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ABSTRACT

The Toroweap Formation in the area between Grind
stone Wash and Sycamore Canyon, Arizona was deposited on 
a broad, shallow shelf adjacent to the shoreline marking 
the easternmost advance of the Toroweap. sea. It is an 
area of transition between normal marine deposition to the 
west in the Aubrey Cliffs area, and predominantly subaerial 
deposition to the southeast in the Sycamore Canyon— Oak 
Creek area. In most of the thesis area, the Toroweap may 
be divided into three members in ascending order: the
Gamma, Beta, and Alpha Members (McKee, 1938, p. 13). The 
red Gamma Member was deposited in a low energy beach forming 
environment during transgression of the sea; the light-gray 
Beta Member was formed by the chemical precipitation of a 
calcareous ooze from highly saline, restricted waters of 
the extended sea; and the red Alpha Member was deposited 
in shallow, restricted basins that were alternately sub- 
mergent and emergent during the overall regression of the 
sea. The middle limestone (Beta) member reaches a depo- 
sitional pinchout just west of Sycamore Canyon. In the 
Sycamore Canyon area, the Toroweap is composed of the 
undifferentiated Alpha and Gamma Members.
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Vll
The changes in depositional environment represented 

by each member may be explained by. climatic fluctuations 
in the source area to the east, which affect both the 
amount of sediment and fresh water contributed to the sea. 
Water depth, energy, turbidity, and salinity are the main 
factors affecting deposition of different lithologic types.



INTRODUCTION

General Statement
The Toroweap Formation of early Permian age is 

exposed along the southern edge of the Colorado Plateau. 
Between Grindstone Wash at the northwest end of the thesis 
area and Sycamore Canyon at the southeast end, the Toro
weap Formation undergoes a marked facies change from a 
sequence that consists largely of soft, friable rocks 
(mostly red beds) that are separated by a resistant lime
stone unit, to a sequence that consists largely of soft, 
friable rocks which are cross-laminated, contorted, and 
lack the middle limestone unit (Fig. 1).

This area of study was selected for several 
reasons. It is the logical extension of two previous 
masters' theses that deal with the Toroweap Formation 
in this general region; one by Belden (1954) approxi
mately 55 miles northwest of this area, and another by 
Mullens (1967) adjacent to the northwest of the area. 
Another favorable feature of this area is the many good 
outcrops exposed along the Plateau edge. To quote G. K. 
Gilbert (in McKee, 1938, p. 2) "the simplicity of its 
structure, the thoroughness of its drainage, ...and the

1



wonderful natural sections exposed in its canyons, con
spire to render it indeed the paradise of the geologist."

The field work for this thesis was done during 
the summer of 1967; the laboratory work and the writing 
were completed during the fall of 1967 and the winter 
and spring of 1968.

Statement of Purpose
The purpose of this study was threefold; to trace, 

as far as possible, the three members of the Toroweap 
Formation as defined by McKee (1938); to make a detailed 
stratigraphic investigation of the facies change from 
a sequence of friable, thinly bedded and massive red beds 
separated by a resistant carbonate unit, to a sequence 
of friable, cross-laminated, contorted red beds that lack 
the carbonate unit; and to determine the environment of 
deposition of the formation.

Location, Physiography, and Accessibility 
The area of investigation is approximately 24 

miles in length, and is located along the edge of the 
Coconino Plateau. Sycamore Canyon at the east end of 
the study area is approximately 22 miles southwest of 
Flagstaff, and Grindstone Wash at the west end is 14 
miles south-southwest of Williams, Arizona (Fig. 2). 
Sections were measured along the Plateau edge in order
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to create a two-dimensional cross-section; no attempt 
was made to make a three dimensional aerial investi
gation. A comparative section was measured in Oak Creek 
Canyon 11 miles south-southeast of the study area to 
determine the nature and extent of any variations within 
the Toroweap Formation in that direction (Fig. 1).

In the study area, the Coconino Plateau has an 
approximate elevation of 6,400 feet with less than 400 
feet of local relief. The Plateau abruptly terminates 
at the Mogollon Rim and drops approximately 1,900 feet 
to the Verde Valley. Many canyons 600 to 1,700 feet deep 
extend back into the plateau edge for several miles and 
expose numerous outcrops of the Toroweap Formation.

Due to the great range in elevation along the 
cliffs, the climate varies considerably from sub-humid 
(average annual rainfall of 20 inches) on the plateau, 
to sub-arid (average annual rainfall of 14 inches) in 
the Verde Valley. Vegetation ranges from tall conifers 
at the higher plateau elevations to juniper and various 
kinds of thorny, tangled "rabbit brush" that fill the 
bottoms of the canyons and ravines.

Access to the thesis area may be gained from 
several sides, A well-maintained dirt road extends from 
Drake, Arizona, to the western end of the study area in 
Grindstone Wash, Most of the area may be reached by an
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extensive system of dirt roads that branch off a paved 
road between Williams and Perkinsville, Arizona, 8.9 miles 
south of Williams. Many of these more remote roads have 
been abandoned for several years, and are now almost 
completely impassable. The Sycamore Canyon section is 
accessible by a poorly maintained dirt road that joins 
U. S. Highway 66 about 2.7 miles west of Flagstaff. The 
section measured in Oak Creek Canyon is located next to 
paved U. S. Highway Alt. 89.

The writer had to deal with several field prob
lems. The Toroweap Formation, primarily a slope-forming 
unit, is bounded by the more resistant Kaibab and Coconino 
Formations. Although the upper and lower contacts of the 
Toroweap Formation can be easily placed by the break in 
slope, sections in which all the units of the formation 
are exposed are rare. The most complete exposures are 
generally in small ravines on the canyon sides. However, 
these ravines are commonly so filled with dense, thorny 
vegetation that measurement is almost impossible. Most 
of the dirt roads in this area are made on weathered 
Tertiary basalts which cover most of the Plateau. When 
the roads are wet by the frequent summer thunder showers, 
they are quickly transformed into sticky mud that is im
passable to most four-wheel drive vehicles.
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Methods of Study

Eight detailed stratigraphic sections were measured 
in the study area using an Abney hand level and tape. The 
sections were spaced from 1.7 to 5.8 miles apart, and ex
tended a total distance of 24 miles. Each section was . 
divided into units that could be distinguished by changes 
in lithologic type, color, texture, stratification, and/or 
topographic expression. Individual units selected are 
laterally continuous for a great enough distance so that 
another person going to the area to remeasure the section 
would find the same units even though he was several 
hundred feet from the original measured section. At least 
one sample was collected from every unit in each section 
of the study area.

In the field, observations were made of the litho
logic type, color, structure, topographic expression, and 
thickness of each unit. Color was described in accordance 
with the Rock Color Chart (Goddard, 1948); stratification 
was described using the terminology of McKee and Weir 
(1953) . In the discussion of lithologic units the azimuth 
of the direction of maximum dip of the cross-lamination 
is referred to as the orientation of the cross-lamination.

Laboratory analysis involved detailed study of 
lithology, grain size, sorting, angularity, cementation, 
and cement composition. The binocular microscope was
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used in the determination of grain size, sorting, and 
angularity. Several sieve analyses were made to check the 
accuracy of visual determinations. Because of the high 
degree of correlation between the two methods, and because 
of the moderate silicification of the uppermost and lower
most units in the formation, no other sieve analyses were 
made. Folk's (1965) classification system was used for 
terrigenous clastic rocks (those containing less than 50 
percent carbonate and evaporite minerals).

Thin sections were made of approximately 20 percent 
of all units measured. These include thin sections of the 
uppermost and lowermost clastic units in the formation.
Thin sections were also made of all carbonate units to 
determine composition. The sections were stained with 
alizarine red S to determine the percent of limestone 
versus dolomite. Folk's classification system (1959) was 
used for the carbonate rocks (those containing more than 50 
percent carbonate minerals).

At the start of this study the author had planned 
to investigate heavy minerals as a possible method of 
correlation. However, the moderate silicification of the 
uppermost and lowermost units in the formation made heavy 
mineral extraction impractical. Also, because of the marked 
absence of all heavy minerals with the exception of ilmenite 
and hematite, and because of the random occurrence of these
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heavy minerals throughout all sections of the study area, 
this plan was abandoned.

Previous Work
The first geologic investigation of the Colorado 

Plateau area was undertaken by Marcou in 1853 to 1854, when 
he transversed the area as a member of a Pacific Railroad 
exploration survey party. As he proceeded from the Little 
Colorado River towards the San Francisco Mountains in 
Arizona, he observed a magnesium limestone (Kaibab Form
ation) containing some poorly preserved fossils that he 
considered to be equivalent to the Magnesian Limestone 
(Permian) of England. A few miles west of Bill Williams 
Mountain, at Partridge and Cedar Creek, Marcou found other 
outcrops of magnesium limestone lower in the same series.
At this locality, he also found a brachiopod fauna that he 
considered to be similar to that of the Mountain Limestone 
(Lower Carboniferous) of England.

Since that time many renowned geologists have 
described the Kaibab Limestone of northern Arizona. How
ever, the Toroweap Formation was not described in detail 
until 1938 in a publication by McKee. In this publication 
McKee stated that the previously defined Kaibab Limestone 
(Barton, 1910), represents not one, but two distinct 
formations, and that the name be changed from Kaibab 
Limestone to Kaibab Formation. He named the lower of the
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two formations, bounded by the Kaibab above and the Coconino 
below, the Toroweap Formation.

In the western Grand Canyon area, McKee divided the 
Toroweap Formation vertically into three formal members in 
decending order: Alpha, Beta, and Gamma. These three mem
bers change character eastward and southeastward from the 
Canyon, and are no longer distinguishable east of Oak Creek 
Canyon, Arizona. In those eastern areas the "entire form
ation is composed of light-colored, cross-laminated sand
stone... and subdivision into members is not possible." 
(McKee, 1938, p. 13) This lithologic change is brought 
about by the interfingering of units. Because of this 
change, McKee divided the formation laterally into a western 
phase, an eastern phase, and designated the area of inter
fingering, a transition phase. Only the western phase is 
divided into members.

.The Gamma Member of the Toroweap Formation is 
largely composed of red and yellow fine-grained sandstone.
It has a maximum thickness of 50 feet, and is a nonresistant, 
slope-forming member? it grades vertically upward into lime
stone of the Beta Member.

The Beta Member of the Toroweap Formation is a 
massive gray limestone that is 220 feet thick in the type 
section in Toroweap Valley, Arizona. It gradually thins 
towards the east and southeast, and is missing along the
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Little Colorado Canyon and in Sycamore Canyon. McKee has 
divided this member into two facies or "units of distinctive 
lithologic and faunal character which are recognized later
ally within the member" (1938, p. 14). Facies 1 occurs 
west of a line between Toroweap Valley and Seligman,
Arizona, and is a coarsely crystalline limestone containing 
a normal marine fauna of brachiopods and echinoids. Facies 
2 occurs east of the Toroweap Valley-Seligman line, and is 
a finely crystalline limestone that contains a brackish- 
water assemblage of molluscs.

The upper or Alpha Member of the Toroweap Formation 
is composed of clastic red-beds interstratified with gypsum 
and thin-bedded, magnesium limestones. McKee also divided 
this member into two facies along the same line as the Beta 
Member. Facies 1, present west of the Toroweap Valley- 
Seligman line, is characterized by interbedded layers of 
gypsum and limestone. Facies 2, marked by the absence of 
evaporite deposits, is present east of the line.

It was not until 1954 that another detailed in
vestigation of the Toroweap was made. At that time Belden 
(1954) completed a detailed study of the stratigraphy and 
faunas of the Toroweap Formation along the Aubrey Cliffs 
about 55 miles northwest of the present study. He found 
that "in the Toroweap Formation of the Aubrey Cliffs area,
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the fossils more typical of quiet offshore marine conditions 
increase to the northwest" (p. 23).

Lehner (1958) studied the geology of the Clarkdale 
Quadrangle, Arizona, which includes much of the present 
study area. Included in his report is a detailed descrip
tion of the stratigraphy of the area from Precambrian to 
Recent. He recognized and described the three members of 
the Toroweap as defined by McKee (1938) and stated that 
"the Toroweap Formation in the Clarkdale Quadrangle is a 
part of the transitional phase where possibly the members 
of the western phase are partly formed and intertongue 
with sandstone of the eastern phase" (p. 544).

In 1966 Huff and others completed a reconnaissance 
of the mineral resources of the Sycamore Canyon area for 
the Department of the Interior. They described the Toroweap 
Formation as "consisting of 125 feet of white sandy lime
stone interbedded with buff sandstone and red mudstone.
It forms a sloping bench capping towering cliffs of the 
Coconino sandstone" (p. 8).

Mullens (1967) completed a detailed study of the 
fauna, stratigraphy, and paleoenvironment of the Toroweap 
Formation in the area just northwest of this study. He 
concluded that "the Toroweap Formation in the area north 
of Ashfork is characterized by very nearshore, shallow- 
water fauna that lived near a desert coastline under
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conditions of climatically controlled alternating brackish 
and saline water environments. The embayment was bordered 
on the east and south by deserts in which sand dunes, driven 
by a prevailing southeasterly wind, were active during the 
entire time of the Toroweap deposition" (p. viii, ix).

General Geology
Continuous exposures of Permian strata occur 

throughout most of the area, and from a distance appear 
as narrow ribbons that may be visually traced for many 
miles. The formations exposed in the study area, from 
older to younger, are the Supai, Coconino, Toroweap, and 
Kaibab Formations and basalts of Tertiary Age.

The best exposures of the Supai Formation are found 
near the eastern end of the study area at Sycamore Canyon. 
Here the Supai Formation has been divided into three 
members by Huddle and Dobrovolny (1954, Chart 10). The 
lower member, which consists chiefly of reddish-brown 
sandstone, siltstone, and minor amounts of shaly mudstone, 
forms the walls of the inner gorge of Sycamore Canyon.
The middle member, composed principally of reddish-brown 
to grayish-red siltstone, forms a moderate slope above 
the inner walls of Sycamore Canyon. The upper member is 
a sequence of reddish-orange sandstone and a few inter- 
bedded siltstone beds which are cross-laminated on a large 
scale, and forms cliffs, buttresses, and pinnacles.
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The Coconino Formation is a very pale orange to 

grayish-orange, fine-grained quartz sandstone which is 
conspicuously cross-laminated. The entire formation 
consists of sweeping crossbeds that are truncated and then 
overlain by other crossbeds forming irregular wedges. The 
wedges vary considerably in thickness. The cross-laminae 
dip 15 to 30 degrees to the south. Because the sandstone 
of the Coconino readily splits into individual thin beds 
with smooth even surfaces along the bedding planes, it has 
been quarried extensively as building material in the 
western part of the study area.

The Toroweap Formation has been divided into three 
members by McKee (1938); a basal member of thin-bedded, 
pale-red to grayish-orange sandstone interbedded with 
siltstones; a middle massive member of yellowish-gray 
limestone; and an upper member of grayish-orange and pale 
reddish brown sandstones and siltstones interbedded with 
sandy dolomites. The yellowish-gray, cliff-forming middle 
member contrasts with the red units above and below, and 
is visible for many miles along the upper part of the 
Mogollon Rim above the cliffs of the Coconino Sandstone.

The Kaibab Formation is a light-gray, thin-bedded 
to massive limestone that contains beds of sandy limestone 
and sandstone that alternate with layers of chert, it 
weathers to form prominent cliffs overlying the less
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resistant, slope-forming rocks of the Toroweap Formation. 
Although the Kaibab Formation is present throughout the 
study area, very few complete sections exist.

The upper contact of the Kaibab Formation is a 
channeled erosion surface that.has considerable local 
relief. Pyroclastics of Tertiary age fill these channels 
and are overlain by massive basalts, also of Tertiary age.

The strata in the study area have a regional dip 
of less than 5 degrees, and are only very slightly de
formed. The strongest deformation in this area since the 
close of the Precambrian occurred in late Cretaceous to 
early Tertiary time (Lehner, p. 568). The structural 
features are characterized chiefly by normal northeasterly 
or northwesterly faults. The faults are of two groups: 
one earlier than the Tertiary basalts on the Plateau, the 
other later (Price, 1950, p. 501). The northwesterly
trending faults are most prominent and dip at high angles 
between 70 and 90 degrees. Because the faults are high 
angle and have experienced little strike-slip movement, 
they introduce little error into section measurement in 
the study area.



DISCUSSION OF LITHOLOGIC UNITS 

General Statement
In this discussion, the uppermost unit of the Coco

nino Formation, the Toroweap Formation, and the lowermost 
unit of the Kaibab Formation are considered with respect 
to their lithologic types, sedimentary structures, thick
nesses, weathering characteristics, and lateral variations 
in the study area. Each section measured was a complete 
section of the Toroweap Formation.

Coconino Formation
The uppermost sandstone of the Coconino Formation in 

the area between Grindstone Wash and Sycamore Canyon is very 
pale orange and it weathers grayish orange. The sand is 
very fine and fine grained and contains common medium and 
coarse grains that are moderately to well sorted, and are 
firmly cemented by silica cement. The sandstone is composed 
of sub-angular and sub-rounded quartz grains with medium and 
coarse grains that are partially frosted. Wedge-sets of 
small-scale to large-scale tangential cross-laminae, and 
tabular sets of cross-laminae in sections 7 and 8, are

15.
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the most common stratification types. The unit weathers to 
form steeply inclined to vertical cliffs and partially 
coveredf outcrop-studded slopes. The uppermost cross
laminae are truncated by the contact between the Toroweap 
and Coconino Formations. In general, the upper sandstone 
of the Coconino is very uniform throughout the study area.

Toroweap-Coconino Contact
In three of the measured sections, the contact 

between the Toroweap Formation and Coconino Formation is 
covered by debris from the lowermost unit of the Toroweap 
Formation, which is less resistant to erosion than the 
sandstone of the Coconino. In these localities, the con
tact generally can be placed within a range of several 
feet by the distinct change in bedding between the massive 
lowermost unit of the Toroweap Formation and the cross
laminae of the uppermost Coconino sandstone, by the break 
in slope between the slope-forming Toroweap Formation and 
the cliff-forming Coconino Formation, and by the change in 
color between the lower red and orange units of the Toroweap 
and the pale-orange of the Coconino. Since most of the ex
posed contacts are unconformable, a questionable uncon- 
fqrmable contact was drawn on the cross section (Fig. 1).

At places where the Toroweap-Coconino contact is 
exposed it varies from a virtually flat surface to one that 
has several inches of local relief. Regardless of whether
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the contact is flat or undulating, it always truncates the 
uppermost cross-laminae of the Coconino sandstone (Fig. 3).

Toroweap Formation-General Statement 
The Toroweap Formation in most of the area may be 

divided into members; the Alpha, Beta, and Gamma Members 
(Fig. 4) representing respectively the upper member or 
time of receding seas, the middle member or time of ex
tended seas, and the lower member or time of advancing 
seas (McKee, 1938, p. 13).

Toroweap Formation-Gamma Member 
The Gamma Member of the Toroweap Formation is 

bounded by the resistant Beta Member above and the Coconino 
Formation below. It thins toward the east from a maximum 
thickness of 53 feet in section 1 to a minimum of 11 feet 
in section 6. It is primarily composed of yellowish brown, 
light brown, and light-red sandstone that weathers light 
orange, light brown, and light gray. The grains are poorly 
sorted, and range in size from coarse silt to fine sand 
with rare to abundant medium and coarse grains. Silt and 
finer sand are composed of sub-angular to sub-rounded quartz 
grains; medium and coarse sand is composed of sub-rounded 
and rounded grains that are commonly frosted. The unit 
is firmly to well cemented, noncalcareous, and massive
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Fig. 3. Contact between thin-bedded lowermost unit of
Toroweap Formation and cross-laminated Coconino 
Formation, Tule Canyon, section 7.
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Fig. 4. The alpha, beta, and gamma members of the Toroweap 
Formation in Government Canyon between sections 
2 and 3.
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(with rare to abundant thinly bedded zones); it weathers to 
form slopes and ledges.

In sections 1, 2, and 3 are several units of cal
careous, thinly bedded, silty, very fine grained sandstone 
that range from 1.0 to 7.5 feet in thickness. These units 
are light brown, grayish orange, and light purple, and 
weather yellowish brown and pale red. The sandstone is 
composed of moderately sorted, hematite-stained, sub-angular 
and sub-rounded quartz grains. The units are friable to 
firmly cemented, and weather to form covered slopes. Sev
eral 1-foot-thick carbonate units of sandy micrite, sandy 
dolomitic microsparite, and biomicrosparite occur in sec
tions 1 and 2 which are light brown and grayish orange, 
and weather dark brown and light brown.

Most of the carbonate units contain very fine, well- 
sorted sand which is composed of sub-angular to sub-rounded 
quartz grains. The units are firmly to well cemented and 
weather to form ledges and cliffs on slopes. The poorly 
washed dolomitic biomicrosparite (section 2, unit 5) con
tains the best preserved fossils found in the thesis area. 
However, because of a large amount of recrystallization 
only the phylum and/or class can be determined? these in
clude brachiopods, pelecypods, gastropods, ostracods, and 
possibly some crinoids.
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In sections 7 and 8 the Gamma Member cannot be dif

ferentiated because the resistant Beta Member, which 
separates the Alpha and Beta Members, is not present. 
However, units 2 and 3 directly over the Coconino sand
stone in section 8, and unit 2 directly over the Coconino 
sandstone in section 9, are identical to, as far as the 
author can determine, the lowermost units of the Gamma 
Member in the other measured sections to the west. From 
this similarity the author believes that even though the 
distinctive Beta Member is not present in the eastern part 
of the area, the Gamma Member itself does extend across 
the entire study area.

Toroweap Formation-Beta Member 
The Beta Member of the Toroweap Formation is a 

resistant carbonate member that weathers to form prominent, 
vertical cliffs. This member thins toward the southeast 
from a maximum of 57 feet in section 2 to a minimum of 8.5 
feet in section 6. In the 2.2 miles between sections 6 and 
7, it completely pinches out and is not present in sections 
7 and 8.

The Beta Member is largely composed of sandy dolo- 
mitic micrite to microsparite that is pale pink, grayish 
orange, and pale purple, and weathers light brown and pale 
red. Most of the massive well-cemented units contain well- 
sorted silt to very fine sand composed of sub-angular and
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sub-rounded quartz grains. The units weather to form prom
inent step-like cliffs and covered slopes. Throughout the 
units are rare to common indistinguishable fossil fragments, 
bands of sparry calcite, and in the easternmost end of the 
member (sections 5 and 6), rare to common medium and coarse 
quartz grains that are rounded and partially frosted.

The upper and lower contacts of the Beta Member 
were chosen in order to keep the percentage of clastic 
sediments to a minimum, Most of the member, however, is at 
least slightly sandy, and some sections contain poorly de
fined zones of calcareous sandstone. It also would have 
been possible to move the upper Beta contact upwards, and 
the lower Beta contact downwards to include all the car
bonate units in the immediate vicinity of the Beta Member.

Toroweap FormationrAlpha Member
The Alpha Member of the Toroweap Formation is the 

thickest of the three members, and contains the greatest 
variety of lithologic and stratification types. No thick
ening or thinning trends are apparent in the study area; the 
member is thickest (158.0 feet) at section 4, and is thin
nest (115.5 feet) at section 5, just 1.9 miles southeast of 
section 4 (Fig. 1).

The major part of the Alpha Member is composed of 
very fine and fine-grained, well- to moderately well sorted
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sandstone that is light pink and pale reddish brown, and 
weathers the same colors. The sand is composed largely of 
sub-rounded quartz grains and rare sub-angular and rounded 
grains that are poorly to firmly cemented with calcareous 
cement. The unit is thinly bedded with common massive 
zones, and weathers to form gentle to steep, open and 
covered slopes. Throughout many of the sandstone units in 
all of the measured sections are rare to abundant, medium 
and coarse sand grains that are composed of sub-rounded to 
rounded, frosted quartz grains.

The uppermost unit of the Alpha Member in all sec
tions of the study area is also a very fine grained, well- 
sorted sandstone that varies from very pale orange to 
grayish-orange, and weathers to the same colors. The sand 
'is composed of sub-angular and sub-rounded quartz grains 
that are firmly cemented with siliceous cement. In sec
tions 4, 6, and 7 are rare to common, rounded and frosted, 
medium quartz grains. The unit is thinly bedded and 
weathers to form steep, open and covered slopes. The 
uppermost laminae in the units are parallel to the slightly 
undulating Kaibab-Toroweap contact. With the exception 
of the highly contorted beds of the unit 27 in section 4, 
the uppermost unit is identical in lithology, texture, and 
stratification across the entire study area.
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One or more contorted sandstone units occur in each 

section east of section 2. These contorted units are sig
nificant in environmental interpretations and will be con
sidered together. The units do not appear to have any 
regular vertical or lateral pattern of distribution. Six 
contorted units are found in section 4, one in section 5; 
the remaining sections, east of section 2, average two to 
three per section (Fig. 1). Except for having similar 
stratification types, the units are quite dissimilar, and 
the sand grains which compose them cover a wide range of 
textural parameters. The sandstone is moderate reddish 
orange, light pink, and grayish orange, and weathers to 
the same colors. The poorly to well-sorted, silt-sized 
to medium grains are composed of sub-angular to rounded 
quartz grains. Common medium and coarse grains that are 
rounded and frosted are in several of the contorted units. 
The units are firmly cemented, but contain common friable 
zones; are calcareous to noncalcareous; and are thinly 
bedded with slight to extreme contortions. They weather 
to form gentle to steep slopes, and inclined to vertical 
ledges (Fig. 5).

Three of the contorted units contain thin zones of 
intraformational breccia. One unit, unit 16 in section 4, 
is composed of a breccia of pieces of siltstone and a matrix 
of sandstone similar to the remaining part of the contorted
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Fig. 5. Contorted unit in upper part of Toroweap Formation 
in Tule Canyon, section 7.
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unit; another, unit 11 in section 6, is composed of breccia 
pieces and matrix similar to the remainder of the unit; a 
third, unit 20 in section 7, is composed of sandstone brec
cia pieces and sandstone matrix, both of which are different 
from each other and from the remainder of the contorted 
unit. These contorted zones will "be discussed in more 
detail under environmental interpretation.

All of the sections measured, with the exception 
of 2 and 5, contain at least one thin unit of cross-strat
ification. Wedge cross-lamination is most common, although 
several sections contain units of tabular cross-lamination 
and combined wedge and tabular lamination. A fairly regular 
increase has been noted towards the southeast in the number 
of feet of cross-laminated sandstone, and in the percentage 
of tabular planar cross-lamination compared to wedge cross
lamination in each section. The sandstone that composes 
these units varies from light brown to very pale orange, 
and weathers grayish orange to light brown. The sand is 
very fine grained with abundant fine and medium grains, is 
poorly to well-sorted, and is composed of sub-rounded to 
rounded, frosted quartz grains. Coarse grains are common 
in some sections. The units are firmly cemented and cal
careous. The most common stratification type is wedge- 
sets of small- and medium-scale tangential cross-lamination. 
Less common are tabular sets of small- and medium-scale
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tangential planar cross-laminae. The units weather to form 
rounded, inclined and vertical cliffs. Due to the smooth, 
rounded exposures of the weathered outcrops it was impos
sible to take readings of most cross-lamination orientation. 
However, three of the five units that were measured (sec
tion 4, unit 22; section 7, units 22 and 27) had an average 
orientation of 190 degrees (high consistency)z and a dip 
angle of 18 to 30 degrees. Two other less well defined 
trends were recorded. Cross-lamination of unit 3, section 
3 had an orientation of 245 degrees and a dip of 20 to 30 
degrees, and unit 23, section 7 had an orientation of 20 
degrees and a dip of 10 to 30 degrees. Both units showed 
high consistency within the observable outcrops, although 
similar orientations were not measured in any other units 
in the Alpha Member.

A small percentage of the Alpha Member is composed 
of units of silty sandstone, sandy siltstone, and siltstone 
that are randomly distributed through the member. The units 
vary from very pale orange to pale reddish brown, weather 
the same colors, are composed of silt-sized to very fine 
grained, and are moderately to well.sorted. The sand and 
silt are composed of sub-angular and sub-rounded quartz 
grains that are rarely frosted. The units are poorly to 
firmly cemented, calcareous, and thinly bedded with rare 
massive parts. They weather to form gentle covered slopes.
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Kaibab-Toroweap Contact

In sections 4, 5, and 7, the contact between the. 
Kaibab and Toroweap Formations is covered by soil and other 
debris from the overlying Kaibab limestone and Tertiary 
volcanics. In these sections, the contact may be placed 
within 1 or 2 feet by a change in lithology between the 
thinly bedded Toroweap sandstone, and the massive Kaibab 
limestone, by the change in topographic expression from the 
nonresistant, slope-forming upper units of the Toroweap 
Formation to the resistant, cliff-forming Kaibab Formation, 
and by the abrupt occurence of abundant chert nodules and 
fossil fragments in the Kaibab limestone. Since all but one 
of the exposed Kaibab-Toroweap contacts is unconformable, 
a questionable unconformable contact was drawn for the 
covered contacts on the cross-section (Fig. 1).

Most of the remaining Kaibab-Toroweap contacts are 
well-exposed, slightly undulating surfaces having 2 to 6 
inches of local relief. However, the exposed contact in 
section 6 is gradational in nature and changes from the 
calcareous sandstone of the uppermost Toroweap unit to the 
sandy limestone of the Kaibab (Fig. 6).

Kaibab Formation
The Kaibab Formation crops out in the entire area 

of study including the area surrounding Oak Creek Canyon. 
The lowermost unit is similar in lithology, texture, and
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Fig. 6. Gradational contact between calcareous sandstone 
of Toroweap Formation, and sandy limestone of 
Kaibab Formation, Pocket Lake, section 6.
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structure throughout this area and may be distinguished 
easily from the Toroweap Formation. It is composed of 
sandy limestone and of limestone that varies from very 
pale orange to pale-red and weathers pale yellow and 
medium-gray. At most points, the lowest unit is coarsely 
crystalline and contains very fine sand that is well 
sorted. The sand is composed of sub-angular and sub
rounded quartz grains. The unit is well cemented and 
massive; it weathers to form prominent vertical cliffs 
that are visible from great distances.



CONCLUSIONS

Paleogeography
Four tectonic lineaments (structural trends re

flected in the topography) converge toward southern Nevada, 
The easternmost lineament, the Las Vegas Hinge Line passes 
through Las Vegas, Nevada in a northeasterly direction.
The Las Vegas line marks the boundary between the Cordil- 
leran miogeosyncline facies to the northwest, and the shelf 
facies of the craton to the southeast. (Welsh, 1959). The 
study area is located approximately 125 miles to the south
east of this hinge line. Here the Toroweap Formation was 
probably deposited on a shallow broad stable shelf in an 
area adjacent to the shoreline, where the shelf was exposed 
to a rapid transgression followed by a slower regression.
The shoreline was located just east of the eastern end of 
the study area in the transition phase, between the marine 
western phase and the continental eastern phase. The shore
line trended north-northeast to the north of Sycamore Canyon 
and possibly trended west to the south of Sycamore Canyon.
An extensive desert of low relief probably existed to the 
east and southeast of the embayment.

31
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Correlation With Type Section of Toroweap Formation

The type locality for the Toroweap Formation is 
Toroweap Valley in the westernmost part of the Grand Canyon 
National Monument, Mohave County, Arizona. In this area 
the Toroweap Formation consists of a 16,5 foot thick basal 
sequence of dolostone, gypstone, and red elastics, des
ignated the Gamma Member; a 218.5 foot thick massive, cliff
forming limestone sequence that forms the Beta Member; and 
a 189.5 foot thick upper evaporite, clastic, and carbonate 
sequence that constitutes the Alpha Member (McKee, 1938, 
p. 206; Fisher, 1962, p. 90).

The type locality is representative of the western 
phase of the Toroweap Formation, and more specifically, of 
facies 1 of the Alpha and Beta Members. The study area is 
representative of facies 2 of the Alpha and Beta Members 
of the western phase, and the transition phase. Conse
quently, the Alpha Member in the thesis area lacks the 
interbedded layers of gypsum and limestone that characterize 
facies 1, and the limestone of the Beta Member is more 
finely crystalline than the limestone of facies 1 of the 
type area.

The individual members of the Toroweap Formation, 
as well as the whole formation, are considerably thinner 
in the study area than in the type section. Except for 
these differences the three-fold division of the Toroweap
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Formation in the study area is directly correlatable with 
the three formal members in the type area 115 miles to the 
north'-northwest.

Correlation With Oak Creek Canyon Section
The reference section measured in Oak Creek Canyon 

is bounded on the bottom by Coconino Sandstone that is very 
similar to the Coconino found in the study area. It varies 
from pale yellowish orange to yellowish brown, and weathers 
light-brown. The sand is very fine and medium-grained, 
moderately sorted, and is composed of sub-angular and sub
rounded, partially frosted quartz grains. The noncal- 
careous, firmly cemented sandstone is comprised of wedge- 
sets of medium- and large-scale tangential cross-laminae, 
and.weathers to form a vertical cliff in the road cut.

The contact between the Toroweap and Coconino 
Formations is a well-exposed, flat surface that has no 
apparent local relief. The location of the contact is 
based on the change in stratification type from the cross- 
laminated Coconino sandstone to the massive, faintly lam
inated sandstone of the Toroweap Formation.

The major part of the Toroweap is composed of poorly 
sorted, very fine to medium-grained sandstone that is very 
pale orange, and that weathers grayish-orange to light gray. 
The sand is composed of sub-angular to sub-rounded, partially 
frosted and pitted quartz grains. Most of the units are
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firmly cemented and noncalcareous. They contain tabular- 
and wedge-sets of small- and medium-scale tangential planar 
cross-lamination, and weather to form vertical cliffs and 
steep slopes (Fig. 7).

Statistical measurements were made of the cross
lamination using the method described by Raup and Miersch 
(1957). The mean azimuth of the direction of maximum dip 
was determined to be 206 degrees with a consistency factor 
of .923. The average angle of dip is 22 degrees. Because 
of the high consistency factor and the tangential lower 
cross-laminae contacts, it is probable that the sandstone 
is of eolian origin.

Near the base of the section is a 3-foot-thick unit 
of intraformational breccia (Fig. 8). Because this unit is 
readily visible from the road, and because it is so different 
from all other units in the section, a great deal of contro
versy has arisen over its origin. The matrix is a grayish- 
red, poorly sorted, friable silty sandstone that occurs as 
convolute (McKee, Reynolds, and Baker, 1962a, p. 151) layers 
between breccia pieces. The breccia pieces are similar in 
composition, texture, and structure to the overlying cross- 
laminated sandstone and in the uppermost part of the unit 
have a sub-parallel, horizontal orientation. Towards the 
middle of the unit, however, the horizontal orientation
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Fig. 7. Tabular-sets of medium-scale tangential planar 
cross-lamination in lower part of Toroweap 
Formation, Oak Creek Canyon, unit 4, section 9.

Fig. 8. Intraformational breccia near base of Toroweap 
Formation, Oak Creek Canyon, unit 3, section 9.
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becomes less well-defined and grades into a well-defined, 
convolute structure.

Near the center of the unit are two types of dark, 
sub-angular inclusions as large as 2 inches in diameter. 
Some of these inclusions are hematitic concretions of sandy 
siltstone. Others are pebbles of igneous origin. It is 
quite probable that these igneous pebbles are also of 
volcanic origin, but since the pebbles have been largely 
altered to clay it is impossible to determine enough of 
the mineral constituents to be certain.

The controversy centers around whether the unit 
was deposited during the Permian, or whether it was formed 
when Oak Creek undercut the canyon wall and deposited 
the sandy siltstone matrix. The breccia pieces may have 
dropped into the matrix from the overlying unit before 
consolidation of the siltstone. if the unit is of Permian 
age several things must be explained. From the nature of 
the volcanic (?) pebble occurrence, it may be assumed that 
they were deposited at the same time as the matrix. How
ever, in Permian time the closest known source of such 
pebbles was more than 350 miles to the northwest near 
Tonopah, Nevada (R. F. Wilson, personal communication). 
Because of.the similarity of the breccia pieces to the over 
lying sandstone, and because of the convolute structure 
present in the unit, it seems probable that the breccia



pieces fell into the sandy siltstone matrix when the matrix 
was in a semi-consolidated state. If the unit is of 
Permian age, it would be hard to explain how a semi- 
consolidated siltstone mass could support at least several 
inches of sand for a long enough time to allow the grains 
to become consolidated into a sandstone, and at the same 
time, remain soft enough to allow the sandstone pieces to 
sink into the unit after consolidation. The author feels 
that the greatest amount of data can be explained by as
signing a Recent age to this unit.

If the breccia is of Recent age, the volcanic peb
bles could have originated from the Tertiary basalt flows 
that surround the canyon rim; the hematitic concretions 
might have originated from casehardened sandstone zones 
higher in the Toroweap Formation; and the overlying sand
stone would have had more than sufficient time to become 
well consolidated before dropping into the viscous silt
stone matrix.

In the Oak Creek Canyon section, the Kaibab-Toroweap 
contact is covered. It may be placed within 1 or 2 feet, 
however, by a break in slope and by the occurrence of cal
cium carbonate and fossiliferous material in the immediately 
overlying unit.

The lowermost unit of the Kaibab Formation is a 
finely crystalline sandy limestone that is similar to the

37
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Kaibab in the study area. The yellowish-gray unit contains 
sub-angular moderately sorted, very fine, quartz grains.
It is massive and weathers to form a small rounded cliff 
that caps the prominence where the section was measured.

The Toroweap Formation as measured in Oak Creek 
Canyon is markedly different from its exposure in the study 
area. Since Oak Creek Canyon is closest to sections 7 and 
8 in the study area, and since it is not possible to dis
tinguish individual members in either Oak Creek or in 
sections 7 and 8, it is most logical to try to correlate 
these exposures. In the southeasternmost part of the thesis 
area, the Toroweap is composed of 180 feet of grayish-red 
and light yellow, nonresistant, massive calcareous sandstone 
that contains zones of cross-lamination. This may be com
pared to the Toroweap at Oak Creek Canyon, which is composed 
of 376 feet of buff-colored, resistant, noncalcareous sand
stone that is completely cross-laminated. In both areas the 
Toroweap is bounded on the bottom and top by the Coconino 
and Kaibab Formations, respectively. However, except for 
correlating the upper and lower contacts of the formation 
between Oak Creek and the study area, it is impossible to 
correlate any individual units or members within the for
mation, In the 11 miles separating the areas, the Toroweap 
Formation more than doubles in thickness, and changes in 
color, topographic expression, character of cement, and 
stratification type.
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Environmental Interpretations
The Coconino Formation is a thick blanket sand 

deposited under arid conditions. In his regional study 
of the Coconino Sandstone, McKee (1934) pointed to a num
ber of features that clearly indicated eolian deposition. 
These are: type and shape of cross-beds, wind ripple marks,
nature and preservation of fossils, lithology, and certain 
dune-like structures. Eolian deposition was ended by the 
onlap of the Toroweap sea to the west of the Sycamore 
Canyon-Desert View line; east of this line eolian sand 
deposition continued simultaneously with the deposition of 
Toroweap marine sediments to the west.

The Toroweap Formation in the area between Grind
stone Wash and Sycamore Canyon, Arizona, was deposited 
adjacent to an arid coastline in a shallow nearshore em- 
bayment. A desert existed to the east and southeast of 
the embayment, in which sand dunes, driven by a prevailing 
southeasterly wind (Reiche, 1938) were active during Toro
weap deposition. The shoreline, located just east of 
Sycamore Canyon, trended north-northeast to the north of 
the canyon, and swung west to the south of the canyon, 
based on a study of the regional facies distribution and 
thickness of the Toroweap Formation.

. The Gamma Member of the Toroweap Formation is a 
thin sheet of poorly sorted sandstone and silty sandstone
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that was probably deposited as a low-energy beach deposit 
during the transgression of the Toroweap sea. As the seas 
transgressed onto extensive desert to the southeast of the 
embayment, sloping Coconino laminae were truncated to a 
nearly flat surface. The red, finer grained sands and silts 
were probably brought in by river systems from granitic 
highlands to the east (Baker and Reeside, in Reiche, 1938, 
p. 931), The thin micrite zones found near the western end 
of the area, were probably deposited in small, localized 
low-energy areas where.clastic deposition was at least 
temporarily restricted.

The Beta Member of the Toroweap Formation is a 
massive sequence of sandy dolomitic micrite and micro- 
sparite that thins toward the east to a pinchout west of 
sections 7 and 8. It represents the maximum extent of the 
Toroweap sea and-was probably formed under conditions of 
high salinity and low to medium turbidity. Under these 
conditions chemically precipitated lime muds, resulting from 
high evaporation rates and periodic replenishment by hyper
saline water, accumulated under near shore, restricted 
conditions. Climatic fluctuations may have caused varia
tions in precipitation which in turn, caused variations 
in discharge, competence, and capacity of the rivers flowing 
into the embayment. During periods of high precipitation, 
the increase in river flow and competence favored deposition
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of silt and fine sand layers over the soft bottom of cal
careous ooze; dry seasons reduced flow and competence of 
streams, allowing conditions of low influx of fresh water 
and sediments, and increased the salinity and rate of 
carbonate precipitation. Some of this lime mud has re- 
crystallized to form microsparite, and most has been altered 
to form dolomite penecontemporaneously before lithification.

The fauna of the Beta Member.in this area is meager 
in contrast to the abundant fossils reported by Mullens 
(1967) in the adjacent region to the northwest. This 
paucity is probably due to the high concentration of salts 
in this nearshore, restricted environment.

The Alpha Member of the Toroweap Formation is a 
thick clastic red-bed sequence that was deposited during 
the regression of the Toroweap Sea. The units of this mem
ber were formed under conditions that were neither strictly 
continental or marine, but which involved shallow, land
locked basins bordering the sea (McKee, 1938). Because of 
the low profile that probably characterized the shoreline, 
minor decreases in sea level would almost immediately 
change an area from an infratidal to a supratidal zone.
In a similar manner, minor transgressions of the sea during 
the overall regression, could rapidly change an area from 
supratidal to infratidal, and serve to replenish the water 
lost to evaporation in the restricted basins. West of the
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Toroweap Valley-Seligman line, extensive gypsum deposits 
characterized the Alpha Member. In the study area, east of 
this line, evaporite deposits are not present. Influx of 
fresh water from the same river systems that supplied sedi
ment and fresh water to the embayment throughout Toroweap 
time probably prevented deposition of evaporites.

The various contorted units throughout the Alpha 
Member could have been formed by vertical loading, by hori
zontal flowage from progressive loading in a given direction, 
and/or by the overriding force of a sand mass pushed forward 
by strong currents (McKee, Reynolds, and Baker, 1962a, 
p. 154). In all three cases mentioned above, the defor
mation of silt and sand occurred before lithification in 
a subaqueous environment.

Intraformational breccias within contorted units 
were probably formed by deformation after partial lith
if ication of an overlying unit, but before complete 
lithification of an underlying unit. When deformation 
occurred the partially lithified unit was broken into 
fragments and sank into the less consolidated lower sedi
ments. Several units of intraformational breccia are not 
associated with contorted zones. These were probably 
formed when previously deposited, partially lithified 
sediments were ripped up and redeposited by pulses of high
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energy due to wave action or surface erosion by inter
mittent storms.

The tangential lower contacts and high consistency 
of the cross-laminated units within the Alpha Member indi
cate an eolian origin. These units were deposited by the 
same southerly winds that were present in the deserts east 
of the embayment throughout Toroweap deposition. They 
represent ephemeral extensions of the desert area onto the 
nearshore deposits of the Toroweap Sea, and account for 
the intertonguing light-colored, eolian sands of the eastern 
phase with the red, water-laid deposits of the western 
phase.

In most places, contorted units, indicative of a 
sub-aqueous environment are intertongued with cross-lam
inated eolian deposits. This gives evidence of minor trans
gressions of the sea during the major regression (Fig. 1, 
sections 3 to 8),

The sandy basal member of the Kaibab Formation and 
the contorted uppermost unit of the Toroweap Formation 
probably represent a beach deposit formed by the trans
gressing Kaibab sea that terminated the regressive phase 
of the Toroweap sea.

Suggestions For Future Research
In the 11 miles between the southeastern end of 

the study area in Sycamore Canyon, and the reference section
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measured in Oak Creek Canyon, distinctive changes occur in 
the Toroweap Formation. The Toroweap in the study area 
thins toward the southeast; in Oak Creek Canyon further to 
the southeast it is twice as thick as it is in the study 
area. In Sycamore Canyon, the formation is composed of 
friable, red and light-yellow, massive and slightly con
torted sandstones and siltstone; in Oak Creek Canyon it 
is firmly cemented, pale-orange, and highly cross-laminated 
sandstones, A detailed study of the Toroweap Formation 
between the study area and Oak Creek is needed to determine 
the exact nature of these stratigraphic and environmental 
changes, and to relate them to the overall paleogeography 
of the Toroweap Formation.



APPENDIX A

LOCATION AND DESCRIPTION OF MEASURED SECTIONS 
OF THE TOROWEAP FORMATION (PERMIAN)

BETWEEN GRINDSTONE WASH AND 
SYCAMORE CANYON, ARIZONA

Toroweap Formation Section 1
Section measured up small gully on cliff face 
and steep slope in NE%, Sec. 3, T. 19 N.,
R. 15 E.and 850 yards to the NNW on steep 
slope at base of cliffs which form edge of 
plateau in SW%, Sec. 34, T. 20 N., R. 15 E.
Section is in Grindstone Wash 1% to 2 miles 
NNE of Rock House Tank.

Permian:
Kaibab Formation (incomplete and unmeasured):

Feet
24. Sandy limestone, very pale orange (10YR8/2), 

weathers grayish-orange (10YR7/4), contains 
fine-grained sand, well-sorted; sand is com
posed of sub-angular and sub-rounded quartz 
grains; well-cemented; massive; weathers to 
form prominent cliff; very fossiliferous, 
abundant chert nodules.

Contact: Kaibab-Toroweap contact is a gently
undulating surface having a local 
relief of 6 inches.

Toroweap Formation:
Alpha Member:

23. Sandstone, grayish-orange (10YR7/4), weathers 
same, very fine grained, well-sorted; composed 
of sub-rounded quartz grains, firmly cemented, 
calcareous; thin bedded to laminated; weathers
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to form steep covered slope. Slightly more 
resistant layers 6 inches thick occur every 
few feet and form short vertical ledges; 
uppermost laminae parallel to undulatory con
tact between Kaibab and Toroweap Formations.---  21.0

22. Intrasparudite, pale-red (10R6/2) and grayish- 
orange (10YR7/4), weathers moderate reddish 
orange (10R6/6), contains small amount of very 
fine grained sand, well-sorted; sand is com
posed of angular to sub-angular quartz grains 
and rare opaque minerals; well cemented; mas
sive; weathers to form small inclined cliff. 
Intraclasts as long as % inch in length are 
composed of micrite.------------ ----------------  1.5

21. Silty sandstone, mottled pale reddish brown 
(5YR8/4) and very pale orange (10YR8/2), 
weathers same, very fine grained and silt
sized, moderately well sorted; composed of 
sub-angular and sub-rounded quartz grains 
and minor dark accessory minerals; poorly 
cemented, calcareous; thinly bedded; weathers 
to form steep slopes. Where exposed, surface 
is slightly casehardened,------- :------------ ---- 38.5

20. Sandstone, light-brown (5YR6/4), weathers pale 
yellowish brown (10YR6/2), very fine with rare 
medium grains, moderately sorted; very fine 
grains composed of sub-rounded, frosted quartz 
grains and minor dark accessory minerals; 
medium-grained sand is composed of rounded, 
frosted quartz grains; firmly cemented, cal
careous? faintly visible wedge-sets of small 
scale planar tangential cross-laminae, weathers 
to form inclined ledge.--------------------------  2.0

19. Sandstone, light-brown (5YR6/4), weathers to 
pale yellowish brown (10YR6/2), silt-sized to 
medium-grained, poorly sorted; composed of 
sub-rounded, partially frosted quartz grains; 
firmly cemented, calcareous; thinly bedded; 
weathers to form gentle slope.------ -----------  4.5

18. Sandy recrystallized limestone, mottled gray
ish-pink (5R8/2), weathers grayish-orange 
(10YR7/4); contains very fine to coarse
grained sand, moderately well sorted? sand 
is composed of sub-angular' to rounded, frosted 
quartz grains and minor dark accessory minerals;
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of small scale tangential cross-laminae;
weathers to form small vertical ledge. —--------  1.5

17. Sandstone, grayish-pink (5R8/2) and light- 
brown (5YR6/4), weathers same/ very fine to 
medium-grained, moderately sorted; composed 
of sub-rounded and rounded, frosted, hematite- 
stained quartz grains and minor dark accessory 
minerals; friable, slightly calcareous; thinly 
bedded zones interspersed with massive zones, 
zones average 1^ feet in thickness; weathers 
to form steep slope.— ---- ------ :--- ------------  32.5

16, Sandstone, moderate reddish orange (10R6/6), 
and grayish orange pink (5YR7/2), weathers 
same. Moderate reddish orange sandstone is 
very fine grained, moderately to well-sorted; 
composed of sub-rounded, iron oxide-stained 
quartz grains. Grayish orange pink sandstone 
is very fine grained and coarse grained, poorly 
sorted; very fine sand is composed of sub
rounded quartz grains; coarse grained sand 
is composed of rounded, frosted quartz grains.
Both sandstones are friable, calcareous; thinly
bedded; unit weathers to form shallow bench
similar to unit 14.-- ------- ------ -------------- 6.0

15. Sandy microsparite, yellowish-gray (5Y8/1), 
weathers light-brown (5YR6/4), contains very 
fine grained sand, well-sorted; sand is com
posed of angular and sub-angular quartz grains; 
well-cemented; massive; weathers to form steep 
slope. Fossiliferous; abundant brachiopod 
shell fragments or basal plates of echinoids.--  3.5

14. Sandstone, pale reddish brown (10R5/4) and
grayish orange pink (5YR7/2), weathers same, 
very fine and fine-grained, moderately sorted; 
composed of sub-rounded and rounded, frosted 
hematite-stained quartz grains and minor dark 
accessory minerals; friable, calcareous; massive; 
weathers to form sloping bench. May possibly 
be made up of several distinct layers of al
ternating pale reddish brown and grayish orange 
pink sandstone, but this is not apparent on 
the weathered surface.—--- --- ‘— —— —------ ----- 7.0

13. Sandstone, grayish-orange (10YR7/4) and light 
brown (5YR6/4), weathers same, very fine to

47



48
medium-grained, poorly sorted; composed of
sub-rounded and rounded, frosted quartz grains
and rare dark accessory minerals; firmly to
well-cemented, calcareous; wedge sets of small
scale tangential cross-laminae; weathers to
form steep slope and small inclined cliffs.----  2.5

12. Sandstone, grayish-orange (10YR7/4), weathers 
pale yellowish brown (10YR6/2), very fine 
grained, well-sorted; composed of sub-rounded, 
pitted quartz grains and common dark accessory 
minerals; firmly to well-cemented, calcareous; 
massive; weathers to form bench on slope.--- -—  8.5

11. Siltstone, pinkish-gray (5YR8/1), weathers
pale yellowish brown (10YR6/2), contains silt
sized to very fine grained sand, sand is mod
erately sorted; composed of sub-rounded quartz 
grains; firmly cemented, calcareous; laminated; 
weathers to form shallowly sloped bench at top 
of cliff. Secondary iron oxide staining along 
some fractures. Easy to overlook and include
with unit 12.-- ---- -— ---- ------ --- ------------- 1.0
Total of Alpha Member:------------------------ -—  130.0

Beta Member:
10. Dolomitic microsparite, pinkish-gray (5YR8/1), 

weathers pale yellowish brown (10YR6/2), con
tains very fine grained sand, well-sorted; 
composed of sub-angular and sub-rounded quartz 
grains; very well cemented; massive; weathers 
to form prominent cliff continuous with unit 
9. Rare indistinguishable fossil fragments are 
present. Upper five feet of unit contains 
bands of sparry calcite three inches in thick
ness and ten feet in length; bands taper out
at ends.-----------— ---------------------------- 26.0
Total of Beta Member:--- ----- -— •—  -------------  26.0

Gamma Member:
9. Sandstone, grayish-orange (10YR7/4), weathers 

light-brown (5YR6/4) and moderate orange pink 
(5YR8/4), silt-sized to coarse-grained, poorly 
sorted; primarily composed of sub-angular and
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sub-rounded quartz grains, minor dark acces
sory minerals, and pseudomorphs of limonite 
after pyrite as long as one millimeter on a 
side; coarse sand is composed of rounded, 
pitted, and partially frosted quartz grains; 
firmly to well-cemented, very slightly cal
careous? massive, with some small areas lower 
in the section containing faintly developed 
zones of lamination? weathers to form prom
inent vertical cliff that is continuation of 
unit 10, At a distance similar in appearance 
to overlying unit of dolomitic microsparite.
Section offset 850 yards SSE along base of
this unit.--- -----------------------------------  26.5

8. Silty sandstone, grayish-orange (10YR7/4),
weathers to moderate yellowish brown (10YR5/4), 
very fine grained and silt sized, moderately 
sorted; composed of sub-angular and sub
rounded quartz grains and common accessory 
muscovite grains? firmly cemented, calcareous; 
very thinly bedded; weathers to form covered 
slope.-------------------------------------------  4.0

7. Silty sandstone, grayish-red (10R4/2), weathers 
same, very fine grained and silt-sized, mod
erately sorted; composed of sub-angular and 
sub-rounded, hematite-stained quartz grains; 
friable, calcareous; thinly bedded. Weathers 
to form gentle covered slope. Abundant sec
ondary organic material (rootlets).-- ---------- 2.0

6. Covered.--------------------------1--------------- 6.0
5. Sandy micrite, grayish-orange (10YR7/4), 

weathers same, contains very fine grained 
sand (approximately 50%), well-sorted; sand 
is composed of sub-angular quartz grains? 
firmly cemented? massive; weathers to form 
outcrop on covered slope.-------------*--- -----— 2.0

4. Sandstone, yellowish-gray (5Y8/1), weathers
same, very fine grained, well-sorted; composed 
of sub-angular and sub-rounded quartz grains 
and minor dark accessory minerals? firmly 
cemented, calcareous to noncalcareous; massive; 
weathers to form gentle slope.--- ---- ----------  3.0

3, Silty sandstone, grayish orange pink (5YR7/2), 
and grayish-orange (10YR7/4), weathers same,
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very fine grained and silt-sized, moderately 
sorted; composed of sub-roundedf frosted 
quartz grains and minor dark accessory min
erals; firmly to well-cemented, calcareous; 
some faintly discefnable horizontal lamination;' 
weathers to form vertical cliff. Uppermost 
half of unit is better cemented than lower 
half.----- ------------ — ----------------- -----  7.5

2. Sandstone, very pale orange (10YR8/2), weathers 
same, very fine and fine-grained, moderately 
well-sorted; composed of sub-angular and sub
rounded quartz grains and rare accessory dark 
minerals; firmly cemented, calcareous; massive; 
weathers to form vertical cliff. Less resist
ant to erosion than unit 3. Within center of 
unit occurs a four inch thick, sinuous band of 
micrite, pale yellowish brown (10YR6/2), 
weathers moderate yellowish brown (10YR5/4), 
contains minor sub-angular and sub-rounded sand 
grains, well-sorted; sand is composed of sub- 
angular and sub-rounded quartz grains; well- 
cemented; massive; weathers to form protrusion
on out crop.------ --------------- -------------.—  2.0
Total of Gamma Member :------- ------------------- 53.0
Total of complete Tofoweap Formation:----------- 209.0

Contact: Toroweap-Coconino contact is covered
but may be placed within one foot by 
break in slope and change in strati
fication.

Coconino Formation (unmeasured):
1. Sandstone, grayish-orange (10YR7/4), weathers 

grayish orange pink (5YR7/2), very fine and 
fine-grained, moderately sorted; composed of 
sub-angular quartz grains; firmly cemented, 
noncalcareous; large scale cross-laminae; 
weathers to form steep slopes and vertical 
cliffs. Cross-stratification truncated by 
Toroweap-Coconino contact. Circular area of 
iron oxide stain on weathered surface as much 
as one eighth inch in diameter.
Base of section; not base of exposure.
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Toroweap Formation Section 2̂

Section measured in May Tank Canyon in NE%,
SE%, Sec. 17, T.19N., R. 2 E. on the east 
side of the canyon at the end of an abandoned 
road that leads to several old Coconino Sand
stone quarries.

Permian;
Kaibab Formation (unmeasured);

Feet
22. Limestone, very pale orange (10YR8/2), weathers 

grayish orange pink (10R8/2), coarsely crys
talline, contains fine-grained sand, well- 
sorted; sand is composed of sub-founded quartz 
grains; moderately well cemented; massive; 
weathers to form steep prominent cliff. Lowest 
part of unit is very fossiliferous.
Contact; Kaibab-Toroweap contact is a slightly 
undulating surface having a local relief of 
6 inches.
Toroweap Formation;
Alpha Member;

21. Sandstone., very pale orange (10YR8/2) , weathers 
to grayish-orange (10YR7/4), very fine grained, 
well-sorted; composed of sub-angular and sub- 
rounded quartz grains; firmly cemented, cal
careous; thinly bedded; weathers to form steep 
covered slope. Uppermost part of unit contains 
poorly developed bedding that is parallel to 
Kaibab-Toroweap contact; may have been reworked 
by Kaibab sea. Sinuous bands 1/16 inch thick 
of iron oxide stain randomly oriented through 
unit.----- ---------------------------- ------ -----  13.0

20. Siltstone, yellowish-gray (5Y8/1), weathers to 
white (N9), silt-sized, well-sorted; composed 
of sub-angular and sub-rounded quartz grains; 
friable, calcareous; thinly bedded; weathers 
to form steep slope. Unit weathers out in 
pieces along bedding planes; these flat pieces 
(as much as several square feet in area) slide 
down the slope and hide lower lithology as
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well as making the unit appear much thicker
than it actually is.------ -— -------- ---------- 25.0

19. Covered along line of section. 0.9 miles SSE 
of section on road into May Tank Canyon an ex
posure of the uppermost 6 feet of the covered 
unit is sandy siltstone, moderate reddish 
brown (10R4/6), weathers same, silt-sized to 
very fine grained, moderately sorted; composed 
of sub-rounded quartz grains; friable, noncal- 
careous; thinly bedded; weathers to form covered 
slope; abundant secondary sparry calcite vein- 
lets parallel to bedding planes. Within sandy 
siltstone are several lenses of sandstone less 
than 1 foot in thickness, pinkish-gray (5YR8/1) 
and pale-red (5R6/2), weathers same, very fine 
grained, well-sorted; composed of sub-angular 
quartz grains and minor dark accessory min
erals; friable, very calcareous; thinly bedded; 
weathers to form partly covered slope. Imme- 

, diately below this unit is a 10.5 foot thick 
unit of sandstone, variegated grayish-orange 
(10YR7/4) and very pale orange (10YR8/2), very 
fine grained, well-sorted; composed of sub
rounded and rounded quartz grains; poorly to 
firmly cemented, calcareous; thinly bedded; 
weathers to form partly covered slope.---------- 48.5

18. Sandy siltstone, grayish orange pink (5YR7/2), 
weathers same, silt-sized to medium-grained 
sand, poorly sorted; finer material composed 
of sub-angular quartz grains; medium-grained 
material composed of sub-rounded and rounded, 
frosted quartz grains; friable, calcareous; 
massive; weathers to form covered slope.-------- 5.5

17. Sandy siltstone, variegated very pale orange
(10YR8/2) and pale yellowish orange (10YR8/6), 
weathers same, silt-sized to coarse-grained, 
poorly sorted; finer material composed of sub- 
angular quartz grains; coarse-grained material 
composed of sub-rounded and rounded, frosted 
quartz grains; poorly cemented, calcareous; 
thinly bedded; weathers to form covered slope.—  7.0

16. Sandstone, moderate reddish brown (10R4/6), 
weathers moderate reddish orange (10R6/6), 
very fine grained, well-sorted; composed of , 
sub-rounded, iron oxide stained quartz grains; 
friable, very calcareous; thinly bedded;
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weathers to form covered slope. Approximately 

... every 3 to 5 feet in the unit occur bands of 
siltstone 1 to 9 inches in thickness, white 
(N9), weathers same, silt-sized to very fine 
grained, well-sorted; composed of sub-angular 
and sub-rounded quartz grains; friable, cal
careous; thinly bedded; weathers to form covered 
slope.----------------- -------------------------  11.0

15. Sandy siltstone, alternating bands of pale 
yellowish orange (10YR8/6) and yellowish- 
gray (5Y7/2), weathers same, silt-sized to 
very fine grained, moderately well sorted; 
composed of sub-rounded quartz grains; friable, 
very calcareous; thinly bedded; weathers to 
form covered slope. Less resistant to erosion 
than unit 14.------------------------ -----------  6.0

14. Sandstone, very pale orange (10YR8/2), weathers 
to pale yellowish brown (10YR6/2), very fine to 
medium-grained, poorly sorted; composed of sub
rounded, quartz grains; friable, calcareous; 
thinly laminated; weathers to form covered 

. slope. Unit composed of very clean sand.------  1.0
13. Sandstone, dark yellowish orange (10YR6/6), 

weathers grayish-orange (10YR7/4), very fine 
and medium-grained, moderately sorted; composed 
of rounded and sub-rounded quartz grains and 
minor dark accessory minerals; firmly cemented, 
calcareous; thinly bedded; weathers to form 
covered slope. Lower half of unit contains
abundant zones of iron oxide staining.-- -------  2.0

12. Covered.-------------- --------------------------- 12.0
11. Dolomitic microsparite, pinkish-gray (5Y8/1), 

weathers very light gray (N8), contains silt
sized to very fine grained sand, moderately 
well sorted; sand is composed of angular quartz 
grains; well-cemented; massive; weathers to 
form ledge on covered slope. Common voids as 
large as 1/8 inch in diameter partially filled 
with sparry calcite.----------------------------- 1.5

10. Sandstone, moderate orange pink (5YR8/4),
weathers to dark yellowish brown (10YR4/2), 
very fine and fine-grained, well-sorted; com
posed of rounded and sub-rtiunded quartz grains 
and minor dark accessary minerals; firmly
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cemented, noncajcareous; massive; weathers to
form covered slope. Easy to overlook unit.'----  1.0
Total of Alpha Member;------ ---- -— — •— *— >—  ---- 133.5

Beta Member:
9. Sandy dolomitic microsparite-micrite, grayish 

orange pink (5YR7/2), weathers pale yellowish 
brown (10YR6/2), silt-sized to very fine grained, 
moderately well sorted; sand is composed of 
angular and sub-angular quartz grains; well- 
cemented; massive; weathers to form step-like 
cliffs and partially covered slope. Distin
guished from unit 8 by its lower resistance to 
erosion and its lower degree of surface solution 
and pitting; fossiliferous (?). Abundant cal- 
cite nodules occur as large as 1/8 inch in 
diameter and voids as large as 3/8 inch in 
diameter partially filled with crystals of 
sparry calcite.-- --------- ----------------------  9.5

8. Fossiliferous microsparite-microsparudite, 
grayish orange pink (5YR7/2), weathers pale 
yellowish brown (10YR6/2), contains very fine 
and fine-grained sand, well-sorted; sand is 
composed of sub-angular and sub-rounded quartz 
grains; well-cemented; massive; weathers to 
form prominent inclined cliffs. Slightly less 
resistant to weathering than unit 7. Weathered 
surface is very pitted and honeycombed to a 
depth of several inches. When exposed, surface 
becomes slightly case hardened to a depth of 
1/8 inch. Some secondary sparry calcite veins. 
Fossiliferous; faintly distinguishable brachi- 
opod and plecypod shell fragments. Very porous; 
porosity may be due to solution of fossiliferous 
material.----------------------- ------ ----------  27.0

7. Sandy dolomitic microsparite-micrite, mottled 
grayish orange pink (5YR7/2), weathers to pale 
yellowish brown (10YR6/2), pinkish-gray 
(5YR8/1), weathers same, and grayish-orange 
(10YR7/4), weathers to moderate yellowish brown 
(10YR5/4), contains silt-sized and very fine 
grained sand, moderately well sorted; sand is 
composed of angular to sub-rounded quartz 
grains and abundant red accessory minerals; 
firmly to well-cemented; massive; weathers to
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form prominent cliffs. Weathered surface has 
slightly pitted texture, but not as extensive 
as the solution on the surface of unit 8. 
Slightly more resistant to erosion than unit

Total of Beta Member;----------- ----------- ----- 57.0

Gamma Member:
6. Sandstone, yellowish-gray (5Y8/1), weathers 

pale-brown (5YR5/2), very fine grained, mod
erately to well-sorted? composed of sub-rounded 
to rounded quartz grains; firmly cemented, non- 
calcareous; massive; weathers to form covered 
slope.------------------------------------------  2.5

5. Poorly washed dolomitic biomicrosparite-cal-
citic dolobiomicrosparite, pale yellowish brown 
(10YR6/2), weathers dark yellowish brown 
(10YR4/2), contains very fine grained sand, 
well-sorted; sand is composed-of sub-rounded 
and sub-angular quartz grains? well-cemented; 
massive; weathers to form vertical ledge and 
covered slope. Fossiliferous; abundant frag
ments of brachiopods, pelecypods, gastropods, 
ostracods, and crinoid stems. Slightly fetid.—  3.0

4. Sandy dolomitic microsparite, grayish-orange 
(10YR7/4), weathers pale yellowish brown 
(10YR6/2), very fine grained to silt-sized, 
moderately sorted; sand is composed of very 
angular to sub-angular quartz grains; firmly 
cemented; massive? weathers to form vertical 
ledge on covered slope. Weathered surface has 
pitted texture. Common nodules of sparry cal- 
cite as long as 1/8 inch in length and voids 
as large as 2 inches in diameter partially 
filled with sparry calcite crystals.------------ 5.5

3. Silty sandstone, grayish-orange pink (5YR7/2), 
weathers same, silt-sized to very fine grained, 
moderately well sorted? composed of sub-angular 
iron oxide stained quartz grains; firmly ce
mented, calcareous? thinly bedded; weathers to 
form covered slope.— — -— -—  ------- —    -------  5.0

2. Sandstone, dark yellow orange (10YR6/6), 
weathers pale yellowish brown (10YR6/2),
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coarse-grained with minor amounts of very fine 
and medium-grained sand, poorly sorted; com
posed of sub-rounded and rounded quartz grains; 
firmly cemented, noncalcareous; thinly bedded; 
weathers to form covered slope. Individual 
laminae delineated by grain size changes are
1/8 to 1/4 inch thick,--—--- ------— —----------- 6,0
Total of Gamma Member :--------------— ---------- 22,0
Total of complete Toroweap Formation:----------- 212.5

Contact: Toroweap-Coconino contact is covered
but may be placed within 2 or 3 feet 
by break in slope and change in color.

Coconino Formation (unmeasured):
1. Sandstone, moderate orange pink (10YR8/4),

weathers pale yellowish brown (10YR6/2), very 
fine grained to medium-grained, moderately 
sorted; composed of sub-rounded quartz grains; 
firmly cemented, noncalcareous; wedge and tab
ular sets of small to large scale tangential 
cross-laminae; weathers to form partially 

; covered slope. Common 6 to 12 inch thick 
bands of more massive sandstone, banded dark 
yellowish orange (10YR6/6) and pale reddish 
brown (10YR5/4), weathers same, silt-sized to 
very fine grained, moderately to well-sorted; 
composed of sub-angular quartz grains; firmly 
cemented, calcareous; sets of small scale tan
gential cross-laminae; weathers to form small 
ledges on covered slope. Alternately 1/16 
inch thick laminae stained with iron oxide.
Base of section? not base of exposure.
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Toroweap Formation Section .3

Section measured up cliff face 100 yards west 
of northern-most end of Lonesome Pocket Pack 
Train in SW^f NW%, of Sec. 31, T. 19 N,, R.
3 E.

Permian:
Kaibab Formation (unmeasured);

Feet
36. Limestone, very.pale orange (10YR8/2), weathers 

. pale yellowish brown (10YR6/2), finely cry
stalline; well-cemented; massive; weathers to 
form prominent vertical cliff. Easily distin
guished from Toroweap by change in color, lack 
of bedding, and more vertical nature of ex
posure.

Contact; Kaibab-Toroweap contact is a flat 
surface having 6 inches or less of 
local relief.

Toroweap Formation:
Alpha Member:

35. Sandstone, banded grayish orange (10YR7/4), 
dark yellowish orange (10YR6/6), and pale- 
red (5R6/2), weathers same, very fine grained, 
well-sorted; composed of sub-rounded quartz 
grains and minor dark accessory minerals; 
firmly cemented, noncalcareous; massive; 
weathers to form prominent vertical cliff and 
steep covered slope. Pale-red coloration due 
to hematite staining matrix. Uppermost 6 to 
12 inches of unit is thinly bedded; this bed
ding is parallel to the Kaibab-Toroweap con
tact. •----- ------ ------ ----- -------- -— ---- ------- - 17.0

34. Sandstone, grayish-pink (5R8/2), weathers to 
grayish orange pink (5YR7/2), silt-sized to 
very fine grained, moderately sorted; composed 
of sub-rounded quartz grains; well-cemented, 
calcareous to very calcareous; massive; weathers 
to form vertical ledge. More resistant to 
erosion than unit 35 or 33.-- --- --------- 0.5
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33. Sandstone, grayish-pink (5R8/2), weathers very 

pale orange (10YR8/2), silt-sized to very fine 
grained, moderately sorted; composed of sub- 
angular to rounded quartz grains and common 
grayish-orange (10YR7/4) grains of iron oxide 
that give the rock a speckled appearance; firmly 
cemented, non-calcareous; some very faintly 
visible remnants of small scale, tangential 
cross-laminae that are impossible to measure; 
in general, the unit is very contorted; weathers 
to form inclined cliff.-------------------------  11.0

32. Sandstone, variegated moderate orange pink
(10R7/4) and moderate reddish orange (10R6/6), 
weathers same, very fine to medium-grained, 
poorly sorted; composed of sub-rounded to 
rounded quartz grains and minor dark accessory 
minerals; friable, very calcareous; thinly
bedded; weathers to form covered slope.--- -----  30.5

31. Sandstone, identical to unit 32 except that it
is very contorted.---- -------------------------- 3.0

30. Sandstone, moderate reddish orange (10R6/6), 
weathers same, very fine to fine-grained, 
poorly to moderately sorted; composed of sub
rounded and rounded quartz grains; friable, 
very calcareous; tabular and wedge sets of 
small scale planar tangential cross-laminae;
weathers to form covered slope.-----------------  3.0

29. Sandstone, identical to unit 31.----------------  13.0
28. Sandstone, moderate reddish orange (10R6/6)

and grayish-pink (5R8/2), weathers same, very
fine to medium-grained, moderately sorted;
composed of sub-angular to well-rounded quartz
grains and minor dark accessory minerals;
firmly cemented, calcareous; very contorted;
weathers to form small cliff on covered slope.- 3.5

27. Sandy siltstone, moderate reddish brown
(10R4/6), weathers same, silt-sized to very
fine grained, moderately sorted; composed of
sub-angular and sub-rounded quartz grains;
friable, very calcareous; thinly bedded;
weathers to form covered slope.----------------- 6.0

26. Sandstone, grayish orange pink (10R8/2),
weathers same, very fine and medium-grained,
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bimodal, moderately sorted; very fine sand
composed of sub-rounded quartz grains and
minor dark accessory minerals; medium grained
sand composed of rounded and well-rounded f
frosted quartz grains; firmly cemented, very
calcareous; weathers to form ledge on covered
slope.-- -------- -------------- ------------------ 1.0

25. Siltstone, light-brown (5YR5/6), weathers same, 
coarse-grained silt, well-sorted; composed of 
sub-rounded quartz grains and minor dark ac
cessory minerals; poorly to firmly cemented, 
calcareous; thinly bedded; weathers to form 
covered slope, —---------- ---- ;------------------ 1.5

24. Sandy siltstone, moderate reddish orange
(10R6/6), weathers same, silt-sized to medium- 
grained, poorly sorted; finer material composed 
of sub-angular and sub-rounded quartz grains 
and minor dark accessory minerals; medium
grained sand composed of rounded frosted quartz 
grains; firmly cemented, calcareous; massive; 
weathers to form covered slope.------------------ 23.5

23. Sandstone, light-brown (5YR6/4) and yellowish- 
gray (5Y7/2), weathers same, very fine to 
coarse-grained, poorly sorted; finer sand com
posed of sub-angular and sub-rounded quartz 
grains; coarser grained sand composed of 
rounded, frosted quartz grains; firmly cemented, 
calcareous; massive; weathers to form covered 
slope.-------------------------- ----------------- 4.5

22. Sandy siltstone, moderate reddish brown
(10R4/6), weathers same, silt-sized to very 
fine grained, moderately sorted; composed of 
angular to sub-rounded quartz grains and minor 
dark accessory minerals; poorly to firmly 
cemented, very calcareous; thinly bedded, 
fissle; weathers to form covered slope. At 
16.5 feet and 20.0 feet from the base of the 
unit there occurs two, 1 inch wide bands of 
silty sandstone, grayish orange pink (5YR7/2), 
weathers same, silt-sized to very fine grained, 
moderately sorted; composed of angular to sub
rounded quartz grains and minor dark accessory 
minerals; firmly cemented, calcareous; massive; 
weathers to form covered slope.-- -— ------------ 22,0
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21, Sandstone, very pale orange (10YR8/2), weathers 
to grayish orange pink (5YR7/2), very fine 
grained, moderately to well-sorted; composed 
of sub-angular quartz grains; firmly to well- 
cemented calcareous; massive; weathers to form 
inclined ledge bn covered slope.-'—  ------- -----  3.0

20, Sandy siltstone, moderate reddish orange
(10R6/6), weathers same, silt-sized to very
fine grained, moderately sorted; composed of
sub-angular and sub-rounded quartz grains;
friable, calcareous; massive; weathers to form
covered slope. Easy to overlook and include
in unit 19.------------------;-----------------—  1.5

19. Sandstone, moderate reddish orange (10R6/6),
weathers same, very fine grained, well-sorted; 
composed of sub-rounded to well-rounded quartz 
grains; friable, very calcareous; thinly bedded; 
weathers to form covered slope. Becomes case- 
hardened when exposed.------------------- -------  4.5

18. Sandstone, moderate orange pink (10R7/4),
weathers pale reddish brown (10R5/4), silt
sized to fine-grained, poorly sorted; composed 
of sub-angular quartz grains and minor dark 
accessory minerals; well-cemented, very cal
careous; massive; weathers to form small in
clined cliff on covered slope.------------------ 3.0

17. Sandy siltstone, banded pale yellow orange
(10R8/6) and grayish-orange (10YR7/4), weathers 
to pale-red (10R6/2), silt-sized and very fine 
grained, moderately sorted; composed of sub
rounded, frosted quartz grains; firmly ce
mented, calcareous; very thinly bedded; weathers
to form covered slope.----- --------------------  2.5
Total of Alpha Member:-------------------------—  154.5

Beta Member:
16. Sandy dolomitic micrite, pale-red (5R6/2) and 

pale-red (10R6/2), weathers grayish orange 
pink (5YR7/2), contains fine sand to silt
sized grains, moderately sorted; sand is com
posed of angular to sub-rounded quartz grains 
and minor dark accessory minerals; very well 
cemented; massive; weathers to form prominent
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vertical cliffs. Small amount of solution
pitting present on weathered surface; fos-
siliferous zone 22 feet to 25 feet from the
base of the unit; because of vertical nature
of the outcrop it is impossible to collect
sample. Some small voids as large as % to %
inch in diameter partially filled with sparry
calcite crystals; very porous.--- -------— -------  36.0

15. Fossiliferous micrite, banded grayish red 
purple (5RP4/2) and dark yellowish orange 
(10YR6/6), weathers light brown (5YR6/4), 
contains very fine grained sand, well-sorted; 
sand is composed of sub-angular and sub-rounded 
quartz grains; well-cemented; massive; weathers 
to form vertical ledge that is distinct from 
over-lying more resistant unit 16. Very porous; 
fossiliferous; fragments of brachiopod (?) and
pelecypod (?) shells present.-- -------------- -—  0.5
Total of Beta Member:---------- -— ---- --- -------  36.5

Gamma Member;
14. Sandstone, moderate orange pink (10R7/4) and

grayish-pink (5R8/2), weathers same, very fine 
grained, well-sorted; composed of angular to 
sub-angular quartz grains and minor dark ac
cessory minerals; firmly cemented, noncal
car eous; massive with some zones of thin bed
ding; weathers to form small inclined cliff 
and covered slope.-------------------- ----------  2.5

13. Sandstone, moderate orange pink (10R7/4),
weathers light brownish gray (5YR6/1), very 
fine grained with a small percentage of medium 
grains, moderately to well-sorted; very fine 
grained sand composed of sub-rounded to rounded 
frosted, quartz grains; poorly to firmly ce
mented, calcareous; thinly bedded; weathers to 
form covered slope. Becomes casehardened on 
exposure.  --- ---------— :---—  --------------------  2.0

12. Silty sandstone, pinkish-gray (5YR8/1),
weathers pale-red (10R6/2), silt-sized to very 
fine grained, moderately to well-sorted; com- 
.posed of angular to sub-rounded quartz grains; 
poorly to firmly cemented, calcareous; massive
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with some zones of thin bedding; weathers to 
form coyered slope. Becomes casehardened on

11. Sandstone, moderate orange pink (10R7/4),
weathers light brownish gray (5YR6/1), similar 
to unit 13,— -•— -— — -— —--- -—  -- --------------- 1.0

10. Sandstone, banded pale-red (5R6/2) and dark 
yellowish orange (10YR6/6), weathers grayish 
orange pink (5YR7/2), very fine grained with 
a small percentage of medium grains, moderately 
sorted; very fine grained sand composed of sub- 
angular and sub-rounded quartz grains; medium 
grains are composed of rounded to well-rounded 
quartz grains; firmly cemented, slightly cal
careous; thinly bedded; weathers to form 
covered slope. More resistant to erosion than 
unit 9 or 11.-- -------- -------- ----------- ------ 1.0

9. Sandstone, pale reddish brown (10R5/4) and 
grayish-orange (10YR7/4), weathers to light- 
brown (5YR6/4), very fine to coarse-grained, 
poorly sorted; composed of sub-rounded and 
rounded frosted and unfrosted quartz grains; 
poorly to firmly cemented, slightly calcareous; 
very thinly bedded; weathers to form covered 
slope.-- ---------------- ------------- _----------- 1.0

8. Sandstone, light-brown (5YR6/4), weathers light 
olive gray (5Y6/1), very fine to medium-grained, 
poorly sorted; composed of sub-angular to 
rounded, unfrosted quartz grains; firmly to well 
cemented, calcareous; massive; weathers to form 
vertical ledge.---------------------------------  3.0

7. Sandstone, grayish pink (5R8/2), weathers very 
pale orange (10YR8/2), very fine grained, well- 
sorted; composed of angular and sub-angular 
quartz grains; firmly cemented, calcareous; 
massive; weathers to form small over-hanging 
ledge. Weathered surface is covered with pro
truding nodules as large as % inch in diameter
that are more resistant to erosion than re
mainder of unit.---- ----------------------------  2.0

6. Sandstone, light-brown (5YR6/4), weathers to «
light olive gray (5Y6/1), similar to unit 8.
More resistant to erosion than unit 5.---------- 1.0
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5, Sandstone, grayish'-orange (10YR7/4) , weathers 

to moderate-red (5R5/4)f very fine grained, 
well-sorted; composed of angular and sub- 
angular quartz grains; firmly cemented, cal
careous; laminated; weathers to form concave 
ledge. Less resistant to erosion than unit 
4.'----------------------------------------------  0.5

4. Sandstone, grayish-orange (10YR7/4), weathers 
same, very fine grained, well-sorted; composed 
of sub-angular and sub-rounded quartz grains; 
firmly cemented, calcareous; massive; weathers 
to form vertical ledge. Slightly more re
sistant to erosion than unit 3.■—  --------------  0.5

3. Sandstone, very pale orange (10YR8/2), weathers 
same, very fine grained, well-sorted; composed 
of sub-angular quartz grains; firmly cemented, 
noncalcareous; thinly bedded with some massive 
zones; weathers to form inclined ledge.-------—  0.5

2. Sandstone, moderate orange pink (5YR8/2) and
pale yellowish orange (10YR8/6), weathers same, 
very fine grained with abundant coarse grains, 
moderately sorted; very fine sand composed of 
sub-angular and sub-rounded quartz grains; 
coarse grains composed of rounded frosted quartz 
grains; poorly to firmly cemented, slightly cal
careous to noncalcareous; thinly bedded; 
weathers to form inclined cliff. Bedding in 
lowermost part of unit is parallel to Toroweap-
Coconino contact.-------------------------------  8 ♦ 5
Total of Gamma Member;-------------------- ------ 24.5
Total of complete Toroweap Formation:-----------215.5

Contact: Toroweap-Coconino contact is a
slightly undulating surface having 
a local relief of several inches.

Coconino Formation (unmeasured):
1. Sandstone, grayish-pink (5R8/2), weathers mod

erate orange pink (5YR8/4), very fine grained, 
well-sorted; composed of sub-angular quartz 
grains; poorly to firmly cemented, calcareous;



large scale tangential cross-laminae; weathers 
to form inclined cliffs and covered slope. The 
cross-laminae are truncated by the Toroweap- 
Coconino contact. Small resistant nodules as 
large as % to % inch in diameter are common on 
weathered surface.
Base of section; not base of exposure.
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Toroweap Formation Section £

Section measured up two small gullies 150 yards 
apart on the north side of Cedar Creek just 
below the south end of Limestone Pocket in NW%, 
NE%, Sec. 29, T. 19N., R, 3 E.

Permian:
Kaibab Formation (unmeasured):

28. Limestone, pale yellowish orange (10YR8/6) and 
very pale orange (10YR8/2), weathers light 
brownish gray (5YR6/1), contains very fine and 
medium sand, moderately sorted; very fine sand 
is composed of sub-angular and sub-rounded 
quartz grains; medium sand is composed of 
rounded quartz grains; well-cemented; weathers 
to form massive prominent cliff and steep slope.

Contact: Kaibab-Toroweap contact is covered but
may be placed within one or two feet 
by break in slope.

Toroweap Formation:
Alpha Member:
Units 27 to 7 measured up gully 150 yards west 
of where the section was started.

27. Sandstone, grayish-orange (10YR7/4), weathers 
to pale yellowish brown (10YR6/2), very fine 
and medium-grained, bimodal, moderately well 
sorted; very fine sand is composed of sub- 
angular and sub-rounded quartz grains; firmly 
to well-cemented, slightly calcareous to non- 
calcareous; highly contorted with some non- 
contorted thinly bedded zones; weathers to 
form steep open and covered slope and cliff 
in gully. Rare zones of silt-sized material 
parallel to bedding as long as several inches 
and as thick as % of an inch. Some iron oxide 
staining along secondary fractures.-----------
Banded sandy siltstone and sandstone. Sandy 
siltstone, pale yellowish orange (10YR8/6),

26.0
26.
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weathers same, coarser-grained silt to fine
grained sand, well-sorted; composed of sub- 
angular quartz grains; firmly cemented, cal
careous; thinly bedded, highly contorted.
Common secondary veinlets of sparry calcite 
as thick as 1/32 of an inch and as long as 
several inches. Sandstone, very pale orange 
(10YR8/2) and pale yellowish orange (10YR8/6), 
weathers grayish-orange (10YR7/4), very fine 
to coarse-grained, poorly sorted; composed of 
sub-angular to rounded frosted quartz grains; 
firmly cemented, calcareous; massive, highly 
contorted. Entire unit is composed of alter
nating bands of sandy siltstone and sandstone 
6 inches to 36 inches thick that are contorted; 
unit weathers to steep open and covered slope, 
and inclined cliffs that are a continuation of 
unit 27.----------------------------------------  22.0

25. Sandstone, very pale orange (10YR8/2), weathers 
to medium gray (N5), very fine and fine-grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains and minor dark accessory 
minerals; firmly cemented, calcareous; thinly 
bedded; weathers to form inclined cliff and 
steep covered slope.----------------------------- 18.0

24. Sandstone, banded grayish-orange (10YR7/4) and 
grayish orange pink (5YR7/2), weathers to pale 
yellowish brown (10YR6/2), fine- and medium
grained, bimodal, moderately sorted; fine sand 
composed of sub-angular quartz grains; medium 
sand composed of rounded frosted quartz grains; 
firmly cemented, calcareous; thinly bedded; 
weathers to form vertical cliff in gully.------  8.5

23. Sandstone, very pale orange (10YR8/2), weathers 
grayish-orange (10YR7/4), very fine grained, 
well-sorted; composed of sub-angular quartz 
grains and minor grains of magnetite and ilmenite 
(?); firmly cemented, calcareous; thinly bedded 
and contorted; weathers to form small cliff in 
gully. Unit contains some sub-rounded, elongate 
lenses of sandstone, 1/8 to 4 inches in length, 
that are slightly more resistant to weathering, 
light-brown (5YR5/6), weather to grayish-red 
(10R4/2); well-cemented; massive; weather to 
form protruding nodules on weathered surface.-— 3.0
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22, Sandstone, yellowish-gray .(5y8/l), weathers to 

pale yellowish brown (10YR6/2)r very fine to 
coarse-grained, poorly sorted; finer sand com
posed of sub-rounded quartz grains; coarser 
sand composed of rounded frosted quartz grains; 
firmly cemented, calcareous; some faintly vis
ible sets of small scale, tangential cross
laminae having high consistency; weathers to 
form small vertical cliff in gully.------------- 4.5

21. Sandstone, pale reddish brown (10R5/4),
weathers to pale-red (10R6/2), and moderate 
reddish orange (10R6/6), weathers same, very 
fine grained, well-sorted; composed of sub
rounded and sub-angular quartz grains and minor 
muscovite (?) and dark accessory minerals; 
firmly cemented, calcareous; thinly bedded; 
weathers to form steep slope in gully.---------- 4.0

20. Sandstone, banded, very light gray (N8), and
pale-purple (5P6/2) and grayish-orange (10YR7/4),
weathers moderate orange pink (10R7/4), and
same, respectively; very light gray sandstone
is very fine and fine-grained, moderately
sorted; firmly cemented, noncalcareous; massive
with some thinly laminated zones; pale-purple
and grayish-orange sandstone is very fine
grained, well-sorted; composed of sub-rounded
and sub-angular quartz grains; well-cemented,
very calcareous; thinly laminated; unit weathers
to form small vertical ledge in gully.---------- 1.0

19. Sandstone, pale reddish brown (10R5/4), weathers 
same, very fine and fine-grained, well-sorted; 
composed of sub-rounded quartz grains and minor 
dark accessory minerals; firmly cemented, cal
careous; thinly bedded and slightly contorted; 
weathers to form slope in gully. Near base of 
unit are two bands of sandstone, pale reddish 
brown (10R5/9), weathers-same, very fine to 
coarse-grained, poorly sorted; composed of sub
rounded to well-rounded, partially frosted 
quartz grains; firmly cemented, calcareous; 
massive; weather to form slopes. Throughout 
unit are 2 inch to 12 inch thick bands of sand
stone, very pale orange (10YR8/2), weathers 
light-brown (5Y6/4), very fine grained, well- 
sorted; composed of sub-angular and sub-rounded 
quartz grains; firmly to well-cemented, cal
careous; massive; bands weather to form small
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vertical ledges on slope. Bands have an un
dulating pattern with an amplitude of 6 inches? 
contain small secondary nodules of calcite.--- - 27.0

18. Sandstone, variegated grayish-orange (10YR7/4), 
and yellowish-gray (5Y8/1), weathers same, very 
fine to coarse-grained? poorly sorted; finer 
sand composed of sub-angular quartz grains? 
medium and coarse sand composed of rounded and 
well-rounded, frosted quartz grains? poorly 
cemented, calcareous? thinly bedded? weathers 
to form slope in gully.-------------------------- 3.0

17. Silty sandstone, moderate reddish brown 
(10R4/6) to pale reddish brown (10R5/4), 
weathers same, silt-sized to fine-grained, 
well-sorted? composed of sub-rounded and 
rounded quartz grains? poorly to firmly ce
mented, slightly calcareous? thinly bedded? 
weathers to form slope in gully.—--------------- 1.5

16. Sandstone, pale reddish brown (10R5/4), weathers 
same, moderate orange pink (10R7/4), weathers 
grayish-orange (10YR7/4), very fine to medium
grained, moderately sorted? composed of sub- 
angular to rounded quartz grains and minor 
dark accessory minerals? firmly cemented, cal
careous? highly contorted; weathers to form 
slope in gully. Included in unit is intra- 
formational breccia? matrix is identical to 
sandstone just described? breccia pieces, 1/16 
to 1 inch thick and 1/4 to 2 inches long, are 
composed of siltstone, yellowish-gray (5Y8/1)
■ and pale-olive (10Y6/2), both weather to gray
ish orange pink (5YR7/2), fine-grained silt, 
well-sorted; composed of sub-angular and sub
rounded quartz grains; poorly to firmly ce
mented, noncalcareous; thinly laminated? 
weathers similar to remainder of unit. Silt- 
stone contains abundant secondary calcite 
nodules.---------------------------------- ------- 6.5

15. Sandstone, variegated grayish-orange (10YR7/4) 
and grayish orange pink (5YR7/2), weathers 
grayish orange pink (5YR7/2) and light-brown 
(5YR6/4), respectively, very fine grained, 
well-sorted; composed of sub-rounded quartz 
grains; poorly to firmly cemented, calcareous; 
thinly bedded; weathers to form slope in gully.
Becomes casehardened on exposure.-------------- 2.0
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14. Sandstone, very pale orange (10YR8/2), weathers 
grayish orange pink (5YR7/2), very fine to 
medium-grained, poorly sorted; composed of 
sub-rounded to rounded frosted quartz grains; 
firmly to well-cemented, calcareous; massive; 
weathers to form small vertical ledge in gully._ 0.5

13. Sandstone, moderate reddish orange (10R6/6), 
weathers same, very fine with rare medium 
grains, moderately sorted; very fine grained 
sand composed of sub-angular and sub-rounded 
quartz grains; medium-grained sand composed 
of well-rounded frosted quartz grains; poorly 
to firmly cemented, calcareous; thinly bedded; 
weathers to form slope in gully. Within unit 
are several 2 inch to 6 inch thick bands of 
sandstone, very pale orange (10YR8/2), weathers 
same, very fine to coarse-grained, poorly to 
moderately sorted; composed of sub-rounded to 
well-rounded frosted quartz grains; firmly 
cemented, calcareous; thinly bedded; weathers 
to form small ledge on slope. Bands are 
slightly more resistant to erosion than rest 
of unit.--------------------------------- -------  8.5

12. Sandstone, pinkish-gray (5YR8/1), weathers 
grayish orange pink (5YR7/2), very fine to 
medium-grained; poorly to moderately sorted; 
finer sand composed of sub-rounded quartz 
grains; coarser sand is composed-of rounded 
frosted quartz grains; firmly cemented, non- 
calcareous; tabular sets of medium scale, 
angular planar cross-laminae; weathers to form 
inclined cliff in gully. Lower 18 inches of 
unit has some locally contorted areas. Common 
secondary veins of sparry calcite as thick as 
1/4 inch that are slightly more resistant than 
rest of unit.-----------------------------------  7.5

11. Banded silty sandstone and sandy siltstone;
silty sandstone, moderate reddish orange (l0R6/6), 
weathers same, medium-grained sand to coarse
grained silt, poorly sorted; composed of sub
rounded to rounded frosted quartz grains, and 
minor dark accessory minerals; poorly to firmly 
cemented, very calcareous; thinly bedded.
Sandy siltstone, moderate orange pink (10R7/4), 
weathers same, silt-sized to fine-grained sand, 
poorly sorted; composed of sub-angular and sub
rounded quartz grains and minor dark accessory
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minerals; poorly to firmly cemented, very cal
careous . Entire unit is very contorted and 
weathers to form small concave ledge between 
unit 11 and 13.------------------ ---------------

10. Silty sandstone, pale reddish brown (10R5/4),
weathers same, silt-sized to very fine grained, 
well-sorted? composed of sub-rounded quartz 
grains; poorly cemented, calcareous; thinly 
bedded? weathers to form slope in gully.-----

9. Sandstone, pale reddish purple (5RP6/2), 
weathers pale reddish brown (10R5/4), very 
fine grained, well-sorted; composed of sub- 
angular and sub-rounded quartz grains? poorly 
to firmly cemented, very calcareous; thinly 
bedded; weathers to form cliff and slope in 
• gully.-----------------------------------------

8. Sandy micrite, pale-red (10R6/2), weathers 
pale-red (5R6/2), contains very fine grained 
sand, well-sorted; sand is composed of sub
rounded quartz grains; well-cemented; thinly 
bedded; weathers to form small vertical ledge 
in gully.----- ----------- --------------- ------

7. Silty sandstone, pale reddish brown (10R5/4), 
weathers light-brown (5YR6/4), very fine 
grained to silt-sized, moderately sorted; com
posed of sub-angular quartz grains; poorly ce
mented, very calcareous; thinly bedded; 
weathers to form covered slope in gully. Sec
tion moves 200 yards north along lower contact 
of this unit.— --------------------------------
Total of Alpha Member:------------------------

Beta Member:
6. Sandy dolomitic micrite, light-brown (5YR6/4) 

and pale-red (10R6/2), weathers pale-red 
(10R6/1) and moderate-red (5R6/2), contains 
fine-grained to very fine grained sand, mod
erately sorted; sand is composed of sub-rounded 
and sub-angular quartz grains; well-cemented; 
massive; weathers to form prominent vertical 
cliff. Weathered surface is pitted. Abundant 
secondary veins of sparry calcite as thick as

1.0

6.5

4.5

1.0

1.5
158.0
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^ inch, and small voids as large as 1 inch in
diameter filled with crystals of sparry cal-
cxte. —  --—  -----------^—-— '— — ——'— '— — ---— ——— 27.0
Erosion surface: contact between units 5 and

6 is a channeled surface 
showing local relief of 6 
to 8 inches.

Total of Beta Member:---— ---- ------ -— -— -—    —  27.0

Gamma Member:
5. Sandstone, grayish-pink (5R8/2), weathers

light-brown (5YR5/6), very fine grained, well- 
sorted; composed of sub-angular quartz grains; 
firmly cemented, calcareous; thinly bedded; 
weathers to form steep slope and small vertical 
ledge in gully.— —  --- ---- -—  ----- -—  --- ---- - 1.0

4. Sandstone, banded moderate orange pink
(10R7/4) and grayish red purple (5RP4/2), 
weathers same, very fine grained, well-sorted; 
composed of sub-angular quartz grains; firmly 
cemented, slightly calcareous; massive with 
some thinly bedded zones. These bands al
ternate with bands of sandstone that are mod
erate orange pink (5YR8/4) and pale red 
(10R6/2), weather pale brown (5YR5/2) and pale 
red (10R6/2), respectively, very fine with rare 
medium grains, moderately sorted; very fine 
sand composed of sub-angular quartz grains; 
medium sand is composed of well-rounded frosted 
quartz grains; firmly cemented, noncalcareous; 
thinly bedded with some massive zones. Unit 
weathers to form steep open slope and inclined 
cliff in gully.---- ----------------- ------------  6.5

3. Sandstone, yellowish-gray (5R8/1) weathers 
light olive gray (5Y6/1) and grayish orange 
pink (5YR7/2), very fine and coarse-grained, 
moderately well-sorted; very fine sand is com
posed of sub-angular and sub-rounded quartz 
grains; coarse grains are composed of well- 
rounded frosted quartz grains; firmly cemented, 
noncalcareous; thinly bedded; weathers to form 
steep slope and vertical ledge in gully.-------- 6.5
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2. Sandstone, light-brown (5YR6/4) weathers pale- 
brown (5YR5/2, very fine and rare medium 
grains, moderately sorted; very fine sand is 
composed of sub-rounded quartz grains; medium 
sand is composed of rounded frosted quartz 
grains; firmly cemented, noncalcareous; thinly
bedded; weathers to form small ledge in gully.—  1.5
Total of Gamma Member:-- :--------------- -------—  15.5
Total of complete Toroweap Formation:----------- 200.5

Contact: Toroweap-Coconino contact is a flat
surface having no more than 1 inch 
of local relief.

Coconino Formation (unmeasured):
1. Sandstone, grayish orange pink (5YR7/2),

weathers pale yellowish brown (10YR6/2), very 
fine grained, well-sorted; composed of sub- 
angular and sub-rounded quartz grains; firmly 
to well-cemented, noncalcareous; wedge sets of 
large scale tangential cross-laminae; weathers 
to form vertical and inclined cliffs. Cross
lamination in Coconino is truncated by the 
Toroweap-Coconino contact.
Base of section; not base of exposure.
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Toroweap Formation Section 5_

Section measured up small gully on steep slope 
just below the southern end of Deadman Pocket 
in SE%, SW%r of Sec, 27, T. 19 N., R. 3 E.

Permian:
Kaibab Formation (unmeasured): Feet

32. Sandy limestone, banded pale yellowish orange 
(10YR8/6), pale reddish purple (5RP6/2), and 
very pale orange (10YR8/2), weathers light 
brownish gray (5YR6/1), coarsely crystalline, 
contains fine-grained sand, well-sorted; com
posed of angular and sub-angular quartz grains; 
well-cemented; weathers to form massive prom
inent cliffs and very steep slopes. Abundant 
chert nodules present in lowermost unit.

Contact: Kaibab-Toroweap contact is covered
but may be placed within 1 or 2 feet 
by change in lithology, color, and 
break in slope.

Toroweap Formation:
Alpha Member:

31. Sandstone, very pale orange (10YR6/2), weathers 
grayish-orange (10YR7/4), very fine grained, 
well-sorted; composed of sub-angular to sub
rounded quartz grains and minor dark accessory 
minerals; firmly to well-cemented, slightly 
calcareous; thinly bedded; weathers to form 
inclined cliff in gully at base of steeper 
Kaibab cliff. Common sinuous bands of iron 
oxide staining as thick as 1/16 of an inch.----  6.0

30. Sandstone, grayish-orange (10YR7/4), weathers 
medium light gray (N6), very fine grained, 
well-sorted; composed of sub-rounded to sub- 
angular quartz grains and minor dark accessory 
minerals; friable to firmly cemented, cal
careous; contorted; weathers to form inclined 
cliff in gully. 10.5
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29. Silty sandstone, moderate orange pink (10R7/4), 
weathers same, fine-grained sand to silt-sized 
with a small percentage of medium grains, 
poorly to moderately.sorted; finer sand and silt 
composed of sub-angular and sub-rounded quartz 
grains; medium grains composed of rounded, 
frosted quartz grains; well-cemented, calcar
eous; massive; weathers to form small ledge in 
gully. -’—  -- ---- ------------- ------------------- 1.0

28. Silty sandstone, yellowish-gray (5Y7/2),
weathers same, fine-grained to silt-sized,
moderately sorted; composed of sub-angular
to sub-rounded quartz grains and minor dark
accessory minerals; poorly cemented, very
calcareous; massive; weathers to form slope
in gully. Less resistant to erosion than
unit 29.-'-------------------:--------------- -— --- 1.0

27. Sandy siltstone, moderate reddish orange 
(10R6/6), weathers moderate-red (5R5/4), 
coarse silt-sized to very fine sand, moderately 
sorted; composed of sub-angular to sub-rounded 
quartz grains; poorly cemented, very calcareous; 
thinly bedded; weathers to form slope in gully.- 2.0

26. Sandstone, moderate reddish brown (10R4/6), 
weathers moderate orange pink (10R7/4), very 
fine to fine-grained, moderately sorted; com
posed of sub-rounded to rounded quartz grains; 
poorly to firmly cemented, very calcareous; 
massive; weathers to form covered slope in 
gully. ----- ------;-- ;-----------------------------  2.0

25. Sandstone, grayish orange pink (5YR7/2),
weathers light-brown (5YR4/6), and pale reddish 
brown (10R5/4), weathers same, very fine 
grained, well-sorted; composed of sub-rounded 
to rounded quartz grains and minor dark ac
cessory minerals; poorly to firmly cemented, 
calcareous; thinly bedded; weathers to form 
slope in gully.--------------------- ------------  13.0

24. Sandstone, pinkish-gray (5YR8/1), weathers
light brownish gray (5YR6/1), very fine grained, 
well-sorted; composed of sub-angular to rounded 
quartz grains and minor dark accessory min
erals; poorly to firmly cemented, calcareous; 
massive; weathers to form covered slope in 
gully.-------------------------------------------  3.5

74
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23. Sandstonef pale^red (5R6/2), weathers same/ 

very fine grained, well-sorted; composed of 
sub-rounded and sub-angular quartz grains and 
minor dark accessory minerals; poorly to firmly 
cemented, calcareous; massive; weathers to form 
slope in gully. Becomes slightly casehardened 
on exposure,-'----- -------- ---- -— ---------- -----  6.5

22, Sandstone, dark yellowish orange (10YR6/6) and 
pale-red (5R6/2), weathers same, very fine to 
coarse-grained, poorly sorted; composed of 
rounded, frosted quartz grains and minor dark 
accessory minerals; friable, very calcareous; 
weathers to form slope in gully.----- --- ------- 2.0

21. Sandstone, pale reddish brown (10R5/4), weathers 
same, very fine and coarse-grained, bimodal, 
moderately well sorted; very fine sand is com
posed of sub-rounded and rounded quartz grains; 
coarse sand is composed of well-rounded, frosted 
quartz grains; friable, calcareous; massive; 
weathers to form slope in gully.---------------- 8.0

20. Sandstone, very pale orange (10YR8/2) and
grayish orange pink (5YR7/2), weathers pale 
reddish brown (10R5/4), very fine and fine
grained, moderately sorted; composed of sub- 
angular and angular quartz grains; firmly ce
mented, calcareous; massive; weathers to form 
slope.------------------------------------------- 1.5

19. Sandy siltstone, variegated pale reddish brown 
(10R5/4) and grayish-orange (10YR7/4), weathers 
grayish orange pink (5YR7/2), silt-sized to 
fine-grained, moderately sorted; composed of 
angular and sub-angular quartz grains and minor 
dark accessory minerals; firmly cemented, very 
calcareous; thinly bedded; weathers to form 
slope in gully.---------------------------------  3.0

18. Sandstone, pale yellowish orange (10YR8/6) and 
pale-red (10R6/2), weathers grayish-pink 
(5R8/2), very fine grained, well-sorted; com
posed of sub-rounded quartz grains and minor 
dark accessory minerals; poorly cemented, cal
careous? thinly bedded; weathers to form slope 
in gully. Abundant secondary veinlets of 
sparry calcite.--- ----------------— ---------------  2.5
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17, Sandstone f moderate orange pink (10R7/4) and 

pale reddish brown (10R5/4), weathers same, 
very fine grained, well-sorted; composed of 
sub'-'angular to rounded quartz grains and rare 
flakes' of biotite; poorly to firmly cemented, 
calcareous; thinly bedded; weathers to form 
slope in gully. Interstratified with sand
stone is sandstone, grayish-pink (5R8/2) and 
very pale orange (10YR8/2), weathers same, 
very fine and fine-grained, moderately sorted; 
composed of angular to sub-rounded quartz 
grains; firmly to well-cemented, slightly cal
careous; massive; weathers to form small ledges 
on slope; slightly more resistant to erosion 
than remainder of unit; forms 2 to 4 inch thick 
bands spaced every 2 to 5 feet through unit.
One such band 16.5 feet from the base of the
unit is 12 inches thick.------------------------- 23.0

16. Sandstone, pinkish-gray (5YR8/1), weathers 
moderate orange pink (10R7/4), very fine to 
coarse-grained, poorly sorted; finer sand is 
composed of sub-angular and sub-rounded, frosted 
quartz grains; coarser sand is composed of well- 
rounded, frosted quartz grains; firmly cemented, 
calcareous; thinly laminated with some massive 
zones; weathers to form small ledge in gully.
In thinly laminated zones laminae of very fine
and fine-grained sand alternate with laminae
composed of medium and coarse-grained sand.----  1.5

15. Sandstone, very pale orange (10YR8/2) and pale 
yellowish orange (10YR7/4), weathers grayish- 
orange (10YR7/4), very fine with rare medium 
grains, moderately sorted; very fine sand is 
composed of angular to sub-rounded quartz 
grains; poorly cemented, calcareous; massive; 
weathers to form small cliff in gully.---------- 3.0

14. Sandstone, variegated very pale orange
(10YR8/2), light-red (5R6/6), and light brown
ish gray (5YR6/1), weathers same, very fine "and 
fine-grained; moderately sorted; composed of 
angular to rounded quartz grains; firmly to 
well-cemented; thinly bedded; weathers to form 
slope in gully.------------------------------- -—  5.5

13. Sandstone, light-brown (5YR5/4) and grayish- 
orange (10YR7/4), weathers to grayish orange 
pink (5YR7/2), very fine to medium-grained,
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poorly to moderately sorted; composed of sub
rounded to rounded, frosted quartz grains; 
firmly to well^cemerited, calcareous; massive; 
weathers to form ledge in gully.— — '--- ----- ---- 2.5

12. Silty sandstone, grayish-orange (10YR7/4), 
weathers same, very fine grained sand to 
coarse silt sized, moderately sorted; com
posed of sub-angular to rounded quartz grains; 
firmly cemented, noncalcaredus; thinly bedded; 
weathers to form slope in gully. —— — •— —  -- - 7.0

11, Sandstone, very pale orange (10YR8/2), weathers 
pale-red (10R6/2), very fine to medium- 
grained, moderately sorted; composed of angular 
to sub-rounded quartz grains; firmly cemented, 
calcareous; massive; weathers to form vertical 
ledge in gully.-— ------------------------------- 2.0

10. Silty sandstone, pale-yellow (10YR8/2),
weathers pale-red (10R6/2), medium-grained 
sand to coarse silt sized, poorly sorted; com
posed of sub-angular to rounded, frosted quartz 
grains; poorly to firmly cemented, calcareous; 
thinly bedded; weathers to form slope in gully.- 5.5

9. Silty sandstone, variegated light-red (5R6/6), 
yellowish-gray (5Y7/2), and grayish-pink 
(5R8/2), weathers same, fine-grained sand to 
silt-sized, poorly sorted; composed of sub- 
angular and sub-rounded quartz grains; firmly 
cemented, calcareous; thinly bedded, weathers 
to form slope in gully. Fissle; cemented with 
large percentage of secondary sparry calcite
in matrix.-— :-------- --- -—  -------------------- 3.0
Total of Alpha Member;— ------------------------—  115.5

Beta Member;
8. Sandy dolomitic micrite, pale-red (10R6/2) and 

grayish-orange (10YR7/4), weathers pinkish- 
gray (5YR8/1), contains coarse silt to very 
fine grained sand, moderately sorted; silt and 
sand composed of sub-angular and sub-rounded 
quartz grains; well-cemented; massive; weathers 
to form inclined step-like cliff at top of 
prominent cliff of unit 7; fossiliferous (?); 
very porous.----------------------------------- 7.0
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7, Silty sandstone, .grayish orange pink (10R8/2), 

weathers moderate orange pink (101*7/4) , very 
fine and coarse-grained, moderately sorted; 
very fine sand is composed of sub-rounded to 
rounded quartz grains; coarse sand is composed 
of rounded, frosted quartz grains; firmly 
cemented, calcareous; thinly bedded; weathers 
to form covered slope in gully.— ---------------- 0.5

6. Sandy dolomitic micrite, grayish-red (5R4/2), 
weathers pale-red (10R6/2) and light brownish 
gray (5YR6/1), contains very fine to coarse 
grained sand, poorly sorted; sand is composed 
of sub-angular to rounded, frosted and un
frosted quartz grains; well-cemented; massive; 
weathers to form prominent vertical cliff.
Weathered surface is pitted. Unit is porous.
Common voids as large as 2 inches in diameter 
are partially filled with sparry calcite 
crystals, and abundant secondary sparry calcite 
veins. Common zones of dolomitic micrite, 
grayish-orange (10YR7/4), weathers same, con
tains rare silt to very fine grained sand, 
moderately sorted; sand is composed of sub- 
angular and sub-rounded quartz grains; well- 
cemented; massive; weathers identical to re
mainder of unit.--------------------------------  11.0

5. Sandy dolomitic micrite to microsparite, dark 
yellowish orange (10YR6/6), weathers moderate 
yellowish brown (10YR5/4), contains silt
sized to medium-grained sand, very poorly 
sorted; composed of sub-angular to rounded, 
frosted quartz grains; well-cemented; massive; 
weathers to form prominent vertical cliff that 
is a continuation of unit 6. Poorly defined 
gradational contact with unit 6. Weathered
surface has pitted texture.----- ------------- -—  5.5
Total of Beta Member:---------------------------  24.0

Gamma Member:
4. Sandstone, light-red (5R6/6) and very pale- 

orange (10YR8/2), weathers pale-red (10R6/2), 
very fine with rare coarse grains, moderately 
sorted; very fine sand is composed of angular 
and sub-angular quartz grains; coarse sand is
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composed of well-rounded, frosted quartz grains; 
firmly cemented, calcareous; thinly bedded; 
weathers to form inclined cliff.---- ---- -------- 5.5

3. Sandstone, very pale orange (10YR8/2), weathers 
pale^red (5R6/2), very fine with rare coarse- 
grains, well-sorted; very fine sand is com
posed of sub-angular and sub-rounded quartz 
grains; coarse sand is composed of well-rounded, 
frosted quartz grains; firmly cemented, cal
careous; massive; weathers to form inclined 
cliff in gully. Within units 3 and 2 occur 
several secondary vertical fractures as wide 
as 3 inches that are now filled with sandstone, 
moderate reddish orange (10R6/6) and light- 
brown (5YR6/4), weathers grayish orange pink 
(5YR7/2), very fine and fine-grained, moderately 
sorted; composed of sub-rounded to well-rounded,
,partially frosted quartz grains and common 
grains of iron oxide; firmly cemented, very 
calcareous; massive; weathers similar to units 
3 and 2.--------------- ----- --------------------- 0.5

2. Sandstone, grayish-orange (10YR7/4) and pale- 
red (10R6/2), weathers pale yellowish brown 
(10YR6/2), very fine and coarse-grained, 
bimodal, moderately sorted; very fine sand is 
composed of sub-angular and sub-rounded quartz 
grains; coarse sand is composed of rounded and 
well-rounded, frosted quartz grains; firmly 
cemented, noncalcareous; thinly bedded; weathers 
to form inclined cliff in gully. In some zones 
in unit individual laminae of coarse and very 
fine grained sand occur; in other zones very 
fine and coarse grains are mixed. Becomes
casehardened on exposure.------- ;---------------  6.5
Total of Gamma Member:--- -------- ---------------  12.5
Total of complete Toroweap Formation:-----------152.0

Toroweap-Coconino contact is a flat 
surface having 2 to 3 inches of local 
relief.

Contact:



Coconino Formation (unmeasured):
Sandstoner grayish-orange (10YR7/4), weathers 
grayish orange pink (5YR7/2), very fine to 
coarse-grainedf poorly sorted; composed of 
sub-angular to rounded quartz grains, larger 
grains are frosted; firmly cemented, non- 
calcareous; uppermost 18 inches is thinly 
bedded; below this occurs wedge-sets of large 
scale tangential cross-laminae; weathers to 
form inclined cliff in gully.
Base of section; not base of exposure.
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Toroweap Formation Section £

Section measured up small canyon on the north 
side of Sycamore Canyon 1.1 miles' S 40°E of 
Pocket Lake in .NE%, of Sec. 25, T. 19 N.,
R, 3 E. Section measured up prominence that 
is 0.6 miles SE of an abandoned road that 
branches at Pocket Lake, heads east for 0.2 
miles, and then winds south.

Permian:
Kaibab Formation (unmeasured):

Feet
19. Sandy limestone, paler-red (5R6/2) and grayish-

orange (10YR7/4), weathers pale-red (10R6/2) and 
pale yellowish brown (10YR6/2), respectively, 
coarsely crystalline, contains very fine grained 
sand, well-sorted; sand is composed of sub- 
angular quartz grains and common grains of iron 
oxide; well-cemented; massive; weathers to form 
prominent vertical cliff. Abundant fossils and 
chert nodules. Weathered surface has pitted 
texture.

Contact: Kaibab-Toroweap contact is a poorly
defined gradational contact that may 
be placed within 2 or 3 feet by 
change in lithology.

Toroweap Formation:
Alpha Member:

18. Sandstone, very pale orange (10YR8/2), weathers 
grayish-orange (10YR7/4), very fine with rare 
medium grains, moderately sorted; very fine 
sand composed of sub-angular and sub-rounded 
quartz grains; medium sand is composed of 
rounded, frosted quartz grains; friable to 
firmly cemented, calcareous; thinly bedded; 
weathers to form inclined slope in gully that 
is a continuation of the slope formed by unit 
17, Bedding in uppermost part of unit is 
parallel to Kaibab-Toroweap contact.-—  ---------  11.0

17. Sandstone, pale yellowish orange (10YR8/6), 
weathers grayish-orange (10YR7/4), very fine
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and fine-grained f moderately sorted; composed 
of sub-angular and sub-rounded quartz grains 
and minor dark accessory minerals; firmly 
cemented, calcareous; slightly irregularly 
bedded; weathers to form inclined cliff in 
gully.-'—  ---- -— — —  ---- ------- ---- ---- -—  ----

16. Sandstone, pale reddish purple (5RP6/2),
weathered color" not known, very fine grained, 
well-sorted; composed of sub-rounded quartz 
grains; poorly cemented, calcareous; thinly 
bedded; weathers to form covered slope in 
gully.------ -— •—  -- ---- -—  --------- -— >— <—  ----

15. Sandstone, moderate reddish brown (10R4/6), 
weathered colored unknown, very fine with 
rare medium grains, moderately sorted; very 
fine sand is composed of rounded quartz grains; 
medium sand is composed of well-rounded, 
frosted quartz grains and minor dark accessory 
minerals; poorly cemented, very calcareous; 
thinly bedded; weathers to form covered slope 
in gully. Within unit occur 3 bands of sand
stone, pinkish-gray (5YR8/1), weathered color 
unknown, identical to remainder of unit except 
for color; a 12 inch thick band occurs 3 feet 
from base of unit, a 24 inch thick band occurs 
11 feet from base of unit, and a 18 inch thick 
band occurs 13.5 feet from base of unit.--------

14. Sandstone, very pale orange (10YR8/2), weathers 
grayish-orange (10YR7/4), very fine grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains; firmly cemented, very 
calcareous; massive; weathers to form inclined 
cliff in gully.---------------------------------

13. Sandstone, pale yellowish orange (10YR8/6), 
weathers light olive gray (5Y6/1), very fine 
grained, well-sorted; composed of sub-rounded 
and rounded quartz grains; poorly cemented, 
very calcareous; thinly bedded; weathers to 
form slope in gully.---- -----------------------

12. Sandstone, very pale orange (10YR8/2), weathers 
light-gray (N7), very fine to medium-grained, 
poorly sorted; composed of sub-rounded and 
rounded, partially frosted quartz grains; firmly 
cemented, calcareous; thinly bedded; weathers 
to form inclined cliff in gully.-- ;-------------

8,5

4.0

15.5

7.0

7.5

2.0
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11. Sandstone, very pale orange (10YR8/2), weathers 

light-gray (N7), very fine grained, well- 
sorted; composed of sub-rounded quartz grains 
and common grains of iron oxide;' firmly ce
mented, calcareous; irregular contorted bed
ding; weathers to form small vertical cliff 
in gully. Small zone of intraformational 
breccia composed of pieces of sandstone similar 
in composition to remainder of unit; pieces 
are sub-rounded and occur as .large as 18 inches 
in diameter. Common elongate voids as long as 
h inch in length that are partially filled with 
crystals of sparry calcite.--- -- ---- ----------- 5.5

10, Sandstone, dark yellowish orange (10YR6/6), 
very pale orange (10YR8/2), and medium light 
gray (N6), weathers pale yellowish brown 
(10YR6/2), very fine to medium-grained, poorly 
sorted; composed of sub-rounded to rounded, 
frosted quartz grains and minor dark accessory 
minerals; firmly to well-cemented, very cal
careous; thinly bedded with some laminated 
zones; weathers to form small concave ledge 
between units 9 and 11; irregular contact with 
unit 9.-------------------- ---- --- --- ----- ----- 1.5

9. Sandstone, pinkish-gray (5YR8/1), weathers very 
light gray (N8), very fine with rare coarse 
grains, moderately sorted; very fine sand is 
composed of sub-angular quartz grains; coarse 
sand is composed of well-rounded, frosted 
quartz grains; firmly cemented, calcareous; 
irregular contorted bedding; weathers to form 
ledge in gully.---- ---- --------- --- ---------- -—  3.0

8. Sandstone, pale yellowish orange (10YR8/6) and 
very pale orange (10YR8/2), weathers medium- 
gray (N5), very fine grained, well-sorted; com
posed of sub-angular and sub-rounded quartz 
grains; friable, calcareous; thinly bedded; 
weathers to form steep open and covered slope 
in gully. Within unit occur 2 bands of sand
stone, very pale orange (10YR8/2), weathers 
medium-gray (N5), very fine with rare medium 
grains, moderately sorted; composed of sub
rounded to rounded quartz grains; firmly ce
mented, noncalcareous; thinly bedded; weathers 
to form small cliff on slope; more firmly ce
mented than remainder of unit. One such band
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2^ feet thick occurs 12% feet from the base of 
the unit and another band 3% feet thick occurs 
24 feet from the base of the unit,-- -— --------- 49.0

7, Sandstone, very pale orange (10YR8/2), weathers 
medium light gray (N6), very fine to medium
grained, poorly sorted; composed of sub-rounded 
to rounded, frosted quartz grains; firmly ce
mented, calcareous; contains wedge sets of 
medium scale tangential planar cross-laminae; 
weathers to form inclined cliff on covered
slope in gully.----------------------------------- 7.0

6. Covered.---- -------- -----------— -------------- —  4.5
5, Sandstone, identical to unit 7 except its

bedding is massive,-— -— ---— — -— •—  ----- — -— -—  2.0
4. Sandstone, grayish-orange (10YR7/4) and very 

pale orange (10YR8/2), weathers light-gray 
(N7), very fine grained, well-sorted; composed 
of sub-angular and sub-rounded quartz grains; 
firmly cemented, calcareous; thinly bedded 
with common laminated zones; weathers to form
covered slope in gully.-------------------------  9.0
Total of Alpha Member:------------— ------------- - 137.0

Beta Member:
3. Sandy dolomitic micrite to sandy micrite;

uppermost 24 inches of unit composed of sandy 
dolomitic micrite, light brownish gray (5YR6/1), 
weathers pale yellowish brown (10YR6/2), con
tains silt to very fine grained sand, moderately 
sorted; silt and sand are composed of sub- 
angular to sub-rounded quartz grains; well- 
cemented; massive; grades downward into a sandy 
micrite, grayish-orange (10YR7/4) and light 
brownish gray (5Y6/1), weathers grayish orange 
pink (5YR7/2) and pale yellowish brown 
(10YR6/2), contains very fine and rare coarse 
grains, moderately sorted; very fine grained 
sand is composed of sub-angular and sub-rounded 
quartz grains; coarse sand is composed of rounded 
to well-rounded, frosted quartz grains; well- 
cemented; massive. Unit weathers to form 
rounded step-like cliff. In uppermost part of
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unit manganese oxide dendrites are common. 
Throughout unit are common secondary yeinlets 
of sparry calcite and hematite as thick as 1/8 
of an inch, Hematite is also present in elon
gate, irregular nodules as large as 1 inch in 
diameter and several inches in length. Two 
sets of sandstone are present in unit; banded 
pale purple (5P6/2) and pale yellowish green 
(10Y8/2), weathers pale-olive (10Y6/2) and 
medium light gray (N6), very fine grained, well- 
sorted; composed of sub-angular and sub-rounded 
quartz grains; firmly cemented, very calcareous; 
thinly bedded; weathers to form small inclined 
ledges between slightly more resistant micrite 
zones. Common elongate, irregular nodules of 
iron oxide as much as 3/4 inch in length are 
present on weathered surface of sandstone bands. 
One such band is 12 inches thick and is present 
2 feet from the bottom of the unit; the other 
is 6 inches thick and is present 5^ feet from
the bottom.----- --------- -----— -— —— •— •—  --- -—  8.5
Total of Beta Member;—--- -------— — --- -— — --  8.5

Gamma Member;
2. Sandstone, banded pale red purple (5RP6/2),

very pale orange (10YR8/2), and dark yellowish 
orange (10YR6/6), weathers grayish-olive 
(10Y4/2) and light brownish gray (5YR6/1), 
very fine with rare medium- and coarse-grained 
sand, moderately well sorted; very fine sand 
is composed of sub-angular quartz grains; medium 
and coarse sand is composed of rounded and well- 
rounded, frosted quartz grains? firmly cemented, 
noncalcareous; thinly bedded with common lamin
ated zones; weathers to form rounded cliff. At 
base of unit is a 6 inch lense of silty sand
stone, moderate reddish brown (10R4/6) and 
grayish-orange (1QYR7/4), weathers pale yel
lowish brown (10YR6/2), silt- to medium-grained 
sand, poorly sorted; composed of sub-angular 
to rounded quartz grains; medium grains are 
frosted; poorly to firmly cemented, very cal
careous; laminated; weathers to form small con
cave ledge just above Toroweap-Coconino contact?
lense is about 8 feet long.---------------------- 11.0
Total of Gamma Member:------------------ --------  11.0
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Total of complete Toroweap Formation; 156.5

Contact; Toroweap-Coconino contact is a flat
surface having no visible local relief.

Coconino Formation (unmeasured):
1. Sandstone, very pale orange (10YR8/2), weathers 

medium "-gray (N5), very fine grained, well- 
sorted; composed of sub-angular quartz grains; 
firmly cemented, noncalcareous; wedge-sets of 
large scale tangential cross-laminae; weathers 
to form rounded cliff in gully. Cross-laminae 
in uppermost part of unit are truncated by 
Toroweap-Coconino contact.
Base of section; not base of exposure.



87
Toroweap Formation gection 1_

Section measured up gully on steep northern 
side of Tule Canyon in NW%,' NW%, of Sec. 18,
T, 19 N,, R. 4 E, Tule Canyon is a small 
canyon that branches westward off the southern 
end of Sycamore Canyon,

Permian;
Kaibab Formation (unmeasured); .

Feet
36. Limestone, very pale orange (10YR8/2), weathers 

medium-gray (N5), coarsely crystalline; well- 
cemented; massive; weathers to form prominent 
vertical cliff. Abundant chert nodules present 
in lowermost unit of formation.

Contact: Kaibab-Toroweap contact is covered
but may be placed within 1 or 2 feet 
by sharp break in slope and distinct 
change in lithology.

Toroweap Formation:
35. Sandstone, pale yellowish orange (10YR8/4), 

weathers grayish-orange (10YR7/4), very fine 
grained with rare medium grains, moderately 
sorted; very fine sand is composed of sub- 
angular and sub-rounded quartz grains and 
common grains of iron oxide; medium sand is 
composed of rounded, frosted quartz grains; 
poorly to firmly cemented, calcareous; thinly 
bedded; weathers to form steep covered slope 
at the base of the Kaibab cliff.'--- — --------- 6.0

34. Sandstone, grayish-yellow (5Y8/4) and pale
yellowish orange (10YR8/6), very fine grained 
with common medium grains, moderately sorted; 
very fine sand is composed of angular to sub
rounded quartz grains and minor dark accessory 
minerals; medium sand is composed of rounded, 
frosted quartz grains; poorly to firmly ce
mented, noncalcareous; very contorted; weathers 
to form steep covered slope. Common zones of 
secondary sparry calcite in matrix.  ---- -— •— 5.5
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33, Sandstone, pale reddish brown (10R5/4),

weathers same, very fine grained, well-sorted; 
composed of sub^angular and sub-rounded quartz 
grains and minor dark accessory minerals; 
firmly cemented, very calcareous; thinly bed
ded; weathers to form steep slope in gully.
Common 6 inch thick bands of sandstone, grayish- 
pink (5R8/2), weathers same, very fine grained, 
well-sorted; composed of sub-angular quartz 
grains and minor dark accessory minerals; 
firmly cemented, very calcareous; massive; 
weathers to form small vertical ledge bn slope 
in gully; slightly more resistant to erosion 
than remainder of unit.-------------- -— >—  ---- —  12.5

32. Sandstone, very light gray (N8), weathers same, 
very fine grained, well-sorted; composed of 
angular and sub-angular, frosted quartz grains 
and minor dark accessory minerals; poorly to 
firmly cemented, calcareous; thinly bedded; 
weathers to form small vertical ledge in gully.- 1.5

31. Sandstone, pinkish-gray (5YR8/1), weathers
pale reddish brown (10R5/4), very fine grained, 
well-sorted; composed of angular to sub-rounded 
quartz grains and minor dark red and black 
accessory minerals; firmly cemented, calcareous; 
massive; weathers to form small vertical cliff 
in gully.-- ------- -------- ----------------------  4.5

30. Sandstone, variegated pinkish-gray (5YR8/1),
weathers same, very fine grained, well-sorted; 
composed of sub-angular and sub-rounded quartz 
grains; poorly cemented, calcareous; thinly 
bedded; weathers to form steep slope in gully.—  2.0

29. Sandstone, grayish-pink (5R8/2) and moderate 
yellowish brown (10YR5/4), weathers pale red
dish brown (10R5/4), very fine to coarse
grained, poorly sorted; fine sand is composed 
of sub-angular to rounded quartz grains; medium 
and coarse sand is composed of well-rounded 
and frosted quartz grains; well-cemented, cal
careous; massive; weathers to form small ledge
in gully.------ ----------------------------— -----  0.5

28, Sandstone, identical to unit 30.-- ------------- - 5.5
27. Sandstone, pinkish-gray (5YR8/1), weathers 

moderate orange pink (10R7/4), very fine
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grained, well-sorted; composed of sub-rounded
and rounded, frosted and unfrosted quartz
grains; firmly cemented, calcareous; common
tabular-sets of small scale planar tangential
cross-laminae; weathers to form small vertical
cliff in gully.---------- ----- ------------ -------. 5.0

26. Sandstone, variegated moderate reddish orange 
(10R6/6), pale reddish brown (10R5/4), and 
grayish-pink (5R8/2); moderate reddish orange 
and pale reddish brown sandstone is very fine 
grained, well-sorted; composed of sub-angular 
and sub-rounded quartz grains; firmly cemented, 
calcareous; the grayish-pink sandstone is very 
fine to coarse-grained, poorly sorted; com
posed of sub-rounded and rounded, frosted quartz 
grains; firmly cemented, calcareous; entire 
unit is thinly bedded and weathers to form 
steep covered slope in gully.---- -----— -------- 3.0

25. Sandstone, pale reddish brown (10R5/4), weathers 
the same, and grayish orange pink (5YR7/2), 
weathers light-brown (5YR6/4), very fine to 
fine-grained, well-sorted; composed of sub
rounded to rounded quartz grains; firmly ce
mented, noncalcareous; massive; weathers to 
form cliff in gully.-- --------------------------  7,5

24. Sandy siltstone, pale reddish brown (10R5/4), 
weathers light-brown (5YR6/4), silt-sized to 
very fine grained, well-sorted; composed of 
sub-rounded quartz grains; firmly cemented, 
very calcareous; massive; weathers to form 
small concave ledge in gully between more 
resistant units 25 and 23.------------------— ■—  1.5

23. Sandstone, moderate orange pink (5YR8/4),
weathers dark-gray (N3), fine-grained, well- 
sorted; composed of rounded quartz grains; 
firmly cemented, noncalcareous; wedge-sets 
of small scale planar, tangential cross
laminae; weathers to form small cliff in gully.- 4,5

22. Sandstone, very pale orange (10YR8/2), weathers 
medium-gray (N5), very fine to medium-grained, 
poorly to moderately sorted; composed of sub- 
angular to rounded, frosted quartz grains; 
firmly cemented, noncalcareous; tabular-sets 
of small scale planar tangential cross-laminae; 
weathers to form cliff in gully.— — '  — -— —  5.0
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21, Sandstone/ variegated dusky-red (5R3/4) and 

very pale orange (10XR8/2), weathers same/ 
very gine grained, moderately sorted; composed 
of sub-angular quartz grains; poorly to firmly 
cemented, calcareous; thinly bedded; weathers 
to form concave ledge between more resistant 
units 22 and 20.-— '--- .— .—  --------------------- 2.0

20. Sandstone, banded moderate-red (5R5/4) and 
grayish-orange (10YR7/4), weathers grayish- 
purple (5RP4/2) and grayish orange pink (10R8/2), 
very fine to medium-grained, poorly to moderately 
sorted; composed of sub-angular to rounded, 
frosted and unfrosted quartz grains; firmly ce
mented, calcareous; thinly bedded and very con
torted. In uppermost 3 feet of unit is a zone 
of intraformational breccia; breccia pieces are 
% to 6 inches in diameter and sub-angular to 
sub-rounded in shape; pieces are composed of 
sandstone, very pale orange (10YR8/2) and mod
erate orange pink (10R7/4), weathers same, very 
fine grained, well-sorted; composed of sub
rounded and rounded quartz grains; firmly to 
well-cemented, noncalcareous; massive; breccia 
pieces weather to rounded blocks protruding 
from outcrop. Matrix is also composed of sand
stone, pale reddish brown (10R5/4), weathers 
same, very fine and fine-grained, moderately 
sorted; composed of angular to rounded quartz 
grains; firmly cemented, very calcareous; mas
sive; less resistant to erosion than breccia 
pieces. Unit weathers to form irregular con
cave cliff.--- --- ----------------- ----------- :--  5.5

19. Sandstone, pale reddish brown (10R5/4), weathers 
same, very fine grained, well-sorted; composed 
of sub-rounded and rounded quartz grains; firmly 
cemented, calcareous; weathers to form steep 
slope in gully. Every 30 to 36 inches in unit 
occur 1 inch thick bands of sandstone, pale- 
red (10R6/2), weathers same, very fine grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains and minor dark accessory 
minerals; firmly to well-cemented, very cal
careous; massive; slightly more resistant to 
erosion than remainder of unit.----- ------------  14.0

18. Sandstone, pale reddish brown (10R5/4), weathers . 
same, very fine grained, well-sorted; composed 
of angular to sub-rounded quartz grains and
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minor dark accessory minerals; firmly cemented, 
calcareous; massive; weathers to form small 
concave ledge. Abundant voids as much as 
several inches in diameter' that are filled with 
sparry calcite crystals.— ----------------------  1.0
Erosion surface: contact between" units 18 and

17 is a channeled surface 
having a local relief of 6 
to 12 inches.

17. Sandstone, moderate-red (5R4/6), weathers gray
ish-red (10R4/2), very fine to medium-grained, 
very poorly sorted; composed of sub-angular to 
rounded, frosted quartz grains; firmly cemented, 
very calcareous; thinly bedded; weathers to form 
steep slope in gully.-'----- ---- ----- -----------  5.5

16. Sandstone, grayish-orange (10YR7/4), weathers 
to light-brown (5YR5/6), very fine grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains and minor dark accessory 
minerals; firmly to well-cemented, calcareous 
to very calcareous; massive; weathers to form 
small vertical ledge in gully. Common stringers 
and elongate nodules of sparry calcite as thick 
as 3/4 of an inch, pale reddish brown (10R5/4) 
and pale-pink (5RP8/2), weathering light-brown 
(5YR5/6), coarsely crystalline, well-cemented; 
massive; weathers to form rounded, elongate 
nodules on outcrop; color due to iron oxide (?) 
staining. Common to rare yellowish-gray (5Y7/2)
chert nodules throughout unit.------------------- 1.0

15. Covered.----------------------------------------  3.0
14. Sandstone, moderate reddish brown (10R4/6),

weathers pale reddish brown (10R5/4), very fine
and medium-grained, moderately sorted; composed
of sub-rounded and rounded, frosted quartz
grains; firmly to well-cemented, calcareous;
massive; weathers to form small vertical cliff
in gully; more resistant to erosion than units
15 or 13.'—  -- -—  --- ------- ---------------- ---- 4.0

13. Sandstone, moderate reddish brown (10R4/6), 
weathers same, very fine to medium-grained, 
moderately sorted; composed of sub-rounded
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to rounded, frosted quartz grains; firmly ce
mented, calcareous; thinly' bedded with common 
massive zones; weathers to form small rounded 
bench below resistant unit 14,'—  ---------------- 1.0

12. Sandstone, pale reddish brown (10R5/4) and
moderate orange pink (5YR8/4), weathers same; 
the pale reddish brown sandstone is very fine 
to very coarse grained, very poorly sorted; 
composed of sub-rounded quartz grains and com
mon angular coarse grains of uhfrested calcite, 
possibly of secondary origin; the moderate 
orange pink sandstone is fine- to coarse-grained, 
poorly sorted; finer sand is composed of sub- 
angular and sub-rounded quartz grains and minor 
dark accessory minerals; coarse sand is com
posed of well-rounded, frosted quartz grains; 
firmly cemented, calcareous; massive, weathers 
to form ledge in gully.'-- --- ------------ --------  3.0

11. Silty sandstone, pale reddish brown (10R5/4) 
and grayish-orange (10YR7/4), weathers same, 
silt-sized to fine-grained, moderately to well- 
sorted; composed of sub-angular to rounded 
quartz grains; very friable, calcareous; thinly 
bedded; weathers to form gentle slope in gully; 
less resistant than units 12 or 10.-- --------- —  3.0

10. Sandstone, very pale orange (10YR8/2), weathers 
pale-red (10R6/2), very fine to coarse-grained, 
poorly sorted; finer sand is composed of sub- 
angular and sub-rounded quartz grains; medium 
and coarse sand is composed of well-rounded, 
frosted quartz grains; massive; weathers to 
form small vertical ledge in gully; more re
sistant to erosion than units 10 or 12.--------  3.0

9. Silty sandstone, moderate-red (5R5/4) and 
grayish-orange (10YR7/4), identical to unit 
11.----------------- i---------------------------- 5.5

8. Sandstone, light brownish gray (5YR6/1),
weathers dark-gray (N5), very fine to medium
grained, moderately sorted; composed of sub- 
angular to rounded, partially frosted quartz 
grains; firmly cemented, calcareous; massive; 
weathers to form vertical ledge in gully; more 
resistant to erosion than units 9 or 7.-'-------  1.5
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71 Sandstonez pale-red (5R6/2), weathers same, 

fine^grainedz well-sorted; composed of sub
rounded quartz grains and minor dark accessory 
minerals; firmly cemented, calcareous; thinly 
bedded; weathers to form small rounded bench 
in gully. White (N9) uncolored areas as large 
as 1/8 inch in diameter give the rock a 
speckled appearance.■— -— -----— "—  ----- ----------  1.0

6, Sandstone, banded moderate orange pink (10R7/4), 
moderate-red (5R5/4), and grayish-orange 
(10YR7/4), weathers grayish-black (N2), very 
fine to medium-grained, moderately to well- 
sorted; composed of sub-rounded to rounded 
quartz grains; firmly cemented, calcareous; 
massive with common zones of faintly visible 
cross-lamination; weathers to form small in
clined ledge; more resistant to erosion than 
units 7 or 5.--- -—  ------- --- — — -—  --- -—  -- --- ' 2.5
Erosion surface; contact between units 6 and 5

is a channeled surface having 
a local relief of 8 inches.

5. Sandstone and silty sandstone. Sandstone,
banded pinkish-gray (5YR8/1), moderate orange 
pink (10R7/4), and pale-red (5R6/2), weathers 
pale reddish brown (10R5/4), moderate orange 
pink (10R7/4), and pale red (5R6/2). Pinkish- 
gray sandstone is very fine to medium-grained, 
poorly sorted; composed of sub-rounded to 
rounded, frosted quartz grains and minor dark 
accessory minerals; noncalcareous. Moderate 
orange pink and pale-red sandstone is very fine 
grained, well-sorted; composed of sub-angular 
and sub-rounded quartz grains and minor dark 
accessory minerals; calcareous. Silty sand
stone, moderate orange pink (10R7/4) and dark 
yellowish orange (10YR6/6), weathers pale-red 
(5R6/2) and grayish-orange (10YR7/4), silt
sized to fine-grained, moderately sorted; com
posed of sub-angular to rounded quartz grains 
and minor dark accessory minerals; calcareous. 
Entire unit is poorly to firmly cemented; thinly 
bedded and slightly contorted; weathers to form 
slope in gully; less resistant to erosion and 
less contorted than unit 4. Common small
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manganese oxide dendrites throughout unit.
Sets of sandstone and silty sandstone alternate 
throughout unit. --- -—  ----- ------- ------------  7.5

4. Silty sandstone, variegated grayish orange pink 
(10R8/2), pale-red (5R6/2) / pale-red (10R6/2), 
and grayish-orange (10YR7/4), weathers same, 
fine-grained sand to silt-sized, moderately 
sorted? composed of sub-angular to sub-rounded 
quartz grains? firmly to well-cemented, cal
careous; thinly bedded and very contorted.
Common small manganese oxide dendrites. Com
mon small thin zones of siltstone, grayish- 
orange (10YR7/4) and moderate reddish brown 
(10R4/6), weathers same, silt-sized, well- 
sorted; composed of sub-angular quartz grains; 
well-cemented, calcareous; massive. Entire 
unit weathers to form slope in gully.-- -------- 5.5

3. Sandstone, banded pale yellowish orange (10YR8/6) 
and pale-red (5R6/2), weathers dark yellowish 
brown (10YR4/2), very fine with abundant medium 
grains, moderately well sorted; very fine sand 
is composed of sub-rounded quartz grains and 
abundant pink accessory minerals; medium sand 
is composed of rounded, frosted quartz grains; 
firmly cemented, noncalcareous; thinly bedded? 
weathers to form inclined cliff in gully that 
is a continuation of unit 2,---------- ---------- 11.0

2. Sandstone, pinkish-gray (5YR8/1), weathers
medium light gray (N6) and light brownish gray 
(5YR6/1), very fine grained with common medium 
grains, moderately well sorted; very fine sand 
is composed of sub-angular and sub-rounded 
quartz grains; medium sand is composed of 
rounded, frosted quartz grains; firmly cemented, 
noncalcareous? massive? weathers to form in
clined ledge that is a continuation of Coconino 
Formation, Most medium sand occurs in poorly
defined laminae as thick as % of an inch.------- 2.5
Total of complete Toroweap Formation:----------—  147.5

Contact: Toroweap-Coconino contact is a smooth
surface having several inches of local 
relief.



Coconino Formation (unmeasured);
Sandstonez grayish orange pink (5YR7/2), 
weathers pale-brown (5YR5/2), very fine and 
medium-grained, bimodal, moderately sorted; 
very fine sand is composed of sub-rounded and 
sub-angular quartz grains; medium sand is com
posed of rounded, frosted quartz grains; firmly 
cemented, noncalcareous; wedge- and tabular- 
sets of large scale tangential cross-laminae; 
weathers to form prominent inclined and vertical 
cliff. In some zones individual laminae are 
composed of very fine sand and medium sand; in 
other zones the two grain sizes are well mixed.
Base of section; not base of exposure.
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Section measured up heavily wooded gully on the 
east side of Sycamore Canyon in SE^, SW%, of 
Sec. 34, T, 19 N,, R. 4 E, Section measured 
200 yards west of little-used road that runs 
between Turkey Butte and Sycamore Pass and is 
6.1 miles SW of Turkey Butte.

Permian:
Kaibab Formation (unmeasured):

Feet
16. Sandy limestone, very pale orange (10YR8/2) and 

pale yellowish orange (10YR8/6), weathers medium 
dark gray (N4), coarsely crystalline, contains 
very fine grained sand, well-sorted? sand is 
composed of rounded to well-rounded quartz 
grains; well-cemented; massive? weathers to form 
rounded prominent cliff. Lithology of lower
most Kaibab unit similar to uppermost unit of 
Toroweap Formation,

Toroweap Formation Section £

Contact: Kaibab-Toroweap contact is a fairly
flat surface having 1 or 2 inches of 
local relief.

Toroweap Formation:
15. Sandstone, very pale orange (10YR8/2), weathers 

grayish-orange (10YR7/4), very fine grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains; firmly cemented, cal
careous; thinly bedded; weathers to form vertical 
cliff in gully. Common sinuous bands of iron 
oxide staining 1/16 of an inch thick occur 
throughout unit.-- -— ----------------------------  30.5

14. Sandstone, pale yellowish orange (10YR8/6), 
weathers grayish orange pink (5YR7/2), very 
fine grained with rare medium grains, moderately 
well-sorted? composed of sub-rounded and rounded, 
frosted quartz grains and common grains of iron 
oxide that act as nucleui for staining, giving 
the rock a speckled appearance; firmly cemented, 
noncalcareous; slightly contorted, irregular 
bedding; weathers to form vertical cliff in 
gully.-------------------- ------- ---------------  15.5
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13. Sandy siltstone, banded, bluish white (5B9/1), 

pale yellowish orange (10YR8/6), grayish orange 
pink (5XR7/2)z pale red purple (5RP6/2), and 
moderate yellowish brown (10YR5/4), weathered 
color unknown, silt^sized to very fine grained, 
moderately sorted; composed of sub-angular and 
sub-rounded quartz grains; firmly cemented, 
calcareous; thinly bedded with common laminated 
zones; weathers to form concave ledge at the 
base of unit 14. Fetid; abundant secondary 
crystals of sparry calcite. -- -— ■—  ----—  -----  2.5

12. . Sandstone, light-brown (5YR5/6) and pale red
dish brown (10R5/4), weathered color unknown, 
very fine grained with common fine grains, 
moderately well sorted; composed of sub-angular 
to rounded, partially frosted quartz grains; 
poorly to firmly cemented, calcareous; thinly 
bedded; weathers to form open and covered slope.--------------------------------------- ---- 28.5

11. Sandstone, moderate orange pink (10R7/4) and 
grayish orange pink (10R8/2), weathered color 
unknown, very fine to medium-grained, poorly 
sorted; composed of sub-rounded to well-rounded, 
partially frosted quartz grains and minor dark 
accessory minerals; very friable, noncalcareous; 
thinly bedded; weathers to form slope in gully. 
Abundant irregular zones of iron oxide staining 
less than h inch in diameter.------------------- 6.5

10. Sandstone, moderate orange pink (5YR8/4), light- 
red (5R6/6), and very pale orange (10YR8/2), 
weathers moderate pink (5R7/4) and grayish 
orange pink (5YR7/2), very fine and medium
grained, moderately sorted; very fine sand is 
composed of sub-angular and sub-rounded quartz 
grains and minor dark accessory minerals; 
medium sand is composed of well-rounded, 
frosted quartz grains; firmly to well cemented, 
noncalcareous; wedge-sets of small scale and 
medium scale tangential cross-laminae; weathers 
to form inclined cliff in gully.---------------- 13.0

9. Sandstone, very pale orange (10YR8/2) and mod
erate orange pink (5YR8/4), weathers grayish 
orange pink (5YR7/2), very fine to coarse
grained, very poorly sorted; composed of 
rounded to well-rounded, frosted quartz grains;
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firmly cementedf slightly calcareous; massive;
weathers to form small vertical cliff and
covered slope in gully. Abundant speckles of
orange^pink (10R7/4) staining as large as 1/8
inch in diameter occur in very pale orange
zones.------ -— ---- --------------- "--- — --------- 5.0

8, Sandy siltstone, grayish-red (10R4/2), weathers 
same, silt-sized to very fine grained, mod
erately sorted; composed of sub-angular quartz 
grains; poorly cemented, calcareous; thinly 
bedded, fissle; weathers to form small concave 
ledge and covered slope in gully. Within unit 
occurs a 1 inch thick contorted band of. sand
stone, grayish-orange (10YR7/4), weathers gray
ish orange pink (5YR7/2), very fine to medium
grained, poorly sorted; composed of sub-rounded 
quartz grains; well-cemented, calcareous; mas
sive; more resistant to erosion than remainder
of unit,— --- -— '•—  ---------------------—  ----- 1.5

7. Sandstone, identical to unit 9.------— ■— -—   —  5.0
6. Sandstone, banded, light-brown (5YR5/6), mod

erate reddish orange (10R6/6), pale-red 
(10R6/2), and grayish-pink (5R8/2), weathers 
same, very fine to medium-grained, moderately 
sorted; composed of sub-rounded to well-rounded, 
partially frosted quartz grains; very poorly ce
mented, noncalcareous; thinly bedded with some 
laminated arid slightly contorted zones; weathers 
to form covered slope in gully. Common to rare 
black stained areas as large as 1/16 inch in
diameter give rock speckled appearance.---- ---- 13.5

5. Covered. ---- -------------------------------------- 16,0
4. Sandstone, grayish-pink (5R8/2) and very pale 

orange (10YR8/2), weathers olive-gray (5Y4/1), 
very fine grained, well-sorted; composed of 
sub-angular and sub-rounded quartz grains; 
well-cemented, very calcareous; massive; 
weathers to form inclined cliff in gully.----- - 6.0

3. Sandstone, yellowish-gray (5Y8/1) and light 
olive gray (5Y6/1), weathers dark greenish 
gray (5GY4/1), very fine grained, well-sorted; 
composed of sub-angular quartz grains; well- 
cemented, calcareous; massive; weathers to
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form inclined cliff in gully; 8% feet from the 
base of the unit occurs a zone of elongate chert 
nodules as long as 8 inches' in length".— ------- - 16.5

2, Sandstone, moderate reddish brown (10R4/6),
weathers grayish-red (1QR4/2) , very fine grained 
with common medium and coarse grains, moderately 
well sorted; very fine sand is composed of sub- 
angular quartz grains; medium and coarse sand 
is composed of rounded, frosted quartz grains; 
poorly sorted, slightly calcareous; thinly bed
ded; weathers to form covered slope and scattered.
small outcrops in gully.-*—  --------------- ------ 22.5
Total of complete Toroweap Formation:—  -------- 182.5

Contact: Toroweap-Coconino contact is covered
but may be placed within 5 feet by 
break in slope.

Coconino Formation (unmeasured):
1. Sandstone, grayish-orange (10YR7/4), weathers 

dark yellowish brown (10YR4/2), fine-grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains; firmly cemented, non- 
calcareous; wedge- and tabular-sets of large- 
scale tangential cross-laminae; weathers to 
form steep inclined cliff and covered slope.
Base of section; not base of exposure.
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Section measured up 2 prominences in SE%, SE%, 
of Sec, 28, T, 19 N., R. 6 E, Section is next 
to US Highway 89 in Oak Creek Canyon, 2.2 miles 
south of Pumphouse Wash bridge and 4,5 miles 
south of overlook at the head of Oak Creek 
Canyon.

Permian:
Kaibab Formation (incomplete and unmeasured):

Feet
11. Sandy limestone, yellowish-gray (5Y7/2),

weathers same, finely crystalline, contains 
very fine grained sand, well-sorted; sand is 
composed of sub-angular quartz grains; firmly 
to well-cemented; massive; weathers to form 
small rounded cliff at top of prominence.

Contact: Kaibab-Toroweap contact is covered,
but may be placed within 1 or 2 feet 
by break in slope, abrupt increase 
in calcium carbonate content, and 
abrupt occurence of fossiliferous 
material.

Toroweap Formation Section £ .

Toroweap Formation:
10. Sandstone, very pale orange (10YR8/2), weathers 

light olive gray (5Y6/1), very fine grained 
with common to rare medium grains, moderately 
sorted; composed of sub-angular quartz grains 
and minor dark accessory minerals; firmly to 
well-cemented, noncalcareous; massive; weathers 
to form inclined cliff and steep covered slope.
Common secondary quartz overgrowths. Slightly 
casehardened on weathered surfaces.------------- 16.0

9. Sandstone, moderate orange pink (5YR8/4),
weathers grayish-orange (10YR7/4), very fine 
to medium-grained, poorly sorted; composed of 
rounded to sub-angular, pitted, partially 
frosted quartz grains and minor dark accessory 
grains of hematite; firmly cemented, slightly 
calcareous; faintly visible wedge-sets of
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small scale tangential planar cross-laminae; 
weathers to form inclined cliff and very steep, 
covered slope that is a continuation of unit
10. Common veins of sparry calcite as thick as 
1/8 inch occur throughout unit in an irregular 
pattern. Lower 5 feet of unit has a weathered 
surface studded with slightly more resistant, 
calcareous nodules 1/8 inch in diameter.-------- 16.0
Erosion surface: contact between units 9 and 8

is a channeled surface having 
6 to 12 inches of local relief.

8. Sandstone, very pale orange (10YR8/2), weathers 
medium light gray (N6), very fine to medium
grained, poorly sorted; composed of sub-rounded 
and rounded, frosted, pitted quartz grains and 
rare dark accessory minerals; firmly cemented, 
slightly calcareous to noncalcareous; wedge- 
and tabular-sets of small scale and medium 
scale tangential planar cross-laminae; weathers 
to form densely vegetated, steep slope and 
vertical cliff. Weathered surface of upper 7 
feet of unit covered with calcareous nodules 
similar to those in unit 9. Casehardened on 
weathered surfaces.------------------------- ----  69.5

7. Sandstone, moderate orange pink (5YR8/4),
weathers pale yellowish brown (10YR6/2), very 
fine to medium-grained, poorly sorted; composed 
of sub-angular to rounded, frosted quartz grains 
and minor dark accessory minerals; poorly to 
firmly cemented, noncalcareous; tabular-sets 
of large scale planar cross-laminae; weathers to 
form inclined cliff. Within unit are several 12 
inch thick stringers of sandstone stained mod
erate reddish orange (10R6/6), lithology identi
cal to remainder of unit.-------------- ---------  84.0

6. Sandstone, pale yellowish orange (10YR8/6), 
weathers moderate yellowish brown (10YR5/4), 
very fine to coarse-grained, very poorly sorted; 
composed of sub-angular to rounded, frosted 
quartz grains; firmly cemented, noncalcareous; 
tabular- and wedge-sets of small scale and me
dium-scale planar tangential cross-laminae; 
weathers to form steep open and densely covered
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slope and vertical cliff. Zone of protruding 
nodules as large as 3/8 inch in diameter occur 
on weathered surface 35 feet above base to top 
of the unit; similar to those in unit 9 but 
noncalcareous, Also from 35 feet above base to 
top of the unit are scattered zones of case- 
hardened sandstone as much as 5 feet thick and 
10 feet in length. Sand size and sorting 
similar to remainder of unit. Matrix is com
posed of various iron oxides, primarily hematite 
and limonite, which give the sandstone a banded 
appearance, dark yellowish orange (6YR6/6), 
dusky-red (5R3/4), and moderate reddish brown 
. (10R4/6) , weathers same.' In the casehardened 
zones the sandstone is firmly to well cemented.
Section transfered 75 yards to the SW along
base of this unit. — <— -— ■— ■— — -— ■— -— ■— - 89.0

5, Sandstone, very pale orange (10YR8/2), weathers 
light olive gray (5Y6/1), very fine to medium
grained, poorly sorted; composed of sub-angular 
to rounded, frosted, pitted quartz grains and 
rare accessory grains of hematite; firmly ce
mented, noncalcareous; lower half of unit con
tains fairly well developed horizontal lamin
ations. Individual laminae are slightly con
torted; contortions have an amplitude of % inch.
Upper half of unit is very contorted; impos
sible to trace individual laminae more than 1 
or 2 feet. Lower part of unit weathers to form 
inclined cliff. Upper half of unit weathers 
back several feet into cliff to form overhang. 
Weathered surface is slightly casehardened.
Common poorly defined bands of fine and medium
hematite grains stain the rock pale reddish
brown (10R5/4) .---------------------------------  9.5

4. Sandstone, grayish-orange (10YR7/4), weathers 
pale yellowish brown (10YR6/2), upper part of 
unit is very fine to medium-grained, lower part 
of unit is medium- to very fine grained, poorly 
sorted; composed of sub-angular to rounded, 
frosted quartz grains and minor dark accessory 
minerals; poorly to firmly cemented, noncal
careous; tabular- and wedge-sets of small scale 
and medium scale tangential planar cross-lam
inae; weathers to form cliff and gentle, 
partially covered slope. Cross-laminae in upper
most part of unit are truncated by unit 5.---- - 82.0
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3, Intraformational breccia, Matrix is silty

sandstone, grayish-red (10R4/2), weathers same, 
silt to coarse-grained sand, very.poorly sorted; 
finer' sand and silt are composed of sub-angular 
and sub-rounded, frosted quartz grains; very 
poorly cemented, slightly calcareous to very 
calcareous; forms convolute layers between 
breccia pieces and dark inclusions. Breccia 
pieces are sandstone and occur as tabular frag
ments as long as 24 inches and as thick as 2 
inches. Sandstone fragments in upper 12 inches 
of unit are very pale orange (10YJR8/2) and 
light-brown (5YR5/6), weathering light-brown 
(5YR6/4), very fine grained with common medium 
grains, moderately to well sorted; very fine 
sand is composed of sub-angular and sub-rounded 
quartz grains; medium sand is composed of rounded, 
frosted quartz grains; firmly cemented, calcareous; 
laminated; slightly more resistant to erosion 
than matrix. Common 1/16 inch thick zones of 
secondary (?) sparry calcite parallel to lami
nation, Sandstone fragments 20 inches to 12 
inches from the top of the unit are grayish- 
orange (10YR7/4) and dark yellowish orange 
(10YR6/6), weathers same, very fine grained, 
well-sorted; composed of sub-angular and sub
rounded quartz grains and minor dark accessory 
minerals; poorly to firmly cemented, noncal
car eous; massive; slightly more resistant to 
erosion than matrix. A layer of sandy silt- 
stone % to 1 inch thick occurs at base of unit, 
moderate orange pink (5YR8/4), very pale orange 
(10YR8/2), and pale greenish yellow (10Y8/2), 
weathered color unknown, silt-sized to very fine 
grained, moderately sorted; composed of sub- 
angular and sub-rounded quartz grains; very 
poorly cemented, calcareous; laminated. Within 
matrix are common, dark, sub-angular and sub
rounded inclusions as large as 2 inches in di
ameter; inclusions concentrated in middle of 
unit about 18 inches from its base. Inclusions 
have two different distinct compositions; one is 
a hematitic sandy siltstone (concretion?), dusky- 
red (5R3/4) and pale-red (5R6/2), weathers pale- 
red (10R6/2), wilt-sized to medium-grained sand, 
poorly sorted; composed of very angular to ang
ular quartz grains; very well-cemented, noncal- 
careous; massive with common, small contorted 
zones within inclusions; hematite forms slightly
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more than 50% o£ the rock. The second type of 
inclusion is of volcanic (?) origin, light olive 
gray (5X5/2), weathers yellowish-gray (5X7/2); 
composed of quartz, plagioclase feldspar, and 
other indistinguishable minerals that form an 
interlocking mosaic; because this type of in
clusion has been largely altered to clay, iden
tification of other minerals is impossible; 
however, inclusion is definitely of igneous 
origin; inclusion is very fractured and con
tains abundant small slickenslides. At contact 
between lower half of unit, composed primarily 
of matrix, and the upper half of the unit, com
posed primarily of breccia pieces, occurs con
volute structures, as if the sandstone frag
ments had sunk into soft matrix. Entire unit 
weathers to form concave cliff in road cut.
Abundant organic material (rootlets) found 
throughout unit.--------------------------------- 3.0

2, Sandstone, dark yellowish orange (10YR6/6),
very pale orange (10YR8/2), and pale yellowish 
orange (10YR8/6), weathers moderate yellowish 
brown (10YR8/2) and light-brown (5YR6/4), silt
sized to very fine grained with rare medium 
grains, moderately sorted; silt and very fine 
sand are composed of sub-angular and sub
rounded, frosted quartz grains and minor dark 
accessory minerals; medium grains are composed 
of rounded, frosted quartz grains; firmly 
cemented, noncalcareous; faintly visible hori
zontal laminations; weathers to form vertical 
cliff in road cut. Medium grains occur randomly 
through unit, although in some zones they also 
occur as thin individual laminae 1 or 2 grains
thick.------------------------------------------- 7.0
Total of complete Toroweap Formation:----------- 376.0

Contact: Toroweap-Coconino contact is a flat
surface having no apparent local 
relief.

Coconino Formation;
1. Sandstone, pale yellowish orange (10YR8/6) and 

dark yellowish orange (10YR6/6), weathers light- 
brown (5YR6/4), very fine and medium-grained,



moderately sorted; composed of sub-angular 
to sub-roundedf partially frosted quarts 
grains; firmly to well-cemented, noncalcareous; 
wedge-sets.of medium scale and large scale 
tangential cross-laminae; weathers to form 
vertical cliff in road cut.
Base of section; not base of exposure.
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