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CHAPTER I - INTRODUCTION 
LOCATION AND ACCESSIBILITY

The Marble Platform of northeastern Arizona lies between 
the East Kaibab Monocline to the west and the Echo Cliffs to 
the east. The north-south extension of the Platform is 
delimited by the Paria Plateau to the North and the Little 
Colorado River to the south (Fig. 1).

Figure 1. Diagram and sketch map showing location and region
al features of the Marble Platform, Cononino County, Arizona.
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The Colorado River cuts diagonally from northeast to 
southwest across the platform, forming the Marble Canyon.

The discussion in this paper is limited to that portion 
of the Marble Platform which lies between the Colorado River 
and the eastern contact of the Kaibab formation with the 
overlying Lower Triassic Moenkopi formation (Plate 1).
The Kaibab formation crops out as a broad, relatively flat, 
nearly barren, strip-surface enlarging southward from an ex
posure one mile wide immediately south of Lees Ferry to 
approximately twenty-five miles wide south of Shinumo Alter. 
Further enlargement of the areal extent southward is limited 
by a gradual encroachment of the overlying Moenkopi, Shina- 
rump, and Chinle formations. These formations constitute the 
rocks of the Painted Desert north of Cameron, Arizona 
(Plate 1).

Access to the area is gained via U.S. Highway 89 north 
from Flagstaff, Arizona or south from Kanab, Utah. The high
way roughly parallels the Echo Cliffs from the valley of the 
Little Colorado River to the Navajo Bridge and then swings 
eastward following the Vermillion Cliffs.

The Marble Platform is criss-crossed by a network of 
dirt roads and Indian trails. The best route into the 
interior is a dirt road leading westward from Cedar Ridge 
Trading Post. This road was constructed by the Bureau of
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Reclamation for the investigation of proposed damsites on the 
Colorado River. This road bifurcates approximately seven 
miles west of Cedar Ridge Trading Post; one branch terminates 
at the rim of the river at the 30.2 mile damsite. This mile
age designation is in river miles downstream from Lees 
Ferry, Arizona. The upper or 30.2 mile damsite road has another 
branch approximately one mile from its termination at the 
River which leads to an excellent mule trail down Twenty Nine 
Mile Canyon to the River level. Numerous Indian trails 
branch off of this main access road at various points along 
its length, forming a braided network across the face of the 
Platform.
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PURPOSE OF STUDY

The purpose of this study has been to obtain detailed 
lithologic and statistical data on the ICaibab formation of 
the Marble Platform. The task was to obtain specific details 
of trends and changes within the area; to determine horizons 
which may contain possible economically recoverable minerals; 
and to investigate the environmental and genetic relation
ships of the deposition of the Kaibab formation.

METHODS OF STUDY

The field work consisted of measuring thirty-three 
detailed sections of specific areas well spaced at the ex
tremities and central portions of the Marble Platform.
Special effort was directed towards the upper portions of the 
formation, due to the possibility of economic products toward 
the top of the Kaibab formation. A large number of lithologic 
specimens were taken at all localities studied. Lithologic



5

samples were taken at each change of rock type, hut where 
discrete changes were not recognizable for considerable 
thicknesses, samples were taken at approximately ten foot 
intervals. The procedure of interval sampling was necessary 
as lithologic variation is very subtle in the Kaibab forma
tion of the Marble Platform.

laboratory procedure consisted of mechanical, 
mineralogical, and carbonate percentage analyses of four 
selected measured sections in as much detail as time and 
facilities allowed. It is the writer1s opinion that such 
detailed procedure is necessary to bring out the relation
ships between localities, to discover areal trends, and to 
recognize local variations which are not obvious in the 
lithology investigated.

Insoluble residue determinations were made of the com
plete suite of specimens from the four sections studied in 
detail. In addition, studies of a f evz selected specimens 
from other sections were made to check validity of correla
tion and to tie in information from previously studied areas 
(McKee, 1938).

Mechanical analyses were conducted on all the samples 
with standard Tyler screens in a Ro-Tap mechanical sieve 
shaker.

Statistical measures were computed for the results of 
the mechanical analyses, and cumulative curves of the data
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were drawn (Appendix, Figs. 2-32).
Heavy mineral separation with tetrabromoethane (specific 

gravity 2.95) was performed on the material caught on the 62 
micron sieve. The "heavy" residue was mounted with Lakeside 
cement on glass slides for petrographic determination. Binoc
ular and petrographic microscopic examinations were performed 
to determine mineralogical relationships.



CHAPTER IX - PHYSIOGRAPHIC FEATURES 

TOPOGRAPHY AND DRAINAGE

The Marble Platform is a stripped stratigraphic 
surface, except for the very steep canyon walls of the 
major drainage through the area and the remnants of 
Moenkopi, Shinarump, and Chinle formations along the eastern 
margin. Absence of cyclic topographic features, either 
within the canyon walls or upon the surface of the Platform 
proper, does not exclude the possible development of erosion 
surfaces restricted to the weak Moenkopi and Chinle forma
tions. Strahler (1948, p. 533) states, "The extreme weakness 
of the shales, in contrast to the resistance of the Kaibab 
limestone, might allow production of such a pediment without 
the development of any distinctive land forms along the 
Kaibab Plateau flanks."

The degree to which these weak formations have been 
stripped from the surface of the Kaibab formation is shown 
to be a function of the degree of flexure of the Echo Cliffs 
Monocline. Southward from the Gap Trading Post the Echo 
Cliffs Monocline gradually dies out, with the concomitant en
croachment of the Moenkopi, Shinarump, and Chinle formations 
westward over the surface of the platform forming the Painted 
Desert north of Cameron, Arizona.

Babenroth and Strahler (1945, pp. 137-141) using
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structural data for the topographic restoration of the region 
show that a belt of weak Triassic shales formerly made a 
subsequent valley encircling the south-plunging end of the 
Kaibab Arch. • Remnants of this valley are left along the 
western portion of the Echo Cliffs Monocline, the Vermillion 
Cliffs, and the eastern portion of the East Kaibab Monocline 
in the vicinity of the Little Colorado River. It is postu
lated that the ancestral Colorado occupied this valley and 
became superimposed upon the resistant Paleozoic rocks of 
the Marble Platform and the Kaibab Arch. The present course 
of the Colorado River was established as a subsequent stream 
in this lowland of weak Moenkopi and lower Chinle shales.

Virtually the entire drainage of the Kaibab Arch and the 
Marble Platform consists of resequent streams, following the 
regional dip of the strata with remarkable persistence.
This drainage came into existence as the Mesozoic strata 
were stripped from the surface of the resistant Kaibab for
mation (Strahler, 1948, pp. 534-537).

Local drainage

The drainage system of the Marble Platform is dry 
throughout most of the year, carrying water only during the 
not infrequent rain storms of the latter part of the summer 
months, and occasionally during the rest of the year.

The larger intermittent streams have formed very narrow
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slot-like canyons with vertical walls in an effort to main
tain a concordance of junctions with the rapidly downward- 
cutting Colorado River. They characteristically have a very 
sharp and abrupt change in profile upon junction with the 
outer and inner gorges of the River. This condition is 
exaggerated by block slumping, once a vertical cliff face or 
slot has been formed.

Smaller streams, unable to keep pace with the River be
cause of smaller amounts of runoff or due to later develop
ment, partially dissect the walls of the outer and inner 
gorges of the River as diminutive replicas of their large 
relatives, assuming a likeness to "hanging valleys." During 
rain storms the characteristic flash floods of semi-arid 
regions form spectacular waterfalls of short duration.

SURFACE OF EROSION

The surface of erosion is characteristically developed 
upon the Beta member of the Kaibab formation in the Kaibab 
Plateau, where the Alpha member which overlies it contains 
much red shale and evaporites. On the eastern portion of 
the Marble Platform, however, the red shales and evaporites 
are not present in the uppermost portions of the formation , 
and the erosion surface is developed in nearly all places 
within a few feet to a few tens of feet below the Kaibab- 
Moenkopi contact.
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CLIMATE

The following records from Tuba City, Arizona are 
fairly representative of the Marble Platform (Lasson, 
1953. P- 4).

Temperature

The temperature is highly variable with a mean annual 
temperature of 55.0° F., highest average monthly temperature 
of 110° F. (July, 1940), and a lowest average monthly 
temperature of 4.5° F. (January, 1919).

Precipitation

Mean annual precipitation is 6.80 inches with the 
greatest precipitation on record for a period of 24 
hours of 3.4 inches (September, 1946) .

Winds of fairly high velocity are prevalent during the 
winter, spring, and early summer. Greatest precipitation is 
concentrated in late summer. Snow seldom exceeds one foot 
in depth in winter and melts very quickly.

VEGETATION

Vegetation is scarce on the surface of the Marble 
Platform, consisting mainly of a low desert growth of black 
sage, grasses and cactuses, with a moderate amount of scrub 
cedar and juniper localized around Cedar Ridge Trading Post.



CHAPTER H I  - HISTORICAL REVIEW

The nomenclature and subdivision of the Kaibab forma
tion as known today have had a long and varied past. McKee 
(1938) gives a rather complete description of these various 
stages in the nomenclature and status of the formation. The 
present writer feels that a brief mention of the various 
highlights is sufficient.

Jules Marcou (1856, pp. 23-24) made the earliest mention 
of the formation and referred to it as a magnesium limestone 
or thick dolomite which he considered to be equivalent to the 
Magnesium limestone of Europe.

J.S. Newberry (1861, pt. 3, pp. 70-71) collected and de
scribed numerous fossils and made a rather careful analysis of 
certain stratigraphic and sedimentary problems.

The first actual subdivision and naming of the Permian 
formations was by G.K. Gilbert in 1875 (p. 177), who delimited 
the Aubrey limestone, the Aubrey sandstones, and the Redwall 
limestone. Major J.W. Powell (1876, p. 54) further divided 
the Permian section into the upper and lower Aubrey group in 
which the upper Aubrey was divided into the Bellerophon lime
stone above, and the Yampi sandstone below.

The terminology was changed and simplified by Barton in 
1810 (p. 28) by the substitution of the terms Kaibab limestone 
for "Aubrey” limestone, Coconino sandstone for "Upper Aubrey"
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sandstone, and Supai formation for the "Lower Aubrey" sand
stone and shale.

A type section was proposed by L.F. Noble (1938, p. 51) 
in Kaibab Gulch, Utah as the only section in the type area 
known to be complete.

The Kaibab limestone was further divided and delimited 
by McKee in 1938. He proposed that the name be changed to 
the Kaibab formation and that the lower portion be known as 
the Toroweap formation, from its best exposure in the Toroweap 
Valley. McKee (1938, pp. 17-54) also further described facies 
and members of both the Kaibab and Toroweap formation, and 
to date no further changes in terminology have been proposed.

Paleontological descriptions, mostly of brachiopods, 
have been made by White (1877> 1879) and McKee (1938). 
Trilobites were discussed by Joseph Snow (1945), several 
mytilinids and pectinids were described by Newell in 1937, 
and Nicol made a brief environmental study in 1944• The mol- 
1uscan fauna of the Kaibab formation was described by Chronic 
in 1952.

Structural elements and relationships have been dis
cussed by Babenroth and Strahler (1945), Childs (1948), Koons 
(1945), and Strahler (1942, 1944a, 1944b, 1944c, and 1948).

Regional trends and aspects have been described



by McKee (1928, 1951), Baker and Williams (1940), and 
Stoyanov/ (1936, 1942).



CHAPTER IY - STRUCTURE

GENERAL

The upper part of the Marble Platform consists of gently 
warped, essentially flat-lying Permian formations overlain 
by a thin veneer of Trias sic rocks along the margins. The 
softer Triassic formations have been stripped from the 
surface of the Kaibab formation, resulting in a stratigraph
ic ally stripped surface.

The Platform is bounded on three sides by monoclinal 
flexures, and to the south partially by a monoclinal flexure 
and partially by the Little Colorado River.

EAST KAIBAB MONOCLINE

The western border of the Platform is defined by the East 
Kaibab Monocline. This dominant regional structure extends 
from Bryce Canyon National Park, Utah, for approximately one 
hundred and fifty miles southward to the vicinity-of the 
Cameron-Wupatki region. The Kaibab and underlying Permian 
formations are flexed downward in a double monocline from the 
top of the Kaibab Plateau.

The Kaibab Plateau is essentially an elliptical dome 
with its major axis trending north-south. The structure con
sists of a series of strata with gentle regional dips dropped 
down on the western flank by a series of widely spaced
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normal faults. The monoclinal flexure on the eastern border 
consists of a double monocline descending three thousand 
feet to the top of the Marble Platform in two steps.

Southward along"the axis of the monocline, in the vi
cinity of the confluence of the Colorado and the Little 
Colorado rivers, the structure breaks, forming the Butte 
Fault. This fault has a displacement of two thousand feet 
combined with an additional flexure of two thousand feet of 
the monocline. The fault extends southward approximately 
fifteen miles and again grades into a monoclinal flexure 
(Strabler, 1948, pp. 524-526).

The monocline swings eastward to form the southeastern 
border of the Platform by controlling the course of the Little 
Colorado River.

VERMILLION CLIFFS

The Vermillion Cliffs which mark the northern boundary 
of the Marble Platform are a series of vertical cliffs and 
steep slopes. The rocks are composed of Mesozoic strata with 
a gentle northerly dip. The north-dipping top of the cliffs 
forms the Paria Plateau (Fig. 1).

H.E. Gregory and R.C. Moore (1938, p. 122) state 
that the Paria Plateau "... is structurally continuous with 
the Great Marble Platform in which the Marble Gorge of the 
Grand Canyon is carved." Strahler (1940, p . 287) indicates
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that the Vermillion Cliffs are developed on the axis of the 
Echo Monocline. Neither of these explanations seems to be 
sufficient to explain the development of the Vermillion 
Cliffs. The following evidence indicates that another explana
tion of their formation is worthy of consideration.

The typical development of cliff faces parallel to the 
axis of the Echo Cliffs Monocline would suggest the possi
bility of a similar monoclinal axis parallel to the Vermil
lion Cliffs. The abrupt shift of the Vermillion Cliffs to 
the north as they approach the East Kaibab Monocline also 
suggests that the cliff faces are characteristically developed 
parallel to the monoclinal axis. The shift in the course of the 
Colorado River to a direction parallel to the nearly east- 
west trend of the Vermillion Cliffs as the River approaches 
them cannot be dismissed lightly. A comparison may be made 
to the shift in course of the Colorado as it approaches the 
East Kaibab Monocline. The fact that the axis of the East 
Kaibab Monocline is downwarped to the north in approximately 
the same alignment as the Vermillion Cliffs would suggest 
that the East Kaibab Monocline has been affected by the same 
activity.

These facts seem to the writer to indicate that a 
separate monoclinal structure is the primary cause of the 
development of the Vermillion Cliffs and that this monocline 
also has been the cause of the sharp downwarp of the axis of 
the Echo Cliffs Monocline and to a much lesser degree the
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dovnrwarp of the axis of the East Kaibab Monocline.

ECHO CLIFFS MONOCLINE

The eastern edge of the Marble Platform is bounded 
by a sharp monocline1 flexure known as the Echo Cliffs 
Monocline. The monocline extends from approximately nine 
miles south of the Gap Trading Post northward to the Colo
rado River at Lees Ferry. At Lees Ferry the axis of the 
monocline is downwarped sharply and is breached by the Colo
rado River.

North of the Colorado River the increase in easterly 
dip of the Mesozoic strata marks the location of the ex
tension of the monocline into Utah. The magnitude of the 
dip drops abruptly at Lees Ferry. South of the Colorado 
River the dip of the overlying strata is as much as thirty 
degrees, whereas to the north of the River the dip averages 
only twelve to fifteen degrees. Evidence of the presence of 
the monocline is observable for only approximately fifteen 
miles north of the Arizona-Utah border.

LOCAL STRUCTURE

The structure of the Marble Platform is remarkably 
flat considering the structures bordering it on all sides. 
The strata are very gently domed, rising steadily from 
Cameron, Arizona to Cedar Ridge and then gradually decrees-
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ing in elevation to Navajo Bridge. The dip of the strata 
seldom exceeds two to three degrees except on the very 
margins of the Platform where the influence of the mono- 
clinal flexures is felt. The Kaibab formation at the 
mile 39•5 damsite location strikes about N 78° W and dips 
1° NE (Lasson, 1935, p. 10),

Faults

The only faulting of any magnitude on the east side 
of the Marble Platform consists of a closely spaced group 
of normal faults, downthrown to the northwest. This line 
of structure trends northeast-southwest and dies out with a 
sharp lateral flexure to the north approximately one mile 
before crossing Highway 89. The projection of this zone 
would intersect the highway approximately eighteen miles due 
south of Navajo Bridge, The southwestern end of this zone 
Intersects the Colorado River approximately at the 39,5 mile 
damsite (plate 1),

The displacements of the fault zone are about two 
hundred feet in magnitude and have not materially disturbed 
the regional dip for more than a few hundred feet on either 
side of the structure. Locally the faults give way to sharp 
monoclinal flexuring at both extremities. The effects of this 
zone are evident in the rather abrupt descent of Highway 89 
where the projected intersection occurs; from this point north
ward the highway descends at an increasing gradient to Navajo
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Bridge (plate 1).

Joints

Two sets of Joints occur in the area under discussion. 
One set is parallel to the fault zone mentioned previously, 
and is closely associated with it.

The second set is local and is developed parallel to 
the face of the canyon wall throughout the Marble Canyon.

Examination by drilling (Lasson, 1953, p. 7) shows 
that the joints do not extend for any great distance inwards 
from the walls. The joints running parallel to the canyon 
wall tend to slab off large parallel-sided blocks. These 
joints are developed because of the tendency for the rock 
to move toward the unsupported free face of the canyon wall. 
The loosened blocks experience a free fall, in many cases 
a thousand feet, and closely simulate the typical Toreva- 
block of Black Mesa (p. Reiche, 1937, pp. 538-548).

The present outward enlargment of the canyon is 
principally due to the formation of these blocks. Their 
formation is fundamentally different from the Toreva type 
and are not to be classified as such. The fundamental 
differences are:
(1) The Toreva-blocks are unbroken, tilted masses; the 
Marble Gorge type are unbroken (depending upon the distance 
of vertical drop) free-fall masses.
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(2) Movement of the Toreva-block is rotational to a posi
tion of stability; movement of the blocks of the Marble Gorge 
is straight-line translation.
(3) The Toreva-blocks are characteristically developed as a 
result of moistening and lubrication of a relatively inco
herent under layer. Stress is essentially of a vertical 
gravitational nature, and a humid climate is most favorable 
for formation. The Marble Gorge blocks are characteristic
ally developed as a result of removal of side support, impos
ing the weight of the overlying column at the side wall, 
relief is horizontal in a direction towards the free face. 
Climatic conditions most favorable for formation are arid.
In a humid climate, solution of the limestone would be domi
nant over jointing.
(4) The Toreva-blocks are principally of Pleistocene age, 
the Marble Gorge blocks are Recent.



CHAPTER V - STRATIGRAPHY AM) PALEONTOLOGY

THICKNESS

The Permian strata discussed in this paper show a thick
ening to the north and to the west (plate 2). The thickness 
slowly increases from 243 feet (section C.D.-l) at the 
southern end of the area, to 360 feet (section 62-1) in the 
central part of the area, to a maximum of 390 feet (section 
31-2) at the northern end of the area. The writer measured 
the type section of the ICaibab formation at Kaibab Gulch,
Utah, where the Kaibab and Toroweap formations have not been 
previously divided. The thickness at Kaibab Gulch is 450 
feet which confirms the northward thickening of the forma
tion. The thickness of 500 feet at East Grand Canyon which 
increases westward to 800 feet at Kanab Canyon, Arizona, il
lustrates the westward thickening.

STRATIGRAPHY

McKee (1938, pp. 35-55) has divided the Kaibab forma
tion vertically into three members, designated as Alpha,
Beta, and Gamma, from top to bottom. These members were 
deposited as follows: the Alpha member in a receding sea;
the Beta member in the most extended sea; and the Gamma member 
in an advancing sea. The various members of the formation 
have further been subdivided into facies based partially on
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paleontology.
The Kaibab formation of the Marble Platform does not 

clearly show these divisions. This situation is recognized 
by McKee (1938, p. 52) who states, "In the more easterly 
sections of the formation, facies 3 of the Alpha member can
not always be distinguished from the underlying facies k of 
the Beta member, whose faunal assemblage shows the same 
general character." Furthermore, McKee (1938, pp. 35-55) 
does not extend these gradational facies into the Marble Plat
form area.

Two conditions are responsible for this uncertainty in 
the recognition of McKee’s facies. First the underlying Beta 
member is composed of massive to thick-bedded calcareous sand
stones overlain by the thinner-bedded arenaceous limestone of 
the Alpha member' upon the Marble Platform. The change is 
gradational and cannot be defined exactly. Second, the fauna 
in the formation on the Marble Platform, which is a mixed 
brachiopod and molluscan fauna, is restricted to the upper 
thin-bedded units. The molluscan fauna roughly corresponds 
to the f auna of the Alpha member as developed in Grand 
Canyon, but the brachiopod fauna corresponds to that of the 
Beta member of the Grand Canyon.

PALEONTOLOGY

Only broad generalizations of the paleontological
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aspects of the fauna present in the Kalbab formation of Marble 
Platform can be made as fossils are very scarce, and the 
study was not primarily of a paleontological nature. How
ever, a few relationships are noted which indicate possible 
correlations.

Comparison with the Phosphoria Formation

The formation in Marble Canyon represents a gradational 
area in which there is a mixed fauna containing elements cf 
both the fauna of the Grand Canyon Kaibab formation and of 
the Phosphoria formation. The occurrence of an area of 
mingling of these faunas is recognized by McKee (1938, pp. 168- 
169). He infers, however, that the area of strong Phosphoria 
affinity occurs in the vicinity of the Circle Cliffs, Utah.
The writer feels that the area with a strong Phosphoria af
finity should be extended southward to the Marble Platform 
and that the type section of the Kaibab formation in Kaibab 
Gulch, Utah should be included in the area of dominant Phos
phoria affinity.

The facts from which this situation may be inferred are 
as follows. In the facies of the Alpha member (facies 2 and 
3) of the Grand Canyon Kaibab formation which border the 
Marble Platform (McKee, 1938, p. 160), the brachiopods con
sist mainly of Dictyoclostus bassi and rare Chonetes sp.
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The upper thin-bedded limestones in the Marble Platform con
tain Squamularla, Composita. Melasma, and Waagenochonoha 
in addition to Pictyoclostus bassi and Diotyoclostus occi
dentalism Squamularia and Composita found in facies 5 of 
the Kaibab formation (Circle Cliffs, Utah) are probably the 
same species as those that are found in the Phosphoria (McKee, 
1938, p. 168)• The presence of additional brachiopod species 
in the upper thin-bedded limestones of the Marble Platform 
Kaibab formation which are stratigraphically equivalent to 
the Alpha member of the Grand Canyon seem to represent the 
influence of the Phosphoria seas in the deposition of the 
Kaibab formation of Marble Canyon.

The greater development of chert in this area as com
pared with the Grand Canyon cannot be overlooked as a possible 
influence of the highly silicic Phosphoria seas.

Comparison with the Snyder Hill Formation

Faunal comparison with the Snyder Hill formation of 
southern Arizona will not be attempted as this comparison is 
sufficiently presented by McKee (1938, p. 173). The simi
larities of the Kaibab formation to the Snyder Hill formation 
(as defined by Bryant, 1951, pp. 7-8) are, however, sufficient 
to indicate that these two formations may not represent a 
separate seaway or separate divisions of deposition.
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These resemblances, while they do not allow an exact 
correlation, are so similar in general aspect that they can
not be discounted without further investigation.

First, the presence in the Snyder Hill formation of a 
sequence below the limestone units which consists of a series 
(a) sandstone, (b) limestone, (c) sandstone, which show a 
remarkable resemblance in lithologic sequence to the Alpha, 
Beta, and Gamma members of the Toroweap formation of McKee 
(1938, pp. 17-27). They are described as the (a) White sand
stone member, (b) Tellez Wash limestone member, and (c) Pink 
sandstone member, respectively from bottom to top (Bryant, 
1951, pp. 10-20).

The upper two members of the Snyder Hill consist of 
(d) Cave Cliff massive limestone member and (e) Quail Peak 
thin-bedded limestone member (Bryant, 1951, pp. 20-30), which 
correspond respectively to the Beta (massive) and the Alpha 
(thin-bedded) members of the Kaibab formation.

The absence of a member which corresponds to the lower 
or Gamma member of the Kaibab formation does not raise any 
objections to these proposed correlations. The Gamma member 
of the Kaibab formation is found only in a very restricted 
area in the vicinity of the Mogollon Rim.

The differences between the Kaibab formation and the 
Snyder Hill formation are not considerable when viewed with 
the realization that the two formations may represent the
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expected gradation that is experienced from the shore toward 
the deeper portions of a basin.

The absence of the gradational series between the two 
formations is probably due to non-deposition. The possi
bility, however, that the gap is due to post-depositions! 
removal is not beyond consideration.

The Southern Arizona Permian limestones may have been 
deposited in a deeper portion of the same basin of deposition 
as the Kaibab formation.



CHAPTER VI - SEDIMENTATION

METHOD OF PRESENTATION OF STATISTICAL MATERIAL

Results of mechanical analyses have been computed by 
the methods proposed by D._L. Inman (1952, p. 125-45).
Inman’s method is based on rigorous statistical concepts and 
replaces formerly used less accurate quartile measurements. 
The cumulative curves of each analysis are also presented 
to allow use of other systems of representation (Figs. 2-32). 
The parameters computed in this presentation are shown 
graphically in their correct vertical position, along with 
the figures of carbonate percentage (PI. 3)•

The measures used in this paper are advocated by Inman 
(1952, p. 125-145) for the following reasons; first, the 
measures serve as approximate graphic equivalents to the 
moment measures commonly employed in statistics, and the 
notation is that generally used for analogous measures in 
statistics; and second, the measures are easy to visualize 
in terms of sediment distribution and are readily computed 
by subtraction and addition.

The parameters used in this presentation are based upon 
five percentile diameters ($5, ffl6, ^50, ^84, and 0 5 )  
obtained from the cumulative frequency curve of the sediment 
distribution, plotted on arithmetic probability paper. The 
computation of these parameters is as follows; phi median
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diameter, Md^ = ^50; phi mean diameter Ufi a ^(^16 / ^84); 
phi deviation measure, (sorting) d # r |-(^84 - ^16); phi 
skewness measure, <x jzJ = 2nd skewness measure,

./-̂ ^5) - Md^. phi kurtosls measure, (3 ^ =

(piat. 5).

COLORATION AS A REFLECTION OF ENVIRONMENT

The normal color variation in the Kaibab formation 
of the Marble Platform is probably due solely to the 
presence of particles ranging in size from very fine silt 
to clay. The insoluble residue of the lithologic specimens 
tested proved to be a pure white sand when disaggregation 
was complete.

During the process of wet sieving to remove the silt 
and clay in arenaceous limestones before mechanical analysis 
it was evident that coloration is due to the presence of 
these silt and clay particles. Their effect in producing 
a coloration of the rock is especially evident in specimens 
high in carbonate. The acid residue after the removal of 
the fines consisted of rounded, pure white grains of 
quartz with frosted and pitted surfaces.

Not all specimens were completely white after acid 
digestion and removal of fines. This was especially evident 
in calcareous sandstones. A microscopic examination in
dicated that the cause of this residual coloration was due to
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appreciable secondary silicification of specimens low in 
carbonate.

Secondary silicification is attributed to the increased 
permeability of those rocks with low carbonate content. Au- 
thigenic growth of quartz is a dominant feature of the cal
careous sandstones of the Kaibab formation. Two conditions 
result. First, secondary silica develops around individual 
grains enclosing colored, clay-size particles within the 
crystal lattice. This overgrowth prevents the removal of 
the enclosed fine particles during digestion. Second, au- 
thigenic silica has developed between grains and has entrapped 
clay-size particles between solidly interlocked grains. This 
also causes incomplete disaggregation, with attendant in
crease in percentage of coloration material present after pro
cessing.

Abnormal Coloration

In rocks near the upper formational contact, some of 
the-color is due to the presence of hematite and limonite. 
These two minerals, locally, are dominant causes of the color
ation, but this is not considered ”normal coloration” in the 
sense discussed previously. The presence of glauconitic 
material is also local and is not considered "normal colora
tion” throughout the formation.
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Interpretation of coloration

The interpretation of the results of mechanical analyses 
and carbonate percentages indicates that coloration is 
directly related, genetically as well as physically, to the 
carbonate percentage of the rock. Those rocks tending to 
have a high degree of coloration (pale yellowish orange) are 
also higher in percentage of carbonate. This relationship 
holds true, however, only where kurtosis (p/6, plate 3) 
curves have a flat top. The flat-topped curve indicates 
that selective action of the transporting agent has not been 
excessive.

The relationship of fines to the carbonate percentage 
may be due to one or a combination of the following factors:
(1) variation in the amount of detrital component, as a 
result of change in the activity of the transporting agent;
(2) variation in depth of the depositional environment, with 
accompanying change in the distance of transport; (3) varia
tion in climatic conditions, resulting in a variable rate of 
carbonate deposition; and (4) variation in available size of 
detrital component in the source area.

Variation of activity of transporting agent

A decrease in the amount of detrital component as a 
result of a decrease in the activity of the transporting



agent will result in an increased percentage of carbonate. 
This relationship is valid as long as the total amount of 
carbonate precipitated does not change.

The above relationship is partially substantiated 
in the changes of the statistical parameters from sample to 
sample in a vertical sequence. With an increase in carbon
ate, mean diameter (I.#, plate 3) decreases, showing that a 
greater proportion, of the finer grade sizes are present. A 
decrease in the sorting index, (<^, plate 3) coupled with a 
shift in skewness (oc/6, plate 3) towards the fines also 
occurs. The greater shift in a positive direction of the 
second measure of skewness (oC2x$, plate 3) shows that the 
skewness involved is more marked in the "tails’1 of the 
cumulative than in the central portion. Kurtosis (p/5, plate 
3), the measure of the peakedness of the curve, generally 
shows a numerical increase to the positive side of 0.65 

= 0.65 in a normal curve). This increase in the 
kurtosis value above normal shows that the curves being 
discussed are less peaked than those curves with lower car
bonate.

The above discussion of the relationships of some of 
the curves indicates an increase of the finer particles with 
an increase in carbonate. This bears out the assumption that 
in at least part of the vertical succession the activity of

31
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the transporting agent has decreased.

Variation in depth of depositional environment

The effects of a variation in the depth of deposition 
cannot he definitely separated from other causes. Changes 
in the depth of the environment alone, however, will in many 
cases be reflected by a total reduction in the grade size 
of the detrital component. As the speed of the current 
slackens with greater depth, the larger particles carried 
in suspension are precipitated while the smaller particles 
continue on their way.

A total reduction in grade size is recognized by a 
sudden decrease in the phi mean diameter (M/6, plate 3) 
without a change in the kurtosis value (p/6, plate 3). As 
long as there is no great fluctuation in the skewness values 
they will not greatly affect the median diameter-kurtosis 
relationship.

A radical change in the mean diameter coupled with almost 
no change in the kurtosis value means that the shape of the • 
cumulative curve remains the same and is merely shifted to a 
lower grain size. The relative proportions of the various 
sizes have not changed.

The previously discussed set of conditions is not preva
lent in the analysis of the parameter relationships in all the 
sections which were studied in detail. These relationships , 
however, are recognizable within limited portions of these
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sections. Section 64-1 (plate 3) most closely demonstrates 
a highly variable carbonate percentage coupled with a dis
tinct decrease in median diameter (M^O» while the kurtosis 
value (Pjzf) oscillates only very slightly. In some cases 
the kurtosis value shows no change at all.

This would tend to indicate that, at least in the 
southern portion of the area studied, depth of deposition 
has been effective in the carbonate percentage variation 
of the Kaibab formation.

Variation in climatic conditions

Variation in climatic conditions which would cause a 
variable rate of carbonate deposition cannot be demonstrated 
from the results of mechanical analyses conducted on the 
rocks of the area studied. It must be assumed that climatic 
conditions, especially temperature, which are usually con
sidered factors in the precipitation of carbonates, are not 
of such a nature as to cause decided changes in other depo- 
sitional variables. Without making this assumption the 
following interpretation is invalid.

To prove climatic variation is responsible for the 
changes in carbonate percentage, the detrital parameters 
must remain relatively constant while carbonate percentage 
varies. The opposite situation is found in nearly all 
cases. With any appreciable change in carbonate percentage
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the detritai parameters show a great variation.

The above evidence indicates that climate as a major 
cause of variation in carbonate percentage is improbable.
The evidence, however, is not conclusive and the assumption 
must be considered with caution.

Variation of available grain size

The variation of available grain size in the source 
area in some cases may have a definite effect upon the 
amount of detritai component that reaches the area of depo
sition. If the available grain size in the source area 
exceeds the critical value of the transporting agent, grains 
larger than the critical size will not reach the area of 
deposition. If the grain size is below the critical value 
then variation in the size of the original material is not 
a dominant factor. All sizes of material will be transpor
ted from the source and other factors of the environment 
determine the size of the detritai component.

The modal grain size in the Kaibab formation does not 
vary sufficiently to postulate any appreciable change in 
grain size of the source. In nearly all samples studied 
the modal diameter was consistently retained on the 62 - 
micron sieve. Fluctuation of the statistical parameters 
tends to show that a much greater variation in grain size 
would occur if the source of the detritai component was 
highly variable.
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Summary of Statistical Measures

It is apparent from the foregoing discussion that the 
results of the mechanical analyses do not establish definite 
trends. To substantiate a specific cause of variation, an 
obvious and distinct trend must be observable. Such is not 
the case in the succession of samples studied. The lack of 
a definite and obvious trend implies that the interpretations 
made previously are tentative.

The study shows by its lack of definite and recognizable 
trends, that no one specific cause is responsible for the 
variation of sedimentary features of the Kaibab formation.
A highly complex set of conditions must be recognized as the 
cause of this variation.

SEDIMENTATION AS REFLECTED IN TEE DEVELOPMENT
OF CHERT

The character of the chert development in the Kaibab 
formation is used to interpret the conditions of deposition. 
The development of chert in the Marble Platform area em
braces nearly all types found in the Kaibab"formation of the 
Grand Canyon (McKee, 1938, pp. 85-93)• In the Grand Canyon, 
chert is divisible into distinct, though related, types.
The more complete development in the Marble Platform allows 
a somewhat different interpretation of this genetic
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significance. The writer believes that all types of chert 
present in the Kaibab formation of the Karble Platform are 
of similar origin, and that the different types are due 
solely to differences in the amount of silica available, 
and represent a gradational series.

The brittle, bedded chert found in the Grand Canyon 
most closely approaches the lowermost member of this grada
tional series, which is characterized by dull white, in 
places chalky, chert interbedded with tongues and lenses 
of brown siItstone. This type of chert is characteristi
cally developed in portions of the formation high in mag
nesium content, and shows a cyclic nature of development 
(McKee,- 1938, p. 91).

The bedding in the Kaibab formation throughout the 
Marble Platform is cyclic. A generalized sequence of changes 
within the majority of cyclic units shows dull white chert 
at the base, grading laterally in many places to a type 
described as hard nodular chert (McKee, 1938, p. 87). This 
portion of the cyclic unit typically weathers to a recess 
and grades into an overlying calcareous sandstone. The 
amount of carbonate increases upwards. Cementation in
creases from:very friable sandstone at the base grading to 
very hard and compact calcareous sandstone at the top. A 
noticeable increase in the tendency to develop a pitted 
weathering surface toward the top is evident. At the top
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of the bed, fossils may be prominent within a two-foot layer 
of very dense aphanitic chert that weathers to a blue-black 
surface.

This upper chert, in places approaching a novaculite, is 
generally the only part of the cyclic unit where fossil preser
vation has been good. The upper surface of the chert may be 
almost completely composed of a highly silicified brachiopod 
fauna.

All degrees of development of these types of chert from 
the brittle, bedded chert at the bottom to the "novaculite” 
at the top of the cyclic unit are observable; gradation is the 
rule. Throughout the numerous repetitions of the above se
quence it is evident that no one distinctive type of chert, 
but rather a continuous series is developed. The earthy, 
white variety is one end member, while the novaculitic variety 
is at the other end of the series. This development of a con
tinuous series seems to indicate that the amount of soluble 
silica present at any one horizon controlled the type of chert 
which developed.

As a general observation it may be stated that the amount 
and kind of chert developed is dependent upon the amount of 
carbonate present. This may indicate that the same conditions 
which controlled the precipitation of carbonate were also 
effective in controlling the precipitation of silica.
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Faradiageneti'c effects

A "brief discussion of the relationships involving the 
lower or initial portions of the cyclic development pre
viously discussed may clarify some of the characteristic 
structures present in this portion of the cycle.

According to Terzaghi (1950, p. 84) calcareous muds 
may "be compacted to fifty percent of their original volume, 
much the same as argillaceous sediments. The finely-lami
nated, gnarly-bedded units that alternate with the thicker 
"bedded portions show extensive evidence of compaction and 
paradiagenetic slumping. Intercalated chert masses within 
these finely-laminated portions of the cyclic unit show 
that: (1) silicification was in progress "before slumping
took place, indicated "by a comparatively high resistance 
to deformation; (2) induration was not complete in all 
cases at the time of slumping, indicated by an almost uni
versal flattening of spheroidal masses, especially where 
slumping action was intense; and (3) compaction was local
ized, in these finely-laminated portions of the beds as in
dicated by the formation of a laminated chert breccia while 
the upper more massive portions show no compaction effects.

Considerable compaction of laminae surrounding chert 
nodules is observable in many places and may indicate that: 
(l) silicification exerted porphyroblastic pressures during 
growth; (2) silicification near the centers had advanced to
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such a degree as to diminish effects of compaction, or 
(3) metasomatic addition of silica is more concentrated 
towards the center of the nodule and has caused an increase 
in the thickness of the individual laminae.

The possible validity of the assumptions concerning 
the addition of silica during the paradiagenetic process 
would indicate that all of the silica forming the chert was 
controlled by primary depositional processes.

HEAVY MIHERALS

Analysis of heavy mineral residues proved disappoint
ing in that no trends or specific zones could be established, 
either vertically or laterally. Mineral assemblages from 
all samples consisted of zircon and tourmaline with abundant 
leucoxene in the majority of samples studied. Hematite was 
found to be very abundant at the top of all sections studied.
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ECONOMIC POSSIBILITIES

The Kalbab formation of the Marble Platform contains 
disseminated quartz sand which varies in abundance vertically 
and laterally. Sufficient magnesium carbonate is present 
to classify the formation as a dolomitic limestone. Bedded 
and nodular chert are present as undesirable impurities.
These qualities make the formation of little value as a 
source of cement or lime rock at the present time. The 
upper 100 feet of the formation,'in the northern portion 
of the area, may become of some value if restrictions con
cerning the ratio of magnesium to calcium are reduced.

The high magnesium content of the formation restricts 
present use to agstone, high-magnesium lime, natural cement, 
concrete aggregate, or uses dependent upon physical attrib
utes. The absence of well-developed jointing in the formation, 
which would increase the cost of quarrying, must be taken into 
consideration before evaluation is complete.



APPENDIX A

Twelve measured stratigraphic sections of the Kaibab 
formation of the Marble Platform are described on the 
following pages.

No single section includes the complete Kaibab form
ation. Where dissection has advanced far enough to cut to 
the bottom of the section, erosion has removed the upper 
contact on the Marble Platform.

Color names were chosen by comparing rock samples with 
the standard rock-color chart (1951 edition). Lithologic 
names were chosen by comparing rock samples with those 
samples in which carbonate percentage had been determined.

The sections were measured with an Abney hand-level 
and a six-inch rule. Measurements were recorded to the 
nearest one-half foot. All strata measured had a dip of 
less than one degree.

Numbers in parentheses refer to rock-sample notation 
used in the field and laboratory. Rock-sample numbers do 
not coincide with the unit numbers and may occur within 
the unit numbers, representing gradation or special feat
ures within the unit.
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Section 31-6

Erosion surface
Kaibab formation
Permian Feet
1. . (15) -Arenaceous limestone: greyish yellow green

to yellowish grey; slope; pitted; consid
erable glauconite present; at 55 feet from 
the base 1.5 feet of very pale orange 
limestone forms ledge; laminated at 
base (16)  .............. ..................82.5

2. (14) Arenaceous limestones dark yellowish
orange; weathers pitted; "motheaten"; very
fossiliferous, bellerophontids; 1.5 foot
bed of blue-black chert two feet from
the top ..................... . ...........23.0

3. (13) Arenaceous limestone: dark yellowish
orange; weathers blocky; highly pitted . . . 16.5

4. Chert: nodular, with finely laminated
gnarly-bedded m a t r i x .......... ............2.0

5. (11) Arenaceous limestone: yellowish grey;
rounded cliff; pitted; massive to thick- 
bedded; at 33 feet, bellerophontids and 
Squamularia: grades into thick-bedded lime-

Measured in the gorge of the Colorado River, 1.5
miles south of Navajo Bridge.

stone (12) 16.5 feet from the base . . . . .  38.5
6. (10) Calcareous sandstone: very light grey;

vertical cliff; pitted; massive . . . . . . . 27*5
7. (8) Calcareous sandstone: pale yellowish

. orange; pitted, with exfoliation at base; 
grades into light grey (9) at the top . . . . 19.5

8. (7) Calcareous sandstone: very light grey;
pitted; massive .......... .. 2.5

9. (5) Calcareous sandstone: dark yellowish
orange; pitted; cement firm; 5 feet of nodu
lar chert at 18.5 feet from the base, with 
gnarly-bedded matrix; becomes yellowish 
orange 49•5 feet from the base (6) . . 59.5
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10. (4) Calcareous sandstone: yellowish grey;
pitted; somewhat gnarly-bedded; fucoids
present..........  11.0

11. (2) Calcareous sandstone: dark yellowish
orange; weathers smooth to rounded; large 
crystals of carbonate along the joints; 
grades upward into yellowish grey sand
stone ( 3 ) .................................... 26.0

12. " (1) Arenaceous limestone: pale yellowish brown;
weathers pitted and blocky; chemically 
precipitated limestone.......... 1.0

Feet

Total 309.5
Concealed, alluvium
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Section 31-5
Measured opposite Badger Canyon. 

Erosion surface
Kaibab formation
Permian Feet
1. (21) Arenaceous limestone: dark yellowish

orange; cement very firm; dendrites present; 
weathers blocky and pitted ............. 1.5

2. Arenaceous limestone: greyish orange;
chert approximately 80 p e r c e n t ............ 16.5

3. (20) Arenaceous limestone: greyish orange;
chert approximately 40 percent  .......... 44.0

4. (19) Arenaceous limestone: light grey; cement
firm; considerable chert at the bottom . . . 27•5

5. (18) Arenaceous limestone: light grey; glau
conitic material present; small crinoid
stems very abundant.................... .. . 22.0

6. (17) Arenaceous limestone: white, grades to very
light grey (18) at 5.5 feet from the base • . 11.0

7. (16) Arenaceous limestone: pale yellowish
orange; cement very firm . ................. 5.5

8. (14) Arenaceous limestone: very pale orange;
grades to light grey (15) at the top . . . . 27.5

9. (10) Calcareous sandstone: very light grey;
chert abundant; in places laminated slump-
bedded; arenaceous limestone (ll) at 16.5
feet; massive calcareous sandstone (13) at
the t o p ............................... 50.5

10. (8) Calcareous sandstone: very light grey; at
22.5 feet glauconite becomes evident; beds 
approximately 5.5 feet t h i c k .......... .. . 52.5

11. Chert: white; glauconitic material very
abundant with slump-bedding................ 2.0
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Feet

(6) Arenaceous limestone: very light grey; areas 
of coarsely crystalline material two to 
three millimeters in diameter scattered 
throughout the bottom of the bed; gradation
al to light grey limestone (7); massive . . .  61.5

13. (4) Calcareous sandstone: white; small spheres
or geodes present; gradational to finely-
laminated sandstone (5) which forms
recess at the t o p .......................... 38.5

14. (3) Calcareous sandstone: pale yellowish orange;
. finely-laminated at the base; locally 
cross-bedded on a small scale ............ .. 6.5

15. Limestone: olive grey; coarsely crystalline; 
pitted; massive; top 1.5 feet grade into 
pale olive; weathers to small blocks and
cubes...................... ................4.5

16. (2) Calcareous sandstone: greyish purple; in
part gradational into conglomerate (?)
below ............................ .. . 5.5

Total 377.0

Unconformity: erosion surface, maximum relief 25 feet; 
conglomerate (?) very irregular, sharp blocks 
of brownish grey laminated material in a 
matrix of greyish orange calcareous sandstone

Toroweap formation 
Permian

(l) Sandstone: brownish grey to pale red
purple; calcareous in part; laminated in 
part

1.
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Section 31-2
Measured in the canyon at the edge of the Colorado 

River at the end of Tanner Wash, approximately six miles 
northwest of Tanners Well.
Erosion surface
Kaibab formation
Permian Feet
1. (43) Arenaceous limestone: greyish red; coarse

grained .....................................3.0
2. (42) Calcareous sandstone: greyish orange;

cross-bedded on a small scale; coarse
grained; bellerophontids and euomphalids . . 11.0

3. (41) Arenaceous limestone: pale yellowish
- orange; forms slope; chert very abundant; 
becomes laminated at the top . . . . . . . . 22.0

4. (40) Arenaceous limestone: pale yellowish
orange; extremely pitted surface; lower two 
feet fractured; blocky; slumping and con
tortion of laminated material around 
nodules of c h e r t .......................... 5.5

5. (38) Arenaceous limestone: pale yellowish
orange; lower two feet gnarly-bedded with 
considerable chert; towards top weathers 
smooth and massive (39); considerable chert 
throughout; glauconitic material abundant . . 24.0

6. (36) Arenaceous limestone: very light grey;
. crinoids common; massive (37) at the top . . 11.0

7* (35) Arenaceous limestone: yellowish grey;
gnarly-bedded; finely-laminated with irreg
ular nodules of chert one to two inches in 
diameter; considerable amount of glauconite . 3.5

8. (24) Arenaceous limestone: greyish orange;
small spheres of chert five inches in 
diameter; yellow green limestone (25) at
22.5 f e e t ............................ 38.5
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Feet

9* (22) Arenaceous limestone: yellowish grey; very
firm; three inch layer of laminated chert
two feet from the top (23) . . ............. 62.$

10. (21) Calcareous sandstone: white; friable;
spheroidal weathering surface in lower
4.5 f e e t .................................. 38.5

11. (16) Calcareous sandstone: very light grey;
similar sandstones (17, 18, 19, and 20)
at 11, 23.5, 37.$, and 57.5 feet above
the b a s e ...................... ............57.5

12. (15) Calcareous sandstone: greyish yellow;
gnarly-bedded and irregular; somewhat
wedgy; massive and deeply pitted at the top . 12.0

13. (12) Calcareous sandstone: very light grey;
gnarly-bedded at base and friable; more
carbonate upwards and strongly pitted;
similar sandstones (13) and (14 at 24
f e e t ............ .......................... 31.5

14. (11) Calcareous sandstone: very light grey;
very slightly pitted internally . . . . . . .  7.5

15. (9) Arenaceous limestone: pitted on a small
scale; replacement crystals of carbonate 
abundant, two to three inches in diameter . . 11.0

16. (8) Calcareous sandstone: very light grey;
. somewhat pitted surface; friable sandstone 
at base; grades into more calcareous material
at the top ................................. 12.0

17. (7) Calcareous sandstone: greyish yellow; mas
sive cliff; pitted; some lenses and streaks
of laminated material at bottom; fucoids
and worm borings present ................... 9.0

18. (6) Calcareous sandstone: alternating laminae
of white and greyish purple sandstones;
greyish purple becomes almost 90 percent of
unit toward the top . . . . . . . . . . . . .  24.0
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19s (5) Calcareous sandstone: white; cross-
bedded on a small scale; strike S 80° Y/,
dip 21° M E ............................   24.0

20. (4) Limestone: pale olive; chemically
precipitated; two inch beds; weathers
into small blocks and cubes.................. 1.5

21. (3) Limestone: olive grey; coarsely crystal
line; pitted; massive ...................... 3.0

Total 393.0

Toroweap formation 
Permian
1. (2) Sandstone: greyish purple............ .. 5.5
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Section 31—4
Measured one-half mile north of Tanners Well.

Kaibab formation
Permian Feet
1. (13) Arenaceous limestone: greyish orange; con

tains very coarse sand grains; bottom two 
inches finely-laminated ..........  . . . . .  1.0

2. (12) Arenaceous limestone: greyish orange;
cement very firm; dendrites present; highly 
pitted; blocky-bedded ......................  8.5

3. (11) Arenaceous limestone: very light grey; ce
ment firm;, full of irregular rounded chert 
nodules, approximately 30 to 40 per cent; 
irregular and wavy laminations are present 
toward the top. The chert increases to 80
percent in the top two feet .............. 35*0

4. (10) Arenaceous limestone: light greenish
grey; finely-laminated; gnarly-bedded; full
of chert nodules with slump-bedding in
matrix; glauconite abundant . . . . . . . . . 1 6 . 5

5. (8) Arenaceous limestone: very light grey at
the bottom, gradational to yellowish at the
top (9); pitted; crinoid stems, brachiopods,
and blue-black chert at the top . . . . . . .  7.5

6. (7) Arenaceous limestone: very pale orange;
locally cross-bedded; maximum dip of 10°;
local slumping; very coarse sand grains in
the top one f o o t .................. .. 3.5

7. (6) Calcareous sandstone: very light grey; ce
ment weak at the bottom; gradually becoming 
extremely pitted at the top; abundant 
brachiopods and pelecypods . . ............. 5.5

8. (5) Calcareous sandstone: very light greyish
green; irregular slope; massive; consider
able chert at the top and grades into 
finely-laminated, gnarly-bedded sandstone 
which forms a r e c e s s .............. .. . 14.0
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9. (4) Arenaceous limestone: very pale orange;
irregular slope; pitted; massive; slightly
nmotheatenM; crinoids, bellerophontids,
and small brachiopods ....................  8.5

10. (3) Arenaceous limestone: very pale orange; ir
regular slope; pitted; massive; stringers
and wisps of contorted, laminated material 16.0

11. (2) Chert: white; nodular; hard and brittle with
some carbonate crystals; has typical 
slump-bedded matrix ... ..................  2.0

12. (1) Arenaceous limestone: very light grey; ir
regular cliff; pitted internally; glaucon
itic particles present; full of nodular 
chert which gives a somewhat laminated ap
pearance to the massive character of 
the bed .. ......................... .. 5.5

Total 123.5

Concealed, alluvium
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Section 31-1
Measured at the northeast end of the escarpment at 

the end of the road from Tanners Well, eight miles N. 35° E. 
of Shinumo Alter.
Erosion surface
Kaibab formation
Permian Feet
1. (21) Arenaceous limestone: pale yellowish

orange; weathers blocky and pitted; massive- 
bedded; echinoid spines and small brachio- 
pods, mostly converted to g e o d e s .......... 14.0

2. (20) Arenaceous limestone: very light grey; ir
regular cliff; considerable chert and 
glauconite ................................. 8.0

3. (18) Arenaceous limestone: pale yellowish
orange; slope; pitted to a small extent; 
contains very coarse sand grains at the 
bottom; grades into very light grey at the
top (19); glauconite present ..............  16.5

4. (17) Arenaceous limestone: greyish orange pink;
irregular slope; pitted ................   5.5

5. (15) Calcareous sandstone: white; irregular
slope; weathers smooth to nodular; be
comes pitted at the top; somewhat cross- 
laminated .  11.0

6. (14) Arenaceous limestone: pale yellowishbrown; blocky; massive; dendrites present , . 3.5
7. (13) Arenaceous limestone: yellowish grey;

irregular slope; pitted; massive . ........  4.5
8. (12) Arenaceous limestone: pale yellowish

orange; vertical cliff; blocky and highly 
p i t t e d ..................................... 5.5

9. (10) Calcareous sandstone: yellowish grey; ir
regular cliff; very blocky and highly 
pitted; "motheaten"; lenses and streaks of 
laminated material: gradational to light 
grey sandstone (11) at the top; massive . . . 22.0



10. (8) Calcareous sandstone: very light grey;
vertical cliff; scattered laminations;
massive sandstone (9) at the t o p .......... 25.0

11. (7) Calcareous sandstone: yellowish grey;
irregular cliff; m a s s i v e .......... .. 5.5

12. (6) Calcareous sandstone: very pale orange;
irregular slope, smooth at base, pitted
toward the top; massive............ .. 5.5

13. (4) Calcareous sandstone: pale yellowish
orange; irregular slope; very sharply
pitted (5) at the t o p ....................... 14.0

14. (3) Calcareous sandstone: pale yellowish orange;
slope; somewhat pitted; massive .............  5.5

15. (1) Calcareous sandstone: pale yellowish
orange; slope; weathers pitted; grades into 
massive sandstone (2) at the t o p ............. 16.5

16. (1/2) Calcareous sandstone: white; slope;
weathers to a smooth rounded surface . . . . 5.5

Total 168.0

52
Feet

Concealed by alluvium
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Erosion surface

Section 61-1
Measured approximately six miles M.22.5°E. of Shinumo

Alter at the bottom of the wash cutting the fault scarp«

Kaibab formation
Permian Feet
1. (34) Arenaceous limestone: moderate yellowish

brown; blocky and pitted; dendrites
present; irregular spheres of chert........ 5<>5

2. (32) Arenaceous limestone: very pale orange;
slope; bottom 5.5 feet full of chert;
pitted (33) at the top  ............ 16.5

3. (31) Arenaceous limestone: greyish orange; ir
regular slope; pitted; chert flint-like . . . 11.0

4. (29) Arenaceous limestone: very light grey;
. irregular cliff; pitted; some white chert 
present at the top (30) ..................... 11.0

5. (23) Arenaceous limestone: very light grey;
slope; at 11.0 feet from the base pitted 
surface (24) with spheres and geodes; takes 
on a greenish hue at 22.5 feet (26); glau
conitic material increases upward; size in
creases to two millimeters at the top (28) . 38.5

6. (21) Calcareous sandstone: very light grey:
gradational to pale yellowish orange (22);
irregular cliff; blocky weathering;
massive . ....................................5.5

7. (19) Calcareous sandstone: very light grey;
irregular slope; blockyweathering; fos- 
siliferous (20) at the top . . . . . . . . .  8.5

8. (18) Calcareous sandstone: pale yellowish
orange; blocky and pitted; finely-laminated
at the base and gradational upward to
very light g r e y .............................. 16.5

9. (17) Calcareous sandstone: very light grey;
pitted; cement f i r m ................ 5.5
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10. (15) Calcareous sandstone: very light grey to
pale yellowish orange; finely-laminated; 
irregular; warping and slumping at the base; 
becomes highly pitted at the top (16) . . . . 10.0

11. (13) Calcareous sandstone: pale yellowish
.orange; irregular cliff; cement weak at 
the bottom; firm and pitted at the top 
(14); blue-black chert along bedding planes,
approximately three feet above base ........  21.0

12. (ll) Calcareous sandstone: moderate yellowish
brown to pale yellowish orange; smooth at
the bottom; pitted at the top (12) . . . . .  29.0

13. (10) Calcareous sandstone; pale yellowish
orange; irregular cliff; pitted; beds ap
proximately 1.5 feet thick; some blue- 
black chert.................................12.0

14. (7) Arenaceous limestone; pale yellowish
orange; vertical cliff; grades upward to
light grey (8); pitted at the top (9) . . . . 26.0

15. (5) Arenaceous limestone: pale yellowish
. orange; vertical cliff; gnarly-bedded at 
the bottom; massive and pitted upward (6) . . 22.0

16. (4) Arenaceous limestone: pale yellowish
orange; irregular cliff; very deeply
pitted; beds approximately 1.5 feet thick . . 8.0

17. (l) Calcareous sandstone: pale yellowish
orange; sandy at the base; cement weak;
pitted toward the top (2) becomes firm (3) . 12.0

Total 269.5

Concealed by alluvium
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Section 30-2
Measured along the fault scarp trending N.37.5°E. 

about two miles southeast of Shinumo Alter.
Erosion surface
Kaibab formation
Permian Feet
1. (12) Arenaceous limestone: very light grey;

. irregular slope; weathers pitted; cement 
firm .....................................  11.0

2. (10) Arenaceous limestone: very pale orange;
. grades upward to very light grey arena
ceous limestone (11) at 27.5 feet; 
irregular slope; bedding approximately one 
foot thick; gradational from thick, mas
sive beds below..........................  22.5

3. (9) Arenaceous limestone: greyish orange;
irregular cliff; weathers pitted; red 
jasper replacement of crinoid stems, large 
branching corals, Dictyoclostus bassi; 
blue-black chert along bedding planes . . . 22.5

4. (8) Arenaceous limestone: very pale greenish
. orange; irregular slope; 18 inch layer at 
the bottom with considerable glauconite . . 11.0

5. (7) Arenaceous limestone: greyish orange;
. irregular slope; weathers pitted; massive . 42.0

6. (6) Calcareous sandstone: very light grey;
irregular slope; weathers rounded; cement
w e a k ..................................... 22.0

7. (5) Calcareous sandstone: dark yellowish
orange; irregular cliff; weathers pitted; 
cement firm; massive; dendrites common; 
some scattered layers of laminated sand
stone 31.5
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8. (3) Calcareous sandstone: white; weathers
smooth and rounded; alternates with dark 
yellowish orange sandstone in approxi
mately 5.5 foot beds; beds grade into very 
light grey calcareous sandstone (4) . . . .

9. (l) Calcareous sandstone: dark yellowish
orange; irregular slope; weathers pitted to 
knobby; massive; irregular to nodular chert 
common; grades upward into very light grey 
sandstone (2) with an increase in pitting .

Total

Concealed,

86.5

48.5
297.5

bottom of drainage
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Section 62-1
Measured at the head of Twenty Nine Mile Canyon, 

on the Colorado River.
Erosion surface
Kaibab formation 
Permian
1. (36) Arenaceous limestone: pale yellowish

orange, grades upwards to very pale 
orange; pitted; forms irregular slope; one 
foot thick, small scale cross-bedding two 
feet from the cottom ....................

2. (34) Arenaceous limestone: greyish orange;
with white nodular chert; slump bedding be
tween chert nodules; chert becomes finely- 
laminated and bedded in the top two 
feet (35).................... ............

3. (33) Limestone: dark yellowish orange; den
drites common; very sharply pitted.
Contains large spheroidal masses of chert, 
with conchoidal fracture; weathers blue- 
black; six inches to one foot in diameter •

4. (30) Arenaceous limestone: gradational from very
pale orange at the bottom to pale yellowish 
orange at the top (31); rounded vertical 
cliff; fossiliferous; blue-black chert 
occurs in bottom one foot, and at seven feet 
in beds approximately four to six inches 
thick one foot apart. The top of the bed 
is at U.S. Bureau of Reclamation B.M. l 
(5415*27 feet) and becomes very gnarly- 
bedded with large, irregular, hard, tough 
chert........................ ............

5. (29) Arenaceous limestone: very pale orange;
pitted; irregular slope; bedding becomes 
very uneven, approximately six inches thick, 
finely-laminated chert becomes abundant . .

6. (28) Arenaceous limestone: light greenish grey;
rounded vertical cliff; highly fossiliferous 
echinoid spines, Composita, Dictyoclostus 
bassi; alternates with blocky beds l . . .

Feet

8.5 

14.5

5.5

16.0

5.5

9.5
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7. (2?) Calcareous sandstone: white at base; in
crease in carbonate percentage toward the 
top; pitted at 11 feet; at nine feet from 
the base beds become cross-laminated on a 
small scale, approximately six inches thick 
for about 1.5 feet; spotty masses of blue- 
black chert at 16.5 feet; at 25 feet glau
conitic material becomes evident and in
creases toward the top; beds become light 
greenish grey, finely-laminated and gnarly 52.5

8. (26) Arenaceous limestone: pale yellowish
orange; gradational to dark yellowish
orange at the top; dendrites throughout . . 17.5

9. (25) Calcareous sandstone: dark yellowish
orange; extremely hard, dense; dendrites 
throughout . . . . .  ....................  5.5

10. (24) Calcareous sandstone: very light grey; ver
tical cliff; smooth at bottom; becomes
pitted at top .............................  12.0

11. (23) Arenaceous limestone: greyish orange;
extremely gnarly-bedded; has glauconitic 
material throughout ......................  1.5

12. (22) Calcareous sandstone: white; friable;
weathers to an uneven surface with spheroids 
one-eighth inch in diameter..............  5.5

13. (21) Calcareous sandstone: very light grey; con-
- tains pure white chalky chert . ........... 5.5

14. (19) Calcareous sandstone: very light grey;
. vertical cliff; six inch glauconitic layer 
at the bottom; becomes pitted at the top 
(20) with small amount of nodular chert . . 16.5

15. (18) Calcareous sandstone: very light grey;
friable; forms smooth slope ..............  4.5

16. (17) Calcareous sandstone: pale yellowish
orange; pitted ........................... 5.5
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17. (16) Calcareous sandstone: white; pitted;
vertical cliff; one-fourth inch geodes
present; small amount of nodular chert at
the top; internal spheroidal pitting up
to two inches in diameter .................  5»5

18. (15) Calcareous sandstone: pale yellowish
orange; pitted; vertical cliff; bedding 
is approximately eight feet thick........  24.0

Feet

19. (14) Arenaceous limestone: coarsely crystal
line; has six inch bed of gnarly-bedded,
pale yellowish green sandstone at the
bottom ...................................  3.0

20. (13) Calcareous sandstone: pale yellowish
orange; pitted; vertical cliff .........  9.0

21. (12) Calcareous sandstone: very pale orange;
. alternates between pitted calcareous sand
stone and undercut material with a 
smooth s u r f a c e ..........................  8.5

22. (ll) Calcareous sandstone: white; weathers
into irregular cliff; cylindrical chert . . 12.0

23. (10) Calcareous sandstone: very light grey;
weathers as an undercut cliff at the
bottom; nodular limestone pellets present
in lower three feet; becomes pitted 5*5
feet from the b o t t o m ....................  16.0

24. (9) Calcareous sandstone: very pale orange;
massive cliff; becomes increasingly pitted
near the t o p .......................... .. 17.5 x

25. (8) Calcareous sandstone: very pale orange;
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gradational from below, with absence ofchert ....................... ................ 5.5

26, (7) Sandstone: pale yellowish orange; smooth
vertical cliff; bottom six inches gnarly- 
bedded glauconitic layer; nodular chert 
present throughout, becoming increasingly
prominent toward the top ...................13.0

27. (6) Sandstone: white with lenses and streaks
of reddish brown and pale red purple; 
finely-laminated; beds three to four inches 
thick..................................... . 15.5

28. (5) Calcareous sandstone: dark yellowish
. orange; gradational from white calcareous 
sandstone below ..............  . . . . . . .  0.5

29. (4) Calcareous sandstone: white, speckled with
. pink; small scale cross-lamination; bed
ding approximately three inches thick . . . .  8.0

30. (3) Arenaceous limestone: moderate yellowish
brown; aphanitic; dense blocky weathering, 
one inch cubes; undulatory beds two inches
thick; faint lamination . . . .  ............  1.0

31. (2) Limestone: pale yellowish orange; fairly
coarsely crystalline; gnarly-bedded; 
weathers along laminae . ............... . . 3,0

Total 328.0

Toroweap formation 
Permian
1. Sandstone: pale red purple; light grey

speckled near the top; massive; grades 
from gnarly-bedded, finely-laminated 
material below .................... 5-5
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Section 63-2
Measured at the confluence of the Colorado River 

and the Little Colorado River.
Erosion surface
Kaibab formation
Permian Feet
1. (30) Limestone: pale red purple; coarsely crys

talline; concretions of hematite and
siderite..................................... 5.5

2. (29) Limestone: light brownish grey; coarsely
crystalline................................... 5.5

3. (28) Arenaceous limestone: light olive grey;
massive; pitted............................   5»5

4. (26) Arenaceous limestone: light olive grey;
pitted; massive; cement firm; top 1.5 feet
forms recess and is very gnarly-bedded
and laminated ( 2 7 ) ........................... 5.5

5. (25) Arenaceous limestone: light brownish grey;
pitted; massive; cement firm; lower 1.5 
feet forms slope with chert chips; car
bonate crystals present ....................  3.0

6. (24) Arenaceous limestone: light olive grey;
pitted; massive ............................. 3.0

7. (23) Chert: pinkish grey; massive; blocky
weathering surface ............  3*0

8. (21) Calcareous sandstone: yellowish grey;
slope; finely-laminated; shows preconsoli
dation slumping; massive sandstone (22) at 
the top; cement w e a k ............  10.0

9. (17) Arenaceous limestone: greyish orange;
rounded cliff; pitted surface; massive; six 
inch band of geodes, replaced fossils at 
22.0 feet from the bottom: alternates with 
laminated white chert (19) in beds approxi
mately 1.5 feet thick. Limestone also 
becomes laminated and shows pre consolidation 
of slumping; dendrites present (18); traces 
of glauconitic material............ .. 47*5
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10. (15) Calcareous sandstone: very light grey;
. rounded cliff; deeply pitted; cementa
tion weak; fossiliferous, red jasper 
replacement; grades into massive sandstone - 
(16) toward the top; top six inches forms 
recess ..................................... 12.0

11. (14) Calcareous sandstone: yellowish grey; ir
regular slope; pitted surface; cement 
weak; be11erophontids replaced by red 
jasper; becomes progressively pitted to
ward t o p ...................................9.5

12. (13) Arenaceous limestone: dark yellowish
orange; vertical cliff; pitted surface;
cement firm; dendrites p r e s e n t ........ .. . 8.5

13. (11) Chert: massive and bedded, in beds one
foot thick at bottom; then alternates with 
calcareous sandstone (12), greyish orange, 
in about four inch layers for three feet. 
Gradually entirely replaced by (12) and 
in some places the beds are discontinuous 
and appear as long stringers and lenses. 
The top 1.5 feet forms a slope as the
chert becomes more plentiful ............. . 11.0

14. (10) Calcareous sandstone: dark yellowish
orange; weathers pitted to knobby; cement
weak; friable; bedding m a s s i v e ........ .. . 4.0

15. (8) Arenaceous limestone: light brownish grey;
series of variable beds; weathers smooth; 
blocky and somewhat pitted (9) at the top 
of the u n i t ............ .. . . .  . . . . . . 14.0

16. (?) Arenaceous limestone: pale yellowish
brown; vertical cliff; pitted surface;
cementation firm; massive; small geodes
present................................... . 4.0

17. (6) Calcareous sandstone: dark yellowish
orange; pitted; massive; in places becomes 
laminated........ .......................... 6.5

18. (3) Calcareous sandstone: pale yellowish
- orange to moderate orange pink; minutely 
pitted surface; coloration mottled, 
spotted with crystals of carbonate . . 14.0
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19. (2) Chert.: very irregularly bedded and con
torted .....................................0.5

20. (1) Calcareous sandstone: greyish orange;
weathers smooth; three feet below top the
chert is in five inch spheres and small
geodes are p r e s e n t ........................ 55.0

Total 227.5

Inaccessible, vertical cliff face
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Measured on the Little Colorado River, 15 miles N.46°E. 
of Desert View in a very large side canyon.
Erosion surface
Kaibab formation
Permian Feet
1. (38) Calcareous sandstone: moderate yellowish

brown; nconglomeratic” chert, very angular 
in a matrix of calcareous sandstone; be
comes almost 90 percent of bed; hematite 
abundant ...................................  11.0

2. (36) Arenaceous limestone: dark yellowish orange;
irregular slope; weathers smooth to rounded; 
cement weak; bedding massive; some lamina
tion; nodular chert with border of "cotton

Section 64-1

rock,” red jasper present ................... 14.0
3. (35) Arenaceous limestone: yellowish grey;

irregular slope; six inch layer of blue-
black chert at the top with silicifled
fossils ............................. .. 4.5

4. (33) Calcareous sandstone: greyish orange, grades
to white sandstone in part; contains grains 
of very coarse sand; one foot of massive 
blue-black chert on top of bed;
Dictyoolostus bassi ........................  8.5

5. (30) Arenaceous limestone: greyish orange to
very pale orange; irregular cliff; weathers 
pitted; bottom 3*5 feet is cross-bedded and 
contains very coarse sand; grades laterally 
into dark yellowish orange limestone (32) at 
the top, is very friable and deeply pitted 
( 3 1 ) ....................................... 11.0

6. (28) Calcareous sandstone: pale yellowish
orange; evenly laminated at the base: be
comes massive and pitted at the top (29) . . 22.0

7. (27) Arenaceous limestone: very light grey; ir
regular cliff; weathers blocky and pitted . . 5.5
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(25) Calcareous sandstone: white to very light 
grey; irregular cliff; weathers smooth to 
rounded; cement weak at the bottom; mas
sive (26) at the t o p ........ .............. 16.0

9. (24) Arenaceous limestone: light grey; irregu
lar cliff; weathers pitted; cement firm . . . 11*0

10. (21) Arenaceous limestone: light grey; weathers
pitted; cement firm; bedding massive;
"moth eaten"........................ .. 24.0

11. (20) Calcareous sandstone: very pale orange;
rounded cliff; massive; preconsolidation 
deformation locally present ................  12.5

12. (19) Arenaceous limestone: light grey; vertical
cliff; weathers blocky and pitted; cement
firm; some poorly preserved brachiopods . . . 8.5

13. (18) Calcareous sandstone: very light grey;
weathers smooth to pitted; considerable
nodular chert along the bedding planes . . .  6.5

14. (17) Arenaceous limestone: light grey; rounded
cliff; weathers pitted; scattered, massive 
blue-black chert on the top of the bed . . .  12,0

15. (16) Calcareous sandstone: very light grey;
. rounded cliff; recess at the bottom; exfo
liation structure; gnarly-bedded . ........  3*5

16. (15) Calcareous sandstone: very light grey;
vertical cliff; weathers pitted; massive • . 8.0

17. (13) Calcareous sandstone: very light grey;
rounded cliff; recess at the bottom; pitted
at the top; cement weak at the bottom;
massive (14) at the t o p .......... ..........25.0

18. (11) Arenaceous limestone: very light grey;
. vertical cliff; weathers pitted; cement 
firm; massive; geodes and some scattered 
chert present at the top (12)............ .. 21.0
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19. (9) Arenaceous limestone: very light grey;
vertical cliff; weathers pitted; cement 
weak; bedding massive above three inches 
of laminated material at the base; pitted
(10) at the t o p .................. 22.0

20. (8) Calcareous sandstone: very light grey;
vertical cliff; weathers pitted; cement
firm; some chert p r e s e n t .....................6.5

21. (7) Calcareous sandstone: very light grey;
. regular slope; weathers smooth to pitted; 
cement weak; gnarly-bedded; some chert 
present....................................... 6.5

22. (4) Calcareous sandstone: very pale orange;
regular slope; weathers smooth; cement 
weak; gnarly-bedded; irregular chert abun
dant; grades into sandstone laterally in 
places; becomes pitted and is expressed as a 
vertical cliff about 5*5 feet above the 
base (5); pitted (6) at the t o p ............ 23.0

23. (2) Arenaceous limestone: pale yellowish
orange; rounded cliff; weathers blocky and 
pitted; geodes, small (one-eighth inch in 
diameter) and spheroidal chert five inches 
in diameter; sandy at the base, gradational 
within a foot from the Foroweap formation 
below into crystalline yellow orange lime
stone ( 3 ) .................... .............. 13.0

Total 295.5

Toroweap formation 
Permian
1. (1) Sandstone: white, greyish red purple in

. part; locally cross-bedded in upper 27.5 
feet; weathers smooth and rounded; is con
formable with overlying Kaibab formation 
and is gradational into it . . . . . . . 5.5
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Measured at Dead Indian Canyon on Highway 64. 
Erosion surface
Kaibab formation
Permian Feet
1. (28) Arenaceous limestone: pale yellowish

brown; irregular cliff; weathers pitted and 
blocky; contains very coarse sand grains at 
the top ..................................... 28.0

2. (25) Arenaceous limestone: greyish orange pink
. to White; calcareous sandstone (26) forms 
slope at the t o p .......................... 38.5

3. (20) Arenaceous limestone: greyish orange pink
to dark yellowish brown; irregular slope . . 33.0

4. (16) Arenaceous limestone: very light grey;
irregular slope; weathers pitted; cement
weak; massive; somewhat cross-bedded at
nine feet from the base .....................27.5

5. (15) Arenaceous limestone: very light grey;
vertical cliff; top has fossiliferous blue- 
black chert...................... ..........5.5

6. (14) Calcareous sandstone: very pale orange;
cross-bedded in one foot beds . . . . . . . .  3.5

7. (9) Arenaceous limestone: pale yellowish brown;
irregular cliff; very strongly pitted;
becomes thin-bedded ........  . . . . . . . .  10.0

8. (8) Calcareous sandstone: very light grey;
weathers smooth; the top of the bed has ex
tensive fossil replacement by geode filling; 
Diotyoclostus bassi. Squamularia, Avonia . . 21.0

9. (7) Calcareous sandstone: very light grey;
gnarly-bedded white sandstone at the base; 
bedding approximately 11 feet thick........ 81.5

10. (6) Calcareous sandstone: very light grey;
. friable at the base; firm toward the top . . 7.5



11. (5) Calcareous sandstone: very light grey;
weathers smooth at the bottom and becomes 
pitted at the top; bottom 5*5 feet of 
gnarly-bedded fragmental chert ............  43.0

12. (3) Calcareous sandstone: very light grey;
weathers pitted; cement firm; massive; one

68

Feet

foot of gnarly beds at 6.5 feet; at 18
feet from the base considerable nodular
chert and some geodes.................. .. . 22.0

13* (2) Calcareous sandstone: very light grey;
smooth to pitted; gnarly-bedded; exten
sive geode replacement of fossils.......... 22.5

Total 343.5

Toroweap formation 
Permian
1. (1) Calcareous sandstone: very light grey to

white; rolling slope; weathers rounded to 
knobby; cross-bedded on a small scale . . . .  6.5
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Section CD-I
Measured on the west side of the Little Colorado 

River on Highway 64, eight and one-half miles west of 
the junction with Highway 89»
Erosion surface
Kaibab formation 
Permian
1. (24) Arenaceous limestone: yellowish grey,

National upwards to light olive grey 
; (26) sharply pitted; very blocky; 

thin-bedded with layers of fragmental 
chert and laminated sandstone; 
Composita. rare ......................

2. (2l) Calcareous sandstone: very light grey;
irregular cliff; blocky weathering; with 
alternating one foot beds, with three to 
four inch finely-laminated sandstone 
(22); crystals of carbonate at 28 feet (23)

3. (20) Calcareous sandstone: very light grey;
rounded cliff; increasingly pitted upward; 
massive; cement weak at the bottom, be
coming firm upwards....................

4. (18) Arenaceous limestone: yellowish grey;
irregular cliff; slightly pitted; grada
tional to light olive grey (19); cement 
f i r m ................ ................

5. (16) Arenaceous limestone: light olive grey;
irregular slope; cement firm; bedding mas
sive, decreases from usual 11 foot thick
ness below to an average thickness of 
three feet; at 22.0 feet from the base 
bedding decreases to 1.5 feet in thickness 
( 1 7 ) ...................................

6. (14) Calcareous sandstone: light grey; rounded
cliff; pitted; cement firm; one foot bed of 
laminated sandstone with slump features 
around chert (15) . . . . ................

8.5

44.0

5.5

11.0

44.0

16.5
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7. (12) Arenaceous limestone: yellowish grey;
vertical cliff; pitted; increase in pit
ting upwards (13); bottom of bed forms 
recess ................

8. (11) Arenaceous limestone: yellowish grey;
pitted; firm; massive; fossiliferous; top 
of bed has eight inch layer of blue-black 
chert ............................... ..

9* (9) Arenaceous limestone: yellowish grey; mas-
. sive; pitted; spheres of chert 3*5 inches 
in diameter; at A.5 feet from the base 
slump-bedded sandstone forms recess with 
exfoliation weathering (10)............ ..

10. (8) Arenaceous limestone: very pale orange;
massive, with a few small lenses of 
gnarly-bedded sandstone ............  . . .

11. (5) Calcareous sandstone: greyish orange, gra-
. dational upward to very pale orange (6);
(7) vertical cliff; weathers pitted; cemen
tation highly variable; fucoids; gnarly- 
bedded lenses with preconsolidation 
slumping (6) at 38.5 feet; (7) at the top .

12. (3) Arenaceous limestone: medium grey; forms
recess; weathers blocky; gnarly-bedded; 
finely-laminated, one to two millimeters .

13. (2) Arenaceous limestone: light brown, rounded
. cliff; massive; visible grains of medium 
s a n d .....................................

Total

Toroweap formation 
Permian
1. Sandstone: white; regular slope; generally

massive; somewhat gnarly-bedded; transi
tional to underlying Coconino sandstone . .

28.5

11.5

23.0

7.5

91.5

3.0

15.5 
310.0

6.0

Feet



APPENDIX B

TABULATION OF STATISTICAL DATA

The following figures contain the cumulative 
curves and statistical parameters (.p, 27-28) of 
sections 31-1, 62-1, 64-1, and 31-2. Carbonate 
percentages are shown, graphically compared with 
with the statistical parameters on Plate 3*
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FIGURE 2
A -  SAMPLE NO. 31-2. 6 B -  SAMPLE NO. 3 1 - 2 .7vb
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FIGURE 3
A - SAMPLE NO. 31 -2 ,10  B -  SAMPLE NO. 31-2.11---------  %  -
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FIGURE ,4
A -  SAMPLE N O . 3 1 -2 .1 4  B -  SAMPLE N O . 3 1 - 2 ,  IS------ —  %  . -

5 -1

-  SAMPLE NO. 31-2.17C -  SAMPLE NO. 31-2., ife
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FIGURE 5
A -  SAMPLE N O . 3 | - Z , l S  q/ B -  SAMPLE N O . 3 I - Z J 9

5 -1 1 . 2

Z.Zo D -  SAMPLE NO. 51-Z.ZJC -  SAMPLE NO
A B C D
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FIGURE 6
A -  SAMPLE N O . 31-Z , Z.Z. B -  SAMPLE N O . 3 1 - 2  ,---- ---- %  ----- s---

C -  SAMPLE NO. 31-2,24  
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FIGURE
A -  SAMPLE NO. 31-2.27
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FIGURE 8
A -  SAMPLE N O . 3 | -  2.321 B -  SAMPLE N O . 3 1 -2  .3 3--------- 1------  % ---------- ------

C -  SAMPLE NO. 31-2.36 D - SAMPLE NO. 31-2.37
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FIGURE 9
A -  SAMPLE NO. 31-2 38 B -  SAMPLE NO. 3 1 -2 ,3 9----1---  %  —.....

C -  SAMPLE NO. 3 l-2 ,4 o
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DEVIATION MEASURE
SKEWNESS
2nd SKEWNESS
KURTOSIS

%
+
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A -  SAMPLE NO. 3 1 -2 .4 3  n, B -  SAMPLE NO.
1 %

FIGURE 10
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FIGURE 11
A -  SAMPLE NO. 31-2,1 B -  SAMPLE NO. 31-2f3%

C -  SAMPLE NO. 31-2,4
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FIGURE 12
A -  SAMPLE N O . G4~l, /  B -  SAMPLE N O . A---------  %  — .......

C -  SAMPLE NO. &f-t,3

PHI MEAN
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2nd SKEWNESS
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A B C. D3/ 3(6 37
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FIGURE 13
A -  SAMPLE NO. B -  SAMPLE NO. 6

1 % .

5 -1

C - SAMPLE NO. 64-h 7  D -  SAMPLE NO. &9-I.&
A B C D
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FIGURE 14
A - SAMPLE NO. t/?-l, 9  B - SAMPLE NO. /O

%

5 -1
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FIGURE
A -  SAMPLE NO. 64-/, /5
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FIGURE 16
A -  SAMPLE NO. £>4-/. /7 B -  SAMPLE NO. £4-1, /8%  — -------

C -  SAMPLE NO. frg -/, #
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FIGURE
A -  SAMPLE NO. &4-I.2/
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FIGURE 18
A -  SAMPLE NO. 64-/, ZS  B -  SAMPLE NO. 64-/.Z&
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FIGURE 19
A -  SAMPLE NO. &t-/,50 B -  SAMPLE NO. 64-/. 5!
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FIGURE 20
A -  SAMPLE NO. <$*V .3S B -  SAMPLE NO. <%?-/.--- -- o/0 ---- '--
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FIGURE 21
A -  SAMPLE NO. 62-1 , / B -  SAMPLE NO. 6 2 -/ ,5  ;---------  % ----------------
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A -  SAMPLE NO. <£2-/, C B -  SAMPLE NO. 7---------  %  ---------
FIGURE 22
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A -  SAMPLE NO. to B - SAMPLE NO. < ? -/// /-------- %  ' ------
FIGURE 23
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A -  SAMPLE NO. £2-/, /4 B -  SAMPLE NO. 62-1,-t*96
FIGURE 24
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FIGURE 25
A -  SAMPLE NO. 62-J, /8 B -  SAMPLE NO. 62'/,/?
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FIGURE 26
A -  SAMPLE NO. 42-/ , 23 B -  SAMPLE NO. 6?-/.----- ---- %  -----e----
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FIGURE 27
A -  SAMPLE NO. t2-f,28 B -  SAMPLE NO. 62-/. 29
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FIGURE 29
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FIGURE 30
A -  SAMPLE NO. 3 1 -1 ,6  B -  SAMPLE NO. 3 M V------ - o/o --------
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FIGURE 31
A -  SAMPLE NO. 31-i .14 B -  SAMPLE NO. 31-1 . I f  — % ---------- -----
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FIGURE 32
B -  SAMPLE NO. 3/-/ , 21
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