at the base of the formation is about 6,600 feet. In
the Verde fault zone the altitude at the base is 4,200 feet or less. Sev-
eral outcrops of the Redwall are in the Squaw Peak area, and a small
isolated outcrop is in Qak Creek Canyon at a point where the Oak
Creek fault crossed Oak Creek (pl.1).

The Redwall probably is about 250 feet thick in Verde Valley. In
the northwestern part of the valley, as stated by Lehner (1958, p. 529),
the Redwall “* * * ranges in thickness from 235 to 285 feet, but
probably averages about 250 feet.” In Oak Creek Canyon, Mears*
measured an incomplete section about 200 feet thick.

The contact between the Redwall and the underlying Martin Lime-
stone is disconformable. The lower part of the Redwall in places
contains as much as 35 feet of reworked nfaterial from the Martin
Limestone (Lehner, 1958, p. 529).

The Redwall Limestone is mostly coarse grained and crystalline and
is chiefly pure limestone. The color of the weathered surface is me-
dium light gray to light gray, whereas the fresh surface is moderate
yellowish brown to pale yellowish brown. Lenses and nodules of
yellowish-brown chert that weather very light gray are common.
Some chert is concentrated along bedding planes.

The lower third of the Redwall is thin bedded, especially near the
base; the upper two-thirds is thick bedded and commonly forms ver-
tical cliffs in canyons and along mountain margins. Part of the Red-
wall is abundantly fossiliferous; many fossiliferous beds are com-
posed chiefly of crinoids and a few brachiopods and corals.

Some beds of the Redwall Limestone are highly fractured and con-
tain solution channels. Although some channels are along joints and
bedding planes, many have no discernible control and appear to occur
at random through the formation. Because of the solution channels,

' Mears, Brainerd, Jr., 1948, Cenozoic faults, gravels, and volcanics of Oak Creek Canyon, Arizon a
New York, Columbia Univ. unpublished doctoral thesis, p. 5.

693-389 0—63 3
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the formation is a potential aquifer. It may discharge a large amount
of ground water to the Verde Formation in the northeastern part of
the valley. The Redwall yields water to several springs and may con-
tribute water to several wells.

SUPAI FORMATION

The Supai Formation has a greater areal extent than any other
Paleozoic formation in Verde Valley.  Because of its brilliant red
color, great thickness, and steep-walled cliffs and because of the many
buttes and spires that have been carved from it, the Supai is one of the
most conspicuous rocks in the valley, especially in the northern part.
Artists, tourists, and local residents use many rolls of films and tubes
of paint in attempting to capture the splendor of the valley’s in-
tricately carved erosional features; they never completely succeed.

On the western side of the valley, the Supai crops out only in the
northernmost part of the Black Hills; it does not crop out south of
Mingus Mountain (pl. 1). The formation is exposed extensively in
the northern part of the valley along the Mogollon Rim and on the
valley floor (figs.3; pl. 1). In the eastern part of the valley, most of
the formation is covered by Tertiary and Quaternary rocks. How-
ever, in Wet Beaver Creek Canyon the Supai is exposed for several
miles upstream, and in West Clear Creek Canyon it crops out along

the creek channel for a distance of 8-10 miles (pl. 1).

In the Black Hills the base of the Supai Formation is exposed west
of the Verde fault zone at an altitude of 6,500 feet. East of the fault
zone on the west flank of Black Mountain the altitude at the base is
4,000 feet. In the Sedona area the base of the Supai is exposed only
in the channel of Oak Creek 3 miles north of Sedona. Here the base
of the formation, which has been elevated by movement along the
Oak Creek fault, is at an altitude of 4,500 feet.

The thickness of the Supai Formation ranges from 1,500 to more
than 1,600 feet. An exact thickness cannot be given because no single
and distinct lithologic break exists between the Supai and the over-
lying Coconino Sandstone; the contact between the two formations
is transitional. In the transition zone, light-colored crossbedded sand-
stones having lithologic characteristics similar to those of the Coco-
nino Sandstone alternate with dark-colored sandstones having litho-
logic characteristics similar to those of the upper member of the Supai.
The transition zone is 50-150 feet thick. Near Sedona the top of the
transition zone is 350 feet above the limestone bed in the upper mem-
ber of the Supai, and several miles south of Sedona the top of the
transition zone is only 200 feet above the limestone. In this report
the contact between the Supai Formation and the overlying Coconino
Sandstone is placed at the top of the transition zone—that is, at the



GEOLOGY AND WATER-BEARING PROPERTIES OF THE ROCKS 29

top of the uppermost bed having lithologic characteristics similar to
those of the upper member of the Supai.

A section of Supai measured by the authors in the cliffs just north-
east of Sedona is 1,575 feet thick. Lehner (1958, p. 533) measured
1,550 feet of Supai near Sycamore Creek, and Huddle and Dobrovolny
(1945) measured about 1,750 feet of Supai in Fossil Creek Canyon
just south of the report area (fig. 2).

In the northern part of Verde Valley, the lower member of the
Supai rests unconformably on the Redwall Limestone. Along the
Mogollon Rim southeast of the valley, the Supai conformably over-
lies the Naco Formation of Pennsylvanian age.

In Verde Valley and elsewhere in central and parts of northeastern
Arizona, the Supai Formation consists of three distinct lithologic
units—the lower, middle, and upper members (Huddle and Dobro-
volny, 1945). :

Sandstone beds in the Supai Formation are permeable and yield
water to wells and springs and much of the perennial flow in Oak
Creek is from springs in the upper member. Sandstone lenses and
shoestringlike sandstone beds in the lower member are the principal
aquifers yielding water to wells in the Sedona area.

LOWER MEMBER

The lower member of the Supai Formation is composed of alternate
beds of sandstone, shaly mudstone, limestone, and dolomite. The
beds commonly are 1-4 feet thick; but several beds are more than
10 feet thick, and two beds near the top of the section in Oak Creek
Canyon are more than 25 feet thick. Units of the lower member
generally weather to a steep ledge-slope topography except in Oak
Creek Canyon, where the top 100-110 feet forms a vertical cliff (fig. 6).’
In the Sedona area the exposed part of the lower member is about
400 feet thick and consists of shaly mudstone, limestone, and dolomite
containing shoestringlike lenses of sandstone. The top 100-110 feet
consists mostly of very fine grained sandstone. In the Sycamore
Creek area, Lehner (1958, p. 535) reported that the lower member
is about 600 feet thick and “* * * consists chiefly of sandstone and
siltstone and minor amounts of shaly mudstone; it contains a few
limestone beds, and some chert breccia and (or) limestone conglom-
erate.” The color of the lower member is light brown, moderate
orange pink, grayish orange pink, grayish red, pale red, and pale to
dark reddish brown.

No fossils have been discovered in the lower member of the Supai,
and its exact age is not known. The Supai Formation east and south-
east of Verde Valley is of Pennsylvanian and Permian age, but in the
Grand Canyon area north of the valley, it may be chiefly of Permian
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age (Fetzner, 1960). In Verde Valley most of the Supai was laid
down during Permian time. However, because part of the lower mem-
ber is lithologically similar to, and occupies the same stratigraphic
position as, the fossiliferous Naco Formation of Pennsylvanian age in
the Fossil Creek area, the authors believe that at least part of the lower
member may be a lateral equivalent of the Naco and, therefore, of
Pennsylvanian age.
MIDDLE MEMBER

The middle member of the Supai Formation is composed of alter-
nate beds of pale- to dark-reddish-brown and, locally, grayish-red
dolomitic conglomerate, mudstone, limestone, siltstone, and sandstone.
It is about 275 feet thick, and individual beds are a few inches to 4 feet
thick. Where the middle member is below cliffs it usually forms step-
like slopes (fig. 6) ; elsewhere it forms broad nearly level flats, such as
Grasshopper Flat (fig. 12), and gently rolling hills. The middle mem-
ber, because of its dolomitic and calcareous nature, is subject to solu-
tion, and in the Sedona area it contains four or more sinkholes as much
as 200 feet in diameter and 80 feet deep. A mnotable lithologic feature
of the middle member in the Sedona area is a dolomitic intraforma-
tional conglomerate that makes up the upper 125 feet. The matrix and
nearly all the fragments in the conglomerate are dolomitic. On fresh
surfaces, fragment outlines are difficult to distinguish; on weathered
surfaces, however, the fragments, which are slightly more resistant,

FI1GURE 12.—Grasshopper Flat near Sedona.

tion (PPsm). The intricately carved cliffs form the Mogollon Rim. Upper member of the Supai For-
mation (PPsu); Coconino Sandstone (Pc); and Toroweap Formation (Pt). View north.

This broad flat is on the middle member of the Supai Forma-
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impart a conglomeratic appearance to the beds. Lehner (1958, p. 536)
reported that “Probably 25 percent of the middle member consists of
conglomerate beds * * *’in the Sycamore Creek area.

UPPER MEMBER

The upper member of the Supai Formation is a striking contrast to
the lower and middle members. The upper member is mostly barren
of vegetation and forms very steep and, in many places, vertical cliffs.
The famous “red-rock country” near Sedona with its numerous buttes
and spires has been carved from this member (figs. 6, 13). The upper
member is composed predominantly of very fine grained to fine-grained
sandstone and silty sandstone. The beds are very thick and massive.
The color of the upper member is moderate reddish brown to pale
reddish brown; several thin (3 in. to 2 ft. thick) beds are moderate
orange pink.

Lehner (1958, p. 537) reported that the thickness of the upper mem-
ber in the Sycamore Creek area ranges from 650 to 750 feet. It thick-
ens to about 900 feet in the Sedona area, and southeastward near Fossil
Creek it is more than 1,100 feet thick.

About 550 feet above the base of the upper member in the Sedona
area 1s a grayish-red to grayish-orange-pink sandy limestone (fig. 14).
The thickness of the limestone near Sedona is 10-15 feet. It thins and
pinches out westward and is only a few inches thick at a point about
6 miles northwest of Sedona. In West Clear Creek Canyon, two beds

F1GURE 13.—Buttes and spires ¢arved from the upper member of the Supai Formation along Oak Creek
at Red Rock Crossing.
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FIGURE 14.—Limestone in the upper member of the Supai Formation (PPsu). Coconino Sandstone (Pc).
View north from Munds Mountain.

of limestone, similar in occurrence and lithologic characteristics to the
limestone near Sedona, are separated by 70 feet of sandstone: the
lower limestone is 10 feet thick, and the upper one is 20 feet thick.

The first fossils from the Supai Formation in Verde Valley were
collected by the authors from the limestone in the upper member east
of Sedona and in West Clear Creek Canyon. The fossils are inverte-
brates, mostly gastropods and pelecypods, but no further identification
has been made.

COCONINO SANDSTONE

The Coconino Sandstone is well exposed and forms a nearly vertical
wall along the Mogollon Rim (fig. 3), but the Coconino and younger
rocks were removed by erosion in the Black Hills. The base of the
formation is at altitudes ranging from 5,000 to 5,500 feet.

The measured thicknesses of the Coconino Sandstone depend on
where the contacts of the Coconino Sandstone with the underlying
Supai Formation and the overlying Toroweap Formation are placed.
These contacts are gradational and intertonguing, and the transitional
intervals are less than 50 to more than 100 feet thick.

This thickness of the Coconino in the northern part of the valley
ranges from 400 to 650 feet. Brainerd Mears, Jr.,> measured 396 feet
of the formation near Sedona, but he may have included a part of the
Coconino with the Toroweap Formation. Lehner (1958, p. 541) noted

2 Unpublished doctoral thesis, p. 7. See footnote 1, p. 27.
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that the Coconino in the Sycamore Creek area is 500-650 feet thick.
The combined thickness of the Coconino and the Toroweap is 800 feet
in water wells drilled 6 miles southwest of Flagstaff (Akers, 1962).

In 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 crossbedding types. McKee
(1934, p. 82) noted 1,000 feet of Permian crossbedded sandstone about
40 miles southeast of Verde Valley; here the overlying Toroweap
Formation is not recognizable.

The Coconino Sandstone is a white to very pale orange sandstone
composed chiefly of very fine grained to fine-grained rounded to sub-
rounded grains of frosted quartz. The cement is mostly silica, but
some calcium carbonate is present. The degree of cementation ranges
from weak to strong. Large-scale (as much as 50 ft long) wedge-type
crossbeds are characteristic, but evidence of horizontal lineation is rare.

The Coconino Sandstone is permeable and is an aquifier north and
east of Verde Valley. However, in much of the report area the forma-
tion has been drained. In some deep canyons on the east side of the
valley, such as those of Wet Beaver and West Clear Creeks, the Coco-
nino yields water to springs that maintain perennial streamflow.

TOROWEAP FOR MATION

The areal extent of the Toroweap Formation is nearly the same as
that of the Coconino Sandstone. The Toroweap forms a vertical cliff
along the Mogollon Rim in the northern part of the valley (fig. 3).
South of U.S. Highway 79 in the eastern part of the valley the Toro-
weap cannot be distinguished from the Coconino Sandstone. The
altitude at the base of the formation ranges from 5,500 to 6,000 feet.

The Toroweap Formation is 150-350 feet thick. Brainerd Mears,
Jr.,* measured 330 feet of Toroweap in Oak Creek Canyon. About
20 miles west, in the Sycamore Creek area, the thickness of the forma-
tion ranges from 150 to 165 feet (Lehner, 1958, p. 593-595).

In the Sycamore Creek area the lower and upper contacts of the
Toroweap can be identified on the basis of lithologic characteristics
(Lehner, 1958, p. 543-545). However, in most of Verde Valley the
formation is a sandstone similar to the underlying Coconino Sand-
stone, and the lower contact, which is not easily determined, is set arbi-
trarily at a distinct vegetation-covered ledge near the base (fig. 3).

In Oak Creek Canyon, Brainerd Mears, Jr.,* noted that the Toro-
weap Formation is a “ * * * very pale orange, fine to very fine
grained sandstone * * * ” and that “ * * * from top to bottom
* % % there is recognizable no variation in lithology * * *.” In the

3 Unpublished doctoral thesis, p. 8, 9. See footnote 1, p. 27.
4 Unpublished doctoral thesis, p. 8, 9. See footnote 1, p. 27.



34 VERDE VALLEY, MOGOLLON RIM REGION, ARIZONA

Sycamore Canyon area Lehner (1958, p. 544) noted that ¢ * * * the
formation can be subdivided lithologically into three main units, which
consist from bottom to top of red and buff sandstone, calcareous sand-
stone and arenaceous limestone, and alternating red and buff sandstone,
siltstone, and some shale * * * This lithologic change from the
Toroweap described by Mears to the Toroweap described by Lehner
occurs in a lateral distance of less than 5 miles. A

In much of its outcrop area the Toroweap Formation is a sandstone
composed largely of quartz grains cemented with silica. Although
Toroweap is crossbedded, the crossbeds are not as large as those in the
Coconino Sandstone. The smaller crossbeds and horizontal bedding
planes in the Toroweap distinguish it from the underlying Coconino.

Because the Toroweap Formation in much of the valley is similar
to the Coconino Sandstone, its water-bearing characteristics probably
are similar also. Thus, the Toroweap is a potential aquifer, although
within the area mapped the formation has been drained.

KAIBAB LIMESTONE

The Kaibab Limestone is best exposed along the Mogollon Rim and
in steep-walled canyons such as those of West Clear, Wet Beaver,
Oak, and Sycamore Creeks. The Kaibab underlies much of the
Colorado Plateau, which bounds Verde Valley to the north and east,
although at many places it is covered by Cenozoic rocks (pl. 1). The
altitude at the base of the Kaibab is between 6,000 and 6,500 feet.

The Kaibab Limestone is about 300 feet thick, but erosion may have
removed the uppermost beds. McKee (1938, p. 186-187) measured -
about 250 feet of Kaibab in Sycamore Canyon, and, although the sec-
tion was measured from the top of the Toroweap Formation to the
base of the Moenkopi For.. ation of Triassic age, it probably does not
represent the original thickness; some of the Kaibab may have been
eroded before Moenkopi time. McKee (1938, p. 183-184) also meas-
ured a 381-foot section of Iaibab in the cliffs just east of Sedona.

The Kaibab Limestone is mostly a limestone or dolomitic limestone
containing nodules and thin beds of chert. The predominant colors
are very pale orange, yellowish gray, very light gray, and white.
Many beds are sandy, and some beds, especially those in the north-
western part of the valley, are almost entirely fine-grained calcareous
sandstone. The beds range from less than a foot to more than 12 feet
in thickness. The formation forms a steep steplike ledge-slope topog-
raphy and, in many places, erodes into vertical pillars and pinnacles.

Some beds of the Kaibab contain many invertebrate fossils. Most
of the fossils are mollusks and brachiopods which occur as interior or
exterior molds. A large brachiopod of the genus Dictyoclostus is
abundant in some beds, and silicified fragments of this brachiopod
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are common in gravel deposits derived, at least in part, from this
formation.

The Kaibab Limestone in most places in Verde Valley probably has
been drained. However, because the formation is the surface rock in
places along the margin of the Colorado Plateaus, some beds may con-
tain perched water. In the area of this report the Kaibab is not known
to yield water to wells.

TIME HIATUS BETWEEN PALEOZOIC AND CENOZOIC ROCKS

Rocks of Mesozoic age are not present in Verde Valley. The Moen-
kopi Formation of Triassic age crops out just north of the report
area in the upper reaches of Sycamore Canyon and near Flagstaff.
Rocks of similar age probably were deposited in Verde Valley and
'subsequently were removed by erosion. '

CENOZOIC ROCKS

The rocks of Cenozoic age are chiefly sedimentary and volcanic. The
oldest known Cenozoic strata are Tertiary sedimentary rocks composed
chiefly of fluviatile materials, but containing local deposits of lacus-
trine origin. After deposition, most of the Tertiary sedimentary rocks
were eroded. Several periods of volcanic activity ensued, and volcanic
rocks accumulated over a large part of Verde Valley. The volcanic
rocks, most of which are basalt flows and sedimentary rocks derived
from volcanic materials, are chiefly of Tertiary age. During the final
stages of, and after, Tertiary volcanism, structural movement uplifted
the Black Hills and separated them from the Colorado Plateaus.
Renewed volcanic activity south of Camp Verde blocked and impound-
ed the water of the Verde River. Lacustrine sediments were deposit-
ed in the impounded water, and fluviatile sediments were deposited
around the margins and beyond the limits of the lake. The indurated
sediments and local intercalated basalt flows constitute the Verde
Formation of Tertiary or Quaternary age. The relation of the Paleo-
zoic rocks to the Tertiary sedimentary and voleanic rocks and the
Verde Formation is displayed excellently along Oak Creek about a
mile southeast of Hidden Valley Ranch (fig. 15).

After deposition of the Verde Formation, erosion produced the
pediment surface on which Quaternary volcanic rocks and Quaternary
cravels were deposited. The youngest Cenozoic deposit is the stream-
wash of Quaternary age along the channels of the present streams
and washes.

TERTIARY SEDIMENTARY ROCKS

The Tertiary sedimentary rocks described in this report are older
than most, if not all, Cenozoic volcanic rocks in Verde Valley. The
most extensive deposits extend from Copper Canyon to Cherry Creek
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F1GURE 15.—Section of Paleozoic and Cenozoicrocks along Oak Creek near Hidden Valley Ranch. Approx-
imate altitude of Oak Creek is 3,660 feet. About 50 feet of Supai Formation (PPs) is exposed above
the creek level. Overlying the Supai is a 27-foot unit of Tertiary sedimentary rocks (Ts), which in turn
is overlain by 366 feet of Tertiary voleanic rocks (Tv). About 230 feet of sedimentary rocks of the Verde
Formation (QTv) caps the section. View east.

on the west side of the valley and from Red Tank Draw to Dry
Beaver Creek on the east side (pl. 1). Smaller deposits are in West
Clear Creek Canyon and elsewhere in the valley.

Anderson and Creasey (1958, p. 56-59) applied the name Hickey
Formation (Pliocene?) to 1,400 feet of Cenozoic volcanic and sedi-
mentary rocks in the Black Hills, noting that at most localities the
rocks are chiefly basalt and that the sedimentary rocks underlying
the basalt in the type section are only 50 feet thick. In Verde Valley,
the sedimentary rocks underlying the Tertiary volcanic rocks are
widespread and at several places are more than 1,000 feet thick. Also,
great thicknesses of the sedimentary rocks were eroded before the
major period of volcanic activity in Tertiary time. For these reasons,
Anderson and Creasey’s formational name is not used in this report.

The altitude at the base of the Tertiary sedimentary rocks on the
west side of the Verde fault zone near Mingus Mountain is 6,500-6,800
feet; the altitude at the base where exposed on the east side of the
fault zone is 4,200-4,500 feet. The altitude at the base of these rocks
is 4,000 feet in West Clear Creek Canyon, 3,700 feet in the canyon of
Oak Creek near Page Springs, and 3,700-4,700 feet in the canyon
along Dry Beaver Creek.

The thickness is variable because the Tertiary sedimentary rocks
were deposited on an irregular surface that had a relief of more than
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2,000 feet; after deposition the rocks were eroded extensively. The
rocks are at least 1,000 feet thick in the Copper Canyon-Cherry Creek
area and in the Red Tank Draw-Dry Beaver Creek area and as much
as 300 feet thick in West Clear Creek Canyon. Elsewhere through-
out the valley the Tertiary sedimentary rocks usually are less than
100 feet thick. The maximum original thickness is not known, but it
was probably 2,000-3,000 feet.

_The Tertiary sedimentary rocks have a variety of lithologic char-
acteristics. In the Black Hills, in Black Mountain, in West Clear
Creek Canyon, and along Oak Creek, they are mostly conglomerate,
gravel, and very coarse grained to fine-grained sandstone; bedding is
poorly defined and lenticular. In the Réd Tank Draw-Dry Beaver
Creek area, the Tertiary sedimentary rocks consist of two lithologic
units: a lower unit, which contains an abundance of Precambrian
fragments and few basalt fragments, and an upper unit, which con-
tains an abundance of basalt fragments but few Precambrain frag-
ments. Several rock types are represented in both units; included
are conglomerate, gravel, very coarse grained to very fine grained
sandstone, siltstone, bentonitic clay, marl, and some limestone. The
beds are generally lenticular and range from thin to very thick. The
bedding is poorly defined in the thick sections of coarse-grained ma-
terial but is distinct where coarse material alternates with fine.

The following is a generalized composite section of Tertiary sedi-
mentary rocks measured at two localities about 5 miles apart. The
upper unit is in Rattlesnake Canyon and rests on the Supai Forma-
tion at an altitude of 4,400 feet. The lower unit is at Beaver Tail
Butte; its base is concealed, but the altitude at the bottom of the sec-
tion is 3,700 feet.

The Tertiary sedimentary rocks contain many fragments of Pre-
cambrian rocks which were derived from local and distant sources.
Anderson and Creasey (1958, p. 57) noted that in places in the Black
Hills “* * * the lithology of the gravel reflects the lithology of the
adjacent bedrock.” They found, however, that some rock types were
not derived locally and that the source area must have been to the
west or southwest.

Mahard (1949, p. 112-113) described some of the Tertiary sedimen-
tary rocks along Dry Beaver Creek and wrote that “The notable fea-
tures of these gravels is that in spite of their location across the pres-
ent valley from the Black Hills Range, they contain high percentages
of Precambrian rock types * * *” The nearest Precambrian out-
crop is in the Black Hills at least 10 miles west of the Tertiary sedi-
mentary rocks along Dry Beaver Creek. However, when the sedi-
ments were accumulating, the Black Hills had not been formed; the
movement which uplifted the Black Hills and produced most of the
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Generalized composite section of Tertiary sedimentary rocks

Thickness
(feet)
Upper unit.

Basalt_____ . _____ e _-_-_._ Not measured
Gravel. Fragment types include 25-75 percent volcanic rocks

(chiefly basalt) and minor amount of Paleozoic rocks (chiefly

sandstone and limestone of the Supai, sandstone of the Coconino

and (or) Toroweap, and chert and limestone of the Kaibab).

Average diameter of the fragments is }-3 in., but some fragments

have diameter of 2 ft. From 90 to 130 ft. above base, section

contains much limy mudstone and bed of clayey limestone______ 305
Covered. May be either upper or lower unit or both_ _________.__ 300+

Lower unit. )

Conglomerate. Fragment types include light- and dark-colored:

chert, granite of varying composition, various types of gneiss and

schist, quartzite, red jasper, sandstone (Coconino and (or) Toro-

weap), oolitic limestone (probably Redwall), and crinoidal lime-

stone (Redwall). Average diameter of fragments, which are

subangular to subrounded, is ¥%-2in__________..___.___.__.._. 55
Limestone, clayey and (or) sandy. Upper 7 ft. mostly conglomeratic

and has sandy and calcareous matrix_________________________ 32
Mudstone, some sandy limestone_ . ____ . _______________________ 52
Limestone, sandy._ . __ ... 10
Conglomerate and some clayey and (or) sandy limestone. Frag-

ments mostly chert and smoky quartz____ . ___________._______ 8
Conglomerate, some gravel. Fragment types include sandstone of

Supai, sandstone of Coconino and (or) Toroweap, and limestone

and chert of Kaibab. Diameter of fragments less than an inch

to more than 2 ft. Base is not exposed. . . ___ .- ______.____ 235+

Approximate total Tertiary sedimentary rocks. . __________ 1, 0600 +

cdisplacement along the Verde fault zone did not occur until after ac-
cumulation of the Tertiary volcanic rocks (Anderson and Creasey,
1958, p. 80). Thus, the nearest source for the Precambrian fragments
along Dry Beaver Creek was west and northwest of the Black Hills.

Price (1950), described two different types.of gravel beneath the
basalt on the rim of Sycamore Canyon. Price’s Type B gravel is com-
posed chiefly of fragments of quartzite and a few fragments of petri-
fied wood ; it does not appear to be related, as to source and lithologic
characteristics, to the Tertiary sedimentary rocks in Verde Valley.
However, his Type A gravel, except for the fact that it is at an altitude
of 6,000 feet, is lithologically similar to Tertiary sedimentary rocks
in the valley; thus, his Type A gravel and the Tertiary sedimentary
rocks may have had a similar source area.

The marl and limestone in the Red Tank Draw—Dry Beaver Creek
area contain a few fossil gastropods, pelecypods, ostracodes, and
plants. None of the fossils seem to be diagnostic, and no diagnostic
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fossils have been found elsewhere in the valley in rocks of probable
Tertiary age. '

The Tertiary sedimentary rocks underlie Tertiary volcanic rocks
that can be traced and correlated with other volcanic rocks in the basins
and valleys of central Arizona (Twenter, 1961). The volcanic rocks
in two of the basins in central Arizona are overlain by lacustrine and
fluviatile rocks that are of lower to middle Pliocene age. Because
the Tertiary volcanic rocks accumulated before deposition of the lower
to middle Pliocene lacustrine and fluviatile rocks, it seems reasonable
toassume that the voleanic rocks are Miocene, and possibly lowermost
Pliocene, in age and that the underlying Tertiary sedimentary rocks
are at least as old as, or older than, Miocene.

The Tertiary sedimentary rocks are not major aquifers. Even the
gravel, conglomerate, and sandstone beds are nearly impermeable be-
cause they contain an abundance of clay- and silt-sized interstitial
material and are moderately to well cemented. The rocks have been
eroded from much of the valley, and most of the remnants are above
the water table.

TERTIARY VOLCANIC ROCKS

The distribution of Tertiary volcanic rocks in Verde Valley is ir-
regular, and stratigraphic relations are difficult to determine. The
rocks are nearly everywhere along the margin of the valley and locally
- form the valley floor. In places only one or two basalt flows are pres-
ent, but in other places, as in West Clear Creek Canyon (fig. 16), 5,
10, or more basalt flows are interbedded with volcanic sedimentary
rocks. Some flows occupy positions at the tops of high cliffs and
mountains; others are in, and partly or completely fill, old stream
channels (fig. 17). Tertiary volcanic rocks probably underlie most
of the Verde Formation, because they are exposed extensively on both
sides of Verde Valley and are penetrated by deep wells.

The Tertiary volcanic rocks rest on older rocks of many different
ages, and the base is at different altitudes. In the Black Hills they
rest on Precambrian rocks and on sedimentary rocks of Paleozoic and
Tertiary age. West of the Verde fault zone, the base is at altitudes
from 5,000 to more than 6,500 feet; east of the fault zone the base
generally is below 4,000 feet. In the Mogollon Rim area the Tertiary
volcanic rocks rest on sedimentary rocks of Paleozoic and Tertiary age,
and in the Sycamore Canyon area they rest on the Triassic Moenkopi
Formation. The highest altitude at the base of the volcanic rocks
along the Mogollon Rim is more than 6,500 feet. Because part of the
lava poured over the rim and onto the valley floor, the base is at pro-
gressively lower altitudes toward the valley. The lowest altitude at
the base of the Tertiary volcanic rocks is near the center of the valley
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FIGURE 16.—Tertiary volcanic rocks (Tv) in West Clear Creek Canyon; the section at this locality is 1,000
feet thick. Thick-hedded lava flows form the vertical cliffs whereas tuffaceous rocks and thin-bedded
flows for m the slopes. Supai Formation (PPs) and Tertiary sedimentary rocks (Ts). View east.

FIGURE 17.—Tertiary basalt flow (Tb) filling shallow channel excavated in Tertiary sedimentary rocks
(Ts). Viewnorth from U.S. Highway 79 near Red Tank Draw.
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and probably is below 2,500 feet. In the southern part of Verde Valley,
Tertiary volcanic rocks are in the channel of the Verde River at alti-
tudes of less than 3,000 feet (fig. 18).

The thickness of Tertiary volcanic rocks varies. The composite
thickness of basalt flows and interbedded sedimentary rocks is as much
as 1,350 feet in the Black Hills (Anderson and Creasey, 1958, p. 56)
and at least 1,000 feet in the Mogollon Rim area. In other places in
both areas, the thickness is less than 50 feet. The variation in thick-
ness is due to the configuration of the basal contact, the amount of
post-lava erosion, and the proximity to the fissures and other vents
from which the lava flowed.

The Tertiary voleanic rocks have diverse lithologic characteristics.
Locally they consist almost entirely of basalt flows separated only by
thin (1 to 3 ft thick) soil or highly weathered cinder zones. Elsewhere,
thick deposits of volcanic sedimentary rocks—some more than 100 feet
thick—are intercalated with flows. Basalt dikes that cut Paleozoic
rocks, Tertiary sedimentary rocks, and some Tertiary voleanic rocks
are exposed in several places (fig. 19). Cinder deposits, intercalated
with flows, are common (fig. 20).

FIGURE 18.—Tertiary volcanic rocks along the Verde River just south of Chasm Creek, showing inter-
bedding oflight-colored sedimentary rocks and dark-colored basaltic flows. The volcanicrocks dip about
9° N. View northeast.
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FIGURE 19.—Basalt dike cutting Tertiary sedimentary rocks in West Clear Creek Canyon. The sedi-
mentary rocks are coarse grained, well consolidated, and show evidence of bedding.

F1GURE 20.—Tertiary volcanic rocks on Walker Mountain. Basalt (Tb) and cinder deposits (Tc). View
north.
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No petrographic study of the basalt was made for this report.
Anderson and Creasey (1958, p. 57) stated that

The physical character and mineralogic composition of the [Tertiary] basalt [in
the Jerome area] appear typical of many plateau basaltic flows. The interior
of the flows are massive, except for vesicles, whereas the tops of the flows are
blocky from brecciation. * * * the basalt is porphyritic; phenocrysts of olivine
and augite are set in a very fine grained or microcrystalline felty (pilotaxitic)
groundmass, composed of needles of labradorite in a base of mafic material—
presumably augite and olivine.

The fresh surface of the basalt is medium dark gray to light gray, and
the weathered surface is brownish black, olive gray, light gray, or
medium gray. The weathered surface commonly has a light-brown or
grayish-orange stain.

Sedimentary rocks in the Tertiary volcanic rocks are well exposed
in Red Tank Draw and Copper Canyon. In Red Tank Draw the
section is about 550 feet thick and includes about 200 feet of volcanic
sedimentary rocks. Ninety percent of the fragments in most beds are
basalt and volcanic debris and 10 percent are locally derived Paleozoic
rocks. At the head of Copper Canyon an 80-foot-thick section of
light-colored volcanic sedimentary rocks lies between dark-colored
Tertiary basalts (fig. 21). The fragments in most beds are basalt and
voleanic debris, but several beds are composed chiefly of fragments
of Precambrian and Paleozoic rocks.

F1GURE 21.—Tertiary volcanic sedimentary rocks (Tvs). Tertlary basalt (Tb). Note the thin varvelike
bedding of the sedimentary rocks—this type of bedding is typical for these rocks in an area 10 miles square
in the vicinity of Copper Canyon.

693-389 0—63 4
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Exposed in the steep wall of the canyon along Oak Creek near Hid-
den Valley Ranch is a section of Tertiary volcanic rocks underlain
by Tertiary sedimentary rocks and overlain by the Verde Formation
(fig. 17). The following is a section of the volcanic rocks near Hidden
Valley Ranch (NE1/ sec.14,T. 16 N.,R.4 E.).

Stratigraphic section of Tertiary volcanic rocks

Pliocene or Pleistocene(?):
Verde Formation (described in table 12).
Miocene(?) and Pliocene(?):

s . Thickness
Volcanic rocks: (feet)

Basalt, partly covered, grayish-black and medium-gray; weathers
medium dark gray and light gray. Weathers blocky and knobby
and forms a steep slope _______ L _____. 10
Volcanic conglomerate or agglomerate; scoriaceous fragments as
much as 6 in. in diameter, pale red; and weather moderate red;
basalt fragments as much as 3 ft in diameter, medium gray, and
weather medium light gray. Numerous white calcite veins.
Weathers rounded and knobby and forms irregular slope....____ 15
Basalt, lower 30-50 ft is dark gray and medium gray and weathers
brownish black to medium light gray; upper 90-110 ft is medium
light gray. Some columnar jointing. Lower 30-50 ft forms cliff;
upper 90-110 ft forms steep slope. This unit probably continua-
tion of underlying unit, but color change gives sharp separation.. 140
Basalt, medium-gray, some grayish-black; weathers light gray to
light brownish gray. Weathers blocky; spheroidal weathering in
upper 3 ft. Some columnar jointing. Forms vertical cliff._____ 18
Voleanic conglomerate; basalt fragments (average diameter about
2 in.), moderate-brown. Matrix is moderate-reddish-brown
sandstone; this color is distinctive for unit. Highly calcareous.
Unit may be weathered zone_. ___ . _____ . _________ 3
Basalt, grayish-black and medium-gray; weathers medium dark
gray and light gray; upper 80-100 ft is mostly light gray. Min-
eral inclusions are moderate olive brown, pale yellowish gray, and
moderate reddish brown. Some columnar jointing. Weathers
blocky and knobby. Lower 75-100 ft forms vertical cliff; upper
80-105 ft forms steep slope. _ . . eaoo- 180

Total Tertiary voleanic rocks. - _ .. _ . ____.__. 366
Miocene(?): '
Sedimentary rocks.

The exact age of the Tertiary volcanic rocks is not known. In this
report they are referred to simply as of Tertiary age. They underlie
the Verde Formation, which is probably Pliocene and early Pleisto-
cene in age. Robinson (1913, p. 38-45) described volcanic rocks on
the Colorado Plateaus in the area encompassing the San Francisco
Mountain just northeast of the Verde Valley (fig. 22) arid separated

them into three general periods of eruption. He concluded that vol-
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FI1GURE 22.—San Francisco Mountain near Flagstaff rising above the general level of the Colorado Plateaus,
and the eroded Oak Creek fault scarp. Downdropped block of the Oak Creek fault is on the right (east).
Paleozoic rocks undifferentiated (Pz) and Tertiary voleanicrocks (Tv). View north from near the mouth
of Oak Creek Canyon.

canic rocks of his oldest period of eruption accumulated during late
Pliocene time. In the Black Hills the Cenozoic volcanic rocks were
“k ¥ * tentatively assigned to the Pliocene epoch * * *” by Ander-
son and Creasey (1958, p. 58-59). Cooley (1961), however, suggested
that some of the early volcanism is probably of Miocene age. Twenter
(1961) cited stratigraphic relations between the volcanic rocks and
the lacustrine and fluviatile rocks of lower Pliocene age and concluded
that most of the volcanic rocks accumulated in Miocene time.

The authors agree generally with Anderson and Creasey (1958,
p. 80-82) that the Black Hills owe most of their present height to
several thousands of feet of displacement along the Verde fault zone
after the deposition of the Tertiary volcanic rocks and before the
deposition of the Verde Formation. Thus, the volcanic rocks probably
accumulated in a broad nearly flat valley that encompassed the area
now occupied by the Black Hills and that had a total width two or
three times that of the present Verde Valley.

Volcanic activity on the surrounding plateaus and within the broad
ancestral valley spread lava flows and pyroclastic rocks for great
distances. Some lava flowed over the Mogollon Rim from the Colorado
Plateaus and coalesced with flows in the valley. During volcanic in-
activity, shallow surface depressions were filled with sediments eroded
from rocks exposed in the vicinity. Renewed volcanism produced
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flows that covered the sediments. Many depressions and deep chan-
nels (some as much as 1,000 ft deep), such as are exposed today in
the walls of West Clear Creek Canyon, were filled and buried. The
flows and volcanic sediments tended to “level out” the topography.

" The Tertiary volcanic rocks are not major aquifers. However, the
basalts are faulted and contain numerous joints, and the volcanic sedi-
mentary rocks contain open and interconnected pore spaces. Both
types of rocks absorb water readily. Because the rocks are commonly
in high areas surrounding Verde Valley, much of the ground water
drains rapidly and leaves little in storage. Where the rocks are be-
neath the Verde Formation, as in oil-test hole (A-16-3)20bb and
possibly in water wells near Page Springs, they yield water to wells.

VERDE FORMATION

Between the Black Hills and the Mogolloni Rim, the Verde River
flows through lake beds that, when viewed from the surrounding
mountains, appear as a great white mass blanketing the floor of Verde
Valley. These lake beds and associated fluviatile deposits were named
the Verde Formation by Jenkins (1923, p. 69-81).

The Verde Formation covers a generally elliptical area of about
325 square miles (pl. 1). The northwest-trending axis of the outcrop
is about 35 miles long and is subparallel to the Verde River.

HISTORY OF DEPOSITION

The distribution and character of the Verde Formation and its re-
lation to older rocks make evident the broader outlines of its deposi-
tional history. The formation was deposited in an ancient valley
whose boundaries were about the same as those of the present Verde
Valley. The valley was formed by faulting, erosion, and volcanic
activity. The faulting occurred along the Verde fault zone after
deposition of most of the Tertiary volcanic rocks; the Black Hills
were uplifted and separated from the Colorado Plateaus and the
ancient Verde Valley. The southward-flowing Verde River cut
through the Tertiary volcanic rocks in the southern part of the valley
while tributary streams stripped rocks from the rest of the valley.
Later, intermittent uplift and voleanic activity in the Hackberry
Mountain area (fig. 2) dammed the water of the Verde River to form
a lake. The lake expanded when volcanic deposits and uplift in-
creased the height of the dam and contracted when erosion cut part
way through the dam. . Uplift, voleanic activity, impoundment of
water, and deposition of sediments were concurrent, especially dur-
ing the early stages of valley development. Intermittent tributary
streams, flowing into the valley from the surrounding highlands,
carried a load of very fine to very coarse fragments. The coarse frag-
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ments were deposited along the margin of the valley; the fine frag-
ments were carried onto the floor. Limestone was precipitated in the
deeper waters of the lake, and evaporite deposits formed in isolated
ponds bordering the restricted lake during dry periods.

At the south end of the valley and north of Hackberry Mountain,
the materials deposited were chiefly tuffaceous sediments and inter-
bedded lava (fig. 23). The tuffaceous sediments were derived partly
from active volcanoes and were deposited directly from the air and
by northward-flowing streams. The tuffaceous rocks contain a mix-
ture of ash, lava, and fragments of Precambrian and Paleozoic rocks.
The lava and tuffaceous rocks of the Verde Formation thin progres-
sively north of the Hackberry Mountain area and intertongue with
clastic rocks that contain evaporite minerals.

The evaporite minerals indicate that at times the lake was very
shallow and was subjected to almost complete desiccation. Because
deposition of these minerals commonly occurred in the area where
fine-grained clastic sediments were being deposited, the evaporite
minerals and the clastic rocks are intermixed and interbedded. Rocks
that contain evaporite minerals extend over an area of about 75 square
miles in the southwestern part of the valley (fig. 24).

During the time that rocks rich in evaporite minerals were being
deposited and continuing through most of Verde sedimentation, a

{Tuf chi;&&Té rocks ¥

F1GURE 23.—Gently dipping basalt and coarse-grained tuffaceous rocks of the Verde Formation in Chasm
Creek. The section as shown here correlates, in part, with units 5 and 6 of section 1 (p. 97). View
southwest.
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FIGURE 24.—Map showing area in which lake beds of the Verde Formation contain evaporite minerals.

shallow channel occupied the lowest part of the valley floor. Orig-
inally the channel was an erosional feature that marked the path of
the ancestral Verde River. The channel was maintained throughout
the period of deposition of the Verde Formation by more rapid ac-
cumulation of sediments along the margins of the valley than in the
area of the channel and by periodic scouring of the channel by flood
waters. The water in the channel was slow flowing for the most part,
and, although not more than 5 or 10 feet deep-—as suggested by the
environmental requirements of the fossil plant and animal life—it
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probably was deeper than in the rest of the valley. In this channel,
a thick continuous section of limestone—the thick limestone facies
(fig. 25) —was deposited.

FACIES CHANGES

The type of material deposited was influenced by fluctuation of the
water level in the lake. When the lake water was low or almost non-
existent, gravel, sand, silt, and clay were deposited in much of the
valley ; it was during these times also that the rocks containing evapo-
rite minerals were deposited. Limestone was deposited only in the
waters of the shallow channel that occupied the lowest part of the
valley floor. When the water became deeper, deposition of limestone
and marl was more extensive; and at times when the water covered
the entire valley floor, deposition of limestone and marl was wide-
spread. At least three limestone facies are recognizable—the lower,
middle, and upper limestone facies of this report (fig. 25).

GENERAL STRATIGRAPHY

The Verde Formation is a complex assemblage of rocks having a
variety of lithologic characteristics. In general, the formation is
divided into facies on the basis of lithologic characteristics. (See
fig. 25.)

Thick limestone facies—This facies occupies the central part of
Verde Valley. Most of the rocks are limestone and marl. The thick
limestone facies comprises limestones that normally would be classified
as part of the lower, middle, and upper limestone facies if they could
_be distinguished from the other limestones.

Mudstone facies—This facies lies on either side and around the
southern edge of the thick limestone facies. It may underlie, be strati-
graphically equivalent to, or overlie the lower limestone facies. The
rocks in the mudstone facies are predominantly mudstone and clay-
stone, some of which contain evaporite minerals. In some places
along the margin of the basin, conglomerate and tuffaceous rock form
amajor part of the mudstone facies.

Lower limestone facies—This facies extends laterally from the
thick limestone facies until it interfingers with the mudstone facies.
The rocks in this facies are principally limestone and marl.

Middle limestone facies—This facies extends laterally from the
thick limestone facies until it overlaps pre-Verde Formation rocks
. or until it interfingers with clastic rocks of the Verde Formation along
the margin of the valley. The middle limestone facies is separated
from the lower limestone facies by rocks of the mudstone facies. Most
rocks in the middle limestone facies are limestone and marl.
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Sandstone facies—This facies overlies the middle limestone facies.
It interfingers with and extends laterally from the thick limestone
facies. The sandstone facies is sandstone and siltstone that contain
thin interbeds of limestone. “In some facies along the margin of the
valley the sandstone facies is predominantly conglomerate.

Upper lmestone facies—This facies extends laterally from the
thick limestone facies until it overlaps pre-Verde Formation rocks or
until it interfingers with clastic rocks of the Verde Formation along
the margin of the valley. The upper limestone facies is separated
from the middle limestone facies by rocks of the sandstone facies.
Most rocks in the upper limestone facies are limestone and marl, al-
though locally this facies contains thin beds of mudstone and sand-
stone.

THICK LIMESTONE FACIES

The thick limestone facies is chiefly limestone and marl (see strati-
graphic sections 6 and 7, p. 104 and 105, respectively). The rocks in
the thick limestone facies characteristically are white, although light
gray, grayish orange, and pinkish gray are also common. Many beds
contain lenses and nodules of white, light-gray, and yellowish-gray
chert. Some beds contain silicified plant material. In the outcrop
the limestone is hard and resistant, but some of the unweathered rock
in fresh roadcuts is soft, marly, and chalklike; weathering seems to
have produced much of the hardness and resistance at the surface.
The limestone is usually rough, irregular, and gnarly (figs. 26, 27).
The beds are about 6 inches to 5 feet thick. This facies commonly
formsa steep ledge-slope topography or a vertical cliff.

Beds of limestone and mar] in the thick limestone facies thin and
intertongue with clastic materials of the mudstone and sandstone
facies (fig. 25). Also, the thick limestone facies intertongues with the
lower, middle, and upper limestone facies.

LOWER, MIDDLE, AND UPPER LIMESTONE FACIES

The lower, middle, and upper limestone facies are chiefly limestone
and marl. These rocks are characteristically white, pinkish gray, and
light gray. Some beds contain lenses and nodules of white, pale-blue,
greenish-gray, yellowish-gray, and brownish-gray cherts. The beds
are gnarly and contain solution channels. Some beds contain abun-
dant plant material, and many beds in the upper facies ave very porous
because of large quantities of hollow calcified plant stems. Differen-
tial weathering commonly forms a rough, pitted surface. The beds
are from 1 to 10 feet thick. The three limestone facies usually form
vertical cliffs or very steep slopes. Rocks in the lower limestone facies
are well exposed near Camp Verde (section 5, p. 102). Rocks in the
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F16URE 26.—Limestone in the Verde Formation near Clarkdale. The upper part of unit 13 and unit 14 of
section 15 (p. 116) are shown. Unit 14 here is very fossiliferous.

FIGURE 27.—Limestone in the Verde Formation near Clarkdale. The upper part of unit 14 and all of units
15, 16, and 17 of s2ction 15 (p. 116) are shown. The compact appearance and blocky weathering of unit
17 are typical for beds that contain abundant “plant hagh.”” Note large nodular mass of limestone inter-
bedded with thin-bedded limestone in upper part of unit 14.
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middle limestone facies are well exposed along Minter Wash (section
8, p. 106) and southeast of Carhp Verde (section 4, p. 101). Sections
12-16 (p. 111-126) represent the best exposures of the limestone in
the upper limestone facies.

MUDSTONE FACIES

In much of Verde Valley the mudstone facies is chiefly mudstone
and claystone that contains evaporite minerals. Near House Moun-
tain and probably in the northern part of the valley, the facies is
sandy and silty (section 11, p. 109). Locally, especially near the
thick limestone facies, the mudstone facies contains thin beds of lime-
stone.

In the areas where mudstone predominates, the rocks character-
istically are yellowish green, light gray, pale olive, and yellowish
orange. The sandy and silty beds are commonly grayish orange pink
and light brown. Evaporite minerals are common in the beds of
claystone and mudstone. At the salt mine (pl. 1), 115 miles south-
west of Camp Verde, Blake (1890) reported the occurrence of the
minerals thenardite (Na,SO,), mirabilite (Na,SO,-10H.O) halite
(NaCl), and glauberite (Na.SO,-CaSO,). At the gypsum mine, 4
miles southeast of Camp Verde, the chief mineral is gypsum
(CaSO,-2H,0). The beds of the mudstone facies range in thickness
from less than an inch to more than 5 feet. The facies generally
forms a slope. On the southern edge of Wingfield Mesa the mud-
stone facies consists of an interbedded series of tuffaceous sedimentary
rocks, mudstone, siltstone, clay, volcanic ash, and evaporite minerals
(fig. 28). A mile southeast of Wingfield Mesa the tuffaceous rocks
weather to unusual tepeelike forms and small pillars (fig. 29).

SANDSTONE FACIES

The best exposures of the sandstone facies are near House and Black
Mountains and are represented by sections 12 and 15 (p. 111 and p. 116,
respectively). Generally the sandstone facies is sandstone and silt-
stone interbedded with some mudstone, claystone, and limestone. The
sandstone is very fine grained to fine grained, and the grains are
mostly quartz. The characteristic colors of the sandstone facies are .
grayish orange, light brown, and moderate orange pink. The rocks
in this facies generally form a steep slope. West of section 15 and
about a mile north of Clarkdale, the sandstone facies is primarily
sandstone and siltstone. Well (A-15-4)4dd penetrates 250 feet of
the sandstone facies; except for a thin limestone bed near the bottom,
the material in this well is entirely argillaceous sandstone.
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FIGURE 28.—Fine-grained rocks of the Verde Formation on the southern edge of Wingfield Mesa (see unit
13 of section 1, p. 96). Arrow marks a 2-foot-thick ledge-forming bed of volcanic-glass shards about 30
feet below top of unit 13. View northeast.

F1GURE 29.—Tepeelike erosion of tuffaceous rocks in the lower part of the Verde Formation southeast of
Wingfield Mesa. Note small pillars of tuffaceous rock in the right foreground. View southeast.
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VOLCANIC ROCKS

In the northern part of Verde Valley on the flanks of House Moun-
tain, sedimentary rocks of the Verde Formation overlap Tertiary vol-
canic rocks. The sedimentary rocks thin progressively and pinch
out toward the center of the mountain.

South of House Mountain near Adobe House Bend a basaltic lava
flow-is interbedded with sedimentary rocks of the Verde Formation.
Limestone and marl that probably are part of the middle limestone
facies overlie the flow; conglomerate of the Verde Formation under-
lies the flow (section 10, p. 109). The conglomerate thins and
pinches out to the northeast. Underlying the conglomerate are Ter-
tiary volcanic rocks, and, where the conglomerate is missing, the
basaltic flow in the Verde Formation rest directly on a tilted basalt
flow in the Tertiary volcanic rocks.

In the southern part of Verde Valley, volcanic rocks of the Verde
Formation rest unconformably on older Tertiary volcanic rocks, and
here the contact between the two series of volcanic rocks is not easily
recognized. No attempt was made to map the rocks separately, and
both are shown on plate 1 as Tertiary volcanic rocks.

THICKNESS

The total thickness of the Verde Formation is unknown because the
base of the formation is not exposed and because the records for the
two or three oil-test holes which penetrate the formation are poor.
However, the available information suggests that the formation is
locally at least 1,800 feet thick.

The base of the lowermost measured section is at an altitude of
2,910 feet, and the top of the uppermost measured section is at an alti-
tude of 4,660 feet. The lowermost beds in wells (A-13-5)28bc2 and
(A-16-3)33dd are at an altitude of 2,500 feet ; if there is no structural
displacement between the area of the wells and the area of the upper-
most measured section, the Verde Formation may be as much as 2,200
feet thick.

The volcanic sedimentary rocks that constitute the lowermost ex-
posed beds of the Verde Formation in the southernmost part of the
valley are 338 feet thick (section 1, p. 96). A great thickness of
volcanic sedimentary rock probably is below the base of the exposed
section, and erosion here at the lower end of the valley has removed
many hundreds of feet of rocks.

The mudstone facies is at least 1,000 feet thick; information from
well logs and surface exposures indicates that this facies is at altitudes
ranging from 2,500 to 3,500 feet. Because the lowermost beds are not
exposed and have not been penetrated by wells, the total thickness of
the mudstone facies is greater. The part of the mudstone facies that
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overlies the lower limestone facies is 200-250 feet thick. Most beds
in the mudstone facies contain evaporite minerals. Beds consisting
chiefly of evaporite minerals locally are as much as 70-90 feet thick.
The thick limestone facies is probably as thick as the total thickness
of the Verde Formation, as all evidence indicates that deposition of this
facies was concurrent with deposition of all other facies of the forma-
tion. The thickest measured section of the thick limestone facies is
near Montezuma Castle (section 6, p. 104), where it is about 500 feet
thick. '

" The lower limestone facies is about 90 feet thick (section 5, p. 102).
The middle limestone facies is 100-300 feet thick; however, in most
localities where sections were measured, the upper beds are eroded.
Much of the standstone and upper limestone facies has been eroded,
and the original thicknesses of these facies are not known. Exposures
of the sandstone facies have thicknesses of 300 feet or more (sections
12 and 15, p. 111 and 116, respectively). The thickest section of the
upper limestone facies is on the south flank of Black Mountain (sec-
tion 5, p. 102), where it.is 384 feet thick.

FAUNA AND AGE

Many beds in the Verde Formation, especially in the northern part
of the valley, contain fossils, and some beds are abundantly fossilifer-
ous (Twenter, 1962). The fossils, most of which are well preserved,
include gastropods, pelecypods, ostracodes, Charophyte oogonia, verte-
brate teeth and bones, plant seeds or pods, and plant fragments. Some
of the invertebrate fossils are shown in figure 80. Blocks of volcanic
ash that contain ripple marks and other markings are shown in figure
31. Dr. C. W. Hibbard (written communication, 1959) reported that
samples of small vertebrate teeth collected from the Verde Formation
on the south flank of House Mountain (section 12, unit 26, p. 111)
contained teeth of the kangaroo rat Dipodomys (fig. 324) and the
cotton rat Sigmodon (fig. 328). Also, he noted that several teeth
might be those of Bensonomys (fig. 32C). Brady and Seff (1959)
described tracks found near Montezuma Castle and wrote that the
tracks “* * * gppear to be those of a small group of elephants * * *.”
The length of stride is 82 inches, and the diameter of each track is
16-18 inches.

Jenkins (1923, p. 76-77), on the basis of the relation of the Verde
Formation to structure and volcanic activity, concluded that “* * * the
Verde Formation may be placed as late as Tertiary or very early Pleis-
tocene.” Mahard (1949), on the basis of evidence similar to that used
by Jenkins, postulated a late Pliocene or Pleistocene age for the lake
beds. Anderson and Creasey (1958, p. 60) and Lehner (1958, p. 561
568) reached no definite conclusions as to the exact age of the
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F1GURE 30.—Invertebrate fossils from the Verde Formation. Bar scale under each specimen represents 1 mm.
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formation, but asto its relative age they found it to be younger than the
Tertiary gravels and volcanic rocks in the Black Hills and mostly
younger than the movement of the Verde fault. - In this paper the
Verde Formation is designated as Pliocene(?) or Pleistocene in age.

WATER-BEARING CHARACTERISTICS

The limestone beds of the Verde Formation contain many joints
and solution channels; these rocks readily store and transmit water
and are the chief aquifers in the Verde Valley. The fine-grained clastic
rocks of the formaﬁion are nearly impermeable and retard the move-
ment of ground water. Some clastic rocks, such as the friable sand-
stone and unconsolidated gravel, store and transmit water; and al-
though they are not as abundant and widespread as the limestone,
they are good aquifers.

Only a small amount of water is under water-table conditions in the
Verde Formation; most wells are artesian, and some flow. The lime-
stone units in the formation commonly are confined above and below by
aquicludes and, when so confined, are hydrologically independent of
other limestone units and act as separate aquifers.

QUATERNARY VOLCANIC ROCKS

The only known occurrence of Quaternary volcanic rocks is in the
southern part of Verde Valley just northeast of Squaw Peak (pl. 1;
figs. 10,12). These rocks unconformably overlie the Verde Formation
except for the volcanic neck which penetrates the formation. The
volcanic rocks are at altitudes from 3,300 to 3,700 feet and range in
thickness from a few feet to as much as 800 feet. The consist of rhyo-
litic lava, rhyodacite, and associated tuffaceous sedimentary rocks.

The Verde Formation had been eroded extensively and, in some
places, structurally deformed before the accumulation of the Quater-
nary volcanic rocks. In one place the beds of the Verde Formation
that underlie the volcanic rocks dip as much as 63°.

A small areal extent and a high position above the floor of the valley
make the Quaternary volacanic rocks unsuitable for the storage of
ground water. ,

QUATERNARY GRAVEL

Quaternary gravel forms an almost continuous strip 4 to 5 miles
wide along the Verde River. Most of the gravel is in the area between
the Black Hills and the Verde River, where it covers an eastward-
sloping pediment cut on the Verde Formation. Several large patches
of Quaternary gravel are south of Camp Verde just east of the Verde
River. In a few places small hills composed of the Verde Forma-
tion rise above the gravel. Where the gravel is cut by washes—in
places, as much as 25-50 feet deep—the underlying rocks are exposed.
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FIGURE 31.—Ripple marks and other unusual markings in volcanic ash from the Verde Formation near
Camp Verde.

A B (6}

FIGURE 32.—Small vertebrate teeth from the Verde Formation. A, Dipodomys; B, Sigmodon; C, Ben-
sonomys(?). Identified by Dr. C. W. Hibbard. Collected from House Mountain (section 12, unit 26
p. 111). Bar scale under specimens represents 1 mm.

The altitude at the base of the Quaternary gravel is 3,000-3,500
feet along the Verde River and 4,000-4,500 feet along the Black Hills.
The altitude at the base of the gravel in Wingfield Mesa is 3,400-3,500
feet. Thickness generally ranges from a few feet to 25 feet; in one
place, however, the gravel is 70 feet thick.

693-389 0—63—5
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The pebbles in the Quaternary gravel were derived from bedrock
of the adjacent slopes. Where Precambrian or Paleozoic rocks pre-
dominate in the Black Hills, the gravel downhill is composed of
these rocks; where Tertiary volcanic rocks are present in the source
area, such as in the area east of Wingfield Mesa, the gravel is com-
" posed of basalt fragments. In some places the Quaternary gravel
contains little cement and forms slopes; in other places it is moderate-
ly cemented and forms ledges. The size of the gravel fragments is
dependent upon the proximity of the deposit to the source area. Gen-
erally the size of the material decreases progressively away from the
source toward the Verde River. Near the source area the average
diameter of the fragments is 1-2 feet and the maximum diameter is
5 feet; near the Verde River on the other hand, the average diameter
commonly is between 2 and 8 inches and the maximum diameter is 2
feet.

Because the Quaternary gravel is mostly above the water table and
also because it is a veneer dissected by many washes, no large quanti-
ties of water are stored in the rocks and they do not yield water to
wells or springs.

STREAMWASH

In this report streamwash is used to designate all sediments that
are younger than the Quaternary gravel. It includes all sediments
in and near the channels of perennial and intermittent streams and
most terrace deposits adjacent to the river.

The thickness of the streamwash ranges from about a foot to some-
what more than 30 feet. Many wells that start in streamwash pass
through about 30 feet of this material before penetrating older sedi-
mentary rocks. '

The streamwash is unconsolidated and consists of varying amounts
of gravel, sand, silt, and clay ; in some places it consists of well-sorted
lenticular beds and in other places of poorly sorted and indistinctly
bedded masses. Fragments constituting the streamwash are from
all older rocks; the abundance of fragments of any one particular

age is dependent upon the age of the rocks in the immediate source
area.

The streamwash deposits are of great economic importance to the
inhabitants of Verde Valley, as most of the deposits constitute the
flood plain of the Verde River and there support the major agricul-
tural development in the valley (fig. 33). Alfalfa, cotton, fruit, and
several varieties of grass are raised by irrigation.
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The unconsolidated sand and gravel of the streamwash are usually
permeable and form a good water-table aquifer—an abundance of
water is stored and transmitted by this material. The water level
in wells usually is influenced by the stage of nearby streams.

GEOLOGIC STRUCTURE

Verde Valley owes its location and configuration to upwarp of the
Mormon Mountain anticline (fig. 34), to movement along the Verde
fault zone (fig. 34), and to extensive erosion. The Mormon Mountain
anticline and the Verde fault are the principal features defining the
Verde Valley ground-water basin. The Mormon Mountain anticline
forms the ground-water divide on the east side of the valley ; the crest
of the Black Hills, which owes its elevation to movement along the
Verde fault zone, forms the ground-water divide on the west side.

The Mormon Mountain anticline which is 15-25 miles east of Verde
Valley, is a northwest-trending asymmetrical anticline whose dips do
not exceed 4° on either limb. Structural contours on the top of the
Kaibab Limestone (fig. 34) reveal that the rocks in the Colorado
Plateaus dip westward from the Mormon Mountain anticline toward
Verde Valley and that the rocks in the anticline have been elevated
more than 1,500 feet above stratigraphically equivalent rocks near the
center of the valley.

The Mormon Mountain anticline is the crest of a large anticlinal
fold having 1,500 feet of closure (fig. 34). The trough on the west

F1GURE 33.—Agricultural development on the streamwash deposits of the Verde River just south of Camp
Verde. The Verde River flows out of Verde Valley through the gap between Squaw Peak and Hack-
berry Mountain. View south.
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side of this structure forms a synclinal fold coincident with Verde
Valley. Rocks uplifted by faulting and folding in the Verde fault
zone form the western limb of the downwarp. Prior to the last major
movement in the fault zone, the synclinal fold encompassed the Black
Hills and the adjacent valleys to the west. The anticlinal and syn-
clinal folds are major components of the Verde Valley ground-water
basin primarily because the 1,500 feet of downwarp on the western
limb of the anticlinal fold gives the aquifiers a slight dip basinward.
This dip facilitates the movement of ground water to the collection
and storage basin formed by the synclinal fold.

‘The Verde fault zone, which “* * * comprises a main strand, the
Verde fault, and many parallel and subparallel subordinate
faults * * *” (Anderson and Creasey, 1958, p. 80), is on the west side
of Verde Valley and trends northwestward. Most of the subordinate
faults are east of the main fault (pl.1). The scarp of the Verde fault
is conspicuous throughout much of its length and is well displayed
at Mingus Mountain (fig. 4) and Squaw Peak (fig. 10). The fault
zone was structurally weak as early as Precambrian time, when move-
ment may have displaced Precambrian rocks as much as 1,000 feet
(Anderson and Creasey, 1958, p. 147-149). No movement is known
to have occurred during deposition of Paleozoic rocks, and if dis-
placement occurred during Mesozoic time the evidence for it was
largely destroyed when Mesozoic sediments were eroded.

The most obvious and easily discernible displacement in the Verde
fault zone is the result of movement after accumulation of most Ter-
tiary volcanic rocks. This movement, which displaced the Tertiary
rocks as much as, and probably more than, 3,000 feet, elevated the
Black Hills and separated them from the Colorado Plateaus. Prior
to this last major movement, the ancestral Verde Valley was cut into
Precambrian and Paleozoic rocks and then filled and blanketed by
Tertiary sedimentary and volcanic rocks that now form the Black
Hills. :

The Verde fault zone is a series of normal faults between which
the blocks are progressively downdropped to the east. In the north-
ern part of the Black Hills near the town of Jerome, as many as
13 fault segments occur in a zone about 2 miles wide (Anderson and
Creasey, 1958, p. 80). On the northern flank of the Black Hills be-
yond the area mapped, the fault zone becomes a monoclinal fold.
The dip of the beds in the monoclinal fold decreases to the north until
only a slight northeastward dip can be seen along the Mogollon Rim
west of Sycamore Canyon. In the southern part of the Black Hills
near Tule Mesa, as many as 25 fault segments are in a zone about 6
miles wide. Of these, about 17 are in Paleozoic rocks and the rest
are in Tertiary and Quaternary rocks. '
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In the Verde fault zone the Paleozoic rocks are lowered progres-
sively eastward until their altitudes approximate those of correlative
Paleozoic rocks in the part of the valley along the Mogollon Rim.
The Verde Formation probably conceals a series of faults similar to
those exposed.

Three major geologic structural features are dominant in the north-
eastern part of Verde Valley (pl. 1)—the Oak Creek fault, the Sedona
fault, and the Cathedral Rock fault.

The Oak Creek fault, its southernmost limits covered by Tertiary
volcanic rock, extends from Dry Beaver Creek northward for about
8 miles, then bends to the northwest and into Oak Creek Canyon, and
thence extends northward in Oak Creek Canyon for about 10 miles.
A prominent scarp (fig. 7) marks the trend of the fault north of Oak
Creek Canyon for about 5 miles to a point where the fault bifurcates;
several segments extend north of the point of bifurcation for at least
10 miles (Cooley, 1961). The scarp is less prominent in the Dry
Beaver Creek area and in the area north of Oak Creek Canyon, where
several minor faults have absorbed part of the displacement.

The Oak Creek fault is a high-angle normal fault that is down-
thrown to the east and has most of its displacement along a single
prominent break. Associated faults and cross faults produce some
variation in the amount of displacement along the main fault. Near
its southern limits the displacement is 400 feet, but at several places
in Oak Creek Canyon the displacement is as much as 700 feet, and
along the fault north of Oak Creek Canyon the displacement is 600
feet. The average displacement in the mapped area is probably 600
700 feet.

The Sedona fault trends west-northwest and makes a gentle arcuate
curve just north of Sedona. The fault has a displacement of 400 feet,
is about 5 miles long, and is downdropped on the southwest side.
Where the fault crosses Oak Creek, the cliff-forming sandstone units
in the lower member of the Supai Formation on the north side of the
fault abut the slope-forming beds of the middle member of the Supai
on the south side. '

The Cathedral Rock fault is slightly arcuate and extends north-
westward for 8 miles from Bell Rock to the Dry Creek area. Because
distinctive marker beds are rare in the Supai, the displacement along
the fault is difficult to determine. At Bell Rock, where the thin lime-
stone in the upper member of the Supai is exposed on both sides of
the fault, the displacement is 250 feet. In the Dry Creek area, where
the fault splits into several segments, the limestone in the upper mem-
ber of the Supai is exposed southwest of the fault at about the same
altitude as the contact between the lower and middle members of the
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Supai north of the fault, and the indicated displacement is 800 feet.
The average displacement along the fault is about 500 feet.

Most rocks in Verde Valley are horizontal or have slight dips.
There are no large folds, and beds that dip more than 5° generally
are in or near faulted areas. However, solution of limestone and gyp-
sum in the Verde Formation has produced sinkholes and slump blocks
in which beds dip as much as 47°; these features are especially con-
spicuous around McGuireville, Montezuma Castle (fig. 35), and south-
east of Camp Verde.

G

F1GURE 35.—Small slump-block structure in the Verde Formation along U.S. Highway 79 near Montezuma
Castle. Ledge-forming limestone in background are in the thick limestone facies. View north.

Structural features in Verde Valley influence the movement of
ground water. The basinward dip of the beds in the Mormon Moun-
tain anticline and associated upwarps enables ground water to move
freely toward Verde Valley. Where the beds dip away from the basin
on the north and east side of the upwarps, the ground water flows to
the Little Colorado River. Inthe Verde fault zone, impermeable igne-
ous and metamorphic rocks on the west abut permeable sedimentary
rocks on the east. The impermeable rocks act as a barrier to ground-
water movement, and the water flows southeast in the fractures and
joints along the fault. Similarly, ground water flows southward along
the other large faults in Verde Valley.
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GROUND-WATER HYDROLOGY

Verde Valley. is hydrologically a part of a much larger area here
designated the Verde Valley ground-water basin. Although the pres-
ent investigation and most of the discussion in this report are con-
fined largely to Verde Valley, some aspects of the Verde Valley ground-
water basin that affect the hydrology of Verde Valley are described.

VERDE VALLEY GROUND-WATER BASIN

The Verde Valley ground-water basin (fig. 36), which is delineated
by the Black Hills and the Mormon Mountain anticline, includes not
only Verde Valley but also that part of the Colorado Plateaus that
bounds the valley. Precipitation is heavy in the Colorado Plateaus
part of the basin, and most ground water and much surface water is
derived from this area.

More than 50 springs and 200 wells are in the Verde Valley area.
Only those wells and springs that seem to have hydrologic significance
are discussed. Pertinent information for many wells is given in table
7. Data pertaining to some springs and a few wells were collected
before the present investigation. All hydrologic interpretations are
restricted by a short period of record.

OCCURRENCE OF GROUND WATER

The wells and springs in Verde Valley derive their water from per-
meable rocks—that is, rocks that have a capacity to absorb, store, and
transmit water. A rock unit that contains water and has permeability
sufficient to allow water to be transmitted to wells or springs is called
an aquifer. In Verde Valley, the aquifers are permeable sedimentary
rocks that yield water to most wells and provide the spring water that
sustains the perennial flow of the Verde River and its tributaries.

The absorption, storage, and transmission of ground water are deter-
mined, for the most part, by the lithologic characteristics of the rocks—
mineral composition, grain size, cementation, and porosity.

Mineral composition determines the resistance of a rock to solution.
Conglomerate, sandstone, siltstone, and claystone are composed of
quartz and clay minerals, which are resistant to solution; whereas
limestone and evaporite deposits are composed of calcite, gypsum, and
other minerals, which are soluble. Solution develops channels and
sinkholes that permit otherwise impermeable rocks to absorb, store,
and transmit water.

Uniformity of grain size provides open and connected pores in sand-
stone and conglomerate and causes such rocks to be very permeable.
The degree of permeability may be progressively reduced by cementa-
tion with such minerals as calcite and quartz, which bind the grains
together and fill the pores.
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Grain size alone can limit permeability. In general, this is due to
molecular attraction ; adhesion of a molecule of water to a molecule of
rock is much greater than cohesion of a molecule of water to another
molecule of water. In the large pore space between coarse grains, the
surface area of rock is small in relation to the quantity of water; only
a small part of the water adheres firmly to the rock; and much water
can be transmitted. In the small pore space between very fine grains,
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the surface area of rock is great in relation to the quantity of water;
most or all the water adheres firmly to the rock ; and little or no water
can be transmitted.

The porosity of a rock is the ratio of the volume »of its pore space
to its total volume. Thus, porosity determines the quantity of water
that a rock can contain but does not determine its permeability.
Porosity is related to permeability only when pores are interconnected
so that water can pass through the pores and be transmitted to wells
and springs.

In summary, then, clastic rocks such as gravel or sand that are com-
posed of coarse uniform uncemented grains and nonclastic rocks such
as limestone that contain solution channels are highly permeable and
are potentially good aquifers. . Fine-grained rocks such as siltstone are
less permeable and can store and transmit only small quantities of
water and, thus, are poor aquifers. Some clastic rocks such as clay-
stone and shale that are composed of very fine grains may contain
water but cannot transmit it to wells or springs; these rocks are called
aquicludes.

Structural features such a fractures, faults, and folds help to deter-
mine the occurrence of ground water. Fractures increase the rocks’
capacity to absorb, store, and transmit water. In rocks that otherwise
are impermeable, such as the Precambrian rocks in Verde Valley,
fractures are the major, and sometimes the only, source of water.

Where permeable rocks abut impermeable rocks along a fault or
fold, the impermeable rocks act as a barrier to water movement, caus-
ing ground water to be stored and transmitted along the structural
feature.

Many aquifers in Verde Valley are underlain and overlain by aqui-
cludes; water so confined in an aquifer can move laterally much more
readily than it can move vertically. Water in a confined aquifer is
under pressure and will rise above the level at which it is first found
in a well. Such an aquifer is called confined or artesian, and a well
tapping it is called an artesian well. If the water rises to the land
surface, the well is a flowing well.

In aquifers not underlain and overlain by aquicludes, the water
is unconfined and may move up or down freely; the upper surface of
this free body of water is referred to as the water table.

The aquifers in the Verde Valley ground-water basin are in the
Verde Formation, the Supai Formation, the Redwall Limestone, the
Coconino Sandstone, and the streamwash., Ground water is under
water-table conditions in the streamwash and, for the most part, is
under artesian conditions in the other rocks.
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MOVEMENT OF GROUND WATER

The regional movement of ground water in the Verde Valley
ground-water basin is basinward from the Mormon Mountain anti-
cline and the crest of the Black Hills (fig. 37). Thus,all ground water
flows to the Verde River and its tributary streams. Then, as surface
water in the Verde River, it leaves the valley.

The paths—through fractures, solution channels, bedding planes,
and permeable beds—by which the ground water finds its way from
the recharge area of high precipitation (fig. 36) to its temporary base
level, the Verde River, are many and are complexly interrelated, but
the general pattern can be presented simply. Some of the water
precipitated as rain or snow on the Colorado Plateaus enters the sur-
face rock—in most areas, Kaibab Limestone or Tertiary volcanic
rocks—and becomes ground water. It percolates downward through
the underlying Toroweap Formation and into the Coconino Sand-
stone. In parts of the Colorado Plateaus where the Coconino is satu-
rated, the water moves laterally, Where deep canyons intersect the
water table, the water will issue as springs or seeps. In parts of the
Colorado Plateaus where the Coconino Sandstone is not saturated, the
water percolates downward into the underlying Supai Formation. In
the Sedona area, part of the lower member of the Supai Formation is
saturated, and the water moves laterally to the southwest. If, asin the
Sycamore Creek area, the Supai Formation is not saturated, the water
percolates into the underlying Redwall Limestone.

Tertiary volcanic rocks on the south flank of House Mountain and
along Spring Creek form a barrier to ground-water movement in the
Supai Formation, and ground water collects behind this barrier.
Where the water intersects land surface, it issues as springs and seeps.
(See point labeled Spring Creek on geologic section, pl. 1.)

The direction of movement of the ground water and the configura-
tion of the water-level surface are shown by generalized ground-water
contours on plate 1. For example, the effect of the ground-water dam
mentioned in the preceding paragraph is shown by the wide spacing
between the 3,600- and 8,700-foot contours which indicates a broad
flat water-level surface behind the dam.

Ground water probably moves from the Supai Formation and the
Redwall Limestone directly into the Verde Formation. In the Verde
Formation, ground water moves generally southwestward toward the
Verde River. The bending of the contours upstream shows that the
Verde River and its principal tributaries are effluent and receive
ground-water discharge in parts of their courses.
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RECHARGE OF GROUND WATER

The chief means of recharge to the Verde Valley ground-water
reservoir is by direct penetration of water from precipitation on the
Colorado Plateaus (fig. 36). Some recharge to the Verde Formation
is from pre-Verde rocks such as the Supai Formation and Redwall
Limestone.

Only a small part of the total precipitation is a source of water for
recharge, because much of it is lost to the atmosphere by evaporation
or transpiration and some may be lost by sublimation. A part of the
precipitation becomes runoff, and some of this runoff percolates down-
ward through permeable rocks to the ground-water reservoir.

Ground-water reservoirs that have not been materially affected by
development are in hydrologic balance—that is, the amount of re-
charge is about equal to the amount of discharge. The Verde Valley
ground-water basin is in hydrologic balance; the amount of water re-

charged to rocks in the basin is about equal to the amount of water
discharged as base flow at the Chasm gaging station (fig. 36). The
average base flow at the gaging station during the winter—225 cfs or
150,000 acre-feet per year—is an approximation of the minimum quan-
tity of water recharged to all rocks in the ground-water basin. The
area of rock yielding ground water to surface flow is about 1,400,000
acres; therefore, each acre yields ground water at the rate of 37,000
gallons per year.

The recharge area, about 900,000 acres, receives 20 inches of pre-
cipitation per year, and the rest of the ground-water basin receives
12 inches per year; thus, the average annual precipitation in the Verde
Valley ground-water basin is 17 inches. FEach acre of land receives
water from precipitation at the rate of 460,000 gallons per year. On
this basis and on the basis that the rocks in the basin yield 37,000 gal-
lons per acre per year, the recharge is 8 percent.

DISCHARGE OF GROUND WATER

All ground water discharged in the Verde Valley ground-water
basin, except that lost through evapotranspiration, flows out of the
basin at the Chasm gaging station as surface water in the Verde River.
The base flow of the river, where it exits from the valley, is 225 cfs.
This flow represents the minimum quantity of ground water discharged
from rocks in Verde Valley. The quantity of ground water discharged
by springs is shown in table 11.

WATER IN THE VERDE FORMATION

Most ground water in the Verde Formation is in limestone, although
sandstone, conglomerate, and siltstone yield some water. The water is
discharged by springs, artesian wells, and flowing wells.

" 693-389 0—63— 6
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Many beds in the Verde Formation are water bearing, yet the amount
of water visibly discharged is small. Significant quantities of water
probably flow underground through the formation into the stream-
wash and thence into the perennial streams.

Most wells that penetrate the formation are in the populated part
of the valley near perennial streams. Information pertaining to the
apparently significant wells is included in tables 7 and 8. The depths
of wells range from less than 100 feet to more than 1,000 feet. Water
levels range from flowing at the surface to a depth of about 300 feet;
the depth to water in most wells is less than 200 feet.

The hydrologic relations between units in the Verde Formation are
complex because of rapid facies changes. In general, domestic and
industrial supplies of water having less than 500 ppm dissolved solids
can be obtained from the limestone and sandstone facies, whereas only
small quantities of very salty water can be obtained from the mud-
stone facies. For example, in the vicinity of Camp Verde the lower
limestone facies yields sufficient quantities of ground water for do-
mestic use; the water has less than 500 ppm dissolved solids. How-
ever, several miles south of Camp Verde the water from wells in the
mudstone facies is small in quantity and is very salty.

The thick limestone facies of the Verde Formation contains joints
and solution channels that store and transmit water readily. This
facies probably will yield water to wells wherever it is below the re-
gional water table. In general, the thick limestone facies will yield
moderate to large quantities of water having less than 500 ppm dis-
solved solids.

TaBLE 8. — Materials penetrated by selected wells

Material Thickness | Depth
(feet) (feet)

(A-13-5)10bca
[Approximate land-surface alt. 3,150 {t. Driller not known]

Verde Formation:

Clay and white TOCKS_ ___ .. oo ____.___ 250 250
Alternate beds of clay (25-30 ft thick) and gypsum (10-15
ft thick) ... _______ I 550 800
Verde Formation and Tertiary volcanic rocks:
Clay and lava._ . _ . 600 1, 400
Tertiary volcanic rocks:
Igneous roek. - _ .- 225 1,625

Total depth___ | 1,625
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TABLE 8.—Malterials penetraled by selected wells—Continued

Material Thickness Depth
(feet) (feet)

(A-13-5)28bc2

[Approxlmate land-surface alt. 3,100 ft. Drilled by Loft Hollamon. Lithologic description of material
below 160 ft. by F. R, Twenter]

Streamwash: e
Gravel, decomposed granite, some red clay._._ ... _-___ 45 45
Gravel, granite, and basalt boulders___________________ 25 70

Verde Formation:

Clay, brown_ _ _ .. ___ 20 90
Clay, “blue,” and salt______ . _________. 70 160
Clay and evaporite minerals; the clay is yellowish gray_. 20 180
Clay and evaporite minerals in about equal proportions;

the clay is very light gray_ _ . ... _______ 20 200
Clay, very light gray, some light-greenish-gray; about 15

percent of sample is evaporite minerals__.__.________ 30 230
Evaporite - minerals, some well-preserved crystals; con-

tains small amount of very light gray clay - .___.___ 30 | 260
Evaporite minerals and very light gray clay; some )

evaporite minerals almost transparent, readily soluble, ity

and have salty taste; white crystalline and fibrous crust

forms on dry sample_ - . _________________________. 50 310
Similar to overlying unit except for clay, which is pinkish

TR - - o o m e m e 10 320
Clay, very light gray, and evaporite minerals_______.___ 10 330

Clay, very light gray; about 25 percent of sample is
evaporite minerals; white crystalline crust forms on
dry sample_ .. 20 350

Clay and evaporite minerals in about equal proportions;
clay is very light gray, some pale yellowish brown;
white crystalline and fibrous ecrust forms on dry

sample . _ . 10 360
Evaporite minerals, some very light gray clay_..______. 10 370
Clay and evaporite minerals in about equal proportions;

clay is light brownish gray, some very light gray___.__ 80 450
Evaporite minerals; about 35 percent of sample is very

light gray elay - - - - . 30 480
Clay, light-brownish-gray, some very light gray; about

25 percent of sample is evaporite minerals_ . ______.__. 20 500
Clay, very light gray; about 20 percent of sample is

evaporite minerals_ _ _ . . ______._ 30 530
Clay, pinkish-gray and very light gray, and evaporite

minerals__ . _ . iaoo- 10 540
Clay, pinkish-gray and very light gray, and evaporite

minerals; first evidence of large gypsum crystals._____ 20 560

Clay, grayish-orange-pink and light-brownish-gray, some
very light gray, and evaporite minerals; some large

fragments of gypsum_ .. ___..____._ 40 600
Clay, light-brownish-gray; about 15 percent of sample
is evaporite minerals._ _ .. _ . _ ... ______._.__. 20 620

Clay, light-brownish-gray and very light gray; about 25
percent of sample is very hard, white, siliceous material

that contains minerals indicative of igneous source
AT@AI_ - o & oo 80 700

Total depth___ __ o ]eeaas 700
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TABLE 8.—Malerials penetrated by selected wells—Continued

Material Thickness | Depth
(feet) (feet)
(A-14-5)4aaa
[Approximate land-surface alt 3,450 ft. Drilled by Loft Hollamon])
Verde Formation:
Limestone._ . _______ e e 22 22
Limestone and clay, in alternate beds; limestone is 1-2 ft

-thick; clay is 1 ft thick orless_ .- _________________ 233 255
Limestone, white, soft _ ___ . ______ ___________________ 70 325
Limestone and bentonitic elay_. . _____________________ 77 402
Clay, bentonitic____________________________________ 73 475
Limestone, white, soft and hard beds_..________.______ 14 489
Limestone, brown, vuggy--. .. _.___________________ 14 | 503
Total depth- oo - 503

" (A-14-5)17aaa2

[Approximate land-surface alt 3,190 ft. Drilled by Loft Hollamon. Lithologic description by F. R.

Twenter)

Streamwash:

Gravel, clay, and very fine grained sand, light-brown to
moderate-brown; pebbles are basalt, quartz, weathered
limestone, and metamorphie roeks._ .. ______________

Gravel, dark-gray; pebbles, mostly basalt, are well
rounded and as much as 1 in. in diameter

Verde Formation: .

Limestone, very pale orange to white; contains manga-
nese dendrites and vugs lined with calcite crystals.
General footage characteristics are listed below in
descending order:

Frorln 35 to 40—limestone; about 35 percent clay and
silt.

From 40 to 50—vuggy limestone that contains
mlanganese dendrites; about 5 percent clay and
silt.

From 50 to 75—vuggy limestone that contains man-
gslmese dendrites; about 15-30 percent clay and
silt.

From 75 to 85—aphanitic limestone; about 10 per-
cent clay and silt.

From 85 to 110—vuggy limestone; about 20-40 per-
cent clay and silt.

From 110 to 135—vuggy, porous limestone; about
15 percent clay and silt. .

From 135 to 140—vuggy, porous limestone; about
30 percent clay and silt.

From 140 to 160 (bottom of hole)—vuggy, porous
limestone; about 10-20 percent clay and silt

Total aepth

30 30
5 35
125 160
160
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TABLE 8.—Materials penetrated by selected wells—Continued

79

Material Thickness Depth
(feet) (feet)
(A-15-3)5bd
[Approximate land-surface alt 3,725 ft. Drilled by A. B. Peach]
Quaternary gravel and Verde Formation:
Gravel, cemented . . - _ . eooo. 120 120
Tertiary volcanic rocks:
Basalt. . e 100 220
Redwall(?) Limestone:
Limestone_ _ . e 315 535
Total depth- - - - . 535
(A-~15-3)12adbl

[Approximate land-surface alt 3,275 ft. Drilled by Riley Lee]

Streamwash:

Gravel, sand, and elay . - - oo ... 33 33

Verde Formation:
Clay, yelloW _ _ e e e eemam 37 70
Limestone . _ - oo eelEl 330 400
Total depth. e 400

(A-15-4)3ca
[Approximate land-surface alt 3,325 ft. Drilled by George Riggins]

Verde Formation:
Conglomerate and limestone_ _ _ .- __._____.____ emmeee- 45 45
Silt, red _ e 10 55
Clay, “blue” . el 3 58
Mudstone, red, limy . _ _ . __ 7 65
Silt, red o2 11 76
Clay, red o e 4 80
Sand, rea, very loosc and friable______________________ 52 132
Conglomerate _ - _ - _ . e 8 140
Sand, red, very loose and friable_____.________________ 10 150
Conglomerate _ - .- el 10 160
Sand, red, very loose and friable__.___________________ 10 170
Conglomerate _ _ . .o 5 175
Clay, “blue’ - - oo 13 188
Limestone _ _ .. 7 195
Sandstone . _ _ e 13 208
Limestone, flintlike_ - ____________________________ 2 210
Limestone, cavernous. _ .- ____.___ 4 214
Clay - o oo e 3 217
Total depth.___ e 217
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TaBLe 8.— Materials penetrated by selected wells— Continued

Material Thickness
(feet)

Depth
(feet)

(A-16-3)33dd

[Approximate land-surface alt 3,460 ft. DrilledTby Ros]coe Moss Co. Lithologic description by F. R.

wenter

Quaternary gravel:

4 Gravel and very coarse grained sand. Pebbles mostly
basalt (60-75 percent) ; some fragments from Paleozoic
and Precambrian rock; pebbles have maximum diam-
eter of about 1 in.; average diameter ranges from % to
D35 ¢ ISP 70

Verde Formation:

Mudstone, grayish-orange-pink; mostly clay, silt, and
very fine grained to medium-grained sand; some zones
contain small fragments (1/8-1/4 in. in diameter) of

basalt. Caleareous_______________________________ 40
Sandstone, grayish-orange-pink, very fine grained to
fine-grained; mostly quartz. Calcareous_______._.__._ 10

Mudstone, grayish-orange-pink and light-brown. Chiefly
clay, silt, and very fine grained to medium-grained

sand; some coarse-grained sand. Very calcareous__ . _ 40
Claystone, grayish-orange-pink and light-brown. Very

caleareous. . _________ 50
Marl or argillaceous limestone, white and pinkish-gray;

contains some opalized plant material and chert______ 30
Limestone, very dense, almost lithographic; some

grayish-pink clay; contains some white chert_________ 10
Claystone, calcareous, and argillaceous limestone, gray-

ish-orange-pink and white_ _ _ ______________________ 50
Claystone and siltstone, grayish-orange-pink and light-

brown. Very calcareous_ _ _ _ ... ... _______ 20
Claystone and limestone, grayish-orange-pink and

white; limestone is dense and saccharoidal . __________ 10

Claystone, grayish-orange-pink; contains tubelike struc-'
tures of calcite that are probably replaced plant

material. Very caleareous______.____.______________ 30
Claystone and limestone, some fine-grained sandstone,

grayish-orange-pink._._____________________________ .10
Claystone, grayish-orange-pink; some silt ano verv fine

g ained sand. Very calcareous_______________. S 10

Limestone, slightly argillaceous, white and grayish-
orange-pink; 15 percent of sample is light-colored

ehert . . e 10
Claystone, grayish-orange-pink. Very calcereous___.___ 10
Marl «r argillaceous limestone, white; 20 percent of

sample is white chert__________________________.___ 20
Claystone, grayish-orange-pink; some silt and fine-

grained sand. Very calcareous___________ .. ___-____ 20
Limestone, dense and finely crystalline, white_ ________- 20

Claystone, moderate-reddish-brown and dark-redqish— '
brown, 15 percent of sample is silt and fine-grained

sand _ - 10
Claystone and limestone, pinkish-gray and white_ ... 20
Siltstone, pale-reddish-brown, Calcareous. .- _----- 10
Claystone, pinkish-gray and pale-reddish-brown; 10 per-

cent of sample is fine-grained sand. ~ Slightly calcareous. 20
Limestone, white; 30 percent of sample is pale-reddish-

brown clay and fine-grained sand_ .- - - _-------- 10

Mudstone, yellowish-gray and modeyate-orange-pink.
Chiefly clay, silt, and very fine grained to medium-
grained sandstone. Calcareous to very calcareous.. - -- 40

70

160
210
240
250
300
320
330

360
370
380
390
400
420
440
460

470
490
500
520

530

570



GROUND-WATER HYDROLOGY 81

TaBLE 8.— Malerials peneirated by selected wells— Continued

Material Thickness Depth
(feet) (feet)

(A-16-3) 33dd—Continued

Verde Formation—Continued
Claystone, grayish-orange-pink; 15 percent of sample is
yellowish-gray mudstone. Very calcareous__________ 10 £80
Limestone, argillaceous, grayish-orange-pink___________ 10 £90
Mudstone, pale-reddish-brown and grayish-orange-pink.
Chiefly clay, silt, and very fine grained to m:dium-
grained sand. Very calcareous_.____.___________.__. 20 610
Claystone, limy, or very argillaceous limest ne, gr .yish-
orange-pink; some very fine grained to mediuu.-grained
sandstone. Very calcareous. . ___ ... ._.__________ 103 710
Mudstone, pale-reddish-brown. Chiefly clay, silt, and
very fine grained to medium-grained quartz sand.

Slightly caleareous_ . - __ .. ________ 10 720
Claystone, arenaceous, grayish-orange-pink. Very
CalCATEOUS . _ _ e eciiceeo_o 20 740

Mudstone and cla(x/stone, pale-reddish-brown and grayish-
orange-pink. hiefly clay, silt, and very fine grained
to medium-grained quartz sand. Calcareous to very

caleareous . _ _ - _______ 50 790
Claystone, calcareous, or very argillaceous limestone,

grayish-orange-pink and white. Very calcareous...__ 10 800
Mudstone, moderate-orange-pink. Chiefly clay, silt,

and very fine grained sand. Very calcareous_________ 20 820

Sandstone, very argillaceous, light-brown; very fine
grained to fine-grained; mostly quartz. Slightly cal-
CareoUsS ——_ __.-________ U 10 830

Claystone, very arenaceous, grayish-orange-pink and
pale-reddish-brown. Very fine grained to fine-grained

quartz sand abundant. Calcareous to very calcareous. 60 890
Limestone and claystone, white and grayish-orange-
pink. Very calcareous.___.___ _____________.___..___ 10 200
Claystone and siltstone, light-brown. Very calcareous.__ 40 940
Total depth.___ .. mmcmemeea|aiaa 940
(A-16-4) 26ed
[Approximate land-surface altitude 3,450 ft. Drilled by Loft Hollamon]
Streamwash:
Gravel, sand, and clay. . . _ .. 14 14
Verde Formation:
Clay, “blue’ _ _ . . e 41 55
Sand, very friable_____ o e_.. 12 67
Clay, “blue” e 13 80
Basalt__.___ ... 7 87
Tertiary volcanic rocks: : : :
Conglomerate._ - .o ee oo 16 103
Basalt_ e 17 120
Clay, brown, some red; probably tuffaceous. . ___..____. 156 276
Supai Formation:
Sandstone, red _ _ e eeeeees 14 290
Total depth._ oo 290
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Well (A-14-5)17aaa2 at Montezuma Castle National Monument is
160 feet deep and is typical of wells in the thick limestone facies.
Water was first reached at a depth of 87 feet, but it rose in the well
to 65 feet below the land surface. The well yields 45 gpm of water
having 321 ppm dissolved solids.

Well (A-15-3)12adbl is near the eastern margin of the thick lime-
stone facies and is about 400 feet deep. The driller’s report indicates
that (1) at-a well depth of 33 feet the depth to water was 33 feet,
(2) at a well depth of 90 feet the depth to water was 20 feet, (3) at
a well depth of 130 feet the depth to water was 12 feet, (4) at a well
depth of 175 feet the depth to water was 6 feet, and (5) at a well
depth of 390 feet the water flowed 5 gpm at the land surface. The
flow gradually decreased and eventually ceased. From July 1959 to
July 1960 the depth to water ranged from 15 to 19 feet.

The flowing wells in secs. 27 and 85, T. 16 N., R. 3 E., on the east
side of the Verde River near Cottonwood (pl. 1), are in the thick
limestone facies. The depths of these wells range from 150 to 400 feet.
All the wells have small flows; well (A~16-3)35add2 flows about 8
gpm and is probably typical.

Water from the mudstone facies generally is not suitable for domes-
tic use because of high concentrations of dissolved solids. Most wells
in this facies are near Camp Verde in an area where the facies is
exposed. Well (A-13-5)15aa penetrated 132 feet of the mudstone
facies and yielded water having 90,300 ppm dissolved solids.

The lower and middle limestone facies of the Verde Formation are
artesian aquifets. The limestone is jointed, contains many solution
channels, and is highly permeable. These facies yield moderate t0
large quantities of water having less than 500 ppm dissolved solids;
some irrigation wells pump at least 1,000 gpm. The upper limestone
facies also contains many solution channels and is permeable. How-

ever, this facies generally is above the water table and is not pene-
trated by wells.

Well (A-13-5) 5ca is typical of several wells in the Camp Verde area
that obtain water from the lower limestone facies. The well is 120
feet deep (table 7). The “first” water was found at a depth of 68 feet
in a hard crystallized limestone; in July 1959 the depth to water was
55 feet. The well yields moderate to large quantities of water having
less than 500 ppm dissolved solids. In this area the lower limestone
facies is the main source of fresh water; the bounding mudstone facies
contains only salty water. The source of the fresh water is probably
the Verde River. About 1 mile north of well (A-138-5)5ca the lower
limestone facies is exposed along the Verde River and provides an ex-
cellent recharge area for the aquifer. The lower limestone series has
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a southerly dip and within a short distance is below the level of the
river.

Wells in T. 15 N., R. 5 E., in the vicinity of Montezuma Well, ob-
tain some water from the middle limestone facies. These wells are
100400 feet deep. Several of the wells flow, and in others the depth
to water is 2-200 feet. All the wells yield moderate quantities of
water having less than 500 ppm dissolved solids.

Some thin limestone beds in the Verde Formation are excellent
aquifers; they yield moderate to large quantities of water having less
than 500 ppm dissolved solids to springs and wells. Most of the water
is under artesian pressure. Near Cottonwood, well (A-16-3)33dd
penetrated more than 900 feet of the Verde Formation. The well is
just west of the thick limestone facies. The rock penetrated is chiefly
claystone and mudstone interbedded with a total of 180 feet of thin-
bedded limestone in 5-15-foot-thick layers. Because the claystone and
mudstone are nearly impermeable and other clastic rocks, such as
sandstone and siltstone, are not abundant, the thin limestone beds
probably are the aquifers that transmit large quantities of water.

The significance of thin limestone beds in transmitting water is ex-
emplified further by wells near Cornville. Many wells penetrate from
10. to more than 75 feet of water-bearing friable sandstone and silt-
stone in the sandstone facies of the Verde Formation, but because this
material caves excessively, it is usually cased off, and most water for
domestic supply is from the thin limestone beds. Water from wells
in the Cornville area is artesian and has less than 500 ppm dis-
solved solids. Typical wells are (A-15-4)2cccl, (A~15—4)3ca, and
(A-15-4)4aaal. Of interest on the driller’s record for well (A-15-
4)3ca (table 8) is the notation that a thin limestone at a depth of 188
feet is a “good water strata,” and another thin limestone at a depth.
of 208 feet contains “* * * a 4-foot cavity that yields a good supply
of water.” .

Thin limestone, friable sandstone, and siltstone in the Verde Forma-
tion are the source of water for Sheepshead Canyon Spring, Hells
Canyon Spring, and Cottontail Spring. Near Clarkdale, Gravel
Plant Spring issues from a thin limestone that is underlain and over-.
lain by fine-grained clastic rocks.

Ground water discharged from springs in the Page Springs and
Spring Creek areas may flow through the Verde Formation during
the last few feet of underground travel, but the chief source of water
probably is the Supai Formation.

The source of the water discharged by the springs and flowing wells
in the Montezuma Well area (pl. 1) cannot be ascertained definitely.
Exposures show that the Verde Formation is very thin, and much of
the water may be derived from older rocks.
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WATER IN ROCKS OTHER THAN THE VERDE FORMATION

Exclusive of water in the Verde Formation, the principal occur-
rences of ground water in the Verde Valley ground-water basin are in
the Supai Formation, the Coconino Sandstone, the Redwall Limestone,
and the streamwash. Precambrian rocks and Tertiary volcanic and
sedimentary rocks collect and store some water, but the yield to wells -
and springs is usually small. About 6 miles south of Wingfield Mesa,
Brown Spring flows from the Martin Limestone in the Verde
fault zone.

WATER IN THE SUPAI FORMATION

Sandstone beds in the lower and upper members of the Supai Forma-
tion transmit water to wells and springs in the Verde Valley ground-
water basin. The 3,600- through 4,000-foot ground-water-altitude con-
tour lines on plate 1, for the Sedona, House Mountain, and Big Park
areas, are based primarily on water levels in wells that obtain water
from the Supai. Asindicated by the contour lines, water in the aquifier
flows southwest.

Near Sedona, Red Rock Crossing, and Big Park, large amounts
of ground water are withdrawn from wells that penetrate the lower
member of the Supai. The water is under artesian pressure and in
some wells rises as much as 80 feet. Most wells produce an adequate
domestic water supply, and several supply water to housing subdi-
visions consisting of 20 or more homes. Many of the wells are from
300 to 700 feet deep; several are more than 800 feet deep. Depth to

water ranges from less than 100 feet to more than 600 feet. .
In Big Park, 11 wells penetrate the Jower member of the Supai.

The depth to water in these wells is 300-400 feet. Just northwest of
Big Park, well (A-17-5)36ccc penetrated about 300 feet of this mem-
ber; the water level is 414 feet below land surface.

Southwest of Cathedral Rock fault near Red Rock Crossing, the
water level in several wells in the lower member of the Supai is be-
tween 100 and 400 feet below land surface. Northeast of Cathedral
Rock fault in wells that penetrate most of the lower member, the depth
to water is 100-600 feet. '

In Grasshopper Flat just west of Sedona, the depth to water in
wells that obtain water from the lower member of the Supal Forma-
tion is between 400 and 600 feet.

The Supai Formation probably supplies water mostly to the springs,
seeps, and flowing wells along Oak Creek near Page Springs and along
Spring Creek south of U.S. Highway 89A. The ground water prob-
ably occurs in sandstones of the Supai where the formation is confined
by the overlying less permeable Tertiary volcanic rocks (pl. 1, section
A-4"). The springs and flowing wells in this area discharge at least
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16,000 gpm, and possibly as much as 23,000 gpm, to Oak Creek. Well
(A-16-4)26cd penetrates the Supai at a depth of 275 feet and flows
about 50 gpm.

Springs and seeps along Oak Creek fault in Oak Creek Canyon
are in the upper member of the Supai Formation and the lower part
of the Coconino Sandstone. The Oak Creek fault and its associated
fractures provide a permeable zone in which water can be stored and
transmitted readily. Water, flowing southwestward, enters this per-
meable zone and flows southward. The water is intercepted by the
land surface at progressively lower altitudes in Oak Creek Canyon,
and this causes springs and seeps to issue from the Supai and Coconino.

WATER IN THE COCONINO SANDSTONE

The Coconio Sandstone in the Verde Valley ground-water basin
is permeable and, where saturated, is a good aquifer. However, in
most of the area shown on plate 1 the Coconino is eroded or is drained.
In the area mapped, only one spring, Walker Spring, flows from the
Coconino, and it does so at a basalt dike along a fault. On the east
side of the ground-water basin outside the area shown on plate 1, the
Coconino Sandstone yields water to springs and seeps in Wet Beaver,
West Clear, and Oak Creeks.

Most of the water in Wet Beaver Creek issues from the Coconino
Sandstone. The initial and greatest flow is from Wet Beaver Creek
Spring (fig. 2), which is several hundred feet upstream from a fault.
Perennial flow in West Clear Creek is sustained by water from the
Coconino; a few spring outlets, such as those of Bear Spring and
Buckhorn Spring (fig. 2), are along faults. The springs and seeps
in Oak Creek Canyon that issue from the Coconino are along the
Oak Creek fault.

WATER IN THE REDWALL LIMESTONE

The Redwall Limestone yields water to springs and wells in the
Verde Valley ground-water basin by means of many connected solu-
tion chennels. In this aquifer the ground water flows toward the
Verde River in a direction similar to that of most ground water in
the ground-water basin (fig. 38).

Near Cottonwood, well (A-15-3)5bd penetrated the Redwall and
flows 5 gpm. In the same area, Haskell Spring, which supplies sup-
plementary water for the city of Clarkdale, is near the contact of the
Redwall Limestone and the Tertiary volcanic rocks in the Verde fault
zone ; the source of water is probably the Redwall. Summer’s Spring,
in the canyon of Sycamore Creek, issues from several openings in the
-Redwall Limestone; the point of issuance is localized by small faults.
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WATER IN THE STREAMWASH

Most of the streamwash along the perennial streams in Verde Valley
is water bearing and is a good unconfined aquifer. Much of the re-
charge is from the peIenmal streams and from the Verde Formation.
The water level in wells in the streamwash commonly is at an altitude
that approximates that of the nearest stream. As long as the streams
contain water, the streamwash will yield moderate to large quantities
of water to wells. Because water in the wells is influenced by the
stage of the perennial streams, the wells in the streamwash were not.
inventoried for this report. .

PUMPING TEST AT MONTEZUMA CASTLE NATIONAL MONUMENT

A 24-hour pumping test on November 24, 1958, lowered the water
level 33.1 feet in Montezuma Castle National Monument well (A-14-
5)17aaa2 (table 7). The well was pumped at 45 gpm. The static
water level, before the test, was 65 feet. Thus, the specific capacity—
that is, the discharge per foot of drawdown—is 1.3 gpm.

The well bottoms near the middle of the thick limestone facies of
the Verde Formation (pl. 1) ata depth of 160 feet.

The pump is 140 feet below the land surface. Earlier pump tests,
in which the well was pumped at 100, 80, and 70 gpm, caused the
water level to quickly decline below the pump.

The coefficient of transmissibility—gallons of water per day trans-
mitted at existing temperature through a strip of aquifer 1 foot wide
extending the full height of the aquifer under a unit hydraulic gra-
dient—was determined by the Jacob modified-nonequilibrium for-
mula. Values of s, drawdown in feet, are plotted as ordinates, and
values of ¢, time, in minutes since pumping began, are plotted as.
abscissas on semilogarithmic paper (fig. 38). The early data general-
ly will plot as a curve and will be invalid. As ¢ becomes larger, the
points fall in a straight line. The simplified expression for the com-
putation is: ‘

264
T=TSQ
where

T=coefficient of transmissibility, in gallons per day per foot;
@ =discharge, in gallons per minute;
S=drawdown difference per log cycle, in feet.

The transmissibility coefficient computed for the limestone aquifer
was 1,300 gpd per ft (gallons per day per foot) (fig. 38).

The pumping-test data indicate a recharge boundary at a depth of
about 95 feet. This boundary produced a straight-line plot of differ-

ent slope, indicating a permeable zone having a coefficient of trans-
missibility of 6,600 gpd per ft.



87

GROUND-WATER HYDROLOGY

3OV4UNS ANV MOI38 1334 NI ‘Y3ILYM OL Hid3d

*ZIIV “}USTINUOIA [BUOI}BN] 9[)SB) BUINZIUOIN I8 Z 88BLI(S—HI-V) (oA Jo 159) Smidwmd Sulinp UMOpMEBIP [9a3][-1318M JO j0[d ITWY}IIB3OTUIdg—'§E AHADIL

0000t

SALANIN NI ‘(+) NvD38 SNIdWNd 3JONIS IWIL

0001 .
S0t i oﬁ_Z 0t 1 10
y Jod pd8 0099= — S =)
St Xv9e

001

S6

€6
Jad pd3 = —=
¥ 4ad pd3 00ET rxpoz L

06 /

s8 //. .

. /

.//
Gl
sV
wd3d Gy 91e4 Suidwng Oot92 =
0L +
aoeyns puej
MOI3Q Y G9 9A3| J81em dlels
69

ov

SE

o wn o
« N &
1334 N1 '(5) 73A3T YILvmM 40 NMOGMYHA

[Te]
-

o
—



88 VERDE VALLEY, MOGOLLON RIM REGION, ARIZONA

Pumping tests indicate that the limestones of the thick limestone
facies are not capable of yielding 70 gpm of water at the Montezuma
Castle National Monument well. When the well was pumped at this
rate, the water level declined to the pump in less than an hour. How-
ever, the tests do indicate that the well can be pumped at 50-60 gpm.

The yield of the Montezuma Castle National Monument well is
below the average of the reported yields for other wells in the thick
limestone facies of the Verde Formation. This is due to the extremely
varied and complex hydrologic characteristics of limestones. The
yield from wells in limestone depends on the amount and type of frac-
tures and solution channels—these vary greatly in the thick limestone
facies.

WATER-LEVEL FLUCTUATIONS

The level of the water surface in a well seldom remains stable. Gen-
erally, there is continual change. If for no other reason, a slight
change in water level will result from atmospheric-pressure variations.
In areas where large quantities of water are discharged with little or
no recharge, the water level may continually decline; where recharge
exceeds discharge, the water level may rise. In areas where discharge
only slightly exceeds recharge, the overall decline in water level over
the years may be only slight; the level will decline markedly during
periods of greatest discharge, such as the summer growing season,
but will recover almost to its previous level when discharge is greatly
reduced, such as during the winter. This probably is the nature of
ground-water fluctuations in Verde Valley. ,

In 1959-60 several wells in the Verde Formation were measured
periodically, and a recording gage was in operation on one well. Table
9 gives the data collected for five observation wells, and figure 39 is a
hydrograph illustrating water-level fluctuations in the recorder well.

The depth to water in the five observation wells was less than 75
feet. During the period of data collection for this report, the change
in water level was not significant.

The hydrograph (fig. 41) for well (A-15-3)12adbl shows that
the highest water levels are recorded during January, February, and
March and that the level gradually declines to a low in July. During
July, when the temperature is highest, evapotranspiration is greatest.
Generally, the level in this well reflects the growing season and the
climate of the valley floor.

CHEMICAL CHARACTER OF GROUND WATER

The quantity of dissolved solids in water is a general indica’Fion .of
the water’s suitability for use by plants and animal.s :-md ordinarily
is determined from the weight of solid material remaining after evap-
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TABLE 9.—Water-level measurements for selected wells in the Verde Formation
[Depth to water, in feet below land surface)

Date of measurement

Depth to water Date of measurement Depth to water
(feet) (feet)

(A-13-5)5ca

Approximate land-surface alt 3,100 ft]

7-15-59_ . l_._._ 54. 1 12-16-59__ . _____ 54. 1
8-20-59_ . _____ 54.0 || 4-22-60_________.____._.___ 53.7
9-17-59_ . 53.7 || 6-02-60.____.___________ 53. 6
10-16-59____ . ___________ 53.8 || 7-21-60.____________.__. 54.0
11-13-59___ . ___l___.. 54. 1
(A-14-5)9ad
[Approximate land-surface alt 3,290 ft)
6-10-59____ . ___ 21.4 (| 11-11-59______________.__ 19. 1
7-15-59_ ... 22.4 || 1-21-60.________________ 18. 8
8-19-59____ .. 19.8 || 3-02-60.________________ 20. 6
9-16-59_ .. 23. 3 4-20-60_______ . ___.______ 18. 9
10-15-569. . _____ 17. 4
(A-14-5)17aaa2
[Approximate land-surface alt 3,190 ft]
11-25-58. o ___ 63.0 || 819-59.___ . ____________ 65. 2
6-12-59_______ . _____ 65.0 || 1-21-60_________________ 64. 4
7-15-59 . 65. 2
(A-15-4)4dd
{Approximate land-surface alt 3,375 ft]
8-18-59_ .. ___ 36.8 || 3-02-60.._______________ 37.9
9-18-59__ o __ 37.2 || 4-21-60__________._______ 37.6
10-15-69. . 36.8 || 6-02-60.________________ 37. 2
12-18-569_ . . 36.9 || 6-23-60_________________ 37.1
1-21-60_ . _____._____ 37.5 || 7-21-60.___ . __________ 37.3
. (A-16-3)27ab
[Approximate land-surface alt 3,375 ft]
4-23-59___ . __ 22,1 || 12-17-59__ .- 20. 4
6-11-59___ . _________.___ 22.4 || 1-22-60____ ... __ 20. 3
7-13-59_ o . 22,4 || 3-02-60_________________ 20. 2
8-18-59_ . . __._. 21.8 || 4-21-60____.__._________ 20.7
9-17-59_ . 21.5 || 6-02-60_________________ 21. 4
10-15-59 .. 21.4 (| 6-23-60____ . ____._____ 21.7

oration of a water sample. Generally, water that contains less than
500 ppm dissolved solids can be used for domestic purposes; when the
concentration is more than 1,000 ppm, the water is unsuitable for many
purposes, especially domestic use. -

The concentrations of dissolved chemical constituents determine the
suitability of water for various uses. Some constituents, such as cal-
cium and magnesium, are beneficial to the soil and to proper growth
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FIGURE 39.—Hydrograph of well (A-15-3)12adbl, showing midnight waterlevelsonly. Dashed line indi-
cates period of norecord. Approximate altitude at measuring point is 3,275 feet.

and development of plant or animal life; however, these constituents
also cause hardness of water. Other constituents, such as sodium,
potassium, and chloride, may be detrimental to plant and animal life.
Fluoride in concentrations of about 1 ppm is beneficial in preventing
tooth decay, but concentrations in excess of 1.7 ppm may cause mottl-
ing of the tooth enamel when used by children during the time their
permanent teeth are forming (U.S. Federal Register, 1962).

The chemical character of water from wells and springs most perti-
nent to the present investigation is given in tables 10 and 11, respec-
tively. The analyses of the ground water show only the chemical con-
stituents and do not reflect the sanitary conditions.

All springs and wells in Paleozoic rocks yield water containing less
than 500 ppm dissolved solids. Ranges of concentration for some of
the dissolved chemical constituents are: Silica, 15-20 ppm; calcium,
40-75 ppm; magnesium, 15-40 ppm; sodium and potassium, 5-30
ppm; and bicarbonate, 200-375 ppm. '

Water from the Verde Formation in the northern part of Verde
Valley is generally of a chemical quality suitable for domestic use.
Water from most wells in the formation in this area contains less
than 500 ppm dissolved solids. Ranges of concentration for some of
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the dissolved chemical constituents are: Calcium, 30-75 ppm; mag-
nesium, 25-50 ppm; sodium and potassium, 15-40 ppm; bicarbonate,
200-400 ppm; sulfate, 5-50 ppm; and chloride, 15-30 ppm.

In the Camp Verde area, wells in the lower limestone facies usually
yield water that has less than 500 ppm dissolved solids. However, in
this same area, water from wells in the mudstone facies is generally
salty. The water from well (A-13-5)15aa contains high concentra-
tions of magnesium, sodium, sulfate, and chloride. These dissolved
solids are from evaporite minerals—such as gypsum, glauberite, mi-
rabilite, thenardite, and halite—common in the sourthern part of the
valley (fig. 26).

The concentration of magnesium in several samples of water from
some beds in the Verde Formation exceeds the concentration of
calcium. The calcium-magnesium ratio in these samples of water
ranges from 1:8 to 1:2. The usual ratios of calcium to magnesium
in ground water range from 5:1 to 1:1. The presence of evaporite
minerals in the rocks from which the ground water was obtained
probably explains the high concentration of magnesium. Magnesium
salts are deposited from saline water and commonly are associated
with evaporite minerals, such as those in Verde Valley.

Because of the high dissolved-solids content of water in the south-
ern part of the valley, the dissolved-solids content of the Verde River
water increases south of Camp Verde. In December, when base flow
in the river is high, two samples of the river water were taken—one
upstream from Camp Verde and the other downstream from where
the evaporite minerals in the Verde Formation crop out. Analyses
indicate that the dissolved-solids content of the water increases from
344 at the upstream point to 394 ppm at the downstream point. This
increase in dissolved-solids content is due principally to the following
increases: 21 ppm sulfate, 10 ppm blcarbonabe 6 ppm silica, and 5
ppm chloride.

Sulfats increased from 45 to 66 ppm, an increase which, at first
glance, appears to be insignificant. However, the increase becomes
more significant when calculated for a 24-hour period and a base flow
of 278 acre-feet per day at the point of collection upstream in the
Verde River and 446 acre-feet per day at the point of collection down-
stream (table 5). The water at the upstream point contains 45 ppm
of sulfate, which represents 0.06 ton per acre-foot of water. The
water at the downstream point contains 66 ppm of sulfate, which
represents 0.09 ton per acre-foot of water. Therefore, sulfate in-
creases 0.03 ton per acre- foot of water passing between the two points:
in 24 hours the increase is about 23 tons. Because most of the water
that produced the increase inflow is from tributary streams that con-

693-389 0—63——7
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TaBLE 11.—Records and chemical character of
[Analyses by U.S. Geol. Survey. Results

Discharge: gpm, gallons per minute; E, estimated; M, measured; R, see remarks

C

Approxi- S w ?,

mate land| Date of S =|lo g

Name surface [collection Source Discharge (gpm) | & S|z 21

altitude s~1Z218|¢2

(feet) = 1s|5|8

I3 == «

o~ |5 | @

& (@ |O|&

Bear Spring!__._____. 6,200 | 5-27-59 | Coconino Sandstone.| 100E___.__...___ 52 21| 55|22

Brown Spring!l._____. 2,990 | 2- 3-59 | Martin Limestone.._| 50E__ .. _.__.__. 71 54 ) 58| 42

Bubbling Pond..____. 3,560 | 7-14-59 | Supai(?) Formation.| 3,700-4,500R . _.._ 68 20 | 56 | 22

Buckhorn Spring!__.. 5,150 | 5-28-59 | Coconino Sandstone.| 1,000E.__..._.___._ 60 20 | 51 | 22

Cottontail Spring_____ 3,400 | 2- 6-59 | Martin Limestone...[ 3-5E_____.______ 51(7)( 19| 78 | 34

QGravel Plant Spring. . 3.350 | 10-29-58 | Verde Formation....| 60E, R____.._... 67 36 (212 | 98

Haskell Spring.....___ 3,860 | 10-24-58 | Redwall Limestone.| 600E._____._____ 65 32(72(38

Hells Canyon Spring._ 3,450 | 2- 6-59 | Verde Formation..__( 3~-5E______._____ 62(7)| 23 (70| 37

Monti;ezuma Well 3,600 | 7-14-59 | Verde(?) Formation. 77 22 |117 | 37
springs.

Page Springs.......... 3,500 [ 8 4-49 | Supai(?) Formation. 68 18 (42 | 18

Sheepshead Canyon 3,450 | 2- 4-59 | Verde Formation. _._ 61 21 | 45 | 43
Spring.

Soda Spring.-...__.._. 3,625 | 2- 6-59 | Verde(?) Formation.| 25E. ________._._ 75(?)| 19 | 94 | 55

Spring Creek Spring.. 3,576 | 2- 4-59 | Supai(?) Formation.{ 100E, R______.__ 70 18 | 55 | 32

Summer’s Spring. ... 3,700 | 10-10-51 | Redwall Limestone..{ 1,900-2,700R...._ 67 15 72| 27

Walker Spring________ 4,250 | 7-10-59 | Coconino Sandstone.} 75E____.__._.__. 70 2413221

Wet Beaver Creek 5,025 | 10-19-59 |.___. doo ol 1,200-1,500E . _..._ 60 2312910
Spring.!

1 Qutside of mapped area.

tain less than 20 ppm sulfate, the primary source of sulfate must be
from the evaporite minerals in the southern part of the Verde Valley.

CONCLUSIONS

Ground water in Verde Valley has a twofold importance: (1) in
its contribution to the water supply of the Salt River Valley and (2)
in its utilization within Verde Valley itself. Large quantities of
water derived from Verde Valley by way of the Verde River help to
support the agricultural economy of the Salt River Valley n cential
Arizona. The perennial flow of the Verde River is sustained by
ground water from springs that issue from rocks in the Verde Valley
ground-water basin. About 225 cfs of the 465 cfs average flow of
the river near its exit from Verde Valley is base flow.

Ground water in Verde Valley is used for irrigation and for in-
dustrial, domestic, and other purposes. Spring flow is the most in-
tensively utilized source of ground water. Some springs discharge
less than 10 gpm, whereas several springs, such as Page Springs,
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ground water from springs in Verde Valley

in parts per million, except as indicated]
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SEMIES | S 12| 2| & |42| 52|88 agﬁ H
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51| 284 0.6 40| 01| 0.3| 248 228 51 418 7.8 | Outlet in West Clear Creek
Canyon at intersection with
small fault.
36 414 | 29 16 .2 1.4 441 | 316 20| 678 8.0
13 270 | 4.7120 .2 .81 270 | 228 11 | 463 | 7.6 | Range of severalmeasurements.
55| 2681 1.6 6.0 .0 5| 239 218 5| 401 | 8.0 Outlet in West Clear Creek
Canyon at intersection with
fault.
20 380 | 12 38 .2 .3 | 388 334 12| 669 | 7.9
39 277 (673 52 .2 (16 1,260 | 930 8 |1,620 | 7.3 | Estimate includes flow from
numerous seeps.
23 294 | 95 28 .2 | 8.0 441 336 13 | 709 | 7.6 | Supplementary supply for city
: of Clarkdale.
12 359 | 11 34 .2 L7 365 | 328 7] 626 8.0
49 598 | 10 35 .4 .8 | 565 | 446 19| 970 | 6.9 Dlsc'lgla;ge measurement at well
outlet. ,
87| 227 3.7| 8.0 .0 .8 212| 183 9| 364 [---.-- Average of several meas-
' urements.
15 330 6.6|30 .2 L7 324 288 10 | 577 | 7.8 | Flow in creek about half a mile
downstream from spring is
: about 125 gpm.
116 765 | 16 48 2 T 725 460 35 (1,230 | 6.7
16 304 | 7.0 32 2 .9 310 | 268 11| 549 | 7.3 | Flow in Spring Creek about
half & mile downstream from
spring is about 2,500-3,000
gpm.
58| 341 | 7.6 10 2| L8] 307 290 4| 543 {...... Range of several measurements.
11 212 54| 7.0 1] 1.0} 208 166 13 ) 331 8.0 | Outlet at point where dike and
r%ult intersect Coconino Sand-
stone.
4.8 147 21 2.5 20 L1 143 115 8| 236 | 7.4 | Initial flow is several hundred
. feet upstream from fault.

discharge more than 10,000 gpm. Development of ground water from
wells is increasing, but this development is concentrated in small areas
near Camp Verde, Cornville, Cottonwood, and Sedona.

Water from most wells and springs is generally of a chemical qual-
ity suitable for use by plants and animals; the dissolved-solids con-
tent of the water is less than 500 ppm. Only in the southern part of
the valley, where water from the Verde Formation contains more than
90,000 ppm of dissolved solids, is the water salty and unsuitable for
use.

The chief aquifers are in the Verde and Supai Formations. Most
ground water in the Verde Formation is under artesian pressure, and

. the depths to water in wells are 200-300 feet. Several flowing wells
discharge 10-450 gpm near Cottonwood and Page Springs. Aquifers
in the Supai Formaiton furnish water to wells in the Sedona area.
Yields generally are small but are adequate for domestic purposes.
Depths to water range from 150 to 800 feet.

No water-level decline has been noted in the short-period records
available. Recharge to the aquifers probably balances discharge.
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STRATIGRAPHIC SECTIONS, VERDE FORMATION

The generalized descriptions and interpretations of the Verde
Formation are based largely on measured sections, some of which
are presented in detail here. The sections are numbered generally
from south to north in the valley, and the location of each section is
shown by corresponding number on plate 1. Units in each section are
numbered from bottom to top. Colors and their numerical designation
were determined by comparison with chips on the rock-color chart
(Goddard, 1948). The color of weathered rock is the same as the color
of the fresh surface except as indicated, and base of a unit is grada-
tional unless indicated otherwise. The term “plant hash” is used to
designate rocks that are chiefly macerated plant material, whether
carbonaceous, calcareous, or siliceous. Also, the term “drapery” beds
is used to designate beds that, in two dimensions, appear as large wave-
made ripple marks and, in three dimensions, appear as small contiguous
basins. Sections were measured by F. R. Twenter.

SecrioNn 1.—NWY sec. 1, T. 12 N., R. 6 E., to SWY, sec. 25, T. 13 N., R. 5§ E.

[Section started at Verde River about 7 miles southeast of Camp Verde near mouth of Cottonwood Wash
and was measured north along Verde River and Cottonwood Wash to top of Wingfield Mesa. Dip of
beds in Wingfield Mesa is about 1°-2° N. 30° W. but increases toward the south and is 7° N, 35° W, at
the point where the section was started. Approximate alt at top of section 3, 425 ft; approximate altitude
at base of section 2, 910 ft]

Quaternary gravel, not described.

Verde Formation: Thickness

Mudstone facies: (feet)
13. Mudstone, bentonitic clay, and volcanic ash, some fine-
grained sandstone and siltstone;-mudstone, sandstone, and
siltstone are grayish orange pink (5YR 7/2), pale yellowish
brown (10YR 6/2), and pale brown (5YR 5/2); voleanic
ash and bentonitic clay are white (N 9). Beds from 15 to
54 ft above base contain selenite crystals. Overall appear-
ance is that of sequence of alternate beds about 1-5 feet
thick. Weathers slabby and forms steep slope with
several ledges_________________ SR 196
12. Mudstone, siltstone, and limestone; mudstone and siltstone
are light gray (N 7), light olive gray (5Y 6/1), and yellowish
gray (5Y 7/2); limestone is white (N 9). Beds 1-3 in.
thick and varvelike. Weathers slabby and forms slope___ 28
11. Limestone, arenaceous and argillaceous, white (N 9). Beds

1-3 in. thick and varvelike. Weathers slabby and forms
prominent ledge_ - _ . ____ . ---- 6
10. Tuffaceous sediments, mostly sandstone and some conglom-
erate, light-gray (N 7) and light olive gray (6Y 6/1).
Sandstone is fine to coarse grained; conglomerate pebbles
have maximum diameter of 2 in. Weathers smooth and
forms slope. .. oo 8
. Limestone, similar to unit 12____ . ... oo - 5
8. Tuffaceous sediments, simjlar to unit 10_ . ... _ ... .- 6

o
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SectioNn 1.—~NWY4sec. 1, T. 12 N., R. 5 E., to SW4 sec. 25, T. 13 N., R. 5§ E—Con.

Verde Formation—Continued .
Mudstone facies—Continued ”}}i’;{ﬁ‘”
7. Limestone, similar to unit 12____________________________ 8
6. Tuffaceous sediments, very light gray (N 8), pinkish gray
(5YR 8/1), and light gray (N 7) mostly conglomerate;
pebbles in lower 95 ft are 1-6 in. in diameter and have
medium- to coarse-grained sandstone matrix; pebbles in
upper 125 ft average one-half inch in diameter; some
coarse-grained to very coarse grained sandstone. Most
pebbles are volcanic rocks; volcanic bombs scattered
throughout; less than 1 percent of pebbles are Precambrian
rocks. Massive bedding. Weathers knobby and forms
vertical cliff or steep slope____ .. _______. 220
5. Basalt, medium-dark-gray (N 4) and medium-gray (N 5);
weathers medium gray (N 5) and olive gray (5Y 4/1). Two
flows; lower flow 1s 8-10 ft thick, and upper flow is 25-50 ft
thick; flows separated by 1-3-ft-thick zone of nodular
basalt having yellowish-gray (5Y 7/2) calcareous cement.
Some of basalt is dense and has flow lines that give bedded
appearance. Weathers blocky and forms vertical cliff or
very steep slope. .- o eeeo- 40
4. Tuffaceous sediments, very coarse grained sandstone and
conglomerate, grayish-orange-pink (5YR 7/2), grayish-
pink (5R 8/2), light-brown (5YR 6/4), dark-reddish-brown
(10R 3/4), medium-gray (N 5), and very light gray (N 8).
Coarse sand grains and pebbles averaging one-half inch in
diameter are volcanic rocks. ‘“Floating” boulders (as
much as 8 in. in diameter) scattered throughout; calcium
carbonate cement; }—34-in.-thick lenses of arenaceous
dolomite. Beds 1 in. to 1 ft thick. Weathers smooth and
forms vertical eliff__ .. ____ . .. 23
3. Tuffaceous sediments, grayish-orange-pink (5YR 7/2), gray-
ish-pink (5R 8/2), light-brown (5YR 6/4), dark-reddish-
brown (10R 3/4), medium-gray (N 5), and very light gray
(N 8); mostly conglomerate; very coarse grained sandstone
matrix. Pebbles are 6 in. to 3 ft in diameter and are
mostly volcanic rocks. Massive bedding. Weathers knob-
by and forms vertical cliff .. ________________ . ____ 21
2. Basalt, light-olive-gray (5Y 6/1) to yellowish-gray (5Y 8/1).
Highly jointed and fractured; lower 1 ft very gnarly.
Weathers blocky and forms vertical cliff or very steep
SlOPe - - e 23
1. Tuffaceous conglomerate, pinkish-gray (5YR 8/1) and white
(N 9); very coarse grained sandstone matrix; weathers
pinkish gray (5YR 8/1). Pebbles have maximum diameter
of 8 in. and are mostly volcanic rocks; upper 6 in. contains
several pebbles of chert and Precambrian rock. Gnarly
bedding. Weathers rounded and forms slope or small
recess. Base concealed._ ... _____.____________._...__.. 3
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SecrtioN 2.—SWY; sec. 3, T. 12 N., R E.

[Section measured about 8 miles southeast of Camp Verde. Beds dip about 8° N. 35° E. Approximate
alt at top of section 3,500 ft)

Quaternary. gravel, not described.
Verde Formation: Thickness
Middle limestone facies: (feet)
13. Limestone, very pale orange (10YR 8/2), grayish-orange-pink
(5YR 7/2), and white (N 9); weathers very pale orange
(10YR 8/2), white (N 9), and very light gray (N 8); some
grayish-orange (10YR 7/4) surface stain. Some 3-5-in.-
thick nodules and lenses of yellowish-gray (5Y 6/2) and
white (N 9) chert; some beds contain tubelike structures
that are Yo to !4 in. in diameter. Several 1-3-ft-thick
beds of conglomerate containing pebbles }4-2 in. in
diameter are mostly scoriaceous basalt. Some “drapery”’
beds. Gnarly, slabby bedding. Weathers gnarly and forms
very steep ledge-slope topography___ . ______________ 55
12. Limestone and mudstone, some sandstone and siltstone,
alternate beds, very light gray (N 8), pinkish-gray (5YR
8/1), and grayish-orange-pink (5YR 7/2). Sandstone is fine
to medium grained; several beds contain pebbles of scoriace-
ous basalt. Beds generally are 6 in. to 1 ft thick. Weathers
very gnarly and forms slope having several ledges__._____ 110
11. Marl, white (N 9) to pinkish-gray (5YR 8/1). Contains
replaced plant stems with excellent structure preservation.
Beds are 6 in. to 1 ft thick. Weathers rounded and smooth
and forms ledge._ . __ o ___.__ 6

Total measured middle limestone facies____.__ e 171
Mudstone facies:

10. Sandstone, highly calcareous, and pinkish-gray (5YR 8/1)
arenaceous limestone. Sandstone is fine to medium grained
and mostly quartz. Beds 1-6 inches thick. Weathers
smooth and forms slope______________________________ - 15

9. Conglomerate, grayish-orange-pink (5YR 7/2); fine- to me-
dium-grained sandstone matrix. Pebbles are %4-3 in. in
diameter and are chiefly scoriaceous basalt; calcium
carbonate cement; massive bedding. Weathers smooth
and knobby and forms vertical eliff_____________________ 7

8. Limestone, white (N 9) and very light gray (N 8), arenaceous;
some light-olive-gray (5Y 6/1) chert. Gnarly bedding;
beds 3-8 in. thick. Weathers gnarly and forms small ledge. 5

7. Limestone, white (N 9) and very light gray (N 8), arenaceous;
some pinkish-gray (5YR 8/1) surface stain; some lenses of
very light gray (N 8) chert. Some siliceous plant stems
with excellent structure preservation. A 1-ft-thick light-
brownish-gray (5YR 6/1) sandstone layer at top. Massive
bedding. Weathers smooth and forms prominent ledge. - 4

6. Sandstone, pinkish-gray (5YR 8/1) and grayish-orange-pink
(10R 8/2), very fine grained; mostly quartz. Most beds
contain some volcanic ash; some beds contain }4-}-in.
thick lenses of very light gray (N 8) volcanic-glass shards;
calcium carbonate cement. Weathers rough and forms very
steep slope_ . _....____ e ————— emm—mm——mm 23
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SecTioN 2.—SWY sec. 8, T. 12 N., R. 6 E—Continued

Verde Formation—Continued

Mudstone facies—Continued T’E}i’:};“"’

5. Limestone, white (N 9), argillaceous; weathers white (N 9)

and very light gray (N 8). Contains Ye1%in.-thick clay

galls; also contains many lenses and 1-3-in.-thick beds of

light-olive-gray (5Y 6/1) _ chert. Gnarly bedding.
Weathers gnarly and forms small ledge_ . ____...._______ 4

4. Standstone, grayish-orange-pink (5YR 7/2);some pale yellow-

ish brown (10YR 6/2); very fine grained. About 75 per-

cent volcanic-glass shards; some biotite and scoriaceous
basalt fragments. Weathers smooth and forms slope____ 5

3. Sandstone, grayish-orange-pink (5YR 7/2); very fine grained;

mostly quartz. Several 1-3-in.-thick lenses contain

pebbles of scoriaceous basalt. Calcium carbonate cement.

At top is 1-ft.-thick white (N 9) to very light gray (N 8)

arenaceous limestone layer that contains some tubelike

structures. Varvelike to massive bedding. Weathers
smooth and rounded and forms steep slope_____.________ 16

2. Limestone, white (N 9) to very light gray (N 8), very arena-

ceous; weathers very light gray (N 8); contains some clay

galls that are one-sixteenth inch in diameter. Weathers
blocky and gnarly and forms small ledge.____._.________ 2

1. Sandstone, grayish-orange-pink (5YR 7/2), very fine grained;

about 65 percent volcanic-glass shards. Beds 14-1 in.

thick. Weathers smooth and rounded and forms slope.

Base concealed . _ _ _ - _ e 3
Total measured mudstone facies_ . .. ______ [, 84
Total measured section_ _ . _ - .. oo o___. 255

SecrioN 3.—NW1isec. 13, T. 13N., R. 4 E.

Section measured about 3 miles southwest of Camp Verde. Beds dip about 8° N. 65° E; thickness adjusted
for dip. Approximate alt at top of section 3,740 ft]

Quaternary gravel, not described.
Verde Formation:

Middle limestone facies: T’?jce]:?)m
21. Mostly covered. Few poor exposures indicate white (N 9)
slabby arenaceous limestone__ . _______________________ 30

20. Limestone, white (N 9); weathers white (N 9) and very light

gray (N 8). Most of unit is highly weathered and porous.

Gnarly bedding; beds 3 in. to 1 ft. thick. Weathers knobby

and pitted and forms small ledge._ .- __________________ 4
19. Sandstone, very light gray (N 8) and pinkish-gray (5YR 8/1),

fine-grained; mostly quartz. Gnarly and slabby bedding;

beds 3-6 in. thick. Weathers blocky and slabby and forms

small ledge._ _ - . e o-__ 7
18. Sandstone, yellowish-gray (5Y 7/2); some very light gray

(N 8); fine grained; mostly quartz; calcium carbonate

cement. No distinet bedding. Wéeathers smooth and

fOrmS SlOPe. o - v oo et e ———————— 5
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SectioN 3.—NWY sec. 13, T. 13 N., R. 4 E—Continued

Verde Formation—Continued Thickness
Middle limestone facies—Continued (feet)

17. Volcanic ash, yellowish-gray (5Y 8&/1) and white (N 9);
weathers yellowish-gray (5Y 8/1). Moderate-yellowish-
green (5GY 7/4) copper carbonate stain along fault zone.
Slabby bedding; beds 1-3 in. thick. Weathers slabby and

blocky and forms small ledge - -~ - - _________________ 2
16. Mudstone, pinkish-gray (5YR 8/1) and grayish-orange-pink
(6YR 7/2); some very pale orange (10YR 8/2); calcium
carbonate cement. Varvelike bedding; beds %4-1 in. thick.
Weathers smooth and rounded and forms vertlcal cliff.

Base is concealed .. ______________ . ____ . _____ 12
15. Mostly covered. Lower 25 ft similar ‘to underlying unit;
upper 15 ft similar to overlying unit_____________.___._. 40

14. Limestone, some mudstone, white (N 9) and very light gray
(N 8); some light olive gray (5Y 7/1). Limestone is
argillaceous and arenaceous. Some beds and lenses of
chert. Varvelike bedding; beds 1in. to 3 ft thick. Weathers
slabby and blocky and forms vertical eliff. ______________ 90

Total measured middle limestone facies_____._______ 190

Mudstone facies:

13. Mudstone, some gypsum, light-olive-gray (5Y 7/1) Weathers
smooth and forms slope._ .. ____________________

12. Limestone, white (N 9); some pale yellowish orange (10YR
8/6). Contains lenses and 1-2-in.-thick beds of very light
gray (N 8) chert. Gnarly bedding; beds 1-3 in. thick.
Weathers blocky and knobby and forms prominent ledge. - 4

11. Mudstone, claystone, and glauberite(?) crystals, some
argillaceous limestone, very light gray (N 8), pale-yellow-
.ish-orange (10YR 8/6), yellowish-gray (5Y 8/1), and white
(N 9). Glauberite(?) crystals ¥ ~% in. long make up 85-95
percent of some beds. At 44 ft above base a 1-ft-thick bed
is about 25 percent white (N 9) chert. Beds are }4-1 in.
thick. Weathers knobby and forms steep ledge-slope

'y

topography._ o emme—eo- » 70
10. Limestone, may be dolomitic, white (N 9). Weathers
blocky and forms ledge. .- _____________________ 2

9. Mudstone, volcanic ash, and sandstone; mudstone and sand-
stone are yellowish gray (5Y 7/2) and pale yellowish brown
(10YR 7/2), some pale yellowish orange (10YR 8/6) and
greenish gray (10GY 6/1); voleanic ash is white (N 9).
Sandstone is very fine grained to fine grained. Weathers
smooth and forms slope. _____________________.___.___ 46
8. Sandstone, light-brownish-gray (5YR 7/1), very fine grained
to fine-grained; mostly quartz. Varvelike bedding.
Weathers smooth and forms slope._ . ______________..___ 6
7. Sandstone, yellowish-gray (5Y 7/2), some pinkish-gray (5YR
8/1); very fine grained; mostly quartz; some volcanic glass
shards and gypsum. Weathers smooth and forms slope. - 6
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SEcTION 3.—NWY sec. 13, T. 18 N.{ R. 4 E—Continued

Verde Formation—Continued
Mudstone facies—Continued T'(‘}cele‘gm
6. Limestone, arenaceous; white (N 9), probably dolomitic;
weathers white (N 9) but has very pale orange (10YR 8/2)
surface stain. Small irregular cavities make unit porous.
Slabby bedding. Weathers smooth and forms small ledge. 2
5. Sandstone, very pale orange (10YR 8/2) and yellowish-gray
(5Y .8/1), very fine grained to fine-grained; mostly quartz.
Massive bedding.. Weathers smooth and rounded and
forms slope. . oo 12
4. Limestone, white (N 9), arenaceous; may be dolomitic;
weathers white (N 9) and pinkish gray (5YR 8/1). Beds
1-2 in. thick. Weathers slabby and forms small ledge____
3. Limestone, light-olive-gray (5Y 6/1) and’yellowish-gray (5Y
8/1), highly arenaceous. Massive bedding. Weathers
rounded and smooth and forms slope._________.________
2. Limestone, similar tounit 4______________ ...
1. Limestone, very pale orange (10YR 8/2) and pinkish-gray
(5YR 8/1), arenaceous; may be .dolomitic; some 1-3-in.
thick lenses of light-olive-gray (5Y 6/1) fine-grained sand-
stone. Weathers smooth and rounded and forms slope.
Base is concealed . - _ .. .o ___ 2

w

N W

Total measured mudstone facies_ - ________________._ 161

Total measured seetion_ __________________.______ - 351

Secmion 4.—SE sec. 1, T. 18 N., R. 6 E., to NW¥i sec. 1, T. 18 N., R. 5 E.

[Section measured about 4 miles southeast of Camp Verde. Beds are nearly horizontal. Approximate
alt at top of section 3,840 ft) .

Erosion surface.
Verde Formation: _
Middle limestone facies: T’z‘fcke?)e s
6. Limestone, some mudstone, white (N 9), very light gray
(N 8), grayish-orange-pink (10R 8/2), and grayish-orange-
pink (5YR 7/2). From 19 to 21 ft above base is an oolitic
limestone. Weathers blocky and forms steep ledge-slope
HOPOgraphY - e eeeeceee 78
5. Mudstone and marl, alternate beds; mudstone is pale yellow-
ish brown (10YR 6/2), pale red (10R 6/2), light brown
(5YR 6/4), and light olive gray (5Y 6/1); marl is white
(N 9), yellowish'gray (5Y 8/1), and grayish orange pink
(10R '8/2). Several 3-6-in.-thick beds of volcanic ash.
Forms steep ledge-slope topography.__._________.______ 225

Total measured middle limestone facies_ . ___ - e 303
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SeEcTiON 4.—S8SEY% sec. 1, T'. 13 N,R.6 E,to NW);sec. 1, T.13 N., R. 56 E—Con.

Verde Formation—Continued .
Mudstone facies: T"{}j‘:}f“
4. Gypsum, mudstone, and volcanic ash, pinkish-gray (5YR
8/1), pale-yellowish-brown (10YR 6/2), pale-greenish-
yellow (10Y 8/2); some dark yellowish brown (10YR 4/2)
and grayish olive (10Y 4/2); partly covered. Some beds
90-95 percent gypsum; upper 30 ft consists of alternate
beds of gypsum and volcanic glass. Forms slope. (About
three-fourths of a mile southwest of this point, near the
gypsum mine, this unit is about 100 ft thick and is nearly
all gypsum) - .ol 90
3. Limestone and marl, white (N 9) and yellowish-gray (5Y 8/1);
some chert. Gnarly bedding; beds 1-8 in. thick. Lower
10 ft forms vertical cliff; upper 13 ft forms ledge-slope
topography . _ . .. 23
2. Mudstone and marl, some fine- to coarse-grained sandstone,
alternate beds; mudstone is yellowish gray (5Y 8/1) and
light brownish gray (5YR 6/1); marl is white (N 9) and
yellowish gray (5Y 8/1). Forms slope.__.________._____ 21
1. Mudstone and marl, alternate beds; mudstone is pale red
(10R 6/2) and grayish red (10R 4/2); marl is white (N 9).
Selenite makes up 10-20 percent of unit. Forms slope.

Base concealed - _ _ - _ _________________ o ______._.__ 30
Total measured mudstone facies_ _ . ________________ 164
Total measured seetion_ ________________________ 467

SectioNn 5.—NEY; sec. 32, T. 14 N., R. 5 E., to NEY sec. 28, T. 14, N., R. 5 E.

[Section started about half a mile northeast of Camp Verde; base of section near Verde River. Beds are
nearly horizontal. Approximate alt at top of section 3,700 ft] )

Erosion surface.
Verde Formation: .
Middle limestone facies: Th(’fce’igtl)ea ’
7. Limestone and marl. Lower 40 ft is white (N 9); upper 132
ft is white (N 9), very light gray (N 8), grayish orange
(10YR 7/4), and grayish orange pink (10R 8/2). Much of
the limestone in the upper 132 ft has a breccialike appear-
ance; contains 34-1-in.-diameter angular fragments of
aphanitic - limestone in matrix of crystalline limestone.
Lower 40 ft of unit contains beds, lenses, and nodules of
glossy very light gray (N 9) and dark-yellowish-brown
(10YR 4/2) chert. At 15 ft above base is a 3-6-in.-thick
bed of very light gray (N 8) volcanic-glass shards. From
10t0 20 ftabove base the beds contain pale-yellowish-brown
(10YR 6/2) and grayish-brown (5YR 3/2) silicified plant
stems. Weathers rough and cavernous; lower 75-80 ft
forms a vertical cliff; upper 92-97 ft forms ledge-slope
topography - _ - - . eeeaeeas o 172

Total measured middle limestone facies_ . ___________ 172
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Secrion 5.—NEY sec. 32, T. 14 N., R. 5 E., to NEY sec. 28, T. 14 N., R.56 E—Con.

Verde Formation—Continued Thi
Mudstone facies: ' s
6. Mudstone, some marl; mudstone is dark yellowish green (10YR

4/2), dark yellowish orange (10YR 6/6), and pale yellowish

brown (10YR 6/2) and weathers pale olive (10Y 6/2);

marl is white (N 9) and commonly contains white (N 9)

chert nodules. Most beds in lower 60 ft contain selenite.

From 175 to 210 ft above base most beds contain glauberite.

Massive to varvelike bedding. Weathers smooth and

rounded and forms steep slope with several small ledges.. 232
5. Marl, sandstone, and mudstone, alternate beds; marl is white

(N 9); sandstone and mudstone are light greenish gray

(5GY 8/1). Sand is very fine grained; 10-15 percent of

material in many beds is biotite. Beds 2-8 in. thick.

Weathers rounded and smooth and forms steep slope_ _ ... 31

Total mudstone facies_ _ . __ ... 263

Lower limestone facies:
4. Marl or chalklike limestone, white (N 9). Several beds con-
tain volcanic ash. Beds 1-5 inches thick. Weathers
blocky to rounded and forms steep slope__ ... _._____. 18
3. Limestone, white (N .9); weathers white (N 9) to light gray
(N 8); “drapery” beds 2-4 ft long constitute most of unit.
Gnarly and massive bedding. Weathers blocky and
knobby and forms small ledge. . ... __________. 6
2. Marl and argillaceous limestone, white (N 9); weathers white
(N 9) to very pale orange (10YR 8/2); some 1-4-in.-thick
beds of very light gray (N 8) mudstone. Contains lenses
and 1-3-in.-thick beds of white (N 9), greenish-gray
(5GY 6/1), pale-blue (5B 6/2), and brownish-gray (5YR
4/1) chert. Beds from 33 to 43 ft above base contain
mudcracks. Gnarly bedding; ‘beds 3 in. to 2 ft thick.
Weathers blocky and forms vertical eliff.____._.________ 68
1. Marl and highly calcareous mudstone; marl is white (N 9)
to yellowish gray (5Y 7/2); mudstone is light greenish gray
(6GY 8/1), dusky yellow green (5GY 5/2), and grayish
vellow green (5GY 7/2); 10-20 percent of the material in
some beds is biotite; most beds contain 3{¢—}4-in.-long
crystal cavities, and some beds in lower 6 ft contain gypsum.
Beds 1-3 in. thick. Weathers rough and gnarly and forms
steep ledge-slope topography or vertical cliff. Base
concealed - _ o eeeceeoo 25

Total measured lower limestone facies_ . _... .. _-____ 117

Total measured section_ _ ______ .- oo ________ 552
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SectioNn 6.—SE 14 sec. 17, T. 14 N, R. 6 E.

[Section started at Wet Beaver Creek about a mile south of Montezuma Castle. Beds are near ly
horizontal. Approximate alt at top of section 3,650 ft]

Erosion surface.
Verde Formation: .
Thickness
Middle limestone facies: - ( feet)

11. Limestone, white (N 9), yellowish-gray (5Y 8/1), and grayish-
orange (10YR 7/4), finely crystalline to aphanitic: weathers
yellowish gray (5Y 8/1), very light gray (N 8), and white
(N 9); several beds of light-brown (5YR 6/4) argillaceous
limestone. Many stringers and vugs of crystalline calcite;
some chert; some beds cavernous. Beds 1-3 ft thick.
Weathers blocky and knobby and forms ledge-slope topog-
raphy ;-lower 10 ft commonly forms vertical ehiff . ________ 110

10. Limestone, white (N 9), yellowish-gray (5Y 8/1), and very
light gray (N 8), highly siliceous. Nodules, lenses, ir-
regular masses, and beds of white (N 9), light-olive-gray
(6Y 6/1), and yellowish-gray (5Y 8/1) chert throughout.
Gnarly bedding; beds 6 in. to 2 ft thick. Weathers blocky

-and, for most part, forms slope; beds in lower 5 ft and from

“ 24 to 30 ft above base form ledges._ . ___________________ 43
9. Marl, white (N 9); contains a few nodules of light-olive-gray
(5Y 6/1) and black (N 1) chert. Beds varvelike.________ 3

8. Limestone, white (N 9); argillaceous and chalklike; some
light-brown (5YR 5/6) surface stain. Upper 4 ft contains
‘“/drapery’’ beds. Beds6in.to1ftthick. Weathers blocky
and forms ledge.. ... ______________________________ 6

7. Marl and argillaceous limestone, white (N 9) and yellowish-
gray (5Y 8/1). Massive bedding.- Weathers rounded and
smooth and forms slope.._ . ___.__________________._____ 8

Total measured middle limestone facies_ ... ____.___. 170

Mudstone facies: '

6. Shale, - pale—yellow1sh -green (10GY 7/2) and pale-greenish-
yellow (10Y §&/2); calcium carbonate cement. Beds
varvelike and %-2 in. thick. Weathers smooth and forms
gentle slope_ .- . mee-_ 25

5. Limestone, argillaceous limestone, and highly calcareous
mudstone; limestone is white (N 9); mudstone and argil-
laceous limestone are grayish orange pink (5YR 7/2),
very pale orange (10YR 8/2), and grayish orange (10YR
7/4). Nodules, lenses, and beds of white (N 9) and very
light gray (N 8) chert make up 30-40 percent of upper 28
ft. Beds 6 in. to 2 ft thick. Weathers blocky; lower 27 ft
forms slope, and upper 28 ft forms ledge-slope topography__ 55

4. Limestone, yellowish-gray (5Y 8/1) and white (N 9), finely
crystalline to aphanitic. Contains 1-6-in.-thick beds and
lenses of white (N 9) chert; lower 5 ft is 70-80 percent
chert. Gnarly bedding; beds 2-5 ft thick. Weathers
very rough and forms very steep ledge-slope topography
or vertical eliff .. _______________ ... 40

3. Marl and chalklike limestone, white (N 9) and very light
gray (N 8). Massive bedding. Forms slope--_.---..___. 18
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"SEcTION 6.—SEY sec. 17, T. 14 N., R. 56 E—Continued

Verde Formation—Continued Thick
Mudstone facies—Continued ety *
2. Limestone, argillaceous limestone, and marl, white (N 9),
very light gray (N 8), and pinkish-gray (5YR 8/1). Lime-
stone is crystalline to aphanitic; several beds are almost
lithographic. Contains nodules, lenses, and irregular
masses of white (N 9) chert. Gnarly bedding; beds 1-3
ft thick. Weathers rough and forms steep ledge-slope
topography._____ ... 90

Total mudstone facies_ . _ . . ___________ 228

Lower limestone faces:

1. Limestone, white (N 9), pinkish-gray (5YR 8/1), and very
light gray (N 8), slightly argillaceous and arenaceous;
weathers grayish orange (10YR 7/4) and very pale orange
(1I0YR 8/2); some light-brown (5YR 5/6) surface stain;
cavernous and contains vugs filled with calcite crystals.
“Drapery’’ beds from 50 to 52 ft above base. Gnarly
and massive bedding; beds 3-10 ft thick. Weathers
blocky and knobby and forms vertical cliff. Base con-

cealed  __________ . _____________ e 90
Total measured lower limestone facies_ _____________ 90
Total measured section_ __________________..._.. 488

'SecTioN 7.—SWY sec. 9, T. 14 N, R. 65 E., to NE¥; sec. 9, T. 14 N, R. 6 E.

[Section started at Wet Beaver Creek about a mile northeast of Montezuma Castle; base of section at Wet
Beaver Creek. Beds are nearly horizontal. Approximate alt at top of section 3,600 ft.]
Erosion surface.
Verde Formation:
Middle limestone facies; Th(lfce’:?f“
7. Limestone and mudstone, alternate beds, pinkish-gray
(5YR 8/1), white (N 9), and grayish-orange-pink (5YR
7/2). Beds 1-3 ft thick. Forms ledge-slope topography_._ 27
6. Limestone, white (N 9), aphanitic; some veins of crystalline
calcite. Two massive beds each 10 ft thick. Weathers
gnarly and forms small eliff . _ _ ________________________ 20
5. Limestone, white (N 9) and grdyish-orange-pink (10R 8/2);
. weathers white (N 9), grayish orange (10YR 7/2), and very
pale orange (10YR 8/2). Lower 10 ft dense; upper 40 ft
argillaceous. Chert abundant in beds from 15 to 16, 29 to
31, and 39 to 42 ft above base. Gnarly bedding; beds 1-10
ft thick; masses of limestone extend downward as much as
3 ft into underlying unit. Weathers blocky and knobby
and forms steep ledge-slope topography________ . .._._. 50

Total measured middle limestone facies..._...----.__ 97
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SEcTION 7.—8WY sec. 9, T. 14 N., R. 6 E., to NEY sec. 9, T. 14 N., R. 5§ E—Con.

Verde Formation—Continued Thickness
Mudstone facies: i (feet)
4. Mudstone and marl, light-brown (5YR 7/4), light-brown
(5YR 5/6), and light-brown (5YR 6/4). Weathers smooth _
and forms slope___ ___ o _______ 58
3. Limestone, white (N 9), aphanitic to ecrystalline; some
grayish pink (5R 8/2) ; weathers white (N 9), very light gray
(N 8), and grayish orange (10YR 7/4). Massive bedding;
beds 1-2 ft thick. Weathers very rough and blocky and
forms vertical eliff __________________________________. 50
2. Limestone and mudstone, alternate beds; limestone is white
(N 9), pinkish gray (5YR 8/1), and very light gray (N 8)
and weathers grayish orange (10YR 7/4) and very pale
orange (10YR 8/2); mudstone is grayish orange pink (10R
8/2). Gnarly bedding; beds 1-5 ft thick. Forms steep
ledge-slope topography. Locally this unit and underlying
and overlying units form vertical eliff ___________________ 93

Total mudstone facies_ - . ____ .. ._____ 201

Lower limestone facies:

1. Limestone, white (N 9), pinkish-gray (5YR 8/1), and very
light gray (N 8), slightly argillaceous and arenaceous;
weathers grayish orange (10YR 7/4) and very pale orange
(10YR 8/2); some light-brown (5YR 5/6) surface stain;
most beds cavernous. Beds 3 in. to 5 ft thick; some beds
varvelike. Weathers rough and gnarly and forms vertical

cliff. Base concealed_________________________________ 78
Total measured lower limestone facies_ _____________ 78
Total measured section. __ . _____________________ 376

Secrion 8.—SWi4 sec. 4, T. 14 N., R. 4 E., to SEY; sec. 36, T. 16 N., R. 4 E.

Section measured in Minter Wash; base of section near Verde River. Beds are nearly horizontal. Ap-
proximate alt at top of section 3,680 ft]

Erosion surface.
Verde Formation: .
Middle limestone facies: T’E}ﬁ'&’i"”
7. Limestone, white (N 9) and pinkish-gray (5YR 8/1); weathers
white (N 9) and very pale orange (10YR 8/2). Contains
lenses and nodules of very light gray (N 8) chert which
weather grayish orange (10YR 7/4) and very pale orange
(10YR 8/2). Beds 2-4 ft thick. Forms steplike ledge-
slope topography ; forms vertical cliff in some places..___._ 75
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Section 8.—SWY sec. 2, T. 14 N., R. 4 E., to SEY sec. 36, T. 15 N., R. 4 E—Con.

Verde Formation—Continued Thickness
Middle limestone facies—Continued (feet)
6. Limestone, white (N 9), arenaceous and argillaceous; some
pinkish gray (5YR 8/1); weathers white (N 9), grayish
orange (10YR 7/4), and pale yellowish orange (10YR 8/6).
Several beds contain siliceous plant stems. Lower 25 ft
contains beds, lenses, and nodules of glossy very light gray
(N 8), dark-yellowish-brown (10YR 4/2), and very pale
orange (10YR 8/2) chert. Very rough and gnarly bedding;
beds 2-5 ft thick. Forms steep steplike ledge-slope topog-
raphy_ . e 70
5. Limestone, white (N 9), arenaceous and argillaceous; some
pinkish gray (5YR 8/1); weathers white (N 9), grayish
orange (10YR 7/4), and pale yellowish orange (10YR 8/6);
some beds contain siliceous plant stems. From 45 to 135
ft above base, beds contain lenses and nodules of very light
gray (N 8) chert which weather grayish orange (10YR 7/4)
and very pale orange (10YR 8/2). Very rough bedding;
beds 2-3 ft thick. Forms a steplike ledge-slope topog-
raphy; locally, lower 20 ft forms vertical ¢liff.___________ 135
4. Limestone, white (N 9) and yellowish-gray (5Y 8/1), arena-
ceous and argillaceous. Upper 5 ft contains many siliceous
plant stems. Massive bedding; beds 6 in. to 3 ft thick.
Weathers blocky and rounded and forms vertical cliff_____ 25

Total measured middle limestone facies_____._._______ 305
Mudstone facies:

3. Mudstone, siltstone, and sandstone, some limestone. Mud-
stone, siltstone, and sandstone are grayish yellow green
(6GY 7/2), moderate greenish yellow (10Y 7/4), and light
olive gray (5Y 7/1); some dark yellowish orange (10YR 6/6).
Limestone is yellowish gray (5Y 8/1), yellowish gray
(5Y 7/2), and very light gray (N 8). Sandstone is very
fine grained; calcium carbonate cement. Varvelike bed-
ding; beds %-6 in. thick. Forms slope except for lime-
stones which form small ledges. (About 1,000 ft southeast
of measured section, upper 50-75 ft forms vertical cliff.)

Base concealed - - - - - - 175
2. Concealed.____ _ o= 17
Total mudstone facies_ .. . _______________________. 192

Lower limestone facies:
1. Limestone, white (N 9), arenaceous and argillaceous; weathers
white (N 9) and grayish orange (10YR 7/4). Some beds
have a cone-in-cone type structure; 1-ft-thick bed of marl 5
ft above base contains white (N 9) silicified plant stems in
which plant structure is very well preserved. Gnarly and
massive bedding. Weathers knobby and forms prominent

ledge. Base concealed__ _.___________________________ 12
Total measured lower limestone facies_ ... _._.____. 12
Total measured section_.____ e 509

693-389 0—63——8
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Secrion 9.—SW)4; sec. 27, T. 16 N, R. 6 E.

[Section measured on north side of Sacred Mountain. Beds are nearly horizontal. Approximate alt at top
of butte 4,130 ft]
Erosion surface.
Verde Formation: o Thickness
Middle limestone facies(?): (feet)
6. Limestone, white (N. 9) and very, light gray (N 8); beds are
separated by 2-6-in.-thick layers of yellowish-gray (5Y 8/1)
and pale-greenish-yellow (10Y 8/2) siltstone; some beds
contain abundance of ‘“‘plant hash.”” Very gnarly bedding;
beds 1-5 ft thick. Weathers rough and blocky and forms
vertical cliff or steep ledge-slope topography_____________ 40
5. Marl, siltstone, and mudstone, yellowish-gray (5Y 8/1) and
pale-greenish-yellow (10Y 8/2); calecium carbonate cement.
Lenses of ‘‘bone hash’” near middle of unit. Massive bed-
ding. ‘Weathers smooth and rounded and forms recess-_.." 5
4. Limestone, white (N 9), and several beds of yellow-gray (5Y
7/2) siltstone and mudstone. About 6 ft from top of unit on
northeast side of butte is a 6-in.- to 1%-ft-thick gravel and
mudstone bed which contains vertebrate material; some
beds contain gastropods. Very gnarly bedding; beds 1-3
ft thick. Weathers gnarly and forms steep cliff__________ 12
3.  Conglomerate; matrix is pale-greenish-yellow (10Y 8/2) mud-
stone. Pebbles average about one-half inch in diameter,
have a maximum diameter of about 4 in., and are chiefly
basalt. Weathers smooth and rounded and forms recess.. 1
2. Limestone, very light gray (N 8) and white (N 9); weathers
white (N 9) to yellowish gray (5Y 8/1); some 1-3-in.-thick
lenses of grayish-yellow-green (5GY 7/2) mudstone. Beds
6 in. to 3 ft thick. Weathers gnarly and forms steep
ledge-slope topography _ _ _ _ __ . _______________._______ 18
1. Limestone, very pale orange (10YR 8/2) and yellowish-gray
(5Y 8/1); weathers white (N 9) and yellowish gray (5Y.8/1);
contains abundance of ‘plant hash.” A 1-ft-thick light-
brown (5YR 6/4) and grayish-orange (10YR 7/4) mudstone
forms recess at top. Weathers rounded and smooth and
forms small ledge. Basal bed is concealed at measured
section, but about 150 ft to east it is moderate-reddish-
brown (10R 4/6) mudstone which rests unconformably on
Supai Formation__. . _ ..o oo eeeeoo 4

Total measured middle limestoné facies(?)--.------ 80
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SeEcTioN 10.—SWh4 sec. 14, T. 16 N.,, R. 6 E.

[Section measured about 4 miles northeast of McGuireville on east side of small hill at Adobe House Bend;
Igs;iel)(}ft ]secl;ion near Dry Beaver Creek. Beds are nearly horizontal. Approximate alt at top of section
Erosion surface.
Verde Formation: Thickness
Middle limestone facies: ) (feet)

3. Limestone and marl, some sandstone, siltstone, and con-

glomerate; limestone is pinkish gray (5YR 8/1), white (N 9),

and very pale orange (10YR 8/2) and weathers white (N 9),

very light gray (N 8), and pinkish gray (5YR 8/1); marl,

_sandstone, siltstone, and conglomerate are grayish orange

(10YR 7/4), grayish orange pink (5YR 7/2), and light

brown (5YR 6/4). Weathers irregular and forms steplike
ledge-slope topography . _ ____________________________ 78

Total measured middle limestone facies. ... __._._... 78

Mudstone facies:
2. Basalt, graylsh-black (N 2),. ohve-black (8Y 2/1), and black
(N 1); weathers brownish gray (5YR 4/1), medium dark
. gray (N 4), and moderate brown (5YR 4/4); joints and
. amygdules filled with calcite. Upper 43 ft forms slope;
lower 12 ft forms ledge . _ - ..o oo . 55
' 1. Conglomerate matrix grayish orange (10YR 7/4) and very
pale orange (10YR 8/2), some moderate greenish yellow
"(10YR. 7/4). Calcium carbonate cement. Nearly all
pebbles are basalt and have average diameter of one-half
inch. Massive bedding. Forms slope. Unit rests uncon-

formably on Tertiary basalt_— - - _____t___.._.____ 35
Total mudstone facies_ - _ e e e em——an 90
Total measured section, ... ___ e - ________ 168

SecTioN 11.—SEY sec. 10, T. 16 N, R. 4 E,, to-SW% sec. 11, T. 16 N, R. 4 E.
[Section measured on east side of Oak Creek about a mile southeast of Cornville; base of section at Oak
Creek. Beds are nearly horizontal. Approximate alt at top, of section 3,500 ft]

Erosion surface.
Verde Formation: : : Thickness
Middle limestone facies: : . (feet)
16. Sandstone and siltstone, some mudstone, alternate beds,
moderate-orange-pink (5YR 8/4), pinkish-gray (5YR 8/1),
grayish-orange-pihk (5YR 7/2), and light-brown (5YR 5/6);
weathers light brown (5YR 6/4) and light brown (5YR 5/6).

" Sandstone is very fine grained to fine grained; mostly
quartz. Some beds are well cemented with calcium car-
bonate; other beds contain little cement and are friable.
Gnarly bedding. Weathers smooth and rounded and .
forms steep Slope. .- oo v mcmam——aa 40

15. Limestone, grayish-orange-pink (10R 8/2) and white (N 9),
argillaceous and dense. Gnarly bedding. Weathers gnarly
and knobby and forms prominent ledge. . ... __.__.._.._.. 3
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SectiOoN 11.—SEY sec. 10, T. 16 N., R. 4 E., to SWY% sec. 11, T. 16 N., R. 4 E—

Continued

Verde Formation—Continued
Middle limestone facies—Continued

14.

13.

12.
11.

10.

Nw

Thickness

Sandstone and siltstone, some mudstone, pinkish-gray
(5YR 8/1), grayish-orange-pink (6YR 7/2), and light-brown
(5YR 5/6); weathers light brown (5YR 6/4) and light
brown (5YR 5/6). ‘Sandstone is very fine grained to fine
grained; mostly quartz. About 25 percent of unit is com-
posed of beds and lenses of friable sandstone; except for
friable ‘'sandstone, material is well cemented with calcium
carbonate. Gnarly bedding. Weathers blocky and ir-
regular and forms steep slope______________________.___

Limestone, grayish-orange-pink (10R 8/2), slightly argilla-
ceous; weathers very light gray (N 8). Gnarly bedding.
Weathers blocky and knobby and forms prominent ledge. .

Sandstone and siltstone, some mudstone; similar to unit 14__

Sandstone, moderate-orange-pink (5YR 8/4) and light-brown
(5YR 5/6), very fine grained to fine-grained, friable; mostly
quartz. Weathers smooth and rounded and forms slope. -

Sandstone and siltstone, some mudstone, pinkish-gray (5YR
8/1), grayish-orange-pink (5YR 7/2), and light-brown (5YR
5/6) ; weathers light brown (5YR 6/4) and light brown (5YR
5/6). Sandstone is very fine grained to fine grained; mostly
quartz. Conglomerate lens 15 ft above base is composed
of pebbles of basalt and chert of Kaibab. Well cemented
with calcium carbonate. Gnarly bedding. Weathers gnarly
and forms steep slOPe. - - - oo

. Conglomerate; matrix is grayish-orange-pink (10R 8/2) and

light-brown (5YR 6/4) fine- to coarse-grained sandstone.
Pebbles have average diameter of about one-half inch and
are mostly basalt. Calcium carbonate cement. Weathers
pitted and knobby and forms slight recess...._______.____
Sandstone and siltstone, similar to unit 10________:._______
Limestone, pinkish-gray (5YR 8/1), slightly arenaceous and
argillaceous. Weathers blocky and forms recess. .- -----

. Sandstone, similar to unit 11___________________________.

Limestone, pinkish-gray (5YR 8/1) and white (N 9), argilla-
ceous. Contains many (30-40 percent) tubelike structures
that are one-sixteenth inch in diameter and are lined with
calcite. Weathers blocky and forms prominent ledge.._--

. Sandstone and siltstone, pinkish-gray (5YR 8/1), grayish-

orange-pink (5YR 7/2), and light-brown (5YR 5/6);
weathers light brown (5YR 6/4) and light brown (5YR 5/6).
Sandstone is very fine grained to fine grained; mostly
quartz. Well consolidated and well cemented with ealcium
carbonate. Gnarly bedding. Weathers gnarly and blocky
and forms steep slope_ - - - - oo

(feet)

15

35

—

Total measured middle limestone facies. ... .- _-----
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SecTiON 11.—SEY sec. 10, T. 16 N., R. 4 E., to SW¥% sec. 11, T. 16 N., R. 4 E—
Continued

Verde Formation—Continued
i . Thickness
Mudstone facies: (feet)
3. Conglomerate; matrix is grayish-orange-pink (10R 8/2) and
light-brown (5YR 6/4) fine- to coarse-grained sandstone.
Pebbles have average diameter of about one-half inch, and
most (85-95 percent) are basalt. Calcmm carbonate ce-
ment. Some lenses of very fine grained to fine-grained
sandstone. Gnarly bedding. Weathers pitted and

knobby and forms recess_ - - - - - oo .. 7

2. Sandstone and siltstone, some mudstone, similar to unit 14.
Base concealed . __ ... ... 45

1. Mostly concealed. A few scattered outcrops indicate that
this qnit is similar to overlying unit. Base concealed____ 45
Total measured mudstone facles ___________________ 97
Total measured sectlon ......................... 250

SecTiON 12.—NEY; sec. 4, T.16 N, R. 6 E., to NEY sec. 29, T. 16 N, R. 6 E.

[Section measured on south flank of House Mountain about 5 mileseast of Cornville. Approximate alt at
top of section, 4,660 {t]

Erosion surface.
Verde Formation: . Thickness
Upper limestone facies: (feet)
32. Limestone, sandstone, and siltstone, some mudstone, alter-
nate beds. Limestone is white (N 9) and very light gray
(N 8); some yellowish gray (5Y 7/2). Sandstone, siltstone,
and mudstone are light greenish gray (5GY 6/1) and gray-
ish orange (10YR 7/4). Calcium carbonate cement.
Sandstone is very fine grained to fine grained. Upper 25
ft contains molds of gastropods and pelecypods; ‘“plant
hash” and plant stems are abundant. Beds 1-3 ft thick.
i Forms very steep slope. _ .- ____ 85
31. Sandstone, light-brown (5YR 6/4) and moderate-orange-pink
(5YR 8/4), very fine grained to fine-grained ; mostly quartz;
calcium carbonate cement. Several 4—6-in.-thick beds of
white (N 9) argillaceous limestone. Weathers smooth
and rounded and forms irregular slope_._ .. ______.______ 25
30. Limestone, white (N 9); some very fine grained to fine-grained
"sandstone. Weathers rough and pitted and forms small
‘ ledge - - - e 15
29. Sandstone, similar to unit 31 ____________________________ 40
28. Limestone, grayish-orange-pink (10R 8/2), argillaceous and
arenaceous; weathers pinkish gray (5YR 8/1) and very light
gray (N 8). Weathers blocky and forms small ledge_ ...
27. Sandstone, light-brown (5YR 6/4) and light-brown (5YR
5/6); some pale-yellowish-brown (10YR 6/2) siltstone;
very fine grained to fine-grained; mostly quartz; calcium
carbonate cement. Some 3-6-in.-thick beds of very light
gray (N 8) limestone. Beds 1-3 in. thick. Weathers
smooth and forms slope_. . - - - - - ... 17
Units 27-32 were measured about 14 miles northwest of units 1-26. Because
untt 26 forms broad bench, it can be traced laterally without difficulty.

[}
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SEcTION 12.—NEY sec. 4, T. 16 N., R. 6 E., to NEY sec. 29, T. 16 N., R. 6 E—

Verde Formation—Continued
Upper limestone facies—Continued
26.

Sandstone facies(?):

Continued

Limestone, white (N 9), very light gray (N 8), and grayish-
. orange-pink (10R 8/2); some 1-6-in.-thick beds of mud-
‘'stone. Lower 3 ft is pale-greenish-yellow (10Y 8/2)
shale that contains numerous silicified plant stems; from
3 to 6 ft above base is white (N 9) fossiliferous limestone
that contains nodules of yellowish-gray (5Y 8/1) and light-
greenish-gray (6GY 8/1) chert. (About 3,000.ft north
of this section, lower 15 ft of this unit contains abundant
gastropods, pelecypods, ostracodes, bones of vertebrates,
and other fossils.) Beds 3 in. to 134 ft thick. Lower

15-25 ft commonly forms vertical cliff; upper 135-145 ft
commonly forms steep steplike ledge-slope tdopography;
top of unit forms broad bench

Thickﬁeu

(feet)

Total measured upper limestone facies

25. Sandstone and siltstone, some mudstone, moderate-orange-

24.
23.
22.
21.
20
- 19.

18.

Az,

pink (5YR 8/4) and light-brown (5YR 6/4). Sandstone
is very fine grained to medium grained; mostly quartz;
calcium carbonate cement. Entire unit contains calcite-
filled tubelike structures that are {e—% in. in diameter.
Weathers rounded and smooth and forms slope with a
few small ledges. _ . . o e-
Limestone, white (N 9) and very llght gray (N 8). Molds
of gastropods very abundant in lower 4 ft; some beds al-
most coquina. Weathers blocky and forms small ledge. -
Mostly covered; few exposures indicate a grayish-orange
(I0YR 7/4) very fine grained sandstone Forms slope.
Base concealed - _._ _ - . _ . __ . _ o __.-
Limestone, white (N 9). At 4}/2 ft above base is gnarly
6-in.-thick zone of white (N 9) chert containing plant
material. Gnarly bedding. ________________ . _.______.
Sandstone, grayish-orange (10YR 7/4) and very pale orange
(10YR 8/2), very fine grained; mostly quartz; weathers
grayish orange (10YR 7/4); calcium carbonate cement.
Weathers rounded and ‘blocky and forms irregular slope.
Limestone, white (N 9) and yellowish-gray (5Y 8/1), argil-
laceous. Very gnarly bedding; beds 6 in. to 1 ft thick.
Weathers rough and forms steplike ledge-slope topography
Mudstone, very pale orange (10YR 8/2); some 2-5-in.-thick
beds of argillaceous limestone. Calcium carbonate cement.
Gnarly bedding. Weathers rounded and knobby and forms
irregular slope . __ o ieeeo-
Limestone, white (N 8), argillaceous. Beds are 1 in. to 3
ft thick. Weathers smooth and rounded and forms small
Mudstone, very pale orange (10YR 8/2); calcium carbonate
cement. Contains boxwork structure of calcite veins en-
closing particles of clay. Gnarly bedding. Weathers
‘knobby and forms irregular slope. ... ._.._.-._. dom—————-

73

13

40
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SecrioN 12.—NEY sec. 4, T. 16 N:, R. 6 E., to NEY sec. 29, T. 16 N., R. 5§ E—

Continued

Verde Formation—Continued

Sandstone facies(?)—Continued

16.

15:

14.

13.

12.

11.
10.

o

Limestone, white (N 9), ﬁnely crystalline. Some tubelike
structures that are one-sixteenth inch in diameter. Mas-
sive bedding. Weathers pitted and forms prominent

Sandstone and siltstone, light-brown (5YR 7/4). ~Sandstone
is mostly fine-grained quartz; calcium carbonate cement.
Some beds crossbedded Weathers smooth and forms

Limestone, grayish-pink (5R 8/2), arenaceous; weathérs white
(N 9) and grayish pink (5R 8/2). Forms irregular slope
with several small ledges._ .. ... ______.___

Siltstone, limy, and arenaceous light-brown (5YR 6/4) lime-
stone; weathers light brown (5YR 6/4) and moderate orange
pink (5YR 8/4). Gnarly bedding. Weathers smooth and
rounded and forms slope___________ . _____________.___

Limestone, white (N 9), aphanitic, almost lithographic. Some
veins of crystalline calcite. Weathers rough and pitted and
forms small ledge _ _ . o ooao_-

Siltstone, limy, and arenaceous limestone; similar to unit 13.

Limestone, pinkish-gray (5YR 8/1), argillaceous. Gnarly
bedding. Weathers pitted and rough and forms slope. - __

. Limestone, white (N 9) and pinkish-gray (5YR 8/1), finely

crystalline, almost lithographic; weathers white (N 9); has
many Y4-%-in.~diameter solution channels. Weathers
blocky with pitted surfa,ce and forms small ledge.___.___

. Siltstone, light-brown (5YR 6/4) ; some argillaceous beds; all

beds have calcium carbonate cement. Weathers rounded
and forms slope. o - - e

. Limestone, white (N 9) and grayish-orange-pink (10R 8/2),

arenaceous; weathers white (N 9) and very light gray (N 8).
- Weathers knobby and forms very small ledge.__.-._....
Mostly covered; a few exposures indicate that unit is com-
" posed of light-brown (5YR 6/4) mudstone and argillaceous
siltstone. Formsslope. (Unit pinches out several hundred
" feet to north.) Base concealed________________________

. Limestone, similar to unit 7- - - oo oo
. Sandstone, light-brown (5YR 5/6) and moderate-reddish-

bréwn (10R 5/6), very fine grained to fine-grained, very
friable; mostly quartz; calcium carbonate cement. Very
" gnarly bedding. Weathers rounded and forms slope_.___

. Limestone, mottled white (N 9) and light-brown (5YR 6/4),

arenaceous; weathers light brown (5YR 6/4). Unit len-
ticular and ranges in thickness from less than 1 in. to 1% ft.

."Sandstone, moderate—orange—plnk (5YR 8/4) and light-brown

(5YR 5/6), fine- to medmm—gramed friable, highly calcare-
ous; mostly quartz; some very pale orange (10YR 8/2) stain.
Contains lenses and irregular masses of calcareous sand-
stone which form protrudlng knobs and slight ledges.
Forms 8lope. - - o o e e

Thickness
(feet)

14

38
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SEcTiOoN 12.—NEY sec. 4, T. 16 N., R. 5 E., to NEY sec. 29, T. 16 N, R. 6 E—
Continued

Verde Formation—Continued . Thickness
Sandstone facies(?)—Continued (feet)
1. Sandstone, moderate-orange-pink (5RY 8/4); some 2-4-in.-
thick beds of moderate-brown (5YR 3/4) and light-brown
(5YR 5/6) mudstone. Sandstone is fine to medium grained,
mostly quartz; calcium carbonate cement. Very gnarly
and lenticular bedding; beds 1-8 in. thick. Weathers
gnarly and pitted and forms irregular slope. Base con-
cealed. (About 300-400 ft north of this section, basalt is

exposed at this altitude) - . ______ _____________________ 5
Total measured sandstone facies(?)_ . -.-._._.__ ... 322
Total measured section_ _ _ _ . _ ... __._______ 669

SecTioN 13.—N W% sec. 13, T. 16 N., R. 4E.

[Sectlon measured about a mile southeast of Hidden Valley Ranch. Beds are nearly horizontal. Approxi-
mate alt at top of section 4, 370 ft. The relationship of this section to the underlying Tertiary voleanic
rocks is shown in figure 15]

Erosion surface.
Verde Formation: Thickness
Upper limestone facies: (feet)
7. Limestone, grayish-orange (10YR 7/4), finely crystalline;
some white (N 9). Lower 10 ft contains many hollow tube-
like structures that are ¥4-3; in. in diameter and gastropods.
Beds in lower 15 ft are about 5 ft thick; beds in upper 25 ft
are 6 in. to 1 ft thick. Weathers pitted and blocky; lower
15 ft forms vertical cliff; upper 25 ft forms slope__._______ 40
6. Siltstone and sandstone, very pale orange (10YR 8/2). Sand-
stone is very fine grained; mostly quartz. Many molds of
gastropods and ostracodes. Weathers rounded and smooth
and forms recess or slope._____ e R, 5
5. Limestone, grayish-orange (10YR 7/4) and light-brownish-
gray (6YR 6/1); weathers grayish orange (10YR 7/4) and
dark yellowish orange (10YR 6/6). Contains stalactites and
stalagmites. “Plant hash’’ abundant; some hollow plant
stems are 1 ft in diameter and 8 ft long. Weathers rough,
blocky, and knobby and forms vertical cliff . _..__________ 35
4. Limestone, very pale orange (10YR 8/2) and grayish-orange
(I0YR 7/4). At 14 ft above base is a 4-ft-thick yellowish-
gray (5Y 7/2) sandstone bed. Partly covered between 25
and 50 ft above base; scattered exposures indicate alter-
nate beds of limestone and sandstone. Plant stems
abundant in some beds. Beds 1-3 ft thick. Weathers
blocky and forms steep slope except for lower 5 ft which
forms vertical cliff : . 63

Total measured upper limestone facies_ ... 143
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SEctioN 13.—NWY sec. 13, T. 16 N., R. j E—Continued

Verde Formation—Continued ' Thickness
Sandstone facies(?): (feet)

3. Sandstone, limy, and arenaceous limestone, limestone, and
conglomerate; limy sandstone and arenaceous limestone
are pinkish gray (6YR 8/1) and weather pale pink (5RP
8/2) ; limestone is pale yellowish brown (10YR 6/2). Lower
30 ft of unit partly covered; upper 15 ft massive con-
glomerate; pebbles ¥¢-1 in. in diameter and mostly basalt
and limestone. Some beds contain ostracodes. Forms

steep slope.___ - iiooa_C 45
2. Limestone, very pale orange (10YR 8/2) and grayish-orange
(10YR 7/4). Beds 1-3 ft thick. Weathers rough and

blocky and forms vertieal eliff. __ . .. __ . _____________. 19
1. Conglomerate; matrix is light-brown (YR 6/4) and moderate-
orange-pink (5YR 8/4) fine-grained sandstone; weathers
pinkish gray (5YR 8/1) and light brown (5YR 6/4). Mas-
sive bedding. Weathers rounded and knobby and forms
steep slope. Unit rests unconformably on Tertiary volcanic

TOCKS o o o o o e e ————— 25
Total sandstone facies(?) ______ . o i .. 89
Total measured section._.____ . ___ . ___.___._____. 232

SecrioN 14.—NW1{ sec. 17, T. 16 N., R. 5 E.
[Section measured on north side of House Mountain. Beds are nearly horizontal. Approximate alt at top
of section 4,450 ft]
Erosion surface.
Verde Formation: Thickness
Upper limestone facies: (feet)
6. Limestone, white (N 9), finely crystalline; weathers white
(N 9) and very light gray (N 8). Many gastropod molds
in lower 2 ft. Beds 1-2 ft thick. Forms vertical or very
steep eliff . eeaoo-- 26
5. Limestone, white (N 9) and very pale orange (10YR 8/2);
weathers white (N 9) and very light gray (N 8). Very
rough bedding; beds about 1 ft thick. Weathers very rough
and knobby and forms steep slope._ . - - ____.____ 17
4. Shale and claystone, light-brown (5YR 5/6) and dark-yellow-
ish-orange (10YR 6/6), silty; some greenish-gray (5GY 6/ 1)
FOrms recess. - - - - e eeeeeeee—o 2o 1
3. Limestone, white (N 9) and grayish-orange-pink (10R 8/2).
Some ¥o-in. diameter tubelike structures, especially between
3 and 5'ft above base. Beds 6 in. to 1% ft thick, forms
steep cliff _ _ e ieccaceo-- 10
2. Siltstone, argillaceous, or mudstone; lower 14 ft dark yellowish
orange (10YR 6/6) and light brown (5 YR 5/6); upper 2 ft
pale reddish brown (10R5/4). Calcium carbonate cement.
Beds 1-6 in. thick. Formsslope. ..o 16
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SecTiON 14.—NWY sec. 17, T. 16 N., R. § E—Continued

Verde Formation—Continued ] Thickness
Upper limestone facies—Continued (feet)
1. Conglomerate; matrix dark yellowish orange (10YR 6/6.
Some very fine grained sandstone; mostly quartz and
basalt. Pebbles have average diameter of about 2 in.
and are chiefly basalt and sandstone of Supai. Forms
slope. Unit rests unconformably on Supai Formation.___ 2

Total measured upper limestone facies .. __.______ 72

SEcTION 15.—NEY% sec. 9, T. 16 N., R. 3 E., to NW% sec. 36, T. 17 N., R. 3 E.

Section started about 2 miles northeast of Clarkdale; base of section is near Verde River. Beds are nearly
horizontal. Approximate alt at top of section 4,220 ft. Section is described in terms of general units.
only because complete and detailed section would require definition and description of beds 1-6 inches
thick. Nearly all beds above unit 11 contain fossils; many beds are very fossiliferous. Fossils occur as
original shellstructure, internal and external molds, casts, vertebrate material, carbonaceous plant debris,
and “‘plant hash” and plant stems. Fossils include plant seeds(?), Charophyta oogonia, ostracodes
gastropods, pelecypods, vertebrate teeth and bones, and various types of plants. All “plant hash’ and
hollow plant stems in limestones are replaced with calcium carbonate. Many uranium prospect pits
oceur ia this area, and fossils were found in most pits)

Erosion surface.

Verde Formation: Thickness
Upper limestone facies: ( feet)
59. Limestone, marl, sandstone, siltstone, and shale, alternate
beds. Limestone is yellowish gray (5Y 7/2), light olive gray
(5Y 6/1), pale yellowish brown (10YR 6/2), very light gray
(N 8), and white (N 9); weathers white (N-9), very light
gray (N 8), very pale orange (10YR 8/2), grayish orange
(10YR 7/4), and pale yellowish brown (10 YR6/2). Marl],
fine grained sandstone, siltstone, and shale are very pale
orange (10YR 8/2), pale greenish yellow (10Y 8/2), white
(N 9), very light gray (N 8), and moderate greenish yellow
(10Y 7/4); weather very pale orange (10YR 8/2), pale
greenish yellow (10Y 8/2), and white (N 9). All beds very
fossiliferous, containing “plant hash’ and shells or molds
of gastropods, pelecypods, and ostracodes; many limestone
beds composed almost entirely of «plant hash’; in some
beds, plant stems replaced with calcium carbonate form hollow
tubes ¢-}4 inch in diameter and occur is such great
abundance that beds have spongelike appearance. Very
rough bedding; beds 3 in. to 2 ft thick. Limestone weathers
blocky and forms small ledges; marl, sandstone, siltstone,
and shale form rubble-covered slopes or small recesses.

Base concealed. _ _ . ________________________l_________ 55+
58. Marl and argillaceous limestone, moderaté-orange-pink (10R

7/4) and grayish-orange-pink (10R 8/2); weathers grayish-

orange pink (10R 8/2). Many calcite tubes that are 16—

Yo in. in diameter. Weathers blocky and pitted, has

spongy appearance, and forms steep slope_.____ ... 14
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SecrioN 15.—NEY sec. 9, T.16 N., R.3E.,to NW¥% sec. 36, T. 17 N., R. 3 E—Con.

Verde Formation—Continued Thickness
Upper limestone facies—Continued (feet)
57. Mudstone and marl, some irregular lenses and beds of highly

calcareous sandstone; mudstone is light brown (5YR 6/4);
marl is pale pink (5RP 8/2); sandstone is moderate orange
pink (10R 7/4). Marl contains very fine “floating’’ quartz
grains and manganese dendrites. Weathers knobby and
forms Slope_ e 13
56. Limestone, very pale orange (10YR 8/2) and pale-yellowish-
brown (10YR 6/2); weathers very pale orange (10YR 8/2),
grayish-orange (10YR 7/4), white (N 9), and pale-yellowish-
brown (10YR 6/2). Contains tubelike structures and
“plant hash’’; tubes ¥o—% in. in diameter. Beds 2in. to 1
ft thick. Weathers blocky and pitted and forms prominent
ledge - - eeecl 17
55. Limestone, white (N 9); contains manganese dendrites and
many solution channels. Weathers knobby and forms

54. Limestone, arenaceous, and limy sandstone; partly covered;
mainly grayish orange pink (5YR 7/2) and grayish orange
(10YR 7/4), but some light brown (6YR 5/6); weathers
grayish orange pink (5YR 7/2) and grayish orange (100YR
7/4). Contains tubelike plant structures that are one-
tenth inch in diemeter and are filled with manganese;
calcium carbonate cement. Forms a slope. Base con-
cealed .. __ oo 26

53. Limestone, white (N 9), very light gray (N 8), and grayish-
orange-pink (10R 8/2), aphanitic. At 3 ft above base is
2-ft-thick bed of argillaceous limestone that contains
prismatic structures; prisms are 1-3 in. wide and 6-8 in.
long. Beds 6 in. to 1 ft thick. Weathers pitted and
knobby and forms small ledge____.__ . _.___._. 13

52. Mudstone and marl; mudstone is light brown (5YR 6/4);
marl is pale pink (5RP 8/2). Contains lenses of moderate-
orange-pink (10R 7/4) arenaceous limestone. Many beds
contain manganese dendrites. Forms slope___._______.__ T 27

51. Limestone, pinkish-gray (5YR 8/1) and grayish-orange-pink
(10R 8/2), aphanitic; some white (N 9); weathers pale pink
(5RP 8/2); has many Ye-in.-diameter tubelike structures
filled with calcite. Gnarly bedding; beds 1 in. to 1 ft
thick. Weathers knobby and forms gentle slope--.______ 24

50. Limestone, white (N 9) and yellowish-gray (5Y 8/1), aphanitic
to sublithographic; weathers white (N 9) and very light
gray (N 8). Manganese dendrites in most beds. Beds
1-6 in. thick. Weathers very rough and knobby and
forms slope._ - - oo e 18

49. Shale, light-olive-gray (5Y 5/2). Forms recess....-.-.-..... 1
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SecrioN 15.—NEY, sec. 9, T. 16 N.,, R. 3 E., to NW¥, sec. 36, T. 17 N., R. 3 E—Con.

Verde formation—Continued Thickness
Upper limestone facies—Continued _ (feet)
48. Limestone, very pale orange (10YR 8/2) and pale-yellowish-
brown (10YR 6/2), finely crystalline; weathers very pale
orange (10YR 8/2), grayish orange (10YR 7/4), and very
light gray (N 8). Plant stems and ‘‘plant hash’’ abundant.
Beds 1-2 ft thick. Weathers blocky and pitted and forms
prominent ledge_ _ _ _ _________________________________ 12

Total measured upper limestone facies._____________ 225+

Sandstone facies:

47. Sandstone, moderate-orange-pink (5YR 8(4), light-brown
(5YR 5/6), and moderate-reddish-brown (10R 4/6) ; weath-
ers moderate orange pink (5YR 8/4) and light brown
(5YR 5/6); lower 15 ft contains 1-5-in.-thick beds of white
(N 9) limestone. Sandstone is very fine grained to fine
grained and is mostly quartz; calcium carbonate cement.
Gnarly bedding. Weathers pitted and knobby and forms -
slope. Base concealed.________________________________ 27

46. Mostly concealed; made up of 6—8-in.-thick beds of yellowish-
gray (5Y 7/2) limestone that weathers yellowish gray (5Y
7/2) and white (N 9). Forms small ledge_._._________._ 5

45. Limestone, marl, sandstone, siltstone, and carbonaceous ma-
terial; limestone and marl are arenaceous, white (N 9), very
light gray (N 8), and very pale orange (10YR 8/2) and
weather white (N 9) and very pale orange (10YR 8/2);
sandstone and siltstone are calcareous, grayish orange pink
(10R 8/2) and grayish orange (10YR 7/4) and weather
grayish orange pink (10R 8/2) and very pale orange (10YR
8/2); carbonaceous material is medium light gray (N 6)
and black (N 1). Sandstone is very fine grained to fine
grained and is mostly quartz. Plant stems and other fossils
very abundant in some beds. Beds 1-6 in. thick. Weathers
knobby and forms slope______ oo T V4

44. Limestone, aphanitic to lithographic, and marl; yellowish
gray (5Y 7/2) and white (N 9); weathers white (N 9), very
light gray (N 8), and grayish orange (10YR 7/4). Con-
tains “‘plant hash’ and gastropods. Beds in lower 10 ft
are 6 in. thick and form steep slope; beds in upper 3 ft are
massive and form prominent ledge. . ... ____________ 13

43. Shale and limestone; shale is pale olive (10Y 6/2) and greenish
gray (5GY 6/1) and weathers pale olive (10Y 6/2) and
yellowish gray (5Y 8/1); limestone is white (N 9) and yel-
lowish gray (5Y 8/1). Gastropod and pelecypod shells
very abundant. Formsslope_ ... _ . ___ . ________ 8
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Section 15.—NEY sec. 9, T.16 N., R.3 E., to NW¥ sec. 36, T. 17 N., R. 3 E—Con.

Verde Formation—Continued Thickness
Sandstone facies—Continued . (feet)
42, Limestone, marl, mudstone, and shale, some sandstone, and

several beds of peatlike material; limestone is white (N 9),
grayish orange (10YR 7/4), and yellowish gray (5Y 8/1);
marl is very light gray (N 8) and weathers white (N 9);
mudstone and shale are pale olive (10Y 6/2) and greenish
gray (5GY 6/1) and weather pale olive (10Y 6/2); sand-
stone is dark yellowish orange (10YR 6/6) and weathers
grayigsh orange (10YR 7/4); peatlike material is very pale
orange (10YR 8/2). Most beds very fossiliferous. Forms
SlOPe - e eccemieeo 12
Units 42-69 were measured in wash just south of ridge where units 23—41
were measured. .
41. Sandstone, moderate-orange-pink (5YR 8/4) and light-brown
(5YR 6/4); weathers moderate orange pink (5YR 8/4).
Very fine grained to fine grained; mostly quartz; calcium

carbonate cement, Weathers rounded and forms slope... 5
40. Limestone, white (N 9), dense. Weathers knobby and forms
small ledge_ - - - oo e 4

39. Sandstone, light-brown (5YR 5/6) and moderate-reddish-
brown (10R 4/6), very fine grained to fine-grained, very
friable; mostly quartz. Forms slope_ _ - .. ._ooooo_-- 3

38. Limestone, pale-yellowish-brown (10YR 6/2) and very pale
orange (10YR 8/2); weathers very pale orange (10YR 8/2)
and grayish orange (10YR 7/4). Contains ‘“plant hash.”
Weathers blocky and pitted and forms small ledge-_ .. ___ 1

37. Sandstone, moderate-orange-pink (5YR 8/4) and light-
brown (5YR 6/4), very fine grained to fine-grainéd; mostly
quartz; calcium carbonate cement. Contains tubelike
structures that are one-sixteenth inch in diameter and are
filled with calcite. Weathers rounded and forms slope._.. 9

36. Limestone, arenaceous, and limy sandstone; very pale orange
(10YR 8/2); weathers white (N 9) and very pale orange
(10YR 8/2). Sand is fine grained and is mostly quartz.
Contains charophyta oogonia____ .. . ____.__._.__ 1

35. Sandstone, moderate-orange-pink (5YR 8/4) and light-brown
(5YR 6/4), very fine grained to fine-grained; mostly quartz;
weathers moderate orange pink (5YR 8/4); calcium carbo-
nate cement. Formsslope. ___ . _____________._ 10

34. Limestone, white (N 9); some yellowish-gray (5Y 8/1);
weathers white (N 9); some greenish-gray (5GY 6/1) shale.
Some beds contain ‘“plant hash.” Beds 4-8 in. thick.
Weathers blocky; lower 5 ft forms small ledge; upper 4 ft
forms prominent ledge._ _ - - .. _____ 9

33. Sandstone, light-brown (5YR 5/6) and moderate-reddish-
brown (10R 4/6), very fine grained to fine-grained, very
friable; weathers light brown (5YR 5/6); mostly quartz.
Forms slope . - - - oo 1
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Section 15.—NEY, sec. 9, T. 16 N., R. 3 E., to NW¥ sec. 36, T. 17 N., R. 8 E—Con.

Verd: Fcrmation —Continued
. Sands;on: facies—Continued

32. Limestone and shale; limestone is yellowish gray (5Y 8/1)

31.

. 30.

29.

28.

27.

26.

25.

and white (N 9) and weathers white (N 9); shale is yellow-
ish gray (5Y 8/1) and greenish gray (5GY 6/1) and weathers
yellowish gray (5Y 8/1). Weathers blocky__ ... _____.._
Sandstone, moderate-orange-pink (5YR 8/4) and light-brown
- (5YR 6/4), very fine grained to fine-grained; mostly quartz;
weathers moderate orange pink (5YR 8/4); calcium car-
bonate cement. Weathers pitted and forms slope________
Limestone arid shale; limestone i is yellowish gray (5Y 8/1) and
white (N 9) and weathers white (N 9); shale is yellowish
gray (5Y 8/1) and greenish gray (5GY 6/1); has hydrogen
sulfide odor. Weathers blocky and knobby and forms

Sandstone, moderate-orange-pink (5YR 8/4) and light-brown
(5YR 6/4), very fine grained to fine-grained; mostly quartz;
calcium carbonate cement. At 13 ft above base is a 1l%-
ft-thick bed of white (N 9) limestone containing “plant hash.”
Weathers rounded. .. - __ . ___________________________

Limestone, very pale orange (10YR 8/2) and pale-yellowish-
brown (10YR 6/2) ; weathers grayish orange (10YR 7/4) and
white (N 9); contains “plant hash.” Weathers rough and
blocky and forms small ledge_ .. _______________________

Limestone and shale, partly covered; limestone is very pale
orange (10YR 8/2) and pale yellowish orange (10YR 8/6)
and weathers white (N 9); shale is greenish gray (5GY 6/1).
At 3% ft above base are many gastropod molds. Beds are
3in. to 1 ft thick. Weathers irregular to blocky and forms
slope - - o iie--

Limestone, grayish-orange (10YR 7/4); weathers dark yellow-
ish orange (10YR 6/6) and very light gray (N 8); containg
“plant hash” and manganes¢-filled tubelike structures
that are one-sixteenth inch in diameter. Weathers rough
and blocky and forms ledge._ _ . ______ .. oo ___--

Limestone, sandstone, and siltstone, partly concealed.
Limestone is white (N 9) light gray (N 7), Very pale orange
(10YR 8/2), and pale yellowish orange (10YR 8/6) and
weathers white (N 9) and yellowish gray (5Y 8/1). Sand-
stone and siltstone are moderate reddish orange (10R 6/6)
and moderate reddish brown (10R 4/6), some grayish
orange pink (I0R 8/2), and weather moderate reddish
brown (10R 4/6) and grayish orange pink (1OR 8/2).
Limestone is 6 in. to 1 ft thick, lgnticula¥, and contains
1/2-3-in-thick layers of pale-ohve (10Y 6/2) shale. Sand-
stone is very fine grained to fine grained. Forms steep
SlOPe - e

Total measured sandstone facies_ _ - - - co-——-ccouuon

Thickness

(feet)

30

12
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SEcTION 15.—NEY; sec. 9, T. 16 N., R.3 E.,to NW¥%sec. 36, T. 17 N., R. 3 E—Con.

Verde Formation—Continued Thickness
Sandstone facies(?): (Teet)
24. Limestone, very pale orange (10YR 8/2) and ‘pale-yellowish-
brown (10YR 6/2); weathers grayish orange (10YR 7/4)
and white (N 9); “plant hash’ and plant stems abundant.
Weathers blocky and pitted and forms prominent ledge___ 2
23. Limestone and sandstone, partly covered. Limestone is
white (N 9), very pale orange (10YR 8/2), and pale
yellowish orange (10YR 8/6); weathers white (N 9),
yellowish gray (5Y 8/1), and grayish orange (10YR 7/4);.
and contains 1-2-in.-thick beds of olive-gray (5Y 4/1) and
yellowish-gray (5Y 8/1) shale. Sandstone is moderate
reddish orange (10R 6/6) and moderate reddish brown
(10R 4/6); weathers moderate reddish brown (10R 4/6)
and grayish orange pink (10R 8/2); and is fine-grained.
Forms steep slope. Base concealed . ... ____.___._______ 27
Because of poor exposures, units 23—-41 are a composile of beds measured
at several localilies on same ridge; this was accomplished by tracing
distinctive beds laterally, then measuring up or down.
22. Limestone, very pale orange (10YR 8/2) and pale-yellowish-
brown (10YR 6/2); weathers very pale orange (10YR 8/2),
grayish orange (10YR 7/4), and white (N 9). Contains a
2-in.-thick bed of carbonaceous material; “plant hash”
and excellently preserved hollow plant stems abundant.
Weathers blocky and pitted and forms prominent ledge_.. 10
21. Sandstone, siltstone,'mudstone, limestone, marl, shale, and
claystone, partly covered; sandstone, siltstone, mudstone,
and claystone are calcareous and are light brown (5YR 6/4),
moderate orange pink (5YR 8/4), moderate reddish brown
(10R 4/6), and moderate reddish orange (10R 6/6); lime-
stone, marl, and shale are white (N 9), yellowish gray
(5Y 8/1) very pale orange (10YR 8/2), and pale yellowish
brown (10YR 6/2) and weather white (N 9), yellowish
gray (5Y 8/1), very pale orange (10YR 8/2), and grayish
orange (LOYR 7/4). Sandstone is very fine grained to
fine grained, and both the sandstone and siltstone are
- mostly quartz. Fossils very abundant; upper 15 ft con-
tains abundance of ‘“‘plant hash.” Lower 28 ft forms
slope; upper 15 ft forms steplike ledge-slope topography.. 43

Total sandstone facies(?) - - ... 82

Middle limestone facies(?):

20. Limestone, very pale orange (L0YR 8/2) and pale-yellowish-
brown (10YR 6/2); weathers very pale orange (10YR 8/2),
grayish orange (10YR 7/4), very light gray (N 8), and
white (N 9); contains abundance of “plant hash’ and hol-
low plant stems that are %,-% inch in diameter. Weathers
pitted and blocky and forms prominent ledge__._.._._____ 5
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SEcTION 15.—NEY sec. 9, T. 16 N., R.3 E.,to NW¥% sec. 36, T. 17 N., R. 3 E—Con.

Verde Formation—Continued Thickness

Middle limestone facies(?)—Continued (feet)
19. Limestone, mudstone, sandstone, shale, and peatlike mate-
rial, partly covered; limestone and shale are white (N 9), yel-
lowish gray (5Y 8/1), and pale yellowish brown (10YR 6/2)
and weather white (N 9), yellowish gray (5Y 8/1), and
grayish orange (10YR 7,4); sandstone and mudstone are
light brown (5YR 6,4), moderate orange pink (5YR 8/4),
moderate reddish brown (10R 4/6), and moderate reddish
orange (10R 6/6). Sandstone is fine grained to fine
.grained and is mostly quartz. Pale-olive (10Y 6/2) and
greenish-gray (5GY 6/1) peatlike material has ‘“papery”
appearance and contains dark-gray (N 3) and medium-
dark-gray (N 4) plant carbon. Most beds very fossilifer-
ous; ‘“plant hash” and plant stems abundant. All beds
calcareous. Very rough, gnarly bedding. Forms slope

with some small ledges._______________________________ 31
18. Limestone and shale, white (N 9) and very light gray (N 8);
"weathers white (N 9) and very light gray (N 8); some
grayish-orange (10YR 7/4); “plant hash,” plant stems, and

fossils abundant. Weathers very rough and forms ledge.. 5
17. Limestone, very pale orange (10YR 8/2) and pale-yellowish-
brown (10YR 6/2); weathers very pale orange (10YR 8/2),
grayish orange (10YR 7/4), and white (N 9). Contains
abundance of “plant hash’’ and hollow plant stems. Weath-

ers pitted and blocky and forms prominent ledge_._____._ 7
16. Limestone and shale, white (N 9) and very light gray (N 8).
Weathers gnarly and forms slope_______________________ 2

15. Sandstone; lower 7 ft is moderate orange pink (5YR 8/4) and
light brown (5YR 6/4); upper 4 ft is moderate reddish
orange (10R 6/6) and moderate reddish brown (10R 4/6).
Very fine grained to fine grained; mostly quartz; upper
4 ft very friable. Forms slope.____________________.___ 11

14. Limestone, some shale, and peatlike material; limestone is
white (N 9), very light gray (N 8), and yellowish gray (5Y
8/1); shale and peatlike material are pale olive (10Y 6/2),
greenish gray (5GY 6/1), and yellowish gray (5Y 8/1).
Shale and peatlike material appear “papery’’ or varvelike.
Most beds very fossiliferous. Very gnarly bedding; beds
3 in. to 1 ft thick. Forms steep irregular slope_.__._____ 24

13. Sandstone, light-brown (5YR 6/4), moderate-orange-pink
(5YR 8/4), moderate-reddish-brown (10R 4/6), and mod-
erate-reddish-orange (10R 6/6), very fine grained to fine-
grained; mostly quartz; some limestone. Forms slope__- 23

12. Limestone, very pale orange (10YR 8/2) and palz-yellowish-
brown (10YR 6/2); weathers very pale orange (10YR 8/2),
grayish orange (10YR 7/4), white (N 9), very light gray
(N 8), and pale yellowish brown (10YR 6/2); 75-90 percent
of beds contain ‘“plant hash” and hollow plant tubes 1/10~
3/4 in. in diameter; very porous. Weathers blocky and
pitted and forms prominent ledge. .- - ceeooo - 8
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SecTiOoN 15.—NEY sec. 9, T. 16 N., R.3 E.,to NW¥, sec. 36, T. 17 N., R. 3 E—Con.

Verde Formation—Continued ‘ )
Middle limestone facies(?)—Continued - o : T’?fe’;?)m

11. Sandstone, siltstone, limestone, mudstone, and some conglom-
erate; sandstone and siltstone are light brown (5YR
6/4), moderate orange pink (5YR 8/4), moderate reddish
- brown (10R 4/6), and moderate reddish orange (10R 6/6);
limestoneiswhite (N 9), very light gray (N 8), and pinkish
gray (5YR 8/1); mudstone is moderate brown (5YR 4/4)
and moderate reddish brown (10R 4/6). Sandstone is
very fine grained to fine grained and mostly quartz and
weathered basalt; calcium carbonate cement; some sand-
stone is very friable. Limestone is dense; some is aren-
aceous and argillaceous. Conglomerate pebbles are 1-4
inches in diameter; mostly basalt. Forms steep slope;

calcareous units form small ledges._ .. _______________ 54
10. Limestone, white (N 9), very light gray (N 8), and pale-
pink (5RP 8/2). Very rough bedding; beds 1-3 ft thick.
Weathers knobby, gnarly, and pitted and forms small

9. Sandstone and mudstone, sandstone is light brown (5YR
5/6), moderate reddish brown (10R 4/6), and light brown
(5YR 6/4); mudstone is light brown (5YR 6/4). Entire
unit is highly calcareous and contains scattered thin lenses
and nodules of limestone and marl throughout. Sand-
stone is very fine grained to fine grained; 60 percent of
grains are quartz and 40 percent are basalt. Very gnarly
bedding; beds 1-6 in. thick. Weathers pitted and knobby
and forms steep slope_______ . _ . ___________ 26

8. Limestone, white (N 9), dense to chalky; weathers white
(N 9) and very light gray (N 8); some ‘“floating”’ grains of
very fine quartz sand. Very gnarly bedding. Weathers
pitted and knobby and forms prominent ledge----___-_. 10

7. Sandstone and limestone lenses; sandstone is moderate
orange pink (5YR 8/4), light brown (5YR 6/4), moderate
reddish brown (10R 4/6), and light brown (5YR 5/6);
limestone is grayish orange pink (10R 8/2) and weathers
white (N 9). Sandstone is very fine grained to fine grained
and friable and is’ mostly quartz; calcium carbonate
cement. Forms steep slope. (Upstream about 1,000 ft
from measured section this unit is nearly all limestone)___ 9

6. Limestone, grayish orange pink (10R 8/2) and white (N 9):
weathers white (N 9). Weathers rounded and forms
slight ledge_ e 3

-5. Sandstone, light brown (5YR 5/6) and moderate reddish
brown (10R 4/6), very fine grained to fine grained, friable;
mostly quartz; calcium carbonate cement. About 2 ft
above base is 1-ft thick gravel bed. Weathers rough and
gnarly and forms slope.____ - oo ememeeo- 10

4. Limestone, grayish orange pink (10R 8/2), dense; weathers
white (N 9). Contains hollow tubelike structures ¥ b4
in. in diameter. Gnarly bedding. Weathers pltted and
knobby and forms prominent ledge. .. ... __..____.___ 4

693-389 0—63——9
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SECTION 15.—NEY-sec. 9, T.16 N., R. 3 E., to NW¥ séc. 36, T.1? N., R: 8JE—Con.

Verde Formation—Continued oo :
-Middle limestone facies(?)—Continued ' - IR T"{},"Zt‘f”

3. Sandstone, 'modeérate orange plnk (BYR 8/4) and light
brown (5YR 6/4), very fine grained to fine grained, mostly
quartz; calcium carbonate cement; some lenticular beds of
light brown (5YR 5/6) and moderaté. reddish brown
(10R 4/6) friable sandstone. Contains hollow tubelike
structures !, in. in diameter, -:‘Very rough and
gnarly bedding. Weathers very rough and gnarly and
forms steep slope_ . l__mo . ____ 15

2. Limestone, grayish orange pink (10R 8/2) a.nd white (N 9);
weathers white (N 9). Gnarly bedding. Weathers
blocky and knobby and forms small ledge_______________ 5

1. Sandstone, moderate orange pink (5YR 8/4) and light brown
(5YR 6/4), very fine grained to fine grained; mostly quartz;
calcium carbonate cement. Weathers rounded and pitted

" and forms small ledge. Base concealed__.______________ 4
Total meas.ured middle limestone facies(?).__.______ -_ 261
Total measured section. ________________________ 794+

Section 16.—SEY sec. 11, T. 17 N., R. 3 E.

[Section measured on south flank of Black Mountain. Beds are nearly horizontal Approximate alt at top
of section 4,435 {t}

Erosion.surface.
Verde Formation:
Upper limestone facies:

21. leestone, some highly. calcareous siltstone and very fine
grained sandstone, parfly covered. Limestone is very pale
orange (10YR 8/2) and yellowish gray (5Y 8/1); some is
white (N 9); weathers very pale orange (10YR 8/2), light
brown (5YR 6/4), and white - (N 9). Siltstone and sand-
stone are grayish orange pink (10R 8/ 2) and moderate orange
pink. (10R 7/4). “Plant hash’” abundant; upper 3 ft con-

- tains gastropods. Beds 1-5 ft thick. Forms steep ledge-
slope topography . __ e 145

20. Limestone, very pale orange (10YR 8/2) and yellowish-gray
(5Y 8/1); weathers very pale orange (10YR 8/2) and light
brown (5YR 6/4). “Plant hash” abundant; some beds
contain gastropod molds. Massive bedding; beds 2-10 ft
thick. Weathers blocky. Lower 35 ft forms vertical cliff;
upper 45 ft forms steep ledge-slope topography__________ 80

19. Mudstone and siltstone, 'yellowish-gray (5Y 7/2) and yellow-
ish-gray (6Y 8/1). Massive bedding. Weathers smooth
and forms recess. Base concealed_ _ . ... _____________

18. Conecealed _____ . _ . e 5

17. Limestone, very pale orange (10YR 8/2) and white (N 9),
dense. “Plant hash” abundant. Massive bedding.
Weathers blocky and pitted and forms ledge. Base
concealed. _ ___ . .. oo 8

16. Concealed.__..._. e e mmmmm e e 10

Thickness
(feet)

w



Verde Formation—Continued

-"STRATIGRAPHIC SECTIONS, VERDE FORMATION

SectioN 16.—SEY sec. 11, T. 17 N., R. 3 E—Continued

- Upper limestone facies—Continued

15.

14.

13.

12.

11.

10.

-~

Limestone, very pale orange (10YR 8/2) and light-brownish-
gray (5YR 6/1).- “Plant hash”’ abundant; some beds con-
tain a few gastropods; about 2 ft above base is ¥-inch-
thick zone of yellowish-gray (5Y 8/1) shale that contains
numerous pelecypods. Massive bedding. Weathers blocky
and pitted and’forms prominent ledge_ - ________.________

Sandstone, yellowish-gray (5Y-8/1), very fine grained to fine-
grained; mostly quartz; calcium carbonate cement. Pebbles
of chert and basalt %-3 in. in diameter scattered through-
out. Massive bedding. Weathers smooth and rounded
and forms recess. Base concealed__.____._____________

Concealed . ___ e

Limestone, very pale orange (10YR 8/2) and grayish-orange
(10YR 7/4). “Plant hash” abundant. Gnarly bedding.
Weathers blocky and pitted and forms small ledge_.__..__

Claystone, yellowish-gray (5Y 8/1). $everal 1-in.-thick zones
contain abundance of gastropods and pelecypods. Massive
bedding. Weathers smooth and forms recess.____.______

Limestone, very pale orange (10YR 8/2) and grayish-orange
(10YR 7/4). Gnarly bedding. Weathers blocky and
pitted and forms small ledge. Base concealed____._______

. Concealed . - _ i
. Limestone, pale-yellowish-brown (10YR 6/2) and yellowish-

gray (5Y 7/2); weathers grayish orange (10YR 7/4) and
véry pale orange (10YR 8/2). Upper 3 ft contains tubelike
structures that are %4s-Ys in. in diameter. ‘‘Plant hash”
abundant in lower 5 ft. Massive bedding. Weathers
blocky, pitted, and knobby and forms prominent ledge.
Base concealed . . ___ .l e

. _Concealed ________ e
. Limestone, white (N 9), partly aphanitic. Contains many

tubelike structures that are Y{¢-4in. in diameter. Massive
bedding. Weathers smooth and rounded and forms verti-
cal eliff e

. Sandstone, grayish-orange-pink (10R 8/2) and moderate-

orange-pmk (10R 7/4), very fine grained to fine-grained;
mostly quartz; caleium carbonate cement. Gnarly bed-
ding. Weathers pitted and knobby and forms recess_...

. Limestone, white (N 9) and yellowish-gray (5Y 8/1); some

dark-yellowish-orange (10YR 6/6). Contains many tube-
‘like structures that are ¢34 in. in diameter. Gnarly
bedding. Weathers blocky and forms irregular cliff with
SeVEral TeCeSSeS _ - . n e oo e mmmcmm e mmmmeeee o

. Sandstone, siltstone, and mudstone, light-brown (5YR 6/4)

and grayish-orange-pink (10R 8/2). Sandstone is very
fine grained ‘and ‘is mostly quartz; calcium carbonate
cement. Massive bedding. Weathers smooth and knobby
"8nd fOTMS TE0ESS- - - - - o o oo o oo e

125

Thickness

(feet)
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SeEcTiON 16.—SEY sec. 11, T. 17 N., R. 3 E—Continued

Verde Formation—Continued Thickness
Upper limestone facies—Continued - . : 7 (feet)
2. Limestone, white (N 9). Contains many tubehke structures
that are %42 in. in diameter; lower 1 ft and upper 3 in.
contain pale-yéllowish-brown (10YR 6/2) plant stems.
Gnarly bedding. Weathers rounded and blocky and
forms small ledge._ . - . __ .. 7
1. Sandstone, grayish-orange-pink (10R 8/2)- and moderate-
orange-pink (10R 7/4), very fine grained to fine-grained;
mostly quartz; calcium carbonate cement. “Upper 1 ft
" contains grayish-orange-pink (5YR 7/2) and light-olive-
gray (5Y 6/1) clay. Weathers pitted and knobby and
forms ‘recess. Base concealed.._ ________._____________ 5

Total measured upper limestone facies.__.___________ 384

SECTION 17.—NW}£ sec. 17, T.1? N., R. 4L E.

[Section measured on east snde of Anderson Butte. Beds are nearly horizontal. Approximate alt at top of
section 4,325 ft]

Erosion surface.
Verde Formation .
Upper limestone facies:, ) T’}}ce%m
12. Limestone, whlte (N 9); weathers whlte (N 9) ‘and very light
gray (N 8). Contains gastropod molds and many tubelike
structures. Gnarly bedding; beds 6 in. to 2 ft thick.
Weathers blockyand pitted and forms small ledge_ - _ - 20
11. Sandstone, moderate-reddish-orange (10R 6/6), very fine
: grained; calcium carbonate cement. - Beds 6 in. to 2 ft -
o thick. : Forms irregular slope. . .- . __.__________ 5
10. Limestone, pinkish-gray (5YR 8/1) and grayish-orange-pink
(5YR 7/2); weathers white (N 9) and very light gray (N 8).
Some ‘‘floating’”’ sand grains. Weathers very rough and
forms small ledge. - - - o oo S, 1
9. Sandstone, moderate-reddish-orange (10R, 6/6), very fine
grained; calcium carbonate cement. Beds 6 in. to 2 ft
thick. Forms irregular slope___ .. . __________ 10
8. Limestone, pinkish-gray (5YR 8/1); weathers white (N 9)
: and very light gray (N 8). Some ‘“floating’’ sand grains.
Contains many tubelike structures that are one-tenth inch
in diameter. Weathers very rough and forms small ledge- 1
7. Sandstone, moderate-reddish-orange (10R 6/6) and moderate-
reddish-brown (10R 4/6), very fine grained; calcium car-
bonate cement., At 10 ft above base is a white (N 9)
nodular limestone. Beds 6 in. to 2 ft thick. Forms
_drregular slope._ - . - e ceiiciicccmoooo 49
6. Limestone, pinkish-gray (5YR 8/1) and graylsh-orange -pink
(5YR 7/2), arenaceous; weathers white (N 9) and very light
gray (N 8). Weathers rough and forms small ledge_._--- 2
5. Sandstone, moderate-reddish-orange (10R 6/6), very fine
grained; calcium carbonate cement. Forms irregular
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SecrioN 17.—NWY sec. 17, T. 17 :N., R. 4 E—Continued

Verde -Formation—Continued , ' hickness
Upper limestone facies—Continued - i (feet)
4. Limestone, :pinkish-gray (6YR 8/1), weathers white (N 9)
and very light gray (N 8). Some ‘“floating” sandgrains, -
numerous manganese dendrites, and some tubelike struc-
tures that are one-tenth inch in diameter. Weathers
rough and forms small ledge.._ _________________.__-____ 1
3. Sandstone, moderate-reddish-brown (10R 4/6) and modera.te-
reddish-orange (10R 6/6), very fine grained; calcium car-
bonate cement. At 4 ft above base is a 6-in.-thick pinkish
gray (5YR 8/1) limestone bed. Forms irregular slope____ 10
2. Limestone, pinkish-gray (5YR-8/1) and grayish-orange-pink
(YR 7/2), arenaceous; weathers white (N 9) and very
light gray (N 8). Weathers knobby and blocky and forms
small but distinet ledge____ . ___________ 1
1. Sandstone, moderate-reddish-orange (10R 6/6) and moderate-
reddish-brown (10R 4/6), very fine grained; calcium car-
bonate cement. Beds 6 in. to 2 ft thick. Forms 1rregular
slope. Unit rests unconformably on Supai Formation____. 122

Total measured upper limestone facies._____________ 226

SECTION 18.—NW% sec. 24, T 17 N., R. 4L E.

[Section measured about a mile southwest of Lobo Butte. Beds are nearly horizontal. Approximate alt
: at top of section 4, 320 ft]

Erosion surface.
Verde formation: . .
: [ Thickriess
Upper: limestone facies: ( feet)
6. Limestone, medlum—hght—gray (N 6), very light gray (N 8),
_and white (N 9); weathers white (N 9) and very llght gray
N 8). Contams many hollow tubelike structures that are

Yo=Y in diameter; gastropod and ostracode molds
in lower foot of unit. Beds 4-8 in. thick. Weathers
blocky and forms prominent ledge _ . ___________________ 3

». Sandstone, calcareous, and miarl, moderate-orange-pink (10R
7/4), moderate-reddish-orange (10R 6/6), and light-brown
(5YR 6/4); weathers moderate orange pink (10R 7/9) and
moderate reddish orange (10R 6/6). Sand is mostly =
quartz. Forms smooth steep slope____._._____________. 25
" 4. Limestone, medium-light-gray (N 6), very light gray (N 8),
and white (N 9); weathers white (N 9) and very light gray
. (N 8). Contains many hollow tubelike structuces that are
}1 ¥ in. in diameter. Beds 4-6 in thick. Weathers
blocky and forms prominent ledge_ ... .. ______._1_____ 3
. Sandstone, similar to unit 5_ _ __ ______ . _ .- 80
. Limestone, grayish-orange-pink (10R 8/2), arenaceous;
weathers moderate orange pink (10R 7/4) and white (N 9).
Forms prominent ledge . _ ___ . _______._.____ 2
1. Conglomerate; matrix ‘moderate orange pink (10R 7/4); very
fine grained sand. - Pebbles are basdlt and sandstore of
Supai. Massive bedding. Forms siooth steep slope
Unit rests unconformably on Supa.l Formatlon

N W

Total measured upper limestone facies. - ... .--- A
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