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ABSTRACT

Extensive study of the gamma member of the Kaibab Formation 

(Permian) on the Colorado Plateau southeast of Flagstaff, Arizona has 

indicated that the gamma member is laterally equivalent to the beta 

member of the Kaibab Formation west of the study area. Due to the per

sistence of conditions suitable for deposition of the gamma member on 

the eastern margins of the formation, the gamma member transgresses 

through time and is equivalent to the beta and alpha members of the 

Kaibab Formation present in the central and western portions of the 

study area.

The member exhibits a crude fining upward sequence beginning 

with calcareous quartz arenite and grading rapidly into silty very 

finely crystalline limestone. This sequence was observed throughout 

the study area except in the easternmost sections, where the lithology 

is primarily quartz arenite.

The exclusively molluscan fauna of the member was probably 

developed within a hypersaline environment caused by a restriction of 

circulation. The gamma member was deposited on a shallow, broad shelf 

developed by erosion of the Coconino Sandstone down to the water table. 

This broad shelf effectively restricted circulation, and this, combined 

with the arid climate present at this time, produced a moderate rise in 

salinity.

x



INTRODUCTION

Purpose of Investigation

A detailed study of the stratigraphy, paleontology and paleo- 

ecology of the gamma member of the Kaibab Formation of Permian age has 

not been undertaken, and in fact, the member as a whole has been prac

tically ignored since the initial recognition of the member by McKee 

(1938) in his study of the Toroweap and Kaibab Formations. The purpose 

of this study, therefore, was to further investigate both the horizontal 

and vertical extent of the member, and in so doing determine the environ

mental, paleontological, and sedimentary conditions under which the 

gamma member was deposited. In addition, with the gamma member sand

wiched between the beta member of the Kaibab Formation above and the 

Coconino Sandstone below, a regional stratigraphic synthesis of both the 

Kaibab and Toroweap Formations was designed to further clarify the paleo- 

environmental and paleotectonic conditions under which the member was 

deposited.

Location and Accessibility

The study area is situated in the Mogollon Rim country of cen

tral Arizona (fig. 1, in pocket). The area is outlined crudely by a 

rectangle formed by the towns of Flagstaff, Holbrook, Show Low and 

Pine, Arizona.

Arizona Highways 79, 87, 89, and 99, and Interstate Highways 17 

and 40 serve as the primary access roads. Access to the sections in

1
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the Coconino and Sitgreaves National Forests is by means of the well- 

maintained dirt road system of the U. S. Forest Service, and was suffi

ciently well established to allow accessibility by automobile to within 

half a kilometer of most outcrops.

Methods of Study

Field Work

Initial field investigations began in the spring of 1975 and 

the bulk of the study was conducted in September and October of the same 

year. Work involved the location and measurement of both previously 

described gamma member sections, as well as new, heretofore unmeasured 

gamma member localities. A total of 26 sections were measured and de

scribed within the study area, including 16 new gamma member sections.

Field observations involved section measurement, collection of 

specimens from each unit for laboratory analysis, description of bedding 

and other sedimentary structures, fossils and their distribution, topo

graphic expression, weathering characteristics, stratigraphic relation

ships and obvious lithologic characteristics. Due to the almost 

exclusive exposure of the gamma member as nearly vertical ledges (es

pecially at Chevelon Canyon, East Sunset Mountain [fig. 3 , p. 9], Leonard 

Canyon, and Walnut Canyon) access, and therefore collection and obser

vation, was in places severely limited.

Field procedure began with examination of the sections described 

by McKee (1938) in an effort to become familiarized with the gamma mem

ber as initially conceived. Potential new sections were located on the 

Geologic Map of Arizona (Wilson, Moore and Cooper, 1969) and then
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transferred to the more detailed topographic maps published by the U. S. 

Geological Survey. A minimum section spread of approximately five miles 

was required due to the size of the potential outcrop area of the gamma 

member.

Laboratory Procedure *

Field samples were analyzed in the sedimentation laboratory at 

The University of Arizona. Hand specimen identification and analyses 

were done in the laboratory to utilize uniform lighting and testing 

conditions. Equipment used consisted of: l) the Rock-Color Chart

(Goddard, 1948) for color identification; 2) the binocular microscope 

in conjunction with specially prepared standard reference slides for 

sorting, angularity and grain size calculations; and 3 ) 10 percent hy

drochloric acid and Alizarin Red-S solutions for the determination of 

calcite and dolomite percentages. Also, grain composition, cementation 

properties and fossils were recorded. Lithologic names were assigned 

using the basic terminology of Folk (1974)•

Thin sections were made for each unit in the Clover Creek,

Walnut Canyon, Black Canyon, and East Clear Creek sections in order to 

establish a basis for hand specimen identification and to provide de

tailed lithologic information in the north, east, west and central por

tions of the study area. One-half of each slide was stained with 

Alizarin Red-S in the procedure outlined by Dickson (1965) for visual 

identification of calcite and dolomite. X-ray techniques were used on 

two samples for the positive identification of the kaolinite mineral, 

diekite, present in many of the samples.
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Explanation of Metric System Usage

The metric system was used for section measuring and sample de

scription within the study area due to the pending conversion to metric 

terminology. However, section location information is indicated in 

miles for convenience. Regional maps of the Toroweap and Kaibab Forma

tions were constructed using contours designated in feet and scales in 

miles to allow comparison with previous data.

Previous Work

The combined Kaibab and Toroweap Formations, as presently de

fined, form part of what Gilbert in 1875 called the Aubrey Limestone.

In 1910, Darton modified the preexisting terminology by replacing the 

name Aubrey Limestone with the term Kaibab Limestone. Noble (1914) was 

the first to recognize distinct members within the Kaibab Limestone.

In 1922 Reeside and Eassler divided the formation into five distinct 

members, the boundaries of which are still accepted today. A type sec

tion for the Kaibab Limestone at Kaibab Gulch was proposed in 1928 by 

Noble.

McKee (1938), in his study of Barton's Kaibab Limestone, sub

divided the unit into two formations, the Kaibab and Toroweap Forma

tions —  comprised respectively of the upper two and lower three 

subdivisions proposed by Reeside and Bassler in 1922. Each of the 

formations was further divided into three members, the alpha, beta and 

gamma (in descending order), and facies within each member were delin

eated. The member boundaries were the same as the five divisions es

tablished by Reeside and Bassler (1922) with the addition of a sixth
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subdivision, the gamma member of the Kaibab Formation, recognized only 

in the area east and south of Flagstaff. Despite extensive restudy of 

both the Toroweap and Kaibab Formations, terminology has remained un

changed since 1938, although the boundaries and number of facies within 

each member have undergone modification. A proposal by Sorauf (1962) 

to establish formal member names was adopted by Bissell (1969) in his 

study of the Permian and Triassic of Arizona and Nevada, but otherwise 

has not come into general use. A flow diagram, figure 2, summarizes 

the major terminology changes of the Kaibab Formation.

Of the numerous regional analyses of the Kaibab Formation under

taken since McKee's initial 1938 publication, those of Baars (1962), 

Bissell (1969), McKee (196?) and McKee and Breed (1969) are the most 

noteworthy. Further original study on the gamma member of the Kaibab 

after McKee's initial definition of the member is minimal. Pattison 

(1947) made note of the gamma member in her environmental study of the 

alpha member of the Kaibab in the Walnut Canyon area. Brady, in 1958, 

revisited several of McKee's original gamma member localities. Newell 

and Ciriacks (1962) described a new genus and species of pelecypod iso

lated from the collections made by Brady of the gamma member. Mather 

(1970) located two entirely new gamma member localities in the course 

of his study of the eastern limits of the Kaibab Formation, and 

Shoemaker and Kieffer (1974) recognized its presence within Meteor

Crater
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Geology of the Study Area

In the southern reaches of the study area, surface exposures 

consist solely of the Permian Coconino Sandstone and the Kaibab Forma

tion. Further northward, the Kaibab Formation exposures increase in 

thickness as the effects of recent erosion are diminished until in the 

northernmost areas, the Kaibab Formation is capped by the Triassic 

Moenkopi Formation. The Kaibab Formation at the edge of the Mogollon 

Rim dips at an angle of between 1 and 3° towards the north. The re

gional topography decreases in elevation in the same general direction, 

but at a somewhat lower angle. As a result, the basal contact of the 

Kaibab Formation crops out only in the deeper stream valleys in the 

middle of the study area, and accessibility is commonly impossible by 

normal means. This trend reverses in the northern one-half of the 

field area, and as the Kaibab Formation thins northward as its deposi- 

tional limit is reached, the basal units of the formation are present 

nearer the surface and are exposed somewhat more readily. Though nu

merous faults are present, none are of sufficient magnitude or extent 

to significantly distort the stratigraphy or the essentially horizontal 

attitude. The Anderson Mesa fault running along the northeast border 

of Lower Lake Mary (Benfer, 1971) was the only fault of considerable 

displacement. A vertical offset of some 300 feet is of sufficient mag

nitude to bring the basal units of the Kaibab Formation to the surface.

Coconino Sandstone

The Permian Coconino Sandstone underlies the entire study area 

and, in the area east and south of Flagstaff, rests directly beneath
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the Kaibab Formation. West of the study area, the Toroweap Formation 

separates the Coconino Sandstone from the Kaibab Formation. McKee’s 

(1934) proposal that the Coconino was eolian in origin has generally 

been left uncontested and supported primarily by the work of Poole (1962), 

McKee and Tibbits (1964), and McKee's own work in 1945 on small-scale 

structures in the Coconino Sandstone, and in 1966 on sand dunes at White 

Sands National Monument.

McKee (1934) observed a general thinning of the Coconino Sand

stone northward to extinction near, and parallel to, the Arizona-Utah 

border. The isopach maps constructed by Baars (1962) confirm McKee's 

initial hypothesis.

Cementation of the Coconino Sandstone beneath the gamma member 

has been consistently by pressure solutioning at grain contacts and quartz 

overgrowths (fig. 12, p. 22). However, as the Kaibab-Coconino contact 

is approached, cement composition takes on an increasingly calcareous 

component and may even contain large percentages of clay. Only at Lower 

Lake Mary is the Coconino Sandstone cemented strongly by hematite. Limo- 

nite and hematite are common only as stringers and bands of staining in 

the upper portions of the formation. The Coconino-Kaibab contact is a 

perfectly straight surface which bevels the high angle cross-strata 

of the Coconino Sandstone (figs. 3, 4, 5 and 9, p. 20). No exceptions 

to this rule were noted in the 26 sections examined. McKee (1938), 

however, describes evidence of channelling in the eastern margins of 

Walnut Canyon and at Pivot (Huffner Draw) and Clover Creeks. The chan

nelling at Pivot Creek and Clover Creek proposed by McKee was based on 

different thicknesses of adjacent sections on opposite sides of the
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Figure 3« The Kaibab-Coconino contact at the East Sunset Mountain 
section.

Note the perfectly straight truncation plane developed on the high 
angle cross-strata of the Coconino.

Figure 4» The Kaibab-Coconino contact at the McHood Park section. 

Note truncation of Coconino cross-strata at contact.
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Figure 5» The Kaibab-Coconino contact at the Clover Creek section.

Note truncation of Coconino Sandstone cross-strata. Staff is 
graduated in decimeters.
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valley and was not observed when these sections were reexamined.

Pattison (1947) noted channel depths as large as 6 feet (l.8 meters) in 

the eastern area of Walnut Canyon, though remeasurement in the western 

parts of the canyon revealed no evidence whatsoever of erosion on the 

Coconino Sandstone surface. Mather (1970), on examining the eastern

most limits of the Kaibab Formation, observed a sharp, horizontal and 

distinct contact between the Coconino Sandstone and the Kaibab Formation, 

and found no evidence for the slight deformation and erosion hypothe

sized by McKee (1938).

The sandstone below the Kaibab in Walnut Canyon and at Lower 

Lake Mary was considered an eastern, sandy phase of the Toroweap Forma

tion by McKee (1938). Benfer (1971) made a detailed study of the sand

stone in Walnut Canyon in order to resolve the problem of whether, 

because of its large-scale cross-stratification, this sandstone was the 

Toroweap Formation or actually the Coconino Sandstone, as its appear

ance implies. Benfer concluded that the Walnut Canyon sandstone is the 

eastern phase of the Toroweap Formation on the basis of subtle grain 

size variations and cross-stratification similarities. Pettijohn,

Potter, and Siever (1972) emphasize that though large-scale cross

stratification is typical of eolian environments, considerable uncer

tainty and variation in type of cross-stratification is to be expected. 

Benfer (1971), on the basis of cross-stratification, wishes to assign 

much of the sandstone to sediment deposited under subaqueous condi

tions, similar to the Toroweap Formation at Oak Creek Canyon that Evans 

(1971) also believed was deposited subaqueously. Pfirman (1968), how

ever, infers an eolian deposition for the same rocks. Regardless,



12

McKee (1938), Pfirman (1968), Baars (1962), and Benfer (1971) recognize 

an intertonguing of eolian and subaqueous environments in the Oak Creek 

Canyon-Walnut Canyon area, as does Turner (1974) for the Marble Canyon 

region. Due to the appearance of the cross-strata observed at Lower 

Lake Mary and Walnut Canyon (figs. 6, 7) to previously assigned eolian 

deposits, and for the purpose of this report, the large-scale high angle 

cross-strata observed at these localities are considered tongues of the 

Coconino Sandstone, perhaps bounded by subaqueous phases of the Toroweap 

Formation.

Kaibab Formation

The Kaibab Formation has been divided by McKee (1938) into 

three members, in descending order, the alpha, beta and gamma. The 

gamma member was envisioned as being the initial transgression of the 

Kaibab sea, the beta as the maximum advance, and the alpha as a time 

of regression. The members were subdivided horizontally into a number 

of facies, each increasing generally in terrigenous material eastward 

(figs. 8 and 24, p. 60).

The beta member in the study area is what McKee originally de

scribed as facies 4 (fig. 24, p. 60), a nearshore facies consisting of 
dolomitic limestone with a predominantly molluscan fauna. Pattison

(1947) retains this terminology of facies 4 at Walnut Canyon, but 

Mather (1970) prefers to add two additional facies further east based 

on an increase in elastics and a paucity of molluscan fossils.

The alpha member in the study area is represented by facies 3 

of McKee (fig. 8), a molluscan-bearing magnesian limestone locally
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Figure 6. Coconino Sandstone like cross-stratification in Walnut 
Canyon.

Figure ?• Coconino Sandstone like cross-stratification at Lower Lake 
Mary directly below the gamma member.
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containing cross-bedded sandstones. Though Mather (1970) finds the 

member somewhat sandier than the original description, he agrees that 

the sediment of the alpha member in the study area is properly desig

nated. However, east of the study area, Mather designates an addi

tional facies, facies 6, composed of carbonate free of terrigenous 

material. The rocks in this area are somewhat enigmatic, and may 

properly belong to the San Andres Formation of New Mexico rather than 

to the Kaibab Formation.

The gamma member, though representing the initial transgressive 

deposit of the Kaibab Formation, is found only within the borders of the 

the study area. McKee (1938) describes the member as being composed of 

sandy limestone and dolomite with a molluscan fauna of unusual size de

posited within a restricted environment. Mather (1970), Brady (1958), 

and Pattison (1947) attempted no revision of this initial hypothesis.

Moenkopi Formation and Tertiary and Quaternary Volcanics

In the northern sections of the field area the Moenkopi Forma

tion lies in unconformable contact upon the Kaibab Formation. Also, 

Tertiary and Quaternary basalts cover much of the surface area, espe

cially in the vicinity of the San Francisco Volcanic Field. Neither the 
%

Moenkopi Formation nor the Tertiary and Quaternary basalts have had an 

influence on the depositional history of the Permian formations and 

thereby, further discussion is unwarranted in this report.



THE GAMMA MEMBER 
OF THE KAIBAB FORMATION

The gamma member, when first recognized by McKee (1938), was 

considered deposited by the initial transgression of the Kaibab sea, 

even though the member is found only along the eastern margin of the 

Kaibab Formation. McKee defined the member in terms of its unique mol- 

luscan fauna of extraordinarily large size occurring stratigraphic ally 

below the sandy, cherty limestone of the beta member, which contains a 

brachiopod and echinoid fauna. Based on the presence of this unique 

molluscan fauna, McKee hypothesized that the member was deposited under 

salinity conditions other than normal, probably brackish. Secondly,

McKee concluded that the member was developed locally (the area encom

passed by the study area) in a basin isolated from the main Kaibab sea, 

and that the maximum transgression of the beta member over this area 

altered the environment to one of normal marine conditions.

The gamma member is defined primarily on the basis of its unique 

molluscan fauna, and it is therefore apparent that the gamma member may 

be labeled as a bio stratigraphic zone rather than as a rock-stratigraphic 

member. Though there is little lithologic difference between 

the beta and gamma members (except for the presence of chert in the 

beta member), their faunal components are sufficiently unique to sepa

rate and identify the individual units, and the rock-stratigraphic des

ignation of member is equally justified (American Commission on 

Stratigraphic Nomenclature, 1961). Since previous work has used the

16



rock-stratigraphic terminology exclusively for the Kaibab Formation, 

the term gamma member is retained, principally for convenience.

Criteria Used for Field Recognition 
of the Beta and Gamma Members

McKee (1938) never proposed formal status for his member classi

fication system, and as he recognized the extreme variety of lithologic 

types even within short lateral distances, a great emphasis was placed 

upon the use of fossils, principally as a criteria for facies division, 

and, for the gamma member, for member identification. In this study, a 

number of lithologic and fossil criteria were established to effectively 

distinguish the gamma member from the beta member above, and to keep in 

mind the environmental and depositional requirements of these members 

as outlined by McKee.

The occurrence of the gamma member directly above the planar 

sets of large-scale high angle cross-strata of the Coconino Sandstone 

poses no difficulty in the separation of formations and depositional 

environments. Separation of the gamma member from the overlying beta 

member is considerably more difficult and uncertain. At all localities, 

the contact between the two members is gradational. Field separation of 

the two members was based on:

l) The presence of very large quantities of chert within the 

beta member and none in the gamma member. At many locali

ties, the chert just above the beta-gamma contact is cylin

drical, elongate vertically, and commonly bifurcated 

(fig. 14, p. 28). Brown (1969) also recognized similar

17



chert in the beta member of the Kaibab. The similarity of 

this chert to filled burrows is unmistakable.

2) The brachiopod Peniculauris bassi (McKee) was considered 

characteristic of the beta member by McKee (1938) and was 

so considered here.

3) Pelecypods and gastropods formed the basis for the ini

tial recognition of the gamma member, and were, therefore, 

considered indicative of the gamma member only. Pelecypods 

and gastropods were found exclusively in beds free of chert 

and were never found above the beta-gamma contact defined 

on the basis of other criteria.

4) Crinoids, echinoid spines, bryozoans and chonetids are 

abundant within the beta member where more normal marine 

conditions predominated. Scattered crinoid columnals 

and echinoid spines, due to their easily transported na

ture, were never considered indicative when found in beds 

that would otherwise be labeled as belonging to the gamma 

member.

5) The sponge Actinocoelia maeandrina Finks, while present 

exclusively in the beta member in the study area, occurs 

sufficiently above the beta-gamma contact to make its use 

in locating the member boundaries negligible.

Sediment variations between the two members, except for the 

presence of chert in the beta member, are essentially nonexistent; both 

members are composed principally of silty, very finely crystalline 

limestone and calcareous siltstone.

18
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Stratigraphy

The gamma member of the Kaibab Formation generally is composed 

of thick massive units containing a paucity of sedimentary structures.

The basal units tend to display four or five thin beds 10 to 40 centi

meters thick (fig. 9) though this occurrence is limited essentially to 

road-cuts and rare, well-exposed outcrops. Otherwise, the member is 

thick to very thick bedded.

The member exhibits a crude fining upward sequence that grades 

rapidly from a silty calcareous quartz arenite (fig. 10) and sandy silt- 

stone to very calcareous siltstone (fig. 11) and silty, very finely 

crystalline limestone. Very fine sand locally comprises as much as 

50 percent of the clastic sediment in the upper units of the member. In 

no places were pure carbonates found, and though dolomite is present lo

cally, it is never abundant nor constitutes the major rock component at 

any particular section. Calcite is most common as very finely crystal

line calcite, though not significantly larger than 10 microns, and 

micrite is present locally.

Grain size of the upper parts of the Coconino Sandstone within 

the study area ranges between coarse sand and very coarse silt (fig. 12). 

The sand in the basal units of the gamma member similarly ranges from 

coarse sand to very coarse silt (fig. 10), but the units locally con

tain silt and clay grains. The similarities between the basal units 

of the Kaibab Formation and the upper Coconino Sandstone indicate that 

the clastic source for the gamma member was a reworking of the Coconino 

Sandstone that, due to the lack of current indicators anywhere within 

the member, was in close proximity to the site of deposition.
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Figure 9. Horizontal bedding at the base of the gamma member at 
Wiggins Crossing.

Gamma-Coconino contact at lower arrow. Intensely stained limonite/ 
hematite band between arrows. Jacob staff graduated in decimeters.

Figure 10. Photomicrograph of quartz arenite at base of gamma member 
at Clover Creek.

Enlargement 82 times, crossed nicols. Note grain to grain contacts 
and quartz overgrowths.



Figure 11. Calcareous, slightly sandy siltstone typical of the 
gamma member.

Enlargement 110 times, crossed nicols
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Figure 12. Photomicrograph of the quartz arenite of the Coconino 
Sandstone.

Enlargement 245 times, crossed nicols. Note grain to grain contacts 
and quartz overgrowths.
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Cementation within the Coconino Sandstone is primarily by pressure solu- 

tioning and quartz overgrowths. Feldspar amounts to less than 1 percent 

of the Coconino Sandstone sediment, and angularity is generally sub

rounded to rounded in the sand sizes. The gamma member units in con

tact with the Coconino Sandstone contain little feldspar, show little 

evidence of quartz overgrowths, and the larger sand grains are well 

rounded, thereby suggesting at least a minimum of reworking. Otherwise, 

the virtually identical compositions between the elastics of the two 

formations precludes the possibility of another sediment source, al

though Brown (1969) hypothesized that the Uncompaghre Uplift was the 

•source of sediment for the alpha member due to the high feldspar con

tent of this member. Bollin (1954) preferred the Coconino Sandstone as 

the sediment source for the Kaibab Formation on the Marble Platform be

cause of the grain size similarities between the two formations.

The presence of well-sorted very coarse silt throughout the 

upper units of the member requires a sorting mechanism to selectively 

deposit only the coarse silt fraction. In the case of the gamma mem

ber, this may be due to deposition in an environment sufficiently dis

tant from a source area where energy conditions were suitable only for 

deposition and transport of silt size material. As a result, the grain 

size should be expected to increase eastward towards the limit of 

Kaibab deposition. This expected overall increase in grain size does 

not materialize except in the extreme easternmost localities such as 

McHood Park, where the entire Kaibab Formation is only 6.7 meters 

thick (fig. 5), and an alternative to this selective sorting process 

is required. VJindom (1975) proposes that wind-bome sediments may
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provide substantial contributions to ocean sediments. Though Windom's 

data is for clay and quartz well below 50 microns in size, the process 

may be applicable to the gamma member and would explain the selective 

sorting observed. Similarly, blebs of kaolinitic (dickite) clay are 

locally common in many of the gamma member sections, and may be attrib

uted to a wind deposited origin.

Horizontal lithologic changes within the member are minimal. At 

all localities where the gamma member-Coconino Sandstone contact was 

observed, the lower units are considerably higher in sand content than 

the units above. Changes within the member of this general fining up

ward sequence were not observed except at the McHood Park section, at 

which place quartz arenite is the dominant rock type throughout. The 

entire section of the complete Kaibab Formation at McHood Park thins 

drastically to a total of 6.7 meters, and the presence of horizontal 

stratification and planar and trough cross-stratification is probably 

indicative of the activity of waves and currents in a very nearshore 

environment.

Isopach trends within the member are irregular due in part to 

the difficulty in precisely locating the beta-gamma contact. Figure 13 

(in pocket), while reflecting these local irregularities, shows a thick

ening of the member towards the eastern, western and northeastern mar

gins. The isopach trend towards the east and northeast is of particular 

interest in that it is opposite to the general isopach trends of the 

Kaibab Formation as a whole. As one proceeds eastward across the study 

area, the Kaibab Formation thins, and though gamma member characteristics
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do not become common higher in each section, indicators of the beta mem

ber (i.e., chert and Peniculauris) become increasingly less common, with 

the result that the beta-gamma contact rises higher stratigraphically. 

This trend reaches its maximum at East Sunset Mountain where no brachi- 

opods or chert whatsoever occur in the entire section, and the alpha 

member (recognized by the presence of small- to medium-scale cross

bedding) rests directly on the gamma member. Further to the northeast 

(McHood Park) the beta and alpha members cannot be recognized, but the 

entire Kaibab Formation thins rapidly in this direction (fig. 13), 

thereby decreasing the overall gamma member thickness.

The general, gradual westward thickening is not entirely due to 

the effects of paleoslope, but probably to a shoaling of the Kaibab seas 

in this direction that, though not altering sediment type, restricted 

the Kaibab sea to the east and preserved environmental parameters that 

precluded the development of beta member characteristics. Brown (1969) 

also hypothesized a similar shoaling of the Kaibab seas (sandstone facies 

3, fig. 24, p. 60) to the north and west of Flagstaff. At Huffner Draw, 

Peniculauris bassi (McKee) was found near the Coconino contact in life 

position and may represent local isolated incursions of beta conditions 

within a network of submerged offshore bars or an interfingering of the 

gamma member with the more extensively developed beta member to the west.

Sedimentary Structures

Except for the horizontal stratification and planar and trough 

cross-stratification at McHood Park that are interpreted as being the 

result of wave and current activity, the gamma member is free of any
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sedimentary features indicative of current strength or direction. How

ever, a number of sedimentary features are indicative of the biologic, 

chemical, and sedimentary environments present during deposition of the 

gamma member.

At East Clear Creek (fig. 14), Clover Creek road-cut, Wiggins 

Crossing, Barts Crossing, and Wildcat Canyon, elongate chert nodules 

that commonly bifurcate occur abundantly just above the beta-gamma con

tact. Brown (1969) attributes similar structures in the Kaibab Forma

tion between Cameron and Desert View, Arizona to burrow fillings. At 

Clover Creek this interpretation appears particularly justified since 

large (9-10 cm.) Allorisma occur below the zone of chert and are all 

oriented in a vertical, apparent life position. The Allorisma. however, 

are at least 35 cm. below any evidence of bioturbation of the sediment 

and some doubt is then case on this interpretation. Similarly, at many 

localities, the fossils present below these chert zones are too large 

to have caused the burrows above them.

Hoffmeister and Kulter (1965) describe a somewhat similar phe

nomenon involved with the fossilization of mangrove roots. The mangrove 

produces a framework of roots that is capable of trapping sediment and 

forming a layer of accumulated material. Fossilization subsequently 

transforms the roots into calcareous rods. The process of fossilization 

of mangrove roots is hypothesized to have begun with the formation of a 

calcareous "rind" around the root due to bacterial decomposition. The 

inner root is left to continue decomposition and eventually be replaced 

by calcite. The extreme abundance of silica in the Kaibab sea during
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beta time, as evidenced by the abundant chert within the beta member, 

could easily account for their silicification rather than a replacement 

by carbonate. It is interesting to note that many of the Kaibab Forma

tion chert "burrows" contain "rinds" of calcareous to dolomitic silt- 

stone. This, in addition to the bifurcating, sometimes interwoven 

appearance (fig. 14)> favors the conclusion that these structures were 

formed by plant roots rather than by animal burrows.

In the uppermost levels of the Coconino Sandstone and the basal 

units of the gamma member are spherical calcareous concretions similar 

in size and appearance to musket balls (figs. 15 and 16). These "musket 

ball" concretions are found in only three, widely dispersed sections —  

Meteor Crater, Chevelon Canyon, and Black Canyon. They are apparently 

nucleation centers for calcite and enclose the surrounding sediment, 

often coalescing into grape-like clusters (fig. 15). Pettijohn, Potter 

and Siever (197.2) have recognized their presence along bedding planes 

and thereby presumably reflect special permeability characteristics or 

water compositions. Their relationship with particular environments of 

deposition, if any, is unknown.

Iron was found in a variety of forms throughout the study area 

in the upper levels of the Coconino Sandstone and scattered throughout 

the gamma member. Hematitic and limonitic staining are abundant at all 

localities and commonly act as a weak cement within the Coconino Sand

stone. At Lower Lake Mary, however, the Coconino Sandstone is cemented 

predominantly by iron oxides with quartz overgrowths and pressure solu- 

tioning acting only as minor cementing agents (fig. 7)» The occurrence
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Figure 14« Root-like chert in beta member at East Clear Creek.

Beta-gamma member contact is drawn at base of lowermost chert bed 
(at arrow).

Figure 15. "Musketball" concretions exhibiting clustering at Black 
Canyon.

Upper scale of ruler is graduated in centimeters.
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Jacob staff graduated in decimeters
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of Liesegang rings is rare, but iron speckling is almost ubiquitous 

throughout the gamma member and the Coconino Sandstone, and may be due 

to altered pyrite. Iron concretions as large as golf balls are present 

almost everywhere, again in both the gamma member and the Coconino 

Sandstone, but are never abundant. At the Wildcat Canyon section, con

cretions are exceptionally common, locally present as rosettes. In the 

road-cut sections at Wiggins Crossing (fig. 9), East Clear Creek, and 

Wildcat Canyon, and at Saloon Canyon where the gamma member-Coconino 

Sandstone contact and lower beds are well-exposed, hematitic and limon- 

itic bands, locally several centimeters thick, are present parallel to 

bedding planes (fig. 9). This association of limonite and hematite at 

or near a well-developed truncation surface is considered characteristic 

by Stokes (1968) of the prolonged stability of the water table believed 

necessary for the development of multiple parallel truncation planes.

Bedding that is interpreted as caused by slumping is found only 

at the Clover Creek locality within the unit directly above the beta- 

gamma contact. Similarly, irregular, distorted, commonly heavily iron- 

stained bedding is locally common in the upper levels of the gamma 

member and basal beta member where its association with root casts and 

Allorisma, apparently in life position, leads to the conclusion that 

most of this bedding is due to bioturbation. Also, at each road-cut 

section where weathering effects are minimal, the larger, thicker units 

consistently contain stringers of wavy to irregularly bedded sediment. 

These bands or stringers are generally laterally continuous and, though 

they are somewhat more poorly cemented than the surrounding sediment, 

tend to stand out in weak relief. Their wavy to irregular bedding is
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probably an effect of sediment loading by the units above, but no expla

nation is offered for the difference in cementing characteristics with 

those of the surrounding rocks.

Again, at the road-cut localities of East Clear Creek, Wiggins 

Crossing, Wildcat Canyon, and Clover Creek where weathering effects are 

minimal, a pod-like, lenticular distribution pattern of fossil material 

is evident. These lenses contain abundant quantities of broken molluscan 

shell debris, and whole, unbroken coiled gastropods (Euphemus or 

Straparollus) scattered throughout, and are separated by very poorly 

fossiliferous to nonfossiliferous sediment. Though this relationship 

in general suggests extensive agitation and transport of fossil material 

Chronic (1952), Clifton (1944), and Boyd and Newell (1972) note that 

predators, scavengers, and other burrowing organisms may produce a simi

lar result. Hedgpeth (1957) has observed that modem gastropods on 

sandy beaches are primarily predators, particularly on bivalves. Due to 

the complete lack of sedimentary structures associated with these lenses 

that might suggest periodic transport of masses of shell debris, the 

interpretation that these pods represent molluscan epifaunal communities 

that were periodically covered by influxes of sediment is promising.

The presence of white, noncrystalline calcareous and kaolinitic 

(dickite) blebs as large as 1.5 cm. throughout the gamma member is as 

yet unexplained. The calcite and dickite were undoubtedly deposited in 

voids formed by the dissolution of fossil material. Calcite is readily 

abundant within the member, but the process of deposition as a fine 

soft powder is not known. No readily observed source of dickite either 

within the member or the Coconino Sandstone is known as feldspar
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percentages are well under 2 percent in both units. Windom's (1975) 

emphasis on the contributions of wind blown sediment offers the only 

possibility for the presence of dickite within the gamma member, but the 

manner in which the clay was concentrated into the available void space 

is unknown.

Quartz geodes are very abundant within both the beta and gamma 

members and are probably formed by siliceous solutions depositing quarts 

in voids left by the dissolution of fossils (McKee, 1938; Brown, 1969). 

The abundance of quartz overgrowths within the Coconino Sandstone con

firms the presence and mobility of silica in solution. Calcite geodes 

undoubtedly formed in a similar manner, but in solutions relatively 

saturated in carbonate rather than silica.

Beta Member-Gamma Member Contact 

The contact between the beta and gamma members, as mentioned 

previously, is a somewhat arbitrary and obscure transition zone. At 

all localities the transition is completely conformable with no evi

dence whatsoever of channelling or other erosional features. Figure 14 

illustrates the beta-gamma contact at the East Clear Creek road-cut 

where the contact is placed at the base of the root—like chert charac

teristics of the beta member.

Alpha Member-Gamma Member Contact 

In the northeastern part of the study area near Winslow, Arizona 

the beta member becomes indistinguishable from the gamma member and the
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alpha member lies in conformable contact with this combined beta-gamma 

member. At the East Sunset Mountain section where this development is 

most pronounced, the alpha member is recognized by small- to medium- 

scale cross-stratification. Though the alpha member is thinner bedded 

than the beta-gamma member below, there are no lithologic differences 

between the two members.

Gamma Member-Coconino Sandstone Contact

The contact between the gamma member of the Kaibab Formation 

and the Coconino Sandstone within the study area is a perfectly flat 

surface which bevels the high angle cross-strata of the Coconino Sand

stone (figs. 3> 4» 5, and9)- The exceptions noted by McKee (1934, 1938) 

include evidence for channelling at Pivot Creek (Huffner Draw), Clover 

Creek, Macks Crossing and Walnut Canyon. The channelling at Pivot and 

Clover Creeks and Macks Crossing has not been observed on reexamination 

by the writer, though Pattison (1947) recorded six foot deep channels 

developed in the Coconino in the eastern margins of Walnut Canyon.

Mather (1970) observed that the.Kaibab-Coconino contact in the area east 

of the study area is also a perfectly straight surface beveling the 

cross-strata of the Coconino Sandstone.

The contact between the two formations contains essentially no 

erosional channels, infillings or irregularities of any kind —  difficult 

to explain by a simple transgression over an eolian terrain. Stokes 

(1968) observed similar, perfectly beveled surfaces within several 

eolian formations on the Colorado Plateau and proposed that these sur

faces were controlled by the water table. These truncation bedding



34

planes were envisioned as forming by eolian erosion of unconsolidated 

sediment down to a water table that prevented further removal of sand. 

Stokes has observed this phenomenon in the Permian DeChelly and Coconino 

Sandstones and it is therefore a likely explanation for the nature of 

the Kaibab-Coconino contact. The Kaibab sea, as it initially trans

gressed over the unconsolidated sediment, would cause a rise in the 

water table inland. A stillstand in this transgression would allow 

eolian erosion to remove the unconsolidated sand down to the water table 

and produce the truncation surface observed. A slow rise in sea level 

and a tranquil environment with local current activity would explain the 

channelling observed in Walnut Canyon. The limonitic and hematitic 

bands mentioned earlier at the base of the gamma member have been ob

served by Stokes in other eolian formations. He hypothesizes that this 

limonite and hematite development indicated the surface required a 

lengthy period of formation and that it maintained the surface after 

reburial, or as in the case of the Kaibab Formation, after submergence 

by the transgression of the gamma member. The sequence of events in

volved in the beveling of the cross-strata of the Coconino Sandstone 

and the deposition of the gamma member of the Kaibab Formation is il

lustrated in figure 26, p. 76.

Paleontology

Fossils within the gamma member, though locally very abundant, 

are poorly preserved as molds and casts (internal and external) and are 

therefore difficult to identify with any degree of certainty. Quartz 

geodes are locally very common, and may represent the filling of
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cavities left by dissolved fossils (Brown, 1969)• In the upper part of 

the gamma member, many partially filled geodes have a pronounced simi

larity to Peniculauris bassi (McKee). Calcite geodes are also present, 

though not as abundant as the quartz, and probably had a similar origin. 

Complete and totally representative collections were unavailable at all 

localities, except for sections in road-cuts, due to the intensive 

weathering and pitting of exposures. A summary of fossils described 

from the gamma member is presented in table 1.

Brachiopods

By far the most common brachiopod found within the study area is 

Peniculauris bassi (McKee), which was generally used as an indicator for 

the beta member. When found below the beta-gamma contact it is gener

ally randomly oriented, and though spines are not present, both valves 

are usually attached. Within the beta member, Peniculauris bassi (McKee) 

is commonly present in life position with the ventral, spine-covered 

valve apparently anchored in the substrate. The maximum size observed 

was 6 cm. with an apparent, near total absence of juvenile forms.

Spine preservation is poor and though valves are almost always intact, 

exceptions occur. Nowhere within either the beta or gamma members were 

broken or abraded shells found. Peniculauris bassi (McKee) becomes in

creasingly less common with the beta member as the depositional limit 

of the Kaibab Formation is approached, and at the East Sunset Mountain 

section no positive identification of Peniculauris was made. Many of 

the quartz geodes found within the study area have crude productid out

lines and may represent cavities formed by dissolved shells of
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Table 1. Faunal list of taxa recognized from the gamma member

Taxa identified 
in present study

Pelecypods: Allorisma terminale Hall 
Aviculopectin kaibabensis Newell 
Nuculana obesa White 
Schizodus texanus Clifton

Gastropods: Belleroohon deflectus Chronic 
Bucanonsis sp.
Euphemites aouisulcatus Chronic 
Naticonsis kaibabensis Chronic 
Straoarollus (Euomohalus) kaibabensis 

(Chronic)

Scaphopods: Plagioglypta canna (White)

Taxa reported 
by others

Pelecypods: Kaibabella so.C 
Myalina sp.a,(r,<̂
Pseudomonoti5a ^
Scaphellina bradyi Newell and Ciriacks 
Solenomya^-

Gastropods: Goniasma eeminocarinata (Chronic)0 
Kni^htites (Retisnira ) undulata (Chronic)a}C

'Fish: Psephodusa

a - Brady (1958) 
b - Newell and Giriacks (1962) 
c - Mather (1970) 
d - McKee (1938)
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Peniculauris. Peniculauris shells are always preserved by silicifica- 

tion and were never found as molds or casts.

Quadrochonetes kaibabensis (McKee) (formerly Chonetes 

kaibabensis McKee) is the only other brachiopod found in stratigraphic 

proximity to the gamma member and like Peniculauris is considered char

acteristic of the beta member. It was found only at the Clover Creek 

and Clover Creek road-cut sections. Where present, it occurs abundantly 

with random orientation, and with a maximum size of 2 cm.

No brachiopods are found in strata assigned unquestionably to 

the gamma member. The lingulid brachiopods considered indicative of 

bays and estuaries (shallow, brackish water environments) (Elias, 1937) 

were not observed anywhere within the study area in either the gamma 

member or, where studied, the beta member.

Pelecypods

Within the study area, pelecypods are restricted solely to the 

gamma member and are considered a primary characteristic for defining 

the member. Schizodus texanus Clifton and Allorisma terminale(?) Hall 

are by far the most common of the pelecypods found within the gamma 

member and are present in most sections. Leda(?) and Aviculooecten 

kaibabensis(?) Newell are considerably rarer, with Leda(?) being found 

at the East Sunset Mountain locality only and Aviculooecten at both the 

Huffner Draw section and at Clover Creek. The interpretation by McKee 

and Breed (1969) that Aviculooecten is more adapted to an open sea en

vironment is reinforced by its discovery at only these two westernmost 

localities.
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Hedgpeth (1957) attributes the characteristic of a large muscu

lar foot and streamlined shape to a burrowing organism. Stanley (1970, 

1972) similarly consideres a rounded anterior, elongate posterior and 

shells moderately inflated (similar in appearance to Mercenaria) indic

ative of burrowing organisms in a moderate energy regime, and considers 

posterior truncation and extreme anterior-ventral elongation indicative 

of a high energy regime. Schizodus, Allorisma and Leda each possess 

many of the aforementioned characteristics of burrowing organisms and 

are thereby assumed to have occupied the infaunal environment of the 

gamma member. The presence of Allorisma at Barts Crossing and at the 

Clover Creek road-cut in a distinct vertical orientation with the pos

terior directed towards the surface confirms this hypothesis, at least 

with Allorisma. Schizodus was not found in sufficient abundance to 

similarly confirm its presumed burrowing nature. Pelecypods are locally 

found with both valves intact and with no evidence of abrasion, thereby 

indicating a relatively protected nature within the substrate.

Allorisma and Schizodus are extremely large and, as with 

Peniculauris. juvenile types are relatively rare. Allorisma was found 

as large as 10 cm. and rarely as small as 3 or 4 cm. Schizodus is con

siderably less common, but ranges in size from 2.5 cm. to 7.5 cm. 

Juvenile forms are again somewhat rare.

Newell and Ciriacks (1962) isolated an entirely new species of 

pelecypod, Schaphellina bradyi, from the Jones Crossing locality.

Though this new genus and species was not recognized on reexamination 

at either the Jones Creek section or adjacent sections, its similarity
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to Schizodus and identification based on internal shell characteristics 

undoubtedly masked its presence.

Gastropods

Five different gastropods were found within the gamma member 

and are commonly associated with the lense-shaped pods of shell debris 

discussed previously. This association with shell debris is attributed 

to the predatory, gregarious nature of gastropods (Clifton, 1944; 

Hedgpeth, 1957) and their preservation as whole, unbroken, and unabraded 

shells would be consistent with this hypothesis.

Bellerophon deflectus Chronic is generally the largest gastropod, 

obtaining a diameter of 7ir-8 cm., and was found only at Meteor Crater, 

Wildcat Canyon, Middle Tank and Chevelon Canyon. A Straparollus 

(Euomphalus) kaibabensis(?) (Chronic) found at Chevelon Canyon has a 

diameter of 12 cm., but elsewhere is considerably smaller (7-8 cm. max.) 

and its identity is questionable at best. EuphemitesC?) aeouisulcatus(?) 

Chronic, again of questionable identity due to its occurrence as molds 

and casts, is present in almost every section where weathering was in

sufficient to destroy fossil data. It, like the previously discussed 

gastropods, is associated with abundant shell material and commonly is 

5 cm. in size. Euphemites and Straparollus. due to their overall simi

larities in shape, were generally lumped together in descriptions as 

preservation is commonly insufficient for their separation on a generic 
level.
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In addition to the above, a single specimen of Naticopsis 

kaibabensisf?) Chronic was discovered at Macks Crossing, and Bucanopsis(?) 

was identified at the Middle Tank locality.

Distribution of gastropods within the study area is noteworthy 

in that the westernmost sections apparently lack appreciable numbers of 

gastropods (Clover Creek, Clover Creek road-cut, Huffner Draw, and 

West Clear Creek). This may be due in part to intensely weathered out

crops in this area, but detailed examination of the Clover Creek road- 

cut showed the presence of absolutely no gastropods, although pelecypods 

were abundant. At Middle Tank, Euphemites, Straparollus, Bellerophon, 

and Bucanopsis were noted. This apparent exception to the surrounding 

sections may represent an alteration and variability of environments 

occurring between the more restricted gamma member environment to the 

east and the more open circulation of the Kaibab sea to the west.

The gastropods, notably Straoarollus(?) and/or Euphemites(?), 

have a broad range in size, varying from millimeters to 7 or 8 centi

meters —  a relationship not observed among the pelecypods or the 

brachiopods of the beta member.

Scaphopods

Preservation of scaphopods is exceptionally poor, and fossili- 

zation as internal and external molds made genus and species identifi

cation impossible. Scaphopods are irregularly distributed throughout 

the study area and are not abundant at any particular locality. Though 

no identifiable material was obtained, McKee (1938) and Mather (1970) 

report that the only scaphopod occurring within the Kaibab Formation



is Plagiogiy-pta canna Girty, and therefore this species probably repre

sents the specimens found within the study area.

Crinoids and Echinoids
Crinoid columnals are present locally at or near the beta-gamma 

contact. They are never common and when present are preserved only as 
widely scattered individual columnals. Two distinctive columnal vari
eties were found, but due to the complete lack of preservation of cal
icos anywhere within the Kaibab (McKee, 1938; McKee and Breed, 1969) no 
generic or specific names were assigned.

Scattered echinoid spines, small (2 cm. max.) and fragile, are 

associated with the occurrence of crinoid columnals at or near the beta- 

gamma contact. McKee (1938) had recognized Archaeocidaris in the beta 

member at Blue Ridge Reservoir and Macks Crossing, and it is probably 

representative of the echinoid spines found at the other localities 

within the study area.

Bryozoans
Bryozoans generally occur well above the "beta-gamma contact and 

were never observed within the gamma member at any locality. The bryo
zoans in the beta member are abundant in the western margins of the 
study area only, and are apparently either the polyporid or fistuli- 
porid varieties.

Burrows
As discussed under the heading of sedimentary structures, at 

several localities chert nodules directly above the beta-gamma contact
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have a distinct vertical, root-like orientation. Such structures have 

been hypothesized by Brown (1969) and Mather (1970) as being formed by 

burrowing organisms. The fossilization of mangrove or mangrove—like 

roots discussed by Hoffmeister and Multer (1965) provides an alterna

tive hypothesis that explains the occurrence of these cylindrical elon

gate chert nodules equally as well.

Porifera

Actinocoelia maeandrina Finks was the only sponge found within 

the study area. Its occurrence, like that of the bryozoans, is re

stricted essentially to the westernmost sections in the study area.

One specimen found at Saloon Canyon by Mather (1970), and confirmed on 

reexamination, was the only occurrence noted in the eastern sector of 

the study area. Actinocoelia maeandrina Finks is a distinctive guide to 

the beta member and its occurrence well above the beta-gamma contact 

made it of little value in defining the limits of the gamma member.



REGIONAL STRATIGRAPHIC SYNTHESIS OF 
THE TOROWEAP AND KAIBAB FORI-IATIONS

The gamma member was envisioned as deposited during the initial 

transgression of the Kaibab sea (McKee, 1938). The position of the 

gamma member directly above the regressive phase (alpha member) of the 

Torovreap Formation, and below the maximum transgressive phase of the 

beta member of the Kaibab Formation, makes a regional study of these 

formations both desirable and necessary in the proper evaluation of the 

gamma member. An analysis of thickness trends, facies, paleogeography 

and paleotectonics is necessary in order to place the gamma member in 

a proper tectonic and sedimentary framework with respect to the 

transgressive-regressive hierarchy of the Kaibab and Toroweap 

Formations.

Explanation of Data

The data used in the regional synthesis of the Toroweap and 

Kaibab Formations consist of lithologic drill hole data compiled by the 

American Stratigraphic Company, published measured sections, and strati

graphic sections from theses and dissertations available at The University 

of Arizona. Data control for the regional isopach maps, lithofacies maps, 

and paleotectonic and paleoenvironmental maps are presented on the index 

map (fig. 17, in pocket).

Stratigraphic control within the major portions of Arizona and 

Utah is generally good with a few notable exceptions. In southern
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Mohave County, Arizona, no control is present for the Kaibab Formation, 

whereas control for the Toroweap Formation is available, but somewhat 

limited in areal extent. No information on either formation is avail

able south of the Mogollon Rim. Western Utah is almost entirely devoid 

of lithologic control, as is southern Nevada; consequently, lithofacies 

and isopach contours in this region are highly uncertain at best.

Data points in southern Nevada are palinspastically restored to 

their original positions due to displacements along the Las Vegas shear 

zone and the Keystone thrust. Control points affected by this deforma

tion are labeled at their restored positions on the index map (fig. 17, 

in pocket) with net displacement indicated by dotted lines. Positions 

south of the Las Vegas shear zone and east of the Keystone thrust have 

been moved approximately 30 miles to the west by right—lateral dis

placement along this fault (Stewart, Albers, and Poole, 1968) and have 

therefore been restored to their original positions 30 miles east of 

where they are presently located. Points south of the Las Vegas shear 

zone and west of the eastern margin of the Keystone thrust show a more 

complex restoration pattern. Superimposed upon the westward movement 

caused by the right-lateral strike slip faulting, the Keystone thrust 

had displaced the strata of the Toroweap and Kaibab Formations a total 

of 45 miles to the east of their original sites of deposition (Burchfiel 

et al., 1974)* Palinspastic restoration therefore requires a shift of 

30 miles to the east with a superimposed 45 mile shift to the west for 

a net westward displacement of 15 miles. Due to equivalent offset of 

Permian strata and Lower Paleozoic strata across the Las Vegas shear
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zone (Stewart et al., 1968) the faulting was post—Paleozoic and al1 

restorations are justified. Likewise, due to stratigraphic positions 

and displacement of post-Paleozoic strata on the Keystone thrust 

(Burchfiel et al., 1974) the faulting is post-Permian and restorations 

are required.

Due to the position of all control points in Nevada north of 

the Death Valley-Furnace Creek fault zone, the $0 mile right-lateral 

displacement (Stewart et al., 1968) along this zone has not been taken 

into account in any of the restorations. Similarly, crustal shortening 

due to displacement on the Muddy Mountains thrust and related thrusts 

in southern Nevada (Longwell, I960) has not been restored palinspas- 

tically, possibly causing a minor shifting in isopach lines to the east.

Data in southern Nevada is based almost entirely on the work of 

Bissell (1969), and though thickness data are fairly complete and con

sistent throughout the area (after palinspastic restoration), lithologic 

control is poor and overly simplified to the point that only isopach 

data was used for this section of Nevada.

In addition, lithologic logs were generally of insufficient 

quality to warrant the breakdown of the Kaibab and Toroweap Formations 

into their three respective subdivisions —  the alpha, beta, and gamma 

members as defined by McKee (1938). Although many measured sections did 

provide control for such delineation, many did not, with the result that 

any maps based on such a restricted quantity of detailed information 

would be of only limited value in a regional study.
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Isopach Maps

The Toroweap Formation

Figure 18 shows the total thickness of the Toroweap Formation 

in those sections of Arizona, Utah, and Nevada where the formation is 

recognized with certainty. The isopach lines show a general, gradual 

thickening to the west until about the Arizona-Nevada state line where 

thickening increases at a substantial rate. This basinal region which 

runs essentially parallel to the Utah-Nevada state line represents the 

Pioche Basin of Brill (1963) or what is called the Cordilleran Geosyn

cline by McKee and Breed (1969). As the Toroweap Formation thins to

wards the east, the area through the western half of Utah and Arizona 

appears to represent a broad shelf region (McKee, 1967) with sand be

coming more predominant towards an eastern source (see discussion under 

Toroweap Formation lithofacies) —  a situation in accordance with McKee’s 

(1938) facies variations within the Toroweap Formation.

The zero isopach of the Toroweap Formation apparently represents 

a gradation of the Toroweap Formation into the Coconino Sandstone, ac

cording to Baars (1962), in the area east and south of Flagstaff,

Arizona. McKee (1938) recognizes an abrupt thinning of the Toroweap 

Formation in the area east of the Grand Canyon and considers the 

Toroweap-Kaibab contact unconformable. This agrees with the general 

trend of the isopachs, which thin relatively uniformly towards the east 

until they approach the eastern margin where they thin somewhat more 

rapidly —  a condition observed not only east of the Grand Canyon but in 

the area south of Flagstaff where Baars (1962) and others favor an inter- 

tonguing of the Toroweap Formation with the Coconino Sandstone. In
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Figure 18. Generalized isopach map of the complete Toroweap Formation 
(Permian).

Contours are designated in feet.
1. Las Vegas shear zone
2. Keystone thrust
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south-central Utah, however, the stratigraphic relationships between 

the Toroweap and White Rim Formations are obscured by a sparcity of 

data. Due to the general agreement that the "Kaibab" in the San Rafael 

area is younger than typical Kaibab (McKee, 1954; Hallgarth, 196?; and 

McKee and Breed, 1969), the Kaibab and Toroweap Formations of northern 

Arizona are considered equivalent to the White Rim Formation (Hallgarth, 

1967)• Hallgarth considers the Toroweap Formation gradational with the 

White Rim Formation, and for this reason the isopach lines are not ex

tended into this area.

A linear trough running northwesterly from the area between 

Flagstaff and the Mogollon Rim persisted throughout the deposition of 

the Toroweap Formation. A similar lineament is indicated on the iso

pach map of the Kaibab and Toroweap Formations by Elston (i960), as 

well as on the isopachs by Baars (1962) of the Coconino and Kaibab 

Formations. Evans (1971) also recognizes a trough in the area south 

of Flagstaff, but apparently prefers the interpretation that it deep

ened to the southeast beyond the present limit of the Mogollon Rim.

The Kaibab Formation

The isopach pattern of the Kaibab Formation (fig. 19) is gener

ally similar to that of the Toroweap Formation (fig. 18) with a general 

thickening towards the west to the Nevada—Arizona border, where the 

Kaibab Formation thickens rapidly into the Pioche Basin (Brill, 1963). 

The eastern limit of the Kaibab Formation is approximately 30 to $0 

miles east of the eastern limit of the Toroweap Formation (fig. 21, 

p. 5l)• Lithofacies data on the Kaibab Formation (fig. 21, p. 56) show
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Figure 19* Isopach map of the complete Kaibab Formation. 

Contours in feet times 100.
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some truncation of lithology trends by the zero isopach line in eastern 

Utah. Thus, the true eastern extent of the Kaibab transgression may 

have been removed during the development of the post-Kaibab - • 

pre-Moenkopi (Triassic) unconformity. As discussed previously, the 

Kaibab-White Rim relationships are obscured, but believed to represent 

an intertonguing of the two formations (Hallgarth, 196?)• Therefore, 

lithofacies and isopach lines have not been extended into the area 

where the White Rim Formation is known to be present.

It is apparent from the isopach similarities that, after the 

post-Toroweap - pre-Kaibab unconformity, deposition continued much as 

it had during the Toroweap transgression. One exception is an apparent 

link between the Kaibab Formation of Arizona and the San Andres Forma

tion of New Mexico around the southern end of the Defiance Uplift 

(fig. 25, p. 62) south of Holbrook, Arizona, though no actual connec

tions exist at present, isopach trends within the Kaibab and San Andres 

Formations indicate a link between the two consisting of approximately 

100 feet or less of carbonate sediment. Baars (1962) similarly links 

the two formations in the same area but, like McKee (1938), is uncertain 

of both time and faunal equivalencies. Mather (1970) prefers to incor

porate this area into a new facies, facies 6 of the alpha member, and 

discounts the affinities with the San Andres Formation altogether.

Combined Toroweap and Kaibab Formations Isopach

The combined Toroweap and Kaibab Formations isopach map (fig.

20) further emphasizes the similarities between the depositional con

figurations of the Kaibab and Toroweap Formations as the combined map
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Figure 20. Generalized isopach map of the complete Kaibab and 
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shares the same trends as either of the individual maps (figs. 18, 19)• 

The Pioche Basin is again the dominant feature in southern Nevada, with 

a transition to a shelf environment occurring along the Arizona-Nevada 

border. Closer spacing of isopachs towards the east also reemphasizes 

the idea that the zero isopachs represent erosional rather than deposi

tions! pinch outs. Figure 20 is in fair agreement with Elston’s (i960) 

Toroweap and Kaibab Formations isopach map, especially where the 

northwest-southeast trending trough across the Permian shelf is 

concerned.

The isopachs are drawn only where both formations are positively 

identified and directly equivalent to the typical Kaibab and Toroweap 

Formations of Arizona. In the area where the White Rim Sandstone is 

present, Hallgarth (196?) prefers to correlate the entire Kaibab Forma

tion of Arizona with the upper part of the White Rim Sandstone and the 

Toroweap Formation with the lower part of the White Rim Sandstone. In 

so doing, the limestone unit above the White Rim Sandstone is consid

ered equivalent to the upper part of the Park City Formation on the 

basis of fossils considered to be younger than those typical of the 

Kaibab Formation (McKee, 1954; McKee and Breed, 1969)* Due to the par

tial equivalence of the Toroweap and Kaibab Formations to the White Rim 

Sandstone, the isopach lines were not extended into this area.

Lithofacies Maps

Toroweap Formation

The lithofacies map of the complete Toroweap Formation, com

piled using a sandstone—shale-evaporite-carbonate tetrahedron, is shown
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in figure 22, p. 56. The lithofacies trends on the eastern margin of 

the Toroweap Formation are essentially parallel to the zero isopach 

line and in addition increase in terrigenous material easterly. An 

approach to the limit of marine deposition and to a source area in the 

Defiance-Uncompaghre Uplift area in eastern Arizona and eastern Utah 

(see discussion under Paleotectonics) is implied by this eastward 

change in terrigenous material. The increase in sand and an increase 

of Coconino-like cross-strata in the eastern limit of the Toroweap 

Formation (Pfirman, 1968; McKee, 1938; and Turner, 1974) lends credence 

to Bears' (1962) hypothesis that the Toroweap Formation merges with the 

Coconino Sandstone east of Flagstaff. McKee (1938) actually proposes 

that the Toroweap Formation becomes indistinguishable from the Coconino 

Sandstone east of Walnut Canyon, although Benfer (1971) separates the 

two formations on the basis of subtle differences in sorting and cross

stratification.

On the Toroweap shelf in western Utah and Arizona the litho

facies trends are toward the purer carbonates in the Pioche Basin in 

Nevada, indicating normal marine carbonate deposition. However, the 

shelf area, while being relatively free of elastics, has a substantial 

increase in evaporites —  due in particular to the restricted seas of 

the alpha and gamma members. The evaporites (gypsum and anhydrite) 

appear to be concentrated in depressions or basins superimposed on the 

shelf. Hallgarth (1967) attributes the development of the evaporite 

concentration in southern Utah to a relative positive area which re

stricted the Toroweap sea in this area. The lithofacies data, while
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representing the evaporite basins of Hallgarth, do not show any evidence 

for a positive area. Again, the evaporite concentrations of southern 

Utah and the entire Toroweap shelf region may be in part due to local

ized, persistent basins as well as lowered sea levels during regressions 

or initial transgressions of the Toroweap seas.

West and southwest of Flagstaff the Toroweap changes from a pre

dominantly sandstone facies to a facies with increasing amounts of 

shale. The carbonate increase is due to a more normal marine environ

ment, whereas the increase in shale content would indicate an increase 

in the distance from a terrigenous source area. The shale increase runs 

parallel to the zero isopach line even where gypsum and anhydrite depos

its are more extensively developed. In southern Mohave County a shaley 

carbonate environment was (according to isopach data) present on a shelf 

similar to that on which the evaporite deposits were so pronounced. 

Though data is sparse in this region, the shelf probably was not re

stricted to the degree it was further north —  opening the possibility 

that the Toroweap sea may have deepened to the south and that the Toro

weap Formation once extended across what is now the Basin and Range area 

of Arizona.

The lithofacies data presented here is in general agreement with 

that presented by McKee in 1938. Though McKee's data was divided into 

the three members of the Toroweap Formation, lithofacies changes within 

each member were generally consistent with the interpretation presented 

here on the entire formation —  namely:

l) an increase in elastics towards the east,
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2) restrictions on the Toroweap shelf resulting in 

evaporite deposition in the alpha and gamma members,

3) a more open marine environment of deposition towards 

the west.

Kaibab Formation

The Kaibab Formation lithofacies map (fig. 21), as with the 

Toroweap Formation lithofacies map (fig. 22), is based on a carbonate- 

shale-sandstone-evaporite lithofacies tetrahedron.

The lithofacies trends of the Kaibab Formation do not parallel 

the zero isopach line as do those of the Toroweap Formation. Though 

the general increase in elastics towards the east persists, the zero 

isopach line truncates facies with smaller and smaller quantities of 

elastics in northern Arizona. This would indicate an erosional trunca

tion of the Kaibab Formation in Utah, but isopach trends show no similar 

corresponding trends. As emphasized under the discussion of isopach 

trends within the formation, an intertonguing between the White Rim 

Sandstone and Kaibab Formation is proposed by Hallgarth (196?). Rela

tionships are obscure, and this apparent truncation of lithofacies 

trends may be, in part, artificial.

Baars (1962) emphasized a positive area in the location of the 

present Kaibab monocline in northern Arizona. Although this trend is 

not observed on the isopach map, the lithofacies map reveals an area of 

considerable clastic content centered over this area (facies I). McKee 

(1938) and Bissell (1969) similarly illustrate an increased zone of 

elastics in this area of the beta member, flanked on the east by
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nearshore dolomites and on the west by marine sandy limestones. Though 

McKee attributes this sandy region to the influence of streams, the 

position of this facies between a normal marine facies and a nearshore 

dolomite facies makes this interpretation unlikely. A third alternative 

is that of Brown (1969) who prefers to attribute this clastic increase 

to a shoaling of the Kaibab Formation and a consequent rise in current 

activity.

The entire Kaibab shelf was dominated by carbonate sedimenta

tion with some indication of the restriction of the sea that was so 

prevalent during the deposition of the Toroweap Formation, since gypsum 

is common in facies 1 of the regressive alpha member (McKee, 1938;

Bissell, 1969)• The sediments within the Pioche Basin, while being 

mostly carbonate, contain a substantial amount of shale —  apparently 

not attributable to an eastern source. Ketner (196?) noted that the 

Antler Orogenic Belt in western Nevada was still a positive element, 

even though conglomerates were no longer being shed from it —  thereby 

making the Antler a possible source for the shale. However, Bissell 

(1974) recognizes the Sonoman Orogenic Belt in this area during the 

Permian, which undoubtedly had a profound effect on the sedimentary his

tory of the western margin of the Kaibab sea, especially during the 

late-Permian stages. The sonoman Orogenic Belt, especially during the 

initial phases, may account for the increase in fine-grained elastics 

in the Pioche Basin. An alternative to these hypotheses is the empha

sis Windom (1975) places on the importance of wind transported clays 

and quartz under 50 microns in size on oceanic sedimentation which, 

during Kaibab deposition, would require an eastern source for the
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shale. This process acting on the eolian deposits east and north of 

Flagstaff may account for much of the shale present in this area, as it 

is capable of transporting significant quantities of sediment hundreds 

of miles.

The picture becomes somewhat more complex in the Flagstaff- 

Holbrook area as pure elastics (facies A) grade rapidly into pure car

bonates (facies U). The elastics are in all likelihood due to the 

influence of the Defiance uplift at this time and a reworking of the 

previously deposited Coconino Sandstone further east. Brown (1969) 

considers the Uncompaghre Uplift as a significant source of sediment 

for the alpha member of the Kaibab Formation due to the large quantity 

of relatively unweathered feldspar in the alpha member not found within 

the Coconino Sandstone. On the extreme southern end of the Defiance 

uplift, the pure carbonate facies (U) is truncated by the zero isopach 

line indicating, perhaps, that the Kaibab-San Andres sea extended fur

ther northward than is presently shown and that the link between the 

two formations was considerably thicker than presently believed.

Paleogeogranhic Man

Kaibab Formation

Figure 23 is a paleogeographic interpretation of the Kaibab 

Formation drawn upon a surface of deposition representing deposition of 

25 percent of the Kaibab Formation at each locality. An interpretation 

of environment by rock type parallels that used by McKee (1938) in de

scribing the five facies of the beta member of the Kaibab Formation 

(fig. 24) —  the member represented by the chosen depositional surface
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and considered to be the time of maximum transgression. Interpretations 

were as follows:

1) cherty limestone was considered normal marine of 

moderate depths.,

2) cherty dolomite, sandy cherty limestone, and sandy 

silty dolomite all contained elements of both near

shore and marine environments and were therefore 

labeled simply as transitional.

3) sandstone, either pure or calcareous or dolomitic, 

were interpreted as nearshore or beach deposits.

In Arizona the environmental trends parallel the zero isopach 

lines consistently and the westward succession of nearshore to transi

tional to normal marine environments confirms the isopach and litho- 

facies data presented in figures 3 and 21. The eastern increase in 

terrigenous sediment further confirms that the Defiance uplift on the 

eastern border of Arizona and/or a reworking of the unconsolidated 

Coconino Sandstone were major sources of sediment during this period of 
deposition.

Paleotectonic Mao 

Kaibab and Toroweap Formations

The paleotectonic map (fig. 25) attempts to cover the major tec

tonic features present during the interval of deposition of the Kaibab 

and Toroweap Formations.. The unconformity separating the two formations 

was apparently of minor consequence (McKee, 1938) and its effects were 

ignored in the development of an overall tectonic picture.
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Evidence for the Ensenada positive element shown in McKee and 

Breed’s 1969 publication is equivocal at best. The Pioche Basin (Brill, 

1963) or the Cordilleran Geosyncline (McKee and Breed, 1969) appears to 

have its southern limit somewhat north of the Ensenada region and may 

have been terminated by it. Its presence is revealed by the bend in 

isopachs around the southern end of the Pioche Basin, but control data 

is poor in this area. In addition, no pronounced increase in elastics 

is observed although shale becomes increasingly common —  opening the 

possibility that the Ensenada uplift was either further south at this 

time or of very limited extent.

The Defiance-Uncompaghre uplifts along the eastern margin of 

Arizona and Utah were probably united as one large uplift acting as a 

major sediment source. The dominant increase in elastics towards the 

east supports this, as does the eastward thinning of the isopachs for 

each formation. The location of the Toroweap Formation’s zero isopach 

line west of that of the Kaibab Formation reveals that the uplift was 

more pronounced during this time. The truncation of lithofacies trends 

in the Kaibab Formation mentioned earlier may be caused by later uplift 

in the Uncompaghre region of Utah.

The Weber Shelf (Bissell, 1962) in northeastern Utah is north 

of the map area and deals more with the Park City Formation and its 

equivalents than with either the Kaibab or Toroweap Formations. Simi

larly, the Ely Uplift and Western Utah Highland (Bissell, 1962) in 

western Utah are not observed in any of the isopach or lithofacies maps 

and may be due to the scarcity of lithologic data in this region.
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The South Central Nevada Highlands (Bissell, 1962) is probably 

equivalent to the remains of the Antler Orogen (Ketner, 1967) and is 

located to the west of the Pioche Basin although Bissell (1974) stresses 

the importance of the Sonoman Orogeny in this area during the Permian. 

Its influence as described under Kaibab Formation lithofacies is recog

nized on the basis of increased shale percentages within the Pioche 

Basin during deposition of the Kaibab Formation. Data is insufficient 

to determine its influence during Toroweap time, though it undoubtedly 

was of equivalent magnitude.

The Pioche Basin was the predominant structural feature in 

southern Nevada during both Toroweap and Kaibab time, as shown by the 

rapid thickening in these formations as southern Nevada is approached.

It appears to be somewhat linear, running north-south, and bounded by 

the Antler (or Sonoman) Orogenic Belt on the west and the Kaibab and 

Toroweap shelf to the east.

In southern Utah and northern Arizona, the broadly spaced iso- 

pachs and uniform lithofacies zones indicate a shelf region with a 

slight regional dip to the west. The shelf-trough transition parallels 

the Utah-Nevada border. During deposition of the Kaibab Formation, the 

shelf apparently was of moderate depths with carbonate deposition pre

dominant. Toroweap shelf deposition included a greater percentage of 

anhydrite and gypsum and was therefore presumably fairly shallow —  at 

least during deposition of the alpha and gamma members.

Lithofacies contours are truncated by the Mogollon Rim, but this 

truncation may simply be a result of insufficient data in this area.
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McKee and Breed (1969) called this the Arizona Sag, but no clear evi

dence for or against this depression is discemable. The area was 

undoubtedly altered by post-Permian erosion and may have actually 

linked the San Andres-Kaibab and southeast Arizona Permian formations.

The post-Toroweap and post-Kaibab unconformities reflected 

broad epeirogenic uplifts or sea level changes that in all likelihood 

caused the zero isopachs of both formations to be shifted westward.



STRATIGRAPHIC SYNTHESIS 
OF THE GAMMA MEMBER

Paleoecology and Paleogeography

Depositional Setting

The gamma member of the Kaibab Formation, when initially defined 

by McKee in 1938, was recognized as being enigmatic with respect to dep

ositional environment and faunal content. Examination of the isopach 

maps of the Toroweap Formation (fig. 18), Kaibab Formation (fig. 19), 

and combined Toroweap and Kaibab Formations (fig. 20) illustrates that 

the gamma member was deposited at the nearshore limits of the Toroweap- 

Kaibab sea and in a restricted area in the Mogollon Rim country south

east of Flagstaff. Secondly, the lithofacies maps (figs. 21 and 24) 

confirm this trend with a general eastward increase in terrigenous 

material.

The isopach map of the gamma member (fig. 13, in pocket), though 

somewhat irregular due to the difficulty in picking a precise contact 

with the beta member, illustrates a general thinning of the member near 

its depositional center. Though this, on first appearance, would indi

cate the presence of a slight topographic elevation within the deposi

tional basin, it must be emphasized that the member was defined primarily 

on organic parameters rather than lithologic characteristics. This ob

served isopach thinning therefore probably represents a return to 

"normal" Kaibab sea conditions rather than an area at topographic relief.
66
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In the eastern sections of the study area conditions were un

suitable for the development of the normal marine fauna of the beta 

member. Consequently, while the beta member was being deposited fur

ther to the west, sediment with pronounced gamma member characteristics 

was being deposited on the northeastern margin of the study area. As a 

result, the gamma member thickens in this direction and transgresses in 

time, becoming directly equivalent to both the beta and alpha members 

further to the west.

The member thickens slightly towards its western margin, but 

several of the gamma member sections there are somewhat variable in 

thickness and reflect changing environmental conditions between those 

of the gamma and beta members. At Huffner Draw, Peniculauris bassi 

(McKee) is found directly above the gamma-Coconino contact. Similarly, 

a general westward decline in the gastropod population was observed in 

the area near the Mogollon Rim. Brown (1969) hypothesized a shoaling 

of the Kaibab sea to explain the sandy facies observed by McKee (1938) 

(fig. 24) in the beta member. Due to the lack of sedimentary struc

tures within the gamma, and due to the covering of the Kaibab by Ter

tiary and Quaternary sediments and basalts west of the gamma member 

outcrops, this hypothesis cannot be confirmed for this area. Migrating, 

discontinuous sand bars or waves may have caused the alteration of en

vironments observed in the western sections. Again, the lack of sedi

mentary structures indicative of current activity or bar development 

makes confirmation of this hypothesis impossible.
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The sections along the northern boundary of the study area pro

duce a trend opposite to that observed further south. The gamma member 

is thickest at Meteor Crater, between "Winslow and Flagstaff, and thins 

to the east and west. The eastward thinning is due to the nearness to 

the depositional limit of the entire formation. Thinning of the gamma 

member to the west, while the formation as a whole thickens, represents 

a return to the normal marine conditions further offshore. The isopach 

map of the complete Kaibab Formation (fig. 19) reveals an area to the 

southeast of Flagstaff where the formation thickens more rapidly than 

normal. This thickening may be indicative of the presence of a trough 

during the transgression of the Kaibab sea that probably permitted more 

open circulation with the "normal" Kaibab sea to the west. This con

tinued circulation consequently brought about the elimination of the 

gamma member characteristics which required a more restricted environ

ment of deposition.

The southern limits of the gamma member probably extended beyond 
the Mogollon Rim, as shown by the truncation of isopach trends (fig. 13, 
in pocket), but post-Permian erosion has destroyed any evidence of the 
former southern extent of the gamma member.

In summary, it appears that the depositional setting of the 
gamma member was not a basin nor was it necessarily restricted by phys
ical barriers. The gamma member was deposited on a shallow platform, 
perhaps isolated on the west by shoaling of the Kaibab sea, and bordered 
on the north by somewhat more "normal" marine (i.e., chert development 
and brachiopod fauna) conditions due to more open circulation patterns. 
Circulation was apparently influenced more by water depth than actual
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physical barriers. • Maximum transgression of the Kaibab sea, after dep
osition of the gamma member, increased water depth, restored normal 
marine conditions, and permitted the development of a beta member fauna 
atop the areally restricted gamma member.

Salinity
The gamma member of the Kaibab Formation, unlike its counter

part in the Toroweap Formation, contains no evaporite deposits whatso
ever. Therefore, estimates of salinity during deposition rely almost 
exclusively upon fossil data that unfortunately are somewhat equivocal.

The association of a pelecypod and gastropod fauna with a shal

low, nearshore environment is documented by many authors (Elias, 1937; 

McKee, 1938; Clifton, 1944; Nicol, 1944, 1965; Stevens, 1965, 1966; 

Anderson, 1971; and Rawson and Turner, 1974); therefore, the interpre

tation that the gamma member was deposited under such conditions is 

undeniable. Salinity data applicable to Permian molluscan assemblages 

is generally inconclusive, with evidence for hypersaline and brackish 

water environments being almost, equally represented.

The Kaibab Formation environment was apparently one of aridity 

where evaporation exceeded precipitation (McKee, 1938). The contempo

raneous marine Kaibab Formation and extensive eolian Coconino Sandstone 

deposition presumably developed within a climatic belt identical to the 

present arid northeast trade wind belt (Poole, 1962). The position of 

the gamma member, sandwiched between the alpha member of the Toroweap 

Formation that contains extensive evaporite deposits further west, and 

the alpha mber of the Kaibab Formation that similarly contains
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extensive evaporites, would further indicate that the gamma member was 

deposited under arid conditions. Mather (1970) considered the beta 

member of the Kaibab Formation in and east of the study area as being 

somewhat hypersaline, citing the presence of a diversified molluscan 

fauna, cephalopods (which are sensitive to reduced salinities), dolo

mite beds, and nearness to the arid Coconino Sandstone as evidence.

McKee (1938) was undecided, stating that only non-normal marine condi

tions prevailed over this area. Pattison (1947) preferred the inter

pretation that the alpha member of the Kaibab Formation in Walnut 

Canyon was brackish even though the western facies of the same member 

are highly gypsiferous. The impoverished fauna at Walnut Canyon how

ever, does not suggest, at least to Nicol (1944), that salinities were 

necessarily below normal.

McKee (1938) attributed brackish water conditions to the strong 

influence of major streams and rivers that diluted the nearshore en

vironment. Clifton (1944) also recorded a nearshore brackish water zone 

in Pennsylvanian hypersaline basins due to the influx of fresh water.

The influence of streams on a reduced nearshore salinity is expressed 

by Pearse and Gunter (1957) who observed that all continental borders 

contain a margin of reduced salinities except along arid coasts.

Laguna Madre, a somewhat restricted lagoon off the coast of Texas, is 

reported to have salinities of 50 to 80 parts per thousand (Pearse and 

Gunter, 1957), even though a number of moderately large rivers drain 

into it. Similar to McKee (1938), Hills (1942) noted that lower Leo- 

nardian deposition and salinities of the Yeso Formation in New Mexico



were highly influenced by streams, but unlike the Kaibab Formation, 
were accompanied by a great influx of terrigenous sediment.

Within the study area, no evidence exists for the influence of 

streams on deposition of the gamma member of the Kaibab Formation. No 

cross-strata were found anywhere within the gamma member or, where exam

ined, the beta member —  even in the most eastern localities. Mather 

(1970) recorded a similar scarcity of cross-stratification in the east

ern margins of the formation. At the McHood Park section, several sets 

of small-scale cross-strata are present, but they do not necessarily 

indicate stream activity. These cross-strata are too small in number 

and too limited in extent to have been of much consequence to the 

salinities of the Kaibab sea, even if they were the result of the in

fluence of streams. Similarly, an overall deficiency of elastics in 

the gamma member exists in all but the McHood Park section. Rarely are 

quartz arenites present, and where found are in the basal units of the 

member and are presumably formed by a reworking of the unconsolidated 

Coconino Formation sands. The McHood Park locality consists entirely 

of quartz arenite, but is composed only of grains similar in size and 

composition to that of the Coconino Sandstone. In addition, there are 

no red beds or abundance of fine-grained sediments, as might be expected 

in a fluvial environment.

Fossil data within the gamma member is somewhat inconclusive 

and equivocal. Heckel (1972) emphasizes that the similarities between 

brackish water and hypersaline faunas is due to the euryhalinity char

acteristics necessary to survive in these environments. This necessity 

for euryhalinity in non—normal marine environments would explain the
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restriction of the stenohaline corals, brachiopods (Peniculauris), 

fusulinids, sponges and echinoids to the western, more normal (beta) 

facies of the Kaibab Formation.

Clifton (1944) observed that pelecypods, notably Allorisma, 

were present during the saliferous deposition of the Pennsylvanian Dog 

Creek Formation. Rawson and Turner (1974) recognized Schizodus, common 

in the gamma member of the Kaibab Formation, within the restricted 

hypersaline environment of the gamma member of the Toroweap Formation 

and Nicol (1944) similarly considered pelecypods, especially Schizodus, 

particularly well adapted to shallow, landlocked hypersaline seas. The 

absence of lingulid brachiopods in a nearshore environment is believed 

by Nicol (1965) to be due to the lack of a slightly brackish water en

vironment or lack of a muddy substrate. Though the environment of the 

gamma member was decidedly not muddy, it was apparently soft enough for 

burrowing, as witnessed by the infaunal habit of Schizodus and Allorisma. 

Since the substrate apparently was not the limiting factor of the ling

ulid s, high salinities are therefore believed to have prevented them 

from inhabiting the gamma member sea.

Euphemites, a common fossil component of the gamma member, has 

been interpreted by Stevens (1965) to be representative of nearshore, 

tidal flat or lagoonal environments characterized by either brackish or 

hypersaline conditions. Stevens (1965) describes Euphemites in the 

Permian of eastern Nevada as being associated with evaporites, and 

therefore, the writer believes the genus suggests hypersaline conditions 

in the gamma member of the Kaibab Formation.
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In summary, the gamma member was probably deposited under hy

persaline conditions. Salinities were concentrated enough to limit the 

presence of more normal marine forms like corals, bryozoans, and brach- 

iopods, but were not sufficiently high to allow direct evaporite pre

cipitation or to kill off the euryhaline molluscs adapted to a 

hypersaline environment.

A problem arises when the influence of streams diluting the 

eastern, shallow margins of the formation is negated. Evaporite depo

sition was abundant in the western, offshore areas of the alpha member, 

while the eastern, nearshore environments were free of gypsum and other 

evaporites. However, the alpha member represents the stage of final 

regression of the Kaibab sea (McKee, 1938), and the gypsiferous sedi

mentation apparently resulted from specialized conditions caused by the 

retreating sea. Evaporite deposition was probably not normal for the 

Kaibab seas except when restricted during the regressive stage. The 

gamma member was therefore deposited in a hypersaline environment caused 

by excessive evaporation in shallow, possibly slow circulating water, 

and was never restricted, confined into basins, or diluted by streams.

Sediment Transport

Due to the lack of directional sedimentary structures within the 

eastern portions of the gamma and beta members, transport during the 

deposition of the gamma member is inferred from cross-stratification 

data from correlative and underlying formations. Reiche (1938) noted 

that wind directions during deposition of the Coconino, DeChelly, and 

Cedar Mesa Sandstones were generally to the south. Poole (1962)
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confirms this data and similarly assigns northerly winds to the "White 

Rim, Coconino, and Cedar Mesa Formations —  similar to the northeast 

trades of today.

Sediment transport was therefore probably to the south due to 

wind-generated waves and currents and was responsible for the reworking 

of the Coconino Formation sand as transgression progressed. Due to the 

lack of preserved sedimentary structures, this process was probably 

relatively minor in consequence. However, the persistence of these 

winds through geologic time and the large-scale dunes developed in the 

neighboring Coconino Sandstone indicate winds of considerable magnitude 

that may have been responsible for the large amounts of well-sorted 

silt within the gamma member. Windom (1975) demonstrated the importance 

of wind-borne sediment adjacent to present day desert areas, and much 

of the terrigenous debris within the eastern Kaibab probably is due to 

this process.

The virtually identical grain size and composition of the elas

tics in both the Coconino Sandstone and the gamma member of the Kaibab 

Formation (figs. 10 and 12) make the Coconino Sandstone the only probable 

sediment source of any consequence during deposition of the gamma member.

Depth and Paleoslope

The gamma member was undoubtedly deposited in shallow water, as 

indicated by the extensive pelecypod and gastropod fauna indicative of 

such environments. The presence of elongate chert nodules at the upper 

contact of the gamma member, if interpreted as mangrove-like roots, 

would indicate extremely shallow depths. Interpretation as burrows
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would similarly indicate nearshore conditions, though not necessarily 

as extreme as a mangrove interpretation would require.

The initial transgression of the Kaibab sea, as previously 

noted, was developed upon a perfectly straight surface beveling the 

high angle cross-strata of the Coconino Sandstone by a process similar 

to the formation of the multiple parallel truncation planes described 

by Stokes (1968). This process apparently required a lengthy period of 

time to allow erosion of the unconsolidated Coconino Formation sand 

down to the water table created by the advancing sea. This is believed 

to have created a permanent, horizontal surface on the Coconino Sand

stone that, once the gamma member transgressed over this surface, was 

sufficiently large areally to limit circulation within the transgres

sing sea. This truncation surface on the Coconino probably was nearly 

parallel to sea level within the study area, with no appreciable slope 

towards the shallow seas where the gamma member was deposited and the 

more open seas to the west, in the arid Permian environment where evapo

ration exceeded precipitation, caused a moderate increase in salinity 

in the area of deposition of the gamma member. The gamma member is 

therefore considered equivalent to part of the beta member west of the 

study area. Figure 26 presents an idealized cross section representing 

the initial transgressive stages of the Kaibab Formation.

As water depths increased as the beta sea transgressed, circu

lation improved and salinities became closer to normal, but only gradu

ally. This explains the west to east decrease in abundance of beta 

member characteristics and the irregularity and variability in the
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beta-gamma contact. At the extreme eastern margins, even during maxi

mum transgression, water depths were probably not sufficient to allow 

free circulation with the open sea. This, combined with an increase 

in terrigenous material associated with a nearshore environment, served 

to prevent the normal marine fauna of bryozoans and brachiopods typical 

of the beta member from extending eastward to the depositional limit.

The cross section of the eastern margin of the Kaibab detailed in fig

ure 26e summarizes the "facies" relationships between the alpha, beta, 

and gamma members based on ecological, environmental, and faunal, but 

not necessarily lithologic, characteristics.

Other Environmental Factors

On the basis of the position of the gamma member directly above 

and contemporaneous with the eolian Coconino Sandstone deposited within 

the northeast trade wind belt (Poole, 1962), the paleotemperatures were 

undoubtedly relatively high. The abundance of evaporites in the western 

regions of both the Toroweap and Kaibab Formations and the assignment 

of additional Permian eolian formations into the northeast trade wind 

belt by Poole (1962) further confirms a relatively high temperature for 

the Kaibab sea.

The abundance of the burrowing pelecypods Schizodus and Allorisma 

as well as large, epifaunal gastropods indicate a bottom condition in

termediate between firm and soft that was capable of supporting both an 

infauna and epifauna. The sediment contained a minimum of terrigenous 

clay, though carbonate mud was common. With an absence of stream
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derived clay and sedimentary structures in the gamma member, agitation 

and therefore turbidity was presumably minimal.

Summary

The gamma member of the Kaibab Formation was probably deposited 

on a shelf developed on the unconsolidated Coconino Sandstone. Due to 

the shallow water depth, nearly horizontal paleoslope and arid climate, 

the environment was hypersaline. An isolated, restricted basin as hy

pothesized by McKee (1938) probably was not present. Fresh water dilu

tion by streams on the eastern margin was nonexistent. Though the 

gamma member represents the initial transgression of the Kaibab Forma

tion in the study area, it is equivalent to part of the beta member 

further to the west. The continued rise in sea level as the transgres

sion progressed renewed oceanic circulation that restored salinities 

in the study area to near normal. Deposition of the normal marine beta 

fauna followed.

Validity of the Gamma Member

McKee’s (1938) definition of the gamma member was based primar

ily on its fauna and on the absence of the chert so typical of the beta 

member. The initial subdivision of the Kaibab and Toroweap Formations 

into distinct members was never intended for formal recognition and 

McKee (1938) himself recognized the difficulty and subjectivity required 

in distinguishimg member contacts and the extreme variability in lithic 

types, even within short horizontal distances. Due to the gradual ver

tical gradations of lithic and biologic characteristics inherent in the 

Kaibab Formation, especially within the study area, the member
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terminology apparently will never meet the requirements for formal rec
ognition. However, this terminology, on a strictly informal basis, is 
exceptionally useful for general recognition of transgressive, regres
sive, and environmental trends within the Kaibab.

In light of the present study, the gamma member should no 

longer be considered the initial transgressive deposit of the Kaibab 

sea. The characterization of the gamma member by a molluscan fauna 

deposited within a saline sea modifies McKee’s initial concepts some

what, but retains the same stratigraphic boundaries and thicknesses 

first recognized in 1938. As characteristics of the gamma and beta 

members are traced both north and northeastward from the western re

gions of the study area, beta member characteristics disappear. Condi

tions apparently no longer favored the open marine fauna of the beta 

member, and since the Kaibab sea was shallowing towards a shoreline in 

this direction and the inferred climate was arid, the Kaibab sea appar

ently became more saline. Since the gamma member is essentially a 

paleoecological subdivision of the Kaibab Formation, the hypersaline 

environments in the northeastern sections contemporaneous with beta and 

alpha members (fig. 26e) are considered equivalent to the gamma member.

Though the alpha, beta, and gamma members of the Kaibab Forma
tion are unsuitable for adaptation to formal terminology, the concepts 
involving their recognition have particular significance with respect 
to the depositional environments of the Kaibab Formation. The gamma, 
however, required drastic revision of concept in terms of paleoecology 
and areal extent as follows:
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1) The member is laterally equivalent to the beta member west 

of the study area and is equivalent to the alpha and beta 

members on the eastern margin of the study area where the 

gamma becomes time transgressive.

2) The gamma member does not represent the initial trans

gression of the sea in which the entire Kaibab Formation 

was deposited, but rather an isolated occurrence of hy

persaline conditions developed above a truncation plane 

on the unconsolidated Coconino Sandstone.

3) Recognition of the member is based primarily on the 

presence of large gastropods and pelecypods free of 

fossil and lithologic criteria for "normal" open marine 

conditions.

Suggestions for Future Research 

The gamma member is recognized by a distinct faunal assemblage 

believed to be indicative of a hypersaline environment. A second study, 

confined to the area of Kaibab deposition east of Flagstaff, to include 

all three members of the formation, would be essential in determining 

the precise stratigraphic relationships between the alpha and beta mem

bers and the gamma member, especially near the depositional limit.

Further work is necessary west of the study area, where Toroweap 

conditions approach those of the Coconino Sandstone, in order to deter

mine what relationship, if any, the Toroweap Formation has with the 

gamma member of the Kaibab Formation. Unfortunately, this area is
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buried beneath Quaternary and Tertiary basalts and sediments, and pres

ent drill hole data is of insufficient quality and quantity to properly 

resolve the problem.

Lastly, a comparison of the gamma member of both the Toroweap 

and Kaibab Formations, which were both originally envisioned as the ini

tial transgression of their respective formations, should lead to a 

better understanding of the conditions of deposition of both members.

The gamma member of the Toroweap Formation is considerably more exten

sive and contains evaporite deposits (McKee, 1938); whereas the gamma 

member of the Kaibab Formation is areally restricted and contains no 

evaporites. Both members were probably deposited under radically dif

ferent conditions and a comparison between the two may yield interesting 

data on the nature of the Kaibab and Toroweap transgressions. This, com

bined with a study of the basal units of the Kaibab in western Arizona, 

should give insight into the extent and severity of the Kaibab—Toroweap 

hiatus.



APPENDIX A

LOCATION AND DESCRIPTION OF MEASURED SECTIONS 
OF THE GAMMA MEMBER OF THE KAIBAB FORMATION 

(PERMIAN) IN NORTHERN ARIZONA

82



83

Table A-l. Listing of measured sections by name and number.

Refer to Location Map of Study Area (fig. 1, in pocket) for location 
by number.

Section Section Section Section
Number Name Number Name

1. Nest Clear Creek 14. Leonard Canyon

2. Toms Creek 15. West Leonard Canyon

3. Huffner Draw 16. Wiggins Crossing 
Road-Cut

4. Middle Tank
17. Barts Crossing

5. . Clover Creek Road-Cut

6. Clover Creek Road-Cut 18. Wildcat Canyon 
Road-Cut

7. Jones Crossing
19. Black Canyon8. Lower Miller Canyon
20. Saloon Canyon

9. Blue Ridge Reservoir
21. Chevelon CanyonS Bear Canyon
22. East Sunset Mountain

11. East Clear Creek Road-Cut
23. McHood Parka Yeager Canyon
24. Meteor Crater

13. Macks Crossing
25. Walnut Canyon

26. Lower Lake Mary
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The rock descriptions of the measured sections at Clover Creek, 
Black Canyon, East Clear Creek, and Walnut Canyon were supplemented 
using thin section data. The remaining twenty-two sections were ana
lyzed with hand specimens only, using the procedures outlined in the 
Introduction. As a result, rock descriptions were considerably more 
quantitative in the measured sections using thin section analysis.
This nonuniformity between the descriptions using thin sections and 

those using hand specimens is not apparent except when the grain size 

of carbonate cement is considered. Examination using the polarizing 

microscope permitted the division of the carbonate component of the 

rock into the specific well-defined size designations outlined by Folk 

(1974) for authigenic constituents of carbonate rocks. The binocular 

microscope, however, was insufficient for resolution of grain sizes 

into such well-defined categories. Consequently, rock types so examined 

were labeled simply as crystalline when it was apparent that the crystal 

size was greater than 10 microns.



West Clear Creek

Section is located on the south side of West Clear Creek approxi
mately 1500 feet northeast of the end of U.S. Forest Service Road 
142 B, Coconino County, Arizona (U.S. Geological Survey Calloway 
Butte Tir' Quadrangle, 1965) • Townships have not been surveyed at 
time of publication. U.S. Army Map Services coordinates VP 5724 
on the Holbrook, Arizona sheet.

Permian:

Kaibab Formation (incomplete):

Beta member (incomplete):

Unit 6. Slightly calcareous silty dolomite and slightly 
dolomitic siltstone, grayish-orange (10 YR 7/4), very pale 
orange (10 YR 8/2) and pale yellowish orange (10 YR 8/6 ), 
weathers to grayish-orange (10 YR 7/4), very pale orange 
(10 YR 8/2), and grayish orange pink (5 YR 7/2), coarse 
silt, well-sorted; subrounded to subangular quartz grains; 
well cemented by slightly calcareous dolomite; unit mas
sive except at base, which is extensively burrowed, bur
rows commonly extend as much as .3 meters into the unit 
below; forms slight recess. Echinoid spines, crinoid 
columnals, stick bryozoans, definite Peniculauris and a 
questionable scaphopod are present. Iron concretions are 
rare, but quartz geodes as large as 2 cm. in diameter are 
scattered randomly throughout. Burrows commonly have 
small chert centers surrounded by lighter colored sedi
ment than that of the surrounding material. The differ
ence between the sediment infilling the burrows and that 
of the rest of the unit is one of color only rather than 
composition. 2.5

Total of incomplete beta member 2.5

Contact: Beta-gamma contact is completely ^conformable
and is apparently gradational between the two units.

Gamma member:

Unit 5« Two similar lithologic types. • Moderately cal
careous, slightly dolomitic siltstone, grayish-pink 
(5 YR 7/2 ), weathers to dusky yellowish brown (10 YR 2/2), 
medium to coarse silt, fairly well sorted; subangular 
quartz grains; massive; forms ledge. This lithologic 
type is present at base of unit and is gradational into

Section 1

thickness 
in meters
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highly calcareous, silty sandstone or sandy siltstone, 
very pale orange (10 YR 8/2), weathering to dusky yel
lowish brown (10 YR 2/2), coarse silt and very fine sand, 
well-sorted; subrounded to subangular quartz grains; well 
cemented with calcite; massive, forms ledge; present at 
top of unit. Many quartz geodes scattered throughout the 
unit commonly with a crude similarity to Peniculauris, lo
cally with well terminated crystals and calcareous centers.
Shell debris (locally silicified) is scattered in pods 
throughout the unit; large (5 cm.) pelecypod (?) shell 
plus scattered shell fragments of brachiopods (?) are 
present. Small calcareous blebs are common throughout.
Iron concretions are present, but uncommon. Crinoids, 
bryozoans and echinoid spines were not seen except for 
one questionable crinoid columnal near the base.

Unit 4« Very silty, finely crystalline, calcareous dolo
mite to silty, dolomitic crystalline limestone, very pale 
orange (10 YR 8/2), weathering grayish orange pink ($ YR 
8/2) and dusky-brown (5 YR 2/2), medium silt to very fine 
sand, mean is in coarse silt fraction (4-5 phi), fair 
sorting; subangular quarts grains; firmly cemented by 
calcareous dolomite to dolomitic calcite; massive; forms 
a partially covered slope exposing a number of step-like 
projections. Quartz geodes as large as 2 cm. in dia
meter are common throughout. Some small scattered shell 
fragments are present in pods, but most of unit is 
unfossiliferous. 2.1

Unit 3 . Moderately calcareous, moderately dolomitic 
siltstone, grayish orange pink (5 YR 7/2) and grayish- 
orange (10 YR 7/4), weathering brownish-gray (5 YR 4/l), 
light-brown (5 YR 5/6) and pale yellowish brown (10 YR 
6/2), coarse silt, scattered very fine sand grains, fair 
to well-sorted; subrounded to subangular quartz grains; 
well cemented by calcite; massive; forms ledge, lowest 
.6 meter tends to form slight recess. Some small scat
tered geodes (less than 1 cm.) present near top of unit.
White calcareous and kaolinitic blebs probably repre
senting replaced shell debris present in scattered
zones, but most of unit contains no fossils. 3*1 

Unit 2. Covered. Believed similar to unit 3 in
composition. .6 

Total of gamma member 10.7 

Total of incomplete Kaibab Formation 13 »2



Contact: Gamma member-Coconino Sandstone contact obscured.
Believed to be a planar surface developed on Coconino 
Sandstone cross-strata since no large channelling was 
discernible on the north canyon wall.

Coconino Sandstone (unmeasured):

Unit 1. Slightly calcareous quartz arenite, very pale 
orange (10 YR 8/2), weathers to grayish-brown (5 YR 
3/2) and dark yellowish brown (10 YR 4/2), fine and 
very fine sand (2-4 phi) with scattered medium sand 
grains, fairly well sorted; subrounded to subangular 
quartz grains, loosely cemented by calcite, pressure 
solutioning of quartz at grain contacts, and quartz 
overgrowths; composed of planar sets of large-scale 
high angle cross-strata with faint parallel laminae 
produced by grain size variation and accented by li- 
monite staining; forms ledge; iron speckling and 
staining very common.

Base of section; not base of exposure.
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Toms Creek

Section 2

Section is located on the east side of Toms Creek approximately 
500 feet east of crossing of creek by U.S. Forest Service Road 
lA2t SW3-NEy'SWia- sec. 16, T. 13 N., R. 9 E., Coconino County, 
Arizona (U.S. Geological Survey Calloway Butte Quadrangle, 1965). 
Access is by U.S. Forest Service Road 142 from Arizona Highway 87.

Permian:

Kaibab Formation (incomplete): 

Beta member (incomplete):
thickness 
in meters

Unit 11. Calcareous and dolomitic sandstone to siltstone,
moderate orange pink (5 YR 8/4 ), weathers grayish orange
pink (5 YR 7/2) to light-brown (5 YR 6/4) to dusky-brown
(5 YR 2/2), coarse silt to very fine sand, well-sorted;
subrounded to subangular quartz grains; well cemented by
calcareous dolomite to dolomitic calcite; massive; forms
weak ledge; characterized by large chert nodules in upper
half of unit; nonfossiliferous; rare kaolinitic blebs and
iron (manganese ?) speckling (especially on joint surfaces). .6

Total of incomplete beta member .6

Contact: Beta-gamma contact is completely conformable.

Gamma member:

Unit 10. Calcareous siltstone to very silty, crystalline 
limestone, grayish-orange (10 YR 7/4), weathers moderate- 
brown (5 YR 3/4) and dusky-brown ($ YR 2/2), coarse silt, 
well-sorted; subrounded to subangular quartz grains; well 
cemented by calcite; massive; forms ledge; shell fragments 
are uniformly concentrated throughout entire unit; abundant 
quartz geodes (2 cm. maximum diameter) that commonly take on 
a crude appearance to Peniculauris near the top of the unit; 
white kaolinitic and calcareous (noncrystalline) blebs scat
tered uniformly throughout. 2.3

Unit 9» Very silty, slightly dolomitic, crystalline lime
stone, very pale orange (10 YR 8/2). weathers light-brown 
(5 YR 6/4) and pale-brown (5 YR 5/2), coarse silt, well- 
sorted; subrounded to subangular quartz grains; well ce
mented by slightly dolomitic calcite; massive; forms recess;
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nonfossiliferous; contains abundant small (1.5 cm. maxi
mum) quartz geodes and rare 1-3 mm. iron concretions; 
uppermost 15 cm. develops a fissile fracture. 1.1

Unit 8. Covered interval. 1.0

Unit 7. Slightly dolomitic, very calcareous siltstone, 
very pale orange (10 YR 8/2) and grayish orange pink (5 
YR 7/2), weathers pale-brown (5 YR 5/2), pale yellowish 
brown (10 YR 6/2 ), and grayish-brown (5 YR 3/2), coarse 
silt, well-sorted; subrounded to subangular quartz grains; 
well cemented by slightly dolomitic calcite; massive; 
forms ledge; shell debris widely separated and randomly 
distributed throughout, fragments unidentifiable (maxi
mum dimension 2 cm.), replaced by dolomite; local crystal
line calcite veining; small quartz geodes (3 mra.-l cm.) 
and iron concretions (3-4 mm. to 4 cm.) are abundant; 
scattered calcareous and kaolinitic blebs. The unit is 
crudely divided into two subunits by the presence of a 
10 cm. recess at 2.8 meters from the base. 3*9

Unit 6. Slightly dolomitic. very calcareous siltstone,
very pale orange (10 YR 8/2), weathers pale-brown (5 YR
6/4 ) to dusky-brown (5 YR 2/2), lichen covered, coarse
silt, well-sorted; subrounded to subangular quartz grains;
well cemented by slightly dolomitic calcite; massive;
forms recess; nonfossiliferous. .5

Unit 5. Covered interval. 1.5

Unit 4* Slightly dolomitic calcareous siltstone to sand
stone, grayish orange pink (5 YR 7/2), weathers same color 
and grayish-brown (5 YR 3/2), with much lichen covering, 
coarse silt and very fine sand, well-sorted; subrounded 
to sub angular quartz grains; well cemented by dolomitic 
calcite; massive; forms moderate ledge; nonfossiliferous; 
rare calcareous and kaolinitic blebs. 1.2

Unit 3• Moderately calcareous, dolomitic, silty sand
stone, light-brown (5 YR 6/4 ), weathers dusky-brown (5 
YR 2/2 ); coarse silt to medium sand, very poorly sorted; 
well rounded to subangular quartz grains; well cemented 
by dolomitic calcite; massive, with some local concentra
tions of medium sand; forms ledge; nonfossiliferous, ex
cept for a few very rare broken shells; many scattered 
calcareous and kaolinitic blebs. 2.1

Unit 2. Muddy calcareous siltstone to sandstone, very 
pale orange flO YR 8/2), weathers same color to grayish 
orange pink (5 YR 7/2) and grayish-brown (5 YR 3/2);
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coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; moderately to poorly cement
ed by calcareous mud; massive; fissile fracture; forms 
recess with lowermost .3 meters covered; nonfossiliferous; 
rare 5 to 6 cm. hematite concretions and common Hmonitic
staining. • 7

Total of gamma member 14.3
Total incomplete Kaibab Formation 14.9

Contact: Kaibab-Coconino contact obscured within
covered interval at base of unit 1.

Coconino Sandstone (unmeasured):

Quartz arenite to slightly muddy quartz arenite, very 
pale orange (10 YE 8/2 ) and moderate orange pink (5 YR 
8/4), weathers dusky-brown (5 YR 2/2), medium-gray (N5), 
light-brown (5 YR 6/4 ), and moderate-brown (5 YR 4/4); 
very fine to medium sand, moderately-sorted; rounded to 
subangular quartz grains; moderately well cemented by 
pressure solutioning at grain contacts, mud plays minor 
role as cemente near top of unit; planar sets of large- 
scale high angle cross-strata, very crude fine lamina
tions formed by alternating grain sizes and limonitic 
staining; forms slope.

Base of section; not base of exposure.



Huffner Draw

Section is located on the north side of Huffner Draw approximately 
one-third mile west of Arizona Highway 87 (at mileage marker 282), 
Coconino National Forest, in NW-4- SW3- sec. 28, T. 13 N., R. 9 E., 
(section coordinates are estimated due to road changes made since 
base map was published), Coconino County, Arizona (U.S. Geological 
Survey Pine 15* Quadrangle, 1952).

Eroded hilltop; concealed surface.

Permian:

Kaibab Formation (incomplete):

Gamma (?) member (incomplete):

Unit 6 (unmeasured). Slightly calcareous, sandy, silty 
dolomite, grayish-orange (10 YR 7/4), weathers moderate- 
brown (5 YR 4/4) to dusky-brown (5 YR 3/2) with much 
lichen covering, coarse silt to very fine sand, well- 
sorted; subrounded to subangular quartz grains; well to 
poorly cemented (in fossiliferous zones) by calcareous 
dolomite; massive; forms covered slope, most of unit ob
scured except at 1.8 meters from base of unit; fossils 
appear to be distributed in lenticular pods with highly 
fossiliferous poorly cemented (punky) material separated 
by poorly fossiliferous sediment; fossils include very 
common Allorisma (5 cm.), common Schizodus (as large as 
4.5 cm. estimated maximum dimension), Aviculonectin, 
crinoid columnals (rare) and scaphopods (?); large bryo- 
zoans (probably either Polypora or Fistulioora) are very 
common in the relatively nonfossiliferous rocks and are 
not found associated with the mollusc-bearing lenses; 
quartz geodes as large as 2.5 cm. are common, and are 
locally surrounded by and associated with limonite; rare 
kaolinitic nodules.

Unit 5. Silty calcareous dolomite to silty, dolomitic, 
crystalline limestone, grayish orange pink (5 YR 7/2), 
weathers light-brown (5 YR 6/4 ) to dusky-brown (5 YR 2/2); 
coarse silt, well-sorted; subangular quartz grains; well 
cemented by calcareous dolomite to dolomitic calcite; 
massive; forms slope; chert is very common, locally 
reaching a maximum length of 13 cm.; quartz geodes from 
less than 5 mm. to 2.0 cm. (rare) are common and are

Section 3

thickness 
in meters
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locally surrounded by a limonitic coating; rare Penicu- 
lauris, otherwise nonfossiliferous; very rare hematite 
concretions (.75 cm. maximum diameter).

Unit 4» Covered interval.

Unit 3• Calcareous dolomitic siltstone, grayish orange 
pink (5 YR 7/2), weathers light-brown (5 YR 6/4) and light 
brownish gray (5 YR 6/l) with much lichen covering, coarse 
silt, well-sorted; subangular quartz grains; well cemented 
by calcareous dolomite; massive; forms slope; chert nodules 
common, generally elongate and vertically oriented, and 
appear to be filled burrows (2.5 cm. in diameter); Penicu- 
lauris bassi common, and crinoid columnals, echinoid spines, 
and bryozoans are scattered throughout; all fossil mater
ial is silicified; rare iron concretions (l cm. maximum 
diameter); scattered small white calcareous (noncrystalline) 
blebs.

Unit 2. Slightly calcareous, slightly sandy, silty dolo
mite, grayish orange pink (5 YR 7/2), weathers light brown
ish gray (5 YR 6/l) to dusky-brown (5 YR 2/2) with much 
lichen covering, coarse silt and very fine sand, well- 
sorted; subrounded to subangular quartz grains; well ce
mented by slightly calcareous dolomite; massive; forms 
ledge; Peniculauris bassi common, scattered bryozoans and 
abundant shell fragments; chert nodules scattered through
out; possibly burrowed with burrows filled with a lighter 
colored rock (very pale orange 10 YR 8/2) than that of 
the surrounding rock.

Unit 1. Calcareous silty dolomite, grayish orange pink 
(5 YR 7/2), weathers moderate-brown (5 YR 4/4), coarse 
silt, well-sorted; subangular quartz grains; well cement
ed by calcareous dolomite; massive; forms recess; chert 
nodules common; nonfossiliferous; scattered sand size 
iron concretions.

Total of incomplete gamma (?) member

Total of incomplete Kaibab Formation

Contact: Kaibab-Coconino contact is obscured in covered
slope, but planar sets of large-scale high angle cross
strata of the Coconino Sandstone crop out in stream bed 
several feet below the base of the section.

Base of section; base of exposure.

2.7

2.0

1.0

1.1

.30

7.10

7.10
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Middle Tank

Section 4

Section is located west of Middle Tank on the west side of the 
unnamed south tributary of Clover Creek, which bisects the angle 
formed by Toms Creek and Clover Creek, Coconino National Forest, in 
Sir NE$- sec. 15, T. 13 N., R. 9 E., Coconino County, Arizona (U.S. 
Geological Survey Calloway Butte Yir* Quadrangle, 1 % 5 ) . Access is 
is by U.S. Forest Service Road 142 from Arizona Highway 87 to un
numbered U.S. Forest Service Road approximately 1.5 miles from 
highway.

Top of section; eroded hilltop, concealed surface.

Permian:

Beta member (?) (incomplete):
thickness 
in meters

Unit 4. Variable lithologic types. Silty, slightly sandy, 
dolonitic crystalline limestone, grayish orange pink (5 YR 
7/2), weathers same color to pale-brown (5 YR 5/2) to 
brownish-gray (5 YR 4/l) with much lichen covering, coarse 
silt to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by dolonitic calcite; massive.
Sandy, silty, calcareous dolomite, grayish orange pink (5 YR 
7/2), weathers brownish-gray (5 YR 4/l) with much lichen 
covering, coarse silt and very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by cal
careous dolomite; massive. Sandy, silty, crystalline 
limestone, grayish-pink (5 YR 7/2), weathers pale-brown (5 
YR 5/2) to light-brown (5 YR 6/4) to grayish-brown (5 YR 
3/2 ), coarse silt and very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by cal
cite; massive. Unit weathers to a mostly covered slope 
with step-like projections; Peniculauris bassi is common 
though not abundant; shell fragment debris is locally sili- 
cified or preserved as shell fragment molds, is never abun
dant, and is always very small and broken; locally entirely 
nonfossiliferous; quartz geodes locally common (observed as 
large as 1 cm. in diameter); kaolinitic nodules similarly 
common locally (obtaining maximum diameters of .5 cm.); 
iron manganese speckling confined to joint surfaces; no 
chert observed. 10

Total of incomplete beta member 10

Contact: Contact between units 4 and 3 appears conform
able, but due to tendency for unit 4 to form covered,



obscured intervals actual break between the gamma and 
beta members is doubtful and may be considered higher 
within unit 4*

Gamma, member:

Unit 3* Covered interval. 3*2

Unit 2. Silty, sandy crystalline limestone and calcareous 
to siltstone, grayish orange pink (5 YR 7/2), weathers 
dusky-brown (5 YR 2/2) with much lichen covering, coarse 
silt and very fine sand, well-sorted; subrounded to sub- 
angular quartz grains; well cemented by calcite; massive; 
forms ledge; highly fossiliferous (fossils preserved as 
molds and casts), fossils include; abundant Eunhemus 
(7 cm. estimated maximum diameter), rare Euommalus (5 
mm.), rare Bellerophon (?) and Schizodus (?),~Bucanopsis 
(less than 5 mm.) common, highly questionable rare Penicu- 
lauris bassi outlines, and abundant shell debris irregu
larly distributed, possibly into lenses separated by poorly 
or nonfossiliferous sediment; at exposure approximately 
200 feet east of section, scaphopods were common in the 
equivalent unit; white calcareous nodules as large as 1
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cm. are common. 1.3

Total of gamma member 4-5

Total of incomplete Kaibab Formation 14.5
Contact: Kaibab-Coconino contact is generally obscured,
but apparently is a planar surface developed on beveled 
high-angle cross-strata of the Coconino Sandstone. No 
evidence of channelling was observed.

Coconino Sandstone (unmeasured):

Unit 1. Calcareous, dolomitic, slightly silty quartz 
arenite, grayish-orange (10 YR 7/4), weathers pale yel
lowish brown (10 YR 6/2), coarse silt to scattered me
dium sand, moderately-sorted; well rounded (medium sand) 
to subangular (silt) quartz grains; moderately cemented 
by calcareous dolomite; composed of planar sets of large- 
scale high angle cross-strata; forms gentle slope.

Base of section; base of exposure.
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, Clover Creek

Section 5

Section is located on the east side of Clover Creek west of the 
Clover Springs recreation area, Coconino National Forest, in SE-J- 
NWg- SE^ sec. 14, T. 13 N., R. 9 E., Coconino County, Arizona (U.S. 
Geological Survey Long Valley 7it' Quadrangle, 1965). Access is by 
U.S. Forest Service Road 142 from Arizona Highway 87.

Top of section; top of exposure.

Permian:

thickness 
in meters

Kaibab Formation (incomplete): 

Beta member (incomplete):

Unit 11. Silty, highly calcareous dolomite, grayish-pink 
(5 R 8/2), weathers brownish-gray (5 YR 4/l), coarse 
silt, well-sorted; subrounded to subangular quartz grains; 
well cemented by very finely to medium crystalline cal
careous dolomite; massive; forms weak ledge; contains 
scattered Peniculauris in life position and large bryo- 
zoans; chert nodules common; rare white kaolinitic nod
ules (l cm. maximum diameter) associated with deep red 
iron blebs. .4

Unit 10. Covered interval. 1.5

Unit 9* Silty calcareous dolomite to silty, dolomitic 
crystalline limestone, grayish orange pink (5 YR 7/2), 
weathers pale-brown (5 YR 5/2) to moderate-brown (5 YR 
3/4 ) with much lichen covering, coarse well-sorted silt; 
subrounded to subangular quartz grains and very rare 
plagioclase; well cemented by very finely to medium 
crystalline calcareous dolomite and dolomitic calcite; 
massive; forms ledge; scattered Peniculauris in random 
orientation and much fossil debris (shell fragments and 
crinoid columnals); scattered quartz geodes, Umonitic 
concretions and small kaolinitic blebs; no chert. 1.0

Unit 8. Silty, poorly washed calcareous dolomite, 
grayish orange pink (5 YR 7/2), weathers light-brown 
(5 YR 6/4) to moderate-brown (5 YR 3/4), coarse silt, 
well-sorted; subrounded to subangular quartz grains 
and very rare plagioclase grains; well cemented by 
aphanocrystalline calcareous dolomite; forms three 
beds of similar thickness locally showing slumping 
and/or load casting features; forms recess; well
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preserved large Peniculauris molds, and Chonetes kaibabensis 
very abundant in association with scattered Aviculooectin 
(?); shell fragments are rare as most fossils remain un
broken; fossil distribution is irregular with fossiliferous 
areas being separated by poorly or nonfossiliferous sedi
ment; scattered quartz geodes and kaolinitic blebs. 2.0

Total of incomplete beta member 4*9

Contact: Completely conformable with the unit below.

Gamma member:

Unit 7* Silty, poorly washed crystalline limestone to 
highly calcareous siltstone, pinkish-gray (5 YR 8/l), 
weathers brownish-gray (5 YR 4/l) with lichen covering, 
medium to coarse silt, well-sorted; subrounded to sub- 
angular quartz grains and very rare plagioclase; well 
cemented by very finely to finely crystalline calcite; 
massive; forms ledge; contains highly questionable 
Conetes and Peniculauris molds commonly filled with 
quartz; abundant very small pits and cavities that may 
be molds of finely broken shell material; kaolinitic 
nodules approximately 1 cm. in length and locally tak
ing shell fragment form are very rare, whereas the 
smaller irregular blebs are common. .75

Unit 6. Silty, slightly calcareous dolomite to slightly 
calcareous, highly dolomitic siltstone, grayish orange 
pink (5 YR 7/2), weathers light-brown (5 YR 6/4), me
dium to coarse silt, well-sorted; subrounded to sub- 
angular quartz grains and very rare plagioclase grains;• 
well cemented by very finely to finely crystalline cal
careous dolomite; irregular discontinuous faint lamina
tions formed by limonitic staining are common; forms 
recess; scattered limonitic concretions; nonfossiliferous. .5

Unit 5* Silty crystalline limestone, grayish-orange 
pink (5 YR 7/2), weathers pale yellowish brown (10 YR 
6/2), pale-brown (5 YR 5/2), and grayish-brown (5 YR 
3/2 ), well-sorted coarse silt; subrounded to subangular 
quartz grains; well cemented by aphanocrystalline to 
finely crystalline calcite; massive; forms prominent 
ledge; highly fossiliferous with Schizodus, Aviculo- 
pectin (?), crinoid columnals and abundant shell debris 
forming lenses enclosed by similar unfossiliferous sedi
ment; kaolinitic blebs are abundant in fossil-bearing 
zones otherwise present only rarely and locally asso
ciated with limonite; quartz geodes (mold infillings ?) 
are common and scattered limonitic nodules are rare. 3.0
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Unit 4« Silty calcareous dolomite, grayish orange pink 
(5 YE 7/2), weathers light-brown (5 YE 6/4 ) to brownish- 
gray (5 YE 4/l), medium to coarse silt, well-sorted; sub
rounded to subangular quartz grains; well cemented by very 
finely crystalline calcareous dolomite; massive; forms 
deep recess; nonfossiliferous; very rare quartz geodes 
(less than .5 cm. in diameter). 1.7

Note: Section offset approximately 1$0 feet to the north
west of unit 4*

Unit 3» Two lithologic types, each gradational the other.
Silty, sandy calcareous dolomite to highly dolomitic, 
slightly calcareous, sandy siltstone, grayish-orange (10 
YE 7/4), weathers grayish orange pink (5 YE 7/2) to pale- 
brown (5 YE 5/2) with much lichen covering, coarse silt 
to scattered medium sand, moderately-sorted; rounded (me
dium sand) to subangular (silt) quartz grains; well ce
mented by aphanocrystalline to finely crystalline 
calcareous dolomite; massive; forms ledge; scattered 
crinoid columnals and shell fragments (poorly preserved 
molds and casts); kaolinitic blebs present; forms base 
of unit; gradational with very slightly sandy, silty, cal
careous dolomite, pinkish-gray (5 YE S/l) and grayish 
orange pink (5 YE 7/2), weathers brownish-gray (5 YE 4/l), 
coarse silt with scattered fine sand, moderately well- 
sorted; rounded to subangular quartz grains and very rare 
kaolinite (diekite) grains; well cemented by aphanocrys
talline to finely crystalline calcareous dolomite; massive; 
forms ledge; nonfossiliferous; forms top of unit. Middle 
of unit forms covered slope. 2.9

Unit 2. Slightly silty quartz arenite, very pale orange 
(10 YE 8/2) to moderate orange pink (5 YE 8/4 ), weathers 
pale yellowish brown (10 YE 6/2) to medium-gray (N5), 
coarse silt to medium sand, moderately-sorted; rounded to 
subangular quartz grains; moderately cemented by pressure 
solutioning at grain contacts, microcrystalline quartz 
(rare), limonite, and quartz overgrowths; faint horizon
tal laminations caused by alternating concentrations of 
grain sizes, accented by Hmonitic staining and weath
ering; forms slope, often covered; nonfossiliferous. 2.5

Total of gamma member 11.35

Total of incomplete Kaibab Formation 16.25

Contact: Kaibab-Coconino contact is generally obscured
but apparently is a planar surface developed on the



beveled high angle cross-strata of the Coconino Sandstone. 
No evidence of channelling was observed.

Coconino Sandstone (unmeasured):

Unit 1. Very slightly silty quartz arenite, grayish- 
orange (10 YR 7/4), very pale orange (10 YR 8/2) and 
pale reddish brown (10 R 5/4), weathers light brownish 
gray (5 YR 6/l) with much lichen covering, coarse silt 
to medium sand, moderately-sorted; rounded to subangular 
quartz grains; poorly cemented by pressure solutioning at 
grain contacts, quartz overgrowths, limonite, and rare 
macrocrystalline quartz; planar sets of large-scale high 
angle cross-strata and faint laminations formed by alter
nating grain sizes and accented by limonitic staining; 
tends to part well along lamination planes; forms weak 
ledge.

Base of section; not base of exposure.
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Clover Creek Road-Cut

Section 6

Section is located on the east side of Fortyfour Canyon between 
Birtyneck Canyon and Clover Spring along Arizona Highway 87, 
Coconino National Forest, in Wg- NEg- sec. 23, T. 13 N., R. 9 E., 
Coconino County, Arizona (U.S. Geological Survey Long Valley 
Quadrangle, 1965). Outcrop extends approximately 200 feet along 
the roadway. Due to the freshness of the road-cut, weathering 
descriptions are omitted.

Unit 6 (unmeasured). Calcareous silty dolomite, grayish 
orange pink (5 YR 7/2), coarse silt, well-sorted; subround
ed to subangular quartz grains; well cemented by calcare
ous dolomite; extensively burrowed with burrows filled 
with slightly calcareous mudstone, very pale orange (10 YR 
8/2 ), clay to coarse silt, poorly-sorted; subangular (silt) 
quartz grains; moderately cemented by calcareous clay.
Unit as a whole contains abundant chert nodule development 
(some as large as 10 cm.) with many (though not all) ap
pearing as burrow infillings; Peniculauris bassi is com
mon, but shell fragments and debris are absent; rare 
kaolinitic blebs; scattered small (-1 to 1 phi) hematite 
concretions; very rare 3-5 mm. quartz geodes (filled).

Unit 5* Calcareous silty dolomite, grayish orange pink 
(5 YR 7/2), coarse silt, well-sorted; subrounded to sub- 
angular quartz grains; well cemented by calcareous dolo
mite; massive; very fossiliferous, containing Chonetes 
kaibabensis (?), highly questionable Peniculauris molds, 
and very abundant unidentifiable shell fragments; quartz 
geodes common (l cm. maximum), locally taking on the ap
pearance of Chonetes or Peniculauris; rare kaolinitic

Unit 4* Composed of two lithologic types, each gradation
al into the other. Slightly calcareous, silty dolomite 
to slightly calcareous, dolomitic siltstone, very pale 
orange (10 YR 8/2 ), medium to coarse silt, well-sorted; 
subangular quartz grains; well cemented by slightly cal
careous dolomite; massive; forms base of unit; gradational 
with slightly sandy, dolomitic, silty crystalline lime
stone to slightly sandy, dolomitic, calcareous siltstone,

Permian:

Kaibab Formation (incomplete): 

Beta member (incomplete):
thickness 
in meters

blebs. 2.05
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grayish orange pink (5 YR 7/2), coarse silt to very fine 
sand, well-sorted; subrounded to subangular quartz grains;

. well cemented by dolomitic ferroan calcite; massive; forms 
top of unit. The unit may be subdivided into 4 or 5 lesser 
units that are separated by thin (5 cm.) wavy beds of 
slightly more resistant sediment; fossil distribution is 
irregular with local development of intense concentrations 
of shell debris; the presence of Peniculauris is question
able, and Chonetes kaibabensis molds are present locally; 
lower 20 cm. of unit appears extensively burrowed with bur
rows locally containing chert nodules, upper 5 cm. appears 
similar with burrows and tubes abundant; quartz geodes are 
common, generally smaller than 1.5 cm.; kaolinitic nodules 
(.75 cm. maximum) are present locally. 1.9

Total of incomplete beta member 3*95

Contact: Completely conformable with the unit below.

Gamma member (incomplete):

Unit 3* Silty, sandy, calcareous dolomite, moderate 
orange pink (5 YR 8/4), coarse silt to very fine sand, 
well-sorted; subrounded to subangular quartz grains; 
moderately well cemented by calcareous dolomite; divis
ible into 4 lesser units by thin (10 cm. maximum) ir
regular horizons of slightly more resistant muddy quartz 
arenite, moderate orange pink (5 YR 8/4), clay to fine 
sand, poorly-sorted; subrounded to subangular quartz 
grains; moderately cemented by clay, pressure solution- 
ing at grain contacts, and quartz overgrowths; nonfos- 
siliferous; local iron speckling and rare quartz geodes 
as long as .75 cm. The unit is very abundantly fossil- 
iferous with Allorisma (9-10 cm. maximum and apparently 
in life position), scaphopods, Schizodus (?), Aviculo- 
pectin (2.5 cm.), crinoid columnals (?), and coiled 
gastropods arranged in a pod-like distribution pattern 
separated by poor or nonfossiliferous sediment. Shell 
fragments and debris are exceptionally abundant with 
only Allorisma, scaphopods and Aviculopectin remaining 
whole and unbroken. Uppermost 15 cm. of unit appears 
to have been extensively reworked, probably as a result 
of the burrowing activity predominant at the base of 
unit 4* Throughout the unit, quartz geodes are common, 
locally present with kaolinitic and calcareous centers, 
and terminated crystals. Geodes as long as 5 cm. are 
rare, and iron speckling and scattered rare kaolinitic 
blebs are also in the unit. 2.7
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Unit 2. Sandy crystalline limestone to calcareous sandy 
siltstone, grayish orange pink (5 YR 7/2), coarse silt 
to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by calcite; massive; kaolin- 
itic nodules very abundant; contains rare small fossil 
molds (Chonetids ?); iron speckling common.

Unit 1. Silty calcareous dolomite, pinkish-gray (5 YR 
8/l), coarse silt, well-sorted; subrounded to subangular 
quartz grains; well cemented by calcareous dolomite; mas
sive; nonfossiliferous; iron speckling common; rare kao- 
linitic blebs (taking shell fragment form).

Total of incomplete gamma member

Total of incomplete Kaibab Formation

Base of section; base of exposure concealed in alluvium.

.3

.75

3-75
7-70
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Jones Crossing

Section 7

Section is located at Jones Crossing of East Clear Creek on north 
side of U.S. Forest Service Road 141 and on the west side of the 
creek in SWir SVJ-4- Ml’hf sec. 10, T. 13 N., R. 10 E., Coconino County, 
Arizona, (U.S. Geological Survey Long Valley Tir' Quadrangle, 1965). 
Access is by U.S. Forest Service Road 141 from Arizona Highway 87.

Permian:

Kaibab Formation (incomplete): 

Beta member (incomplete):
thickness 
in meters

Unit ?• Sandy, slightly calcareous, dolomitic siltstone, 
grayish orange pink (5 YR 7/2), weathers same color to 
light-brown (5 YR 6/4), vath much dark lichen covering, 
coarse silt and very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented by slightly 
calcareous dolomite; massive; forms ledge; abundant chert, 
small quartz geodes present; silicified Peniculauris (in 
random orientation), bryozoans, echinoid (?) spines and 
scattered shell fragments; rare kaolinitic blebs. 1.0

Unit 6. Slightly calcareous, dolomitic siltstone to 
slightly calcareous, very silty dolomite, grayish-orange 
(10 YR 7/4), weathers pale-brown (5 YR 5/2 ), coarse silt, 
well-sorted; subrounded to subangular quartz grains; well 
cemented by calcareous dolomite; massive; forms weak 
ledge; local chert nodules; scattered crinoid columnals ' 
but otherwise nonfossiliferous; rare burrows (?) com
posed of muddy dolomite accented by lighter colored 
"rind", iron (manganese ?) speckling common, especially 
on joint surfaces. 1.5

Unit 5* Covered interval.

Total of incomplete beta member 4*0

Contact: Obscured within covered interval.

Gamma member:

Unit 4* Two lithologic types. Very silty, moderately 
calcareous dolomite, very pale orange (10 YR 8/2), weath
ers brownish-gray (5 YR 4/1), coarse silt, well-sorted; 
subrounded to subangular quartz grains; well cemented by 
calcareous dolomite; massive; forms weak ledge; forms
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base of unit; gradational into muddy sandstone, grayish- 
orange (10 YR 7/4), weathers pale-brown (5 YR 5/2), and 
grayish-brown (5 YR 3/2), mud to fine sand, poorly-sorted; 
subrounded to subangular quartz grains; moderately well 
cemented by muddy matrix; massive; forms weak ledge; 
forms upper part of unit. Entire unit is nonfossilifer- 
ous except for top one-half meter which has questionable 
Peniculauris outlines. Rare, scattered kaolinitic and 
calcareous blebs form local concentrations and hematitic 
and limonitic speckling is common throughout. Small 
quartz geodes are very rare.

Unit 3* Covered interval.

Unit 2. Very silty calcareous dolomite to very silty, 
dolomitic crystalline limestone, grayish orange pink 
(5 YR 7/2), weathers pale yellowish brown (10 YR 6/2), 
lichen covered, coarse silt, well-sorted; subrounded to 
subangular quartz grains; well cemented by calcareous 
dolomite to dolomitic calcite; massive; forms ledge; 
slightly fossiliferous with shell fragment molds com
mon; no large molluscs were seen at the site of measure
ment, but the equivalent unit in a section 200 feet to 
the south and at a section $00 feet to the east yielded 
Allorisma, Pseudomonotis (?), scaphopods (?) and other 
large molluscs. Kaolinitic (as long as 1 cm.) and small 
calcareous blebs are abundant within the unit.

Unit 1. Slightly sandy, slightly calcareous, very 
silty dolomite to slightly sandy, slightly calcareous, 
dolomitic siltstone, grayish-orange (10 YR 7/4), weath
ers dark-gray (N3), coarse silt and very fine sand, 
well-sorted; subrounded to subangular quarts grains; 
well cemented by slightly calcareous dolomite; mas
sive; forms deep recess with lowest .6 meters covered; 
calcareous and kaolinitic blebs common; many small 
shell fragment molds and crinoid columnals; very rare 
small iron concretions and filled quartz geodes.

Total of gamma member

Total of incomplete Kaibab Formation

2.75

2.$

3.0

2.1
10.35

14.35
Contact: Kaibab-Coconino contact covered; position
estimated.



Coconino Sandstone (unmeasured):

Exposed at base of stream bed. Composed of planar sets 
of large-scale high angle cross-strata.

Base of section; base of exposure.
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Lower Miller Canyon

Section is located on the west side of Miller Canyon where U.S. 
Forest Service road 141 H croses Miller Creek in the Coconino 
National Forest in NW|- SÊ - SEg- sec. 28, T. 13 N., R. 10 E., 
Coconino County, Arizona (U.S. Geological Survey Pine 15' Quad
rangle, 1952). Access is by U.S. Forest Service Road 300 (Rim 
Road) to either #320 or #141 to 141 H.

Permian:

Kaibab Formation (incomplete):

Beta member (incomplete):

Unit 7. Slightly dolomitic, silty, sandy, crystalline 
limestone, grayish orange pink (5 YR 7/2), weathers 
dusky-brown (5 YR 2/2), coarse silt to very fine sand, 
well-sorted; subrounded to subangular quartz grains; 
well cemented by slightly dolomitic calcite; massive; 
forms ledge; large Peniculauris (as long as 3*5 cm.) 
in random orientation and large stick bryozoans (l cm. 
maximum diameter) are common; relatively whole and un
broken (and unidentifiable) shells occur only rarely 
with no indications of finely broken shell debris any
where within the unit; local quartz geodes (l cm. in 
diameter) with rare concretionary iron and very rare 
white kaolinitic blebs as long as 2.5 cm. .7

Total of incomplete beta member .7

Contact: Completely conformable with the unit below.

Gamma member (incomplete):

Unit 6. Slightly sandy, very calcareous siltstone,
very pale orange (10 YR 8/2), weathers grayish orange
pink (5 YR 7/2) to medium-gray (N5) to dusky-brown
(5 YR 2/2) with much lichen covering, coarse silt to
very fine sand, well-sorted; subrounded to subangular
quartz grains; well cemented by calcite; massive; forms
recess; local small quartz geodes (.75 cm.) and white
calcareous and kaolinitic blebs; faint localized iron
(manganese ?) speckling; nonfossiliferous. 1.5

Unit 5» Covered interval.

Section 8

thickness 
in meters



Unit 4« Slightly sandy, silty, crystalline limestone to 
highly calcareous, slightly sandy, siltstone, grayish 
orange pink (5 YR 7/2) weathers light-gray (N?) to dark 
yellowish brown (10 YR 4/2) with lichen covering, coarse 
silt to very fine sand, well-sorted; subrounded to suban
gular quartz grains, well cemented by calcite; massive; 
forms ledge; abundant kaolinitic blebs (as long as 1.5 
cm.), locally present in centers of rare quartz geodes, 
commonly slightly calcareous; rare calcareous white blebs; 
faint iron speckling; nonfossiliferous except possibly 
for cavities (molds ?) partially filled with calcite.

Unit 3* Silty crystalline limestone, grayish orange pink 
(5 YR 7/2), weathers moderate-brown (5 YR 3/4), coarse 
silt, well-sorted; subrounded to subangular quartz grains; 
well cemented by calcite; massive; forms slight recess; 
scattered white kaolinitic blebs; very rare white cal
careous blebs; nonfossiliferous.

Unit 2. Covered interval.

Unit 1. Very calcareous, sandy siltstone to sandy, silty, 
crystalline limestone, grayish orange pink (5 YR 1/2), 
weathers same to brownish-gray (5 YR 4/l) with much li
chen covering, coarse silt to very fine sand, well-sorted; 
subrounded to subangular quartz grains; well cemented by 
calcite; massive; forms prominent ledge; highly fossilif- 
erous, molds and casts of coiled gastropods (Eumohalus ?
(3 cm.) or Euphemus ?), pelecypods (Schizodus and 
Allorisma ?) and unidentified shell fragments; abundant 
white calcareous and kaolinitic blebs; very rare localized 
aggregations of small quartz blebs (aggregations them
selves no larger than 1.5 cm.).

Total of incomplete gamma member

Total of incomplete Kaibab Formation

Base of member not exposed; contact with Coconino Sand
stone buried beneath talus.
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Blue Ridge Reservoir

Section 9

Section is located at the western end of Blue Ridge Reservoir on 
the north side of East Clear Creek, Coconino National Forest, in 
NMg- SWg- SŴ - sec. 36, T. 14 N., R. 11 E., Coconino County, Arizona 
(U.S. Geological Survey Blue Ridge Reservoir Yir1 Quadrangle,
196$). Access if by U.S. Forest Service Road 123•

Top of section; top of exposure.

Permian:

Kaibab Formation (incomplete):

Beta member (?) (incomplete):

Unit 5. Sandy, silty, crystalline limestone to highly
calcareous siltstone to sandstone, grayish orange pink
(5 YR 7/2), weathers same color to pale-brown (5 YR 5/2),
coarse silt to very fine sand, well-sorted; subrounded
to subangular quartz grains; well cemented by calcite;
massive; forms ledge; very rare Peniculauris outlines and
crinoid columnals with many very small unidentifiable
shell fragment molds; rare hematite concretions with
some apparently replacing shell material or filling
molds, commonly concentrated into loose clusters;
kaolin!tic blebs common (as long as 2 cm.); no chert. .4

Total of incomplete beta member .4

Contact: Completely conformable with unit below.

Gamma member:

Unit 4. Silty, moderately calcareous dolomite, very 
pale orange (10 YR 8/2). weathers light-brown (5 YR 6/4), 
brownish-gray (5 YR 4/l), and pale-brown (5 YR 5/2), 
coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented by moder
ately calcareous dolomite; massive; forms recess; 
nonfossiliferous, rare kaolinitic blebs. .2

Unit 3 . Covered interval. 2.1

Unit 2. Variable lithologic types gradational into one 
another. Moderately silty, very calcareous sandstone, 
pale yellowish brown (10 YR 6/2), weathers same color 
to pale-brown ($ YR 5/2) and grayish-brown (5 YR 3/2),

thickness 
in meters



coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented by calcite, 
massive; forms lower portion of unit; gradational into 
silty, sandy, crystalline limestone to very calcareous 
siltstone to sandstone, grayish orange pink (5 YR 7/2), 
weathers pale yellowish brown (10 YR 6/2) to olive-black 
(5 Y 2/l) with much lichen covering, coarse silt to very 
fine sand, well-sorted; subrounded to subangular quartz 
grains; well cemented by calcite; massive; forms middle 
portion of unit; gradational into slightly sandy, silty, 
crystalline limestone, very pale orange (10 YR 8/2 ) and 
pale yellowish brown (10 YR 6/2), weathers moderate 
yellowish brown (10 YR 5/4), light-brown (5 YR 6/4 ), 
pale yellowish brown (10 YR 6/2) and grayish orange 
pink (5 YR 7/2), coarse silt to fine sand, well-sorted; 
subrounded to subangular quartz grains; well cemented 
by calcite; massive; forms top of unit. Entire unit 
forms prominent cliff. Abundant shell debris, very 
abundant coiled gastropods (3 cm. maximum) (Euphemus ? 
and Buomphalus ?), crinoid columnals with star-shaped 
lumens (rate), and unidentifiable molds and casts all 
appeared to have a pod-like distribution separated by 
poorly or nonfossiliferous sediment. Kaolinitic blebs 
and quartz geodes (commonly with terminated crystals in 
radiating patterns) are randomly distributed throughout.

Unit 1. Sandy, silty, slightly dolomitic, crystalline 
limestone, pale yellowish brown (10 YR 6/2), weathers 
same color to grayish-brown (5 YR 3/2) with lichen cov
ering, coarse silt to very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by 
slightly dolomitic calcite; massive; forms very weak 
ledge (locally covered) except uppermost one-half meter 
which forms a deep recess; calcite veining common; 
scattered unidentifiable very small (medium to coarse 
sand) fossil fragments; local iron speckling; location 
of base of unit in question; measurement begins from 
top of certain Coconino Sandstone which is estimated 
as being at or near the basal contact.

Total of gamma member

Total of incomplete Kaibab Formation

Contact: Kaibab-Coconino contact is obscured in cov
ered interval at base of unit 1.

Coconino Sandstone (unmeasured):

Silty quartz arenite, very pale orange (10 YR 8/2), 
weathers moderate brown (5 YR 4/4), pale yellowish



brown (10 YR 6/2), and pale-brown (5 YR 5/2) with much 
lichen covering, coarse silt to coarse sand, moderately 
poorly sorted; rounded to subangular quartz grains; 
poorly cemented by pressure solutioning at grain con
tacts and quartz overgrowths; planar sets of large- 
scale high angle cross-strata, very fine laminations 
formed by alternating concentrations of various grain 
sizes accented faintly and locally by limonite stain
ing; forms steep slope; tends to part well along lami
nation planes.

Base of section; not base of exposure.
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Bear Canyon

Section 10

Section is located on the east side of Bear Canyon west of the 
junction of U.S. Forest Service Roads 95 and 139 A. Coconino Na
tional Forest, in SWg- SEj NEg- sec. 17, T. 13 N., R. 11 E., Coco
nino County, Arizona (U.S. Geological Survey Blue Ridge Reservoir 
Tir’ Quadrangle, 196$). Section was measured approximately 200 
feet from the canyon rim.

Unit $. Calcareous, dolomitic siItstone to sandstone,
very pale orange (10 YR 8/2), weathers grayish-brown
(5 YR 3/2), coarse silt to very fine sand, well-sorted;
subrounded to subangular quarts grains; well cemented
by calcareous dolomite to dolomitic calcite; massive;
forms ledge; abundant Peniculauris (4 cm.) (silicified
and in random orientation) and scattered unidentified
silicified shell fragments, rare Chonetes; limonite
nodules ($-6 mm. maximum) and scattered quartz geodes;
localized iron speckling, kaollnitic blebs and small
quartz geodes on and apparently associated with well
preserved Peniculauris. .6

Total of incomplete beta member .6

Contact: Conformable with unit below and accented by
recess forming nature of unit 4»

Gamma member:

Unit 4* Sandy, silty, crystalline limestone, grayish
orange pink (5 YR 7/2), weathers light-gray (N7) to
brownish-gray (5 YR 4/l) with much lichen covering,
coarse silt to very fine sand, well-sorted; subrounded
to subangular quartz grains; well cemented by calcite;
massive; forms recess; scattered rare shell fragments
and rare localized kaolinitic and calcareous blebs. .15

Unit 3» Covered interval.

Unit 2. Composed of two similar lithologic types.
Sandy, silty, crystalline limestone, pale yellowish 
brown (10 YR 6/2) and very pale orange (10 YR 8/2), 
weathers pale yellowish brown (10 YR 6/2), pale-brown

Permian:

Kaibab Formation (incomplete): 

Beta member (incomplete):
thickness 
in meters
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(5 YE 5/2) to moderate-brown (5 YE 3/4), coarse silt 
to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well to moderately cemented by calcite; 
massive; weathers to rough and highly pitted ledge; forms 
base of unit; gradational with very calcareous, silty 
sandstone, grayish orange pink (5 YR 7/2), weathers 
light-brown (5 YR 6/4 ) to moderate-brown (5 YE 3/4) 
with lichen covering, coarse silt to very fine sand, 
well-sorted; subrounded to subangular quartz grains, 
very rare detrital feldspar (?) grains; well cemented 
by ferroan calcite; massive; weathers to rough and 
highly pitted ledge; forms top of unit. Unit is highly 
fossiliferous with molds and casts of coiled gastropods 
(Euphemus ? and Euomnhalus ?) (l-6 cm. in diameter) very 
common. Fossil distribution is irregular and apparently 
pod-shaped with fossiliferous areas being separated by 
nonfossiliferous sediment. Much unidentifiable shell 
debris was present, again with a pod-like distribution 
and associated with coiled gastropods and other larger 
unbroken specimens. In addition, crinoid columnals, 
a scaphopod mold (5 cm.) and a Belleronhon (?) were 
present but very rare. Kaolinitic blebs and quartz 
geodes (with terminated crystals) were randomly dis
tributed throughout. 3*1

Unit 1. Covered interval forming deep recess that
causes slumping of overlying unit. The base of the
unit is estimated as being at or near the highest
outcrop of Coconino Sandstone. 2.0 max.

Total of gamma member 6.75 max.

Total of incomplete Kaibab Formation • 7*35

Contact: Obscured within covered interval.

Coconino Sandstone (unmeasured and unsampled):

Composed of planar sets of large-scale high angle 
cross-strata.

Base of section; not base of exposure.
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East Clear Creek Road-Cut

Section 11

Section is located on the west side of East Clear Creek north of 
where U.S. Forest Service Road #95 crosses the creek in Coconino 
National Forest in NWg- SE|- SVJj- sec. 35, T. 14 N., R. 11 E., 
Coconino County, Arizona (U.S. Geological Survey Blue Ridge 
Reservoir 7ir' Quadrangle, 1965)* Access to section is by U.S. 
Forest Service Road 95 from either U.S. Forest Service Road 300 
(Rim Road) or Arizona Highway 87. Outcrop extends approximately 
300 feet along the roadway. Due to the freshness of the road-cut 
weathering descriptions are omitted.

Unit 5* Comtains extensive sediment and chert filled 
burrows with definite vertical orientation.

Contact: Completely conformable with the unit below.

Gamma member:

Unit 4* Composed of two lithologic types. Slightly
sandy, silty, calcareous dolomite, grayish orange pink
(5 YR 7/2), medium and coarse silt to very fine sand,
well-sorted; subrounded to subangular quartz grains and
very rare kaolinite (dickite) grains; well cemented by
very finely crystalline to medium crystalline ferroan
calcareous dolomite; generally massive with some faint
irregular discontinuous laminations; generally unfossil-
iferous; separated by horizontal stringers of slightly
sandy siltstone, very pale orange (10 YR 8/2 ), coarse
silt to very fine sand, well-sorted; subrounded to sub-
angular quartz grains and rare kaolinite grams and
plagioclase; well cemented by silica, pressure solu-
tioning at grain contacts, and quartz overgrowths;
faint irregular discontinuous laminations; fissile
fracture; nonfossiliferous; rare quartz geodes less
than 1 cm. in diameter. 2.$

Unit 3* Silty, sandy, slightly to moderately dolomitic 
crystalline limestone, grayish orange pink (5 YR 7/2), 
pale yellowish brown (10 YR 6/2), and moderate orange 
pink (10 R 7/4), coarse silt to very fine sand, well- 
sorted; subrounded to subangular quarts grains; well

Permian:

Kaibab Formation (incomplete):

Beta member (unmeasured and unsampled):
thickness 
in meters



cemented by very finely crystalline to finely crystal
line slightly to moderately dolomitic calcite; massive 
with local vertically oriented broad slumps (burrows ?) 
whith tend to stand out in relief; highly fossiliferous 
with internal casts of coiled gastropods (Euphemus ? 
and/or Euomphalus ?) varying in size from 4 mm. in 
diameter to 5 cm., and internal casts of pelecypods 
(Allorisma ? and Schizodus ?) associated with much 
fossil debris in lenses; crinoid columnals are local
ly very common, but notably not associated with shell 
fragment concentrations nor a lenticular distribution; 
large kaolinitic blebs (as long as 2.5 cm.) are common 
and hematite speckling occurs within a slightly sandy 
siltstone, moderate yellowish brown (10 YR 5/4)» me
dium and coarse silt to scattered very fine sand; sub
rounded to subangular quartz grains; very poorly 
cemented by pressure solutioning quartz overgrowths, 
and limonitic stain; massive; nonfossiliferous; with 
kaolinite (dickite) filling scattered rare cavities 
and micro-fractures. Upper .5 meter of unit is sepa
rated from the lower portion by a thin, fissile, 
silty, sandy, dolomitic limestone similar to that 
comprising the bulk of the unit.

Unit 2. Divided into three horizontally bedded subunits.

Subunit 0. Sandy siltstone, grayish yellow green 
(5 GY 7/2), coarse silt and very fine sand, well- 
sorted; subrounded to subangular quartz grains 
and rare plagioclase; well cemented by pressure 
solutioning at grain contacts, limonite and quartz 
overgrowths; irregular fine (faint) laminations; 
fissile fracture; nonfossiliferous. .2

Subunit B. Slightly sandy, slightly dolomitic, 
very silty, crystalline limestone moderate orange 
pink (5 YR 8/4), medium and coarse silt to scat
tered medium sand, moderately-sorted; subangular 
(silt) to subrounded (medium sand) quartz grains 
and very rare kaolinite grains; well cemented by 
aphanocrystalline to very finely crystalline 
slightly dolomitic calcite; contains a number of 
thin horizontal beds; nonfossiliferous, very small 
scattered kaolinitic blebs. .4

Subunit A. Sandy siltstone, grayish yellow green 
(5 GY 7/2), coarse silt and very fine sand, well- 
sorted; subrounded to pubangular quartz grains and 
rare plagioclase; well cemented by pressure solu
tioning at grain contacts, limonite and quartz
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overgrowths; irregular fine (faint) laminations;
fissile fracture; nonfossiliferous. .15

Total of Unit 2 .75

Total of gamma member 6.75

Total of incomplete Kaibab Formation 6.75

Contact: Kaibab-Coconino contact is a horizontal planar
surface developed on beveled high angle cross-strata of 
the Coconino Sandstone. No evidence of channelling 
observed.

Coconino Sandstone (unmeasured):

Unit 1. Silty quartz arenite, very pale orange (10 
YR 8/2) grading upwards to grayish-orange (10 YR 7/4), 
coarse silt to scattered coarse sand, poorly-sorted; 
subangular (silt) to subrounded (coarse sand), quartz 
grains, rare (less than 1$) kaolinite grains, and 
very rare plagioclase grains; moderately cemented by 
pressure solutioning at grain contacts, rare Hmonitic 
staining and quartz overgrowths; composed of planar 
sets of large-scale high angle cross-strata; localized 
iron staining; iron speckling becoming common near 
Kaibab-Coconino contact.

Base of section; not base of exposure.
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Yeager Canyon

Section is located on the west side of Yeager Canyon on U.S. Forest 
Service Road 96, Coconino National Forest, in SW|- SW|r NWg- sec. 7>
T. 13 N., R. 12 E., Coconino County, Arizona (U.S. Geological Sur
vey Blue Ridge Reservoir Ti?* Quadrangle, 196$).

Permian:

Kaibab Formation (incomplete):

Beta member (incomplete):

Unit 9 (unsampled). Forms ledge; many Peniculauris in
random orientation, but with both valves intact and
spines present; bryozoans; small quartz geodes; no
chert. 1.4

Unit 8 (unsampled). Forms recess; fissile fracture;
nonfossiliferous. .4

Unit 7* Very calcareous, sandy siltstone, very nale 
orange (10 YR 8/2), weathers pale-brown ($ YR $/2), 
coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented by calcite; 
massive; forms ledge; chert commonly replaced Penicu
lauris and large burrows; many small quartz geodes 
(1-3 mm.); rare, scattered shell fragment molds and 
casts (crinoid columnals ? and other debris); rare 
kaolinitic blebs and iron concretions (medium sand 
size). .6$

Total of incomplete beta member 2.45

Contact: Beta-gamma contact is completely conformable.

Gamma member:

Unit 6. Very calcareous, sandy siltstone, very pale 
orange (10 YR 8/2), weathers light-brown ($ YR 6/4), 
coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented with cal
cite and ferroan calcite; massive; forms moderate 1 
ledge; abundant quarts geodes (less than 1 cm. in 
diameter); rare, scattered pelecypod shell debris 
(maximum 1 cm. in diameter); scattered small kaolin
itic blebs.

Section 12

thickness 
in meters

6
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Unit 5* Silty, calcareous dolomite to silty, dolomitic,
crystalline limestone, very pale orange (10 YR 8/2),
weathers pale-brown (5 YR 5/2) to grayish-brown (5 YR
3/2) with lichen covering, coarse silt, well-sorted;
subrounded to subangular quartz grains; well cemented
by calcareous dolomite to dolomitic calcite; massive;
forms ledge; abundant small quartz geodes (3 mm. -
1.5 cm.); scattered kaolinitic blebs and very fine
shell fragment molds. 1.1

Unit 4. Silty, sandy, crystalline limestone, very pale
orange (10 YR 8/2 ), weathers grayish orange pink (5 YR
7/2) and light-brown (5 YR 6/4), coarse silt and very
fine sand, well-sorted; subrounded to subangular quartz
grains; well cemented by ferroan and nonferroan calcite;
massive; fissile fracture; forms recess; nonfossilif-
erous; kaolinitic blebs scattered randomly throughout. 1.05

Unit 3» Composed of two very similar lithologic types.
Very calcareous siltstone to sandstone, moderate orange 
pink (5 YR 8/4), weathers to a highly pitted pale-brown 
(5 YR 5/2 ) to moderate-brown (5 YR 3/4), coarse silt to 
very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by calcite; massive; forms 
cliff; many small fossil fragments; iron speckling; 
kaolinitic blebs common; forms base of unit; gradational 
with moderately calcareous, slightly dolomitic, silt- 
stone to sandstone, very pale orange (10 YR 8/2), weath
ers to highly pitted grayish orange pink (5 YR 7/2) to 
moderate-brown (5 YR 4/4 and 5 YR 3/4) with lichen cov
ering, coarse silt to very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by 
dolomitic calcite; massive; forms cliff; small scattered 
shell fragments and kaolinitic blebs; forms top of unit.
Within unit as a whole, local large shell material is
randomly distributed within discrete lenses of smaller
broken shells. Unit is not uniformly fossiliferous. 2.4

Unit 2. Very silty, slightly sandy, crystalline lime
stone to very calcareous, slightly sandy, siltstone. 
grayish-orange (10 YR 7/4), weathers grayish orange 
pink (5 YR 7/2 ) to pale-brown (5 YR 5/2), coarse silt 
to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by calcite; massive; fis
sile fracture; forms deep recess which causes slumping 
of unit 3 j contains casts and molds of pelecypods 
(Allorisma ? and/or Schizodus ?) and coiled gastropods 
(Euphemus ? and/or Euomphalus ?) generally smaller than
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2 cm. with scattered unidentifiable shell debris and 
crinoid columnal molds; kaolinitic blebs as long as
1 cm. are common. 1.1

Unit 1. Covered interval. 2.7

Total of gamma member 8.95

Total of incomplete Kaibab Formation 11.40

Contact: The Kaibab-Coconino contact is obscured
within the covered interval. Section was measured 
from the top of the highest recognizable Coconino 
Sandstone outcrop.

Coconino Sandstone (unmeasured, unsampled):

Composed of planar sets of large-scale high angle 
cross-strata.

Base of section; not base of exposure.



Macks Grossing of East Clear Creek

Section is located on the north side of East Clear Creek in NEj- 
NWg- NEg- sec. 8, T. 14 N., R. 12 E., Coconino County, Arizona (U.S. 
Geological Survey Leonard Canyon 7?' Quadrangle, 1965). Access is 
by U.S. Forest Service Road 137• Section was measured in East 
Clear Creek approximately 500 feet northwest of where road crosses 
creek and approximately at position where road is at level of base 
of Kaibab Formation.

Permian:

Kaibab Formation (incomplete):

Beta member (?) (unmeasured):

Unit 5» Calcareous siltstone, grayish orange pink 
(5 YR 7/2), weathersin to pale yellowish brown (10 YR 
6/2), coarse silt, well-sorted; angular quartz grains; 
firmly cemented by calcite; massive; forms ledge.
Local shell fragments, some identifiable as coiled 
gastropods (internal molds). Scattered blebs of cal
cite, commonly with shell fragment form, as well as 
larger white blebs of kaolinite, also locally taking 
shell form, are randomly distributed. Iron speckling, 
quartz geodes and chert nodules are present, but 
Peniculauris is absent.

Contact: Beta-gamma contact concealed within covered
interval.

Gamma member:

Unit 4. Covered interval. 4.0

Unit 3 . Calcareous, slightly dolomitic siltstone, very
pale orange (10 YR 8/2), weathers to olive-black (5 Y
2/l), coarse silt (4-5 phi), well-sorted; angular quartz
grains; well cemented by calcite, locally very slightly
dolomitic; massive; iron speckling common; nonfossil-
iferous. Middle portion of unit is covered. 2.7

Unit 2. Very calcareous siltstone, very pale orange 
(10 YR 8/2) to grayish-orange (10 YR 7/4), weathering 
brownish-black (5 YR 2/l) to light-brown (10 YR 6/2), 
coarse silt, well-sorted; subangular to angular quarts 
grains; well cemented by calcite; massive; forms cliff; 
calcareous and kaolinitic blebs common throughout unit;

Section 13

thickness 
in meters



119

many small unidentifiable shell fragments (commonly 
in local concentrations), crinoid columnals 
(Echinocrinus ?) abundant, molds and casts of shell 
fragments common, some with large calcite crystals, 
many small coiled gastropods (unidentified), plus 
large (3-4 cm.) coiled gastropods being possibly 
either Euomphalus or Eunhemus, questionable scapho- 
pods noted. At 3 meters from base of unit is a zone 
of large Allorisma ranging in size from 7-10 cm. with 
a random orientation. This same zone is again noted 
in a road-cut 100 meters west of the complete meas
ured section. Fossils noted in this zone include: 
Allorisma (13 cm. long), Schizodus (2 cm.), Eunhemus(?) 
and/or Euomnhalus (?), Naticopsis (?) (internal mold) 
and unidentified scaphopods. Distribution of fos
sils appears to be in horizontal lenses separated 
by nonfossiliferous calcareous siltstones. Iron 
speckling appears to be common throughout the unit.

Total of gamma member

Total of incomplete Kaibab Formation

Contact: Gamma member-Coconino contact is flat sur
face of beveled large-scale Coconino Sandstone 
cross-strata.

Coconino Sandstone (unmeasured):

Unit 1. Slightly calcareous quartz arenite, very pale 
orange (10 YR 8/2), weathers to a light brownish gray 
(5 YR 6/l), very fine to fine-grained (mean 3*0 phi), 
well-sorted; subrounded to very angular quartz grains; 
poorly cemented by calcite, pressure solutioning along 
grain contacts and quartz overgrowths; planar sets of 
large-scale high angle cross-strata, and faint lamina
tions caused by separation of very fine sand and fine- 
sand into distinct bands which are accented by slight 
limonitic staining of the very fine sand; tends to form 
very steep slope.

Base of section; not base of exposure.

10.2
16.9

16.9
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Leonard Canyon

Section 14

Section is located on the west side of Leonard Canyon approximately 
200 feet from the canyon rim at the end of U.S. Forest Service Road 
565 A, Coconino National Forest, in NE? SWij-NŴ - sec. 9, T. 13 N.,
R. 12 E., Coconino County, Arizona (U.S. Geological Survey Leonard 
Canyon Quadrangle, 1965). Access is by U.S. Forest Service 
Road 137 to 137 B to 565 A and the canyon rim.

Permian:

Kaibab Formation (incomplete): 

Beta member (incomplete):
thickness 
in meters

Unit 5. Silty, sandy, crystalline limestone, grayish
orange pink (5 YR 7/2), weathers dusky yellowish brown
(10 YR 2/2) with much lichen covering, coarse silt to
very fine sand, well-sorted; subrounded to subangular
quartz grains; well cemented by calcite; massive; forms
moderate ledge; scattered silicified fossil fragments,
crinoid columnals, echinoid spines, Allorisma (?), no
Peniculauris; many small quartz geodes; abundant iron
speckling; extensive chert at top of unit. 1.3

Unit 4. Covered interval. 1.1

Unit 3* Very calcareous, slightly dolomitic, sandstone 
to siltstone to silty, sandy, slightly dolomitic crys
talline, grayish orange pink (5 YR 7/2), weathers light 
brownish gray (5 YR 6/l) to brownish-gray (5 YR 4/l) 
with lichen covering, coarse silt to very fine sand, 
well-sorted; subrounded to subangular quarts grains; 
well cemented by slightly dolomitic calcite; massive; 
forms ledge; contains scattered Peniculauris and sili
cified crinoid (?) columnals; calcite blebs (as long 
1 cm.), and kaolinitic blebs (locally replacing shell 
fragments) occur randomly throughout; small iron concre
tions and quartz geodes occur locally in clusters; low
ermost .1 meter develops a fissile fracture which 
clearly separates unit 3 from the unit below. .7

Total of incomplete beta member 3*1

Contact: Conformable with unit below and accented by
fissile fracture of lowermost .1 meter of unit 3*
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Gamma member (incomplete):

Unit 2. Very calcareous siltstone to sandstone, very
pale orange (10 YR 8/2), weathers pale-brown (5 YR 5/2)
to medium dark gray (N4), coarse silt to very fine
sand; well-sorted; subrounded to subangular quartz
grains; well cemented by calcite; massive; weathers to
rough and pitted ledge; Peniculauris common near top
of unit apparently in life position with both valves
attached; scattered very small shell (?) debris molds
(2 mm. maximum) and small quartz geodes with general
appearances of Chonetes; kaolinitic blebs scattered
throughout. 2.2

Unit 1. Very calcareous, silty sandstone, very pale 
orange (10 YR 8/2), weathers brownish-gray (5 YR 4/l), 
moderate-brown (5 YR b/h)i light-brown (5 YR 6/4), and 
grayish-brown (5 YR 3/2) with much lichen covering, 
coarse silt to very fine sand, well-sorted; subrounded 
to subangular quarts grains; well cemented by calcite; 
massive; blocky fracture; prominent pitted cliff for
mer; separated into two identical subunits by the de
velopment of a thin fissile fracture zone at 3*4 meters 
from the base which locally forms a narrow recess; 
large (2 cm.) pelecypod (Schizodus ?), 6 cm. scaphopod, 
and small (l-3 cm.) coiled gastropods (Euohemus ?) 
were observed; concentrations of shell fragments form 
distinct lenses separated by nonfossiliferous sedi
ment; kaolinitic blebs (as long as 1 cm.) and iron 
speckling are developed randomly throughout. 4*0

Total of incomplete gamma member 6.2

Total of incomplete Kaibab Formation 9.3

Base of section concealed. Kaibab-Goconino contact is 
obscured beneath talus.
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West Leonard Canyon

Section 15

Section is located on the east rim of West Leonard Canyon on U.S. 
Forest Service Road 295 E, Coconino National Forest, in center 
NWg- NE%- sec. 4> T. 12 N., R. 11 E., Coconino County, Arizona 
(U.S. Geological Survey Promontory Butte 15' Quadrangle, 1952).

Permian:

Kaibab Formation (incomplete): 

Beta member (?) (incomplete):
thickness 
in meters

Unit 5. Very calcareous, slightly dolomitic, sandy silt- 
stone, very pale orange (10 YR 8/2), weathers grayish 
orange pink (5 YR 7/2) to dusky-brown (5 YR 2/2) with 
much lichen covering, coarse silt to fine sand, well- 
sorted; subrounded to subangular quartz grains; well ce
mented by slightly dolomitic calcite; massive; weathers 
to a rough and pitted ledge; many Peniculauris in random 
orientation (silicified); very rare shell fragments; 
quartz geodes 3 to 5 mm. in diameter common; local con
centrations of kaolinitic blebs and iron (hematitic and 
limonitic) speckling. 1.4

Total incomplete beta member 1.4
Contact: Conformable with unit below.

Gamma member:

Unit 4* Very silty, slightly sandy, slightly dolomitic 
crystalline limestone, very pale orange (10 YR 8/2), 
weathers light-brown (5 YR 6/4) and pale-brown (5 YR 5/2), 
coarse silt to very fine sand, well-sorted; subrounded to 
subangular quartz grains; well cemented by slightly dolo
mitic calcite; massive; fissile fracture; forms recess; 
nonfossiliferous; local large limonitic blebs (5-10 cm.) 
and iron speckling common. .6

Unit 3» Concealed interval. 2.2

Unit 2. Composed of two very similar lithologic types.
Sandy, silty, crystalline limestone to very calcareous, 
silty sandstone, very pale orange (10 YR 8/2), weathers 
grayish orange pink (5 YR 7/2) to pale-brown (5 YR 5/2) 
with much lichen covering, coarse silt to fine sand, 
well-sorted; subrounded to subangular quartz grains;
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well cemented by calcite; massive; weathers to rough 
and pitted ledge; large concentrations of small, uni
dentifiable, highly broken shell fragments; kaolinitic 
blebs common and very rare hematite concretions; forms 
.base of unit; gradational with calcareous, very slightly 
dolomitic, silty sandstone, very pale orange (10 YR 8/2), 
weathers grayish orange pink (5 YR 7/2) and pale-brown 
(5 YR 5/2) with much lichen covering, coarse silt to fine 
sand, well-sorbed; subrounded to subangular quartz grains; 
Well cemented by very slightly dolomitic calcite; mas
sive; weathers to rough and pitted ledge; nonfossilifer- 
ous; abundant iron speckling and rare kaolinitic blebs; 
forms base of unit.

Unit 1. Silty, calcareous, dolomitic sandstone, grayish 
orange pink (5'YR 7/2), weathers light-brown (5 YR 6/4) 
and pale-brown (5 YR 5/2), coarse silt to fine sand, well- 
sorted; subrounded to subangular quartz grains; well ce
mented by calcareous dolomite; massive; weathers to a 
rough and pitted recess; very rare coiled gastropods 
(Euphemus ? or Buomphalus ?) and crinoid (?) columnals, 
rare scattered shell fragments; local kaolinitic blebs 
and very rare iron concretions (coarse sand size).

Base of section concealed. Kaibab-Coconino contact is 
believed to be within 1.5 meters of the base of unit 1 
due to the presence of Coconino Sandstone float at this 
level.

Total of gamma member 6

Total of incomplete Kaibab Formation 8

Base of section; base of exposure.

1.5

1.5
7 max. 

1 max.
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Wiggins Crossing Road-Cut

Section is located at Wiggins Crossing on Willow Creek in Sit- 
greaves National Forest, Coconino County, Arizona in SEj- NWj- 
NEi sec. 17 and NEi NW|- NEi sec. 17, T. 13 N., R. 13 E., (U.S. 
Geological Survey Grama Draw 7§f Quadrangle, 1965). Access is 
by U.S. Forest Service Road 225. Units 1 and 2 were measured on 
the west side of Willow Creek, whereas units 3 through 6 were 
measured on the east side. Due to the freshness of the road-cut, 
weathering descriptions are omitted.

Permian:

Kaibab Formation (incomplete):

Beta member (unmeasured, unsampled):

Unit 6. Contains abundant chert nodules typical of 
beta member.

Contact: Conformable with the unit below.

Gamma member:

Unit 5* Very calcareous siltstone to sandstone, very 
pale orange (10 YR 8/2) to moderate orange pink (5 YR 
8/4), coarse silt to very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by 
calcite; massive; fissile fracture; nonfossiliferous; 
chert nodules common at top of unit; limonitic iron 
staining throughout; very rare coarse sand size quartz 
blebs. .2

Unit 4* Two lithologic types. Slightly muddy quartz 
arenite, very pale orange (10 YR 8/2), clay to fine 
sand, moderately-sorted; subrounded to subangular 
quartz grains; moderately cemented by weak muddy coat
ing on grains, pressure solutioning at grain contacts, 
and quartz overgrowths; faint parallel laminations 
caused by iron stains; broad iron stains common with 
localized concentrations of iron speckling; nonfossil
if erous; forms lower portion of unit; gradational into 
slightly dolomitic, sandy, silty, crystalline lime
stone to slightly calcareous, very silty sandstone, 
very pale orange (10 YR 8/2), coarse silt to very fine • 
sand; well-sorted; subrounded to subangular quartz 
grains; well cemented by calcite; massive; very abun
dant large quartz geodes (maximum 3 cm.) with terminated

Section 16

thickness in meters
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crystals; nonfossiliferous; limonitic staining; forms
upper portion of unit. 4»5

Unit 3. Calcareous and dolomitic silty sandstone, grayish 
orange pink (5 YR 7/2), coarse silt to scattered medium 
sand, moderately-sorted; rounded to subangular with 
rounding decreasing towards smaller size fractions, quartz 
grains; well cemented by dolomitic calcite; massive; very 
fossiliferous; Allorisma (4 cm.), coiled gastropod inter
nal casts (Euphemus ? and Euomphaius ?), scaphopods (?), 
and unidentifiable shell debris distributed into distinct 
pods separated by nonfossiliferous sediment; iron speckl- . 
ing and kaolinitic blebs common. 2.7

Unit 2. Divided into five recess-forming horizontally 
bedded subunits.

Subunit E. Slightly clayey, silty, quartz arenite, 
very pale orange (10 YR 8/2), coarse silt to coarse 
sand, poorly-sorted; well rounded to subangular, 
scattered coarse sand grains are well rounded, but 
grains increase in angularity towards finer sand 
fractions, quartz grains; well cemented by clay, 
pressure solutioning at grain contacts and quartz 
overgrowths; massive; nonfossiliferous; highly 
variable in thickness. 0-.15

Subunit D. Slightly dolomitic, sandy, silty, crys
talline limestone, grayish orange pink (5 YR 7/2), 
coarse silt to fine sand, moderately well sorted; 
subrounded to subangular quartz grains; well ce
mented by slightly dolomitic calcite; faint hori
zontal laminations caused by concentration of grains 
into parallel bands separated by layers of relative
ly pure calcite with faint limonitic staining being 
localized within the clastic bands; nonfossilifer
ous except for rare, localized, small shell fragment 
molds; kaolinitic blebs and iron speckling are 
present locally. .5

Subunit C. Slightly sandy, very silty, crystalline 
limestone to slightly sandy, very calcareous, silt- 
stone, very pale orange (10 YR 8/2), coarse silt 
and very fine sand, well-sorted; subrounded to sub
angular quartz grains; moderately cemented by cal
cite; massive; nonfossiliferous. .43

Subunit B. Slightly clayey, slightly calcareous, 
silty quartz arenite, moderate orange pink (5 YR 
8/4), coarse silt to coarse sand, poorly-sorted;
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well rounded to subangular, scattered coarse 
sand grains are well rounded, but grains in
crease in angularity towards finer sand frac
tions, quartz grains; moderately cemented by 
calcareous clay, pressure solutioning at grain 
contacts, and quartz overgrowths; massive; 
nonfossiliferous. .45

Subunit A. Silty, sandy, limonitic shale, moderate- 
red (5 R 4/6) to dark yellowish orange (10 YE 6/6), 
clay to scattered fine and medium sand grains, un
sorted; subrounded to subangular quarts grains in 
a dense matrix of limonitic clay; poorly cemented 
by clay matrix; crude iron staining laminations and 
banding plus scattered hematitic iron concretions; 
nonfossiliferous. .1

Total of unit 2 I .63 max.

Total of gamma member 9.03

Total of incomplete Kaibab Formation 9.03

Contact: Kaibab-Coconino contact is a planar surface
developed on truncated high angle cross-strata of 
Coconino Sandstone. No evidence of channelling observed.

Coconino Sandstone (unmeasured):

Unit 1. Quartz arenite, grayish orange pink (10 YR 8/2 ), 
very fine to medium sand, moderately-sorted; rounded to 
subangular quartz grains and rare detrital feldspar (?) 
grains; well cemented by pressure solutioning at grain 
contacts and quartz overgrowths; composed of planar sets 
of large-scale high angle cross-strata.

Base of section; not base of exposure
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Barbs Crossing Road-Gut

Section 17

Section is located on the east side of West Chevelon Canyon on 
U.S. Forest Service Road 100 in Ef SWy sec. 36, T. 13 N., R. 13 E., 
Coconino County, Arizona (U.S. Geological Survey Woods Canyon 15' 
Quadrangle, 1961). Access to section is by U.S. Forest Service 
Road 34 to 100 and Barts Crossing. Outcrop extends approximately 
300 feet along the roadway. Due to the freshness of the road- 
cut, weathering descriptions are omitted.

Permian:

Kaibab Formation (incomplete): 
Beta member (unmeasured): thickness 

in meters

Unit 8. Contains extensive chert with definite vertical 
orientation.

Contact: Completely conformable with unit below.

Gamma member (?):

Unit 7* Calcareous, dolomitic silt stone, very pale 
orange (10 YR 8/2), coarse silt, well-sorted; subrounded 
to subangular quartz grains; well cemented by calcareous 
dolomite to dolomitic calcite; massive; quartz geodes 
(generally less than 1 cm.) are present locally and 
limonitic speckling is abundant. Peniculauris casts 
are present near the base and top of the unit plus 
scattered echinoid spines in the upper portions cause 
the unit to be questioned in its identity as the gamma 
member. However, the presence of abundant large (as 
long as 10 cm.) Allorisma (unique to the member), ap
parently in life position, indicates that conditions 
favorable to both gamma member and beta member faunas 
existed within the unit, thereby causing uncertainty 
as to its proper identity. In addition, large pelecypod 
shell fragments are relatively common and one highly 
questionable quartz filled scaphopod mold was found. 
Within the unit extremely limonitic "zones" are en
countered that give an appearance of highly contorted 
disrupted bedding that may have been caused by the 
burrowing Allorisma observed. However, casts of long 
burrows (locally greater than 20 cm. in length) are 
common at the base of the unit and are too thin to 
have been caused by the Allorisma present within the 
unit. Scattered shell material is present, but no
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concentrations of debris were noted. No chert was
present within the unit. Entire unit placed in gamma
member. 3.0

Unit 6. Slightly calcareous, silty sandstone, pale 
greenish yellow (10 Y 8/2), clay to coarse silt, poorly- 
sorted; silt is subrounded to subangular quarts; well 
cemented by a calcareous clay matrix; massive, with 
local, discontinuous, widely spaced, wavy laminations 
of very light iron stain; fissile fracture; contains 
scattered quarts geodes as large as 1 cm.
Nonfossiliderous. .2

Unit 5. Moderately calcareous, dolomitic silt stone to 
moderately calcareous, very silty dolomite, pinkish-gray 
(5 YR 8/l), very coarse silt, well-sorted; subrounded to 
subangular quarts grains; firmly cemented by calcareous 
dolomite; massive; iron speckling and blotching common.
Large Allorisma present (as long as 12 cm.), but not as 
abundant as in previous unit. Shell fragments of pele- 
cypods and gastropods (?) scattered throughout, but never 
abundant. Quarts geodes and kaolinitic blebs are pres
ent and randomly distributed. 2.1

Unit 4* Covered interval.

Unit 3. Two very similar alternating lithologic types.
Quarts arenite, grayish-orange (10 YR 7/4)» very fine 
and fine sand, fairly well sorted; subrounded to sub
angular quarts grains; poorly cemented by pressure solu- 
tioning and quarts overgrowths; massive; contains many 
small shell fragments; heavily iron stained; some kao
linitic blebs; alternating with very slightly dolomitic 
quarts arenite to nondolomitic quarts arenite, very 
pale orange (10 YR 8/2), moderate orange oink (5 YR 
8/4), and pale yellowish orange (10 YR 8/&), fine to 
very fine sand and some medium sand grains scattered 
throughout well-sorted; subrounded to subangular quarts 
grains; poorly cemented by dolomite, pressure solution- 
ing at grain contacts and quarts overgrowths; massive; 
iron speckling common. Both lithic types contain many 
fairly large (1-3 cm.) pelecypod fragments (probably 
Allorisma) plus additional finer unidentified shell
debris. 3*0

Unit 2. Covered interval. 1.5 max.

Total of gamma member 10.7

Total of incomplete Kaibab Formation 10.7



Contact: Not exposed. Measurement of section starts
at the top of the last recognizable outcrop of Coconino 
Sandstone.

Coconino Sandstone (unmeasured):

Unit 1. Composed of planar sets of large-scale high 
angle cross-strata.

Base of section; not base of exposure.
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Wildcat Canyon Road-Gut

Section is located on the east side of Wildcat Canyon on U.S. 
Forest Service Road 99 (Wildcat Road) in 5& SE5- sec. 5> T. 12 N., 
R. 15 E., Coconino County, Arizona (U.S. Geological Survey Woods 
Canyon 15* Quadrangle, 196l). Section was measured on the north 
side of road and extended approximately 1000 feet along the road
way. Due to freshness of road-cut, weathering color descrip
tions are omitted.

Permian:

Kaibab Formation (incomplete):

Beta member (unmeasured):

Unit 8. Two lithologic types. Silty, sandy, crystal
line limestone, very pale orange (10 YR 8/2), coarse 
silt and very fine sand, well-sorted; subrounded to 
subangular quartz grains; well cemented by calcite, 
massive with localized, discontinuous, widely spaced, 
wavy laminations of very light iron stain; and cal
careous, dolomitic siltstone to sandstone, very pale 
orange (10 YR 8/2), coarse silt and very fine sand, 
well-sorted; subrounded to subangular quartz grains; 
well cemented by calcareous dolomite; massive. Quartz 
geodes as large as 2 cm. in diameter and many medium 
sand size calcite blebs are common throughout the unit.
Burrows at .5 meters from the base are abundant, lo
cally with chert centers and filled by a slightly cal
careous (kaolinitic?) mud matrix rather than the 
calcareous dolomite of the rest of the unit. At 3 
meters from the base, chert is very abundant, commonly 
with Actinocoelia centers and at .5 meters question
able Peniculauris casts constitute the only observed 
fossils within the unit. 1

Contact: Beta member-gamma member contact is a con
formable planar surface.

Gamma member:

Unit 7. Calcareous silt stone to sandstone, very pale 
orange (10 YR 8/2), coarse silt, well-sorted; subrounded 
to subangular quartz grains; firmly cemented in calcite; 
massive; nonfossiliferous. Small quartz geodes (less 
than 1 cm.) become common in upper 1.5 meter and very 
rare iron concretions. One pelecypod (?) cast was

Section 18

thickness 
in meters



found in lowest 1 meter of unit, but no other fossils 
or fossil fragments were observed. Unit is assigned 
questionably to the gamma member, but it may represent 
the basal unit of the beta member.

Unit 6. Two lithologic types. Calcareous and dolomitic 
siltstone, very pale orange (10 YR 8/2), coarse silt, 
well-sorbed; subrounded to subangular quartz grains; 
well cemented by dolomitic calcite to calcareous dolo
mite; massive; nonfossiliferous; constitues major por
tion of unit. Silty crystalline limestone, very pale 
orange (10 YR 8/2), coarse silt, well-sorted; subrounded 
to subangular quartz grains, firmly cemented by calcite; 
massive; fissile fracture; constitutes uppermost .2 meters 
of unit. Throughout unit iron concretions are abundant 
with many as long as 25 cm. Calcareous blebs and con
cretionary iron are particularly abundant in upper one- 
half of unit. Rare quartz geodes are present. Stringers 
of more resistant material stand out as discontinuous, 
large-scale, wavy bands throughout. Nonf ossiliferous.

Unit 5. Very calcareous, dolomitic silt stone to 
slightly dolomitic, very silty, crystalline limestone, 
very pale orange (10 YR 8/2), coarse silt, well-sorted; 
subrounded to subangular quartz grains; well cemented 
by slightly dolomitic calcite; massive with local dis
continuous widely spaced laminations of very light iron 
stains; bounded above and below by calcareous, slightly 
sandy mudstone, very pale orange (10 YR 8/2), clay to 
very fine sand, very poorly sorted; subrounded to sub
angular quartz grains; very poorly cemented by calcare
ous clay; massive; fissile fracture. Quartz geodes 
(with calcareous centers) are common as are calcareous 
blebs associated with small iron concretions. A few 
highly questionable Peniculauris molds are present, 
but the unit otherwise is nonf ossiliferous. Iron stainr
ing, speckling, and mottling is abundant.

Unit 4. Calcareous, slightly dolomitic siltstone to 
sandstone, very pale orange (lOaYR 8/2), coarse silt 
to very fine sand, well-sorted; subrounded to suban
gular quartz grains; well cemented by slightly dolo
mitic calcite; massive. Calcareous blebs and small 
(1-2 cm.) quartz geodes (with well developed crystals) 
are common throughout and some limonitic blotching is 
present. Allorisma (and other pelecypod debris) is 
relatively abundant and ranges in size from 5 to 12 
cm. Coiled gastropod debris, possibly Sunhemus and/or 
Euomphalus are similarly abundant. Distribution of 
fossil material is in lenses, separated by nonfossil— 
iferous sediment.



All large whole shell material is closely associated 
with abundant shell debris.

Unit 3. Moderately calcareous, slightly dolomitic 
quartz arenite, very pale orange (10 YR 8/2) and mod
erate orange pink (5 YR 8/4), very fine sand to rare 
medium sand grains with most grains being in the very 
fine sand fraction, moderately-sorted; subrounded to 
subangular quartz grains; fairly well cemented by dolo
mitic calcite; generally massive with local discontinu
ous, widely spaced, wavy laminations of very light iron 
stains. Iron concretions are rare, but are present in 
sizes as large as 3 or 4 cm. Iron staining and speckl
ing is common. One large, well preserved Schizodus 
was recovered (7«5 cm.), but no Allorisma were identi
fied, although pelecypod shell debris is common. Sev
eral Bellerophons and many large coiled gastropods 
(Euphemus ? or Euomphalus ?) are present. Shell debris 
is concentrated into pods as in unit 4, but the large 
intact pelecypods are not necessarily confined to these 
lenses, and are present randomly throughout, apparently 
uninfluenced by the pods or the processes that formed 
them.

Unit 2. Very calcareous quartz arenite, pale yellow
ish orange (10 YR 8/6), very fine to medium sand, 
moderately-sorbed; subrounded to subangular quartz 
grains; poorly cemented with calcite; massive; non- 
fossiliferous; heavy limonitic and hematitic stain
ing apparently confined to concentrations of larger 
grains.

Total of gamma member

Contact: Gamme member-Coconino Sandstone contact is a
planar surface developed on the planar sets or large- 
scale high angle cross-strata of the Coconino Sand
stone. No evidence for channelling observed.

Coconino Sandstone (unmeasured):

Quartz arenite, very pale orange (10 YR 8/2), very 
fine sand to medium sand, moderate-sorting; subrounded 
to subangular quarts grains; very poorly cemented by 
pressure solutioning at grain contacts and by quartz 
overgrowths; composed of planar sets of large-scale 
high angle cross-strata.

Base of section; not base of exposure.
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Black Canyon
Section 19

Section is located on the west side of the Middle Fork of West 
Fork of Black Canyon along U.S. Forest Service Road 86 (Black 
Canyon Road) in Sitgreaves National Forest in SW5- NW5- SE% sec.
23, T. 11 N., R. 15 E., Coconino County, Arizona (U.S. Geological 
Survey Heber 15* Quadrangle, 196l). Section measured .4 miles 
south of the turn off from U.S. Forest Service Road 86 to 86b  
(to Black Canyon Lake).

Unit 10. Slightly dolomitic, silty, crystalline lime
stone, moderate-pink (5 R 7/4)> weathers pale-brown 
(5 YR 5/2) to grayish-brown (5 YR 3/2) with much lichen 
covering, coarse silt and rare scattered very fine sand, 
well-sorted; subrounded to subangular quartz grains; 
well cemented by aphanocrystalline to finely crystalline 
slightly dolomitic calcite; massive; forms ledge; fos- 
siliferous (molds and silicified fragments), contains 
many crinoid columnals, scattered echinoid spines and 
stick bryozoans and a highly questionable Peniculauris 
mold; irregular iron staining and local iron concre
tions; scattered kaolinitic blebs. 1.4

Total of incomplete beta member 1.4

Contact: Completely conformable with the unit below.

Gamma member:

Unit 9. Very slightly sandy, slightly dolomitic, silty 
crystalline limestone, very pale orange (10 YR 8/2 ), 
weathers pale yellowish brown (10 YR 6/2) to pale-brown 
(5 YR 5/2) with much lichen covering, medium to coarse 
silt with rare very fine sand, well-sorted; subrounded 
to subangular quartz grains and very rare plagioclase 
grains; well cemented by very finely crystalline to 
finely crystalline calcite and dolomite; massive; ex
hibits large-scale fissility; weathers to form recess; 
nonfossiliferous except for very rare echinoid spines 
(siliceous); local quartz geodes as long as 1 cm.; 
concretionary iron and iron speckling are present 
locally. .8

Permian:
Kaibab Formation (incomplete): 
Beta member (incomplete): thickness 

in meters



Unit 8 Covered interval

Unit 7. Silty crystalline limestone, moderate orange 
pink (5 YR 8/4), weathers moderate-brown (5 YH 3/4), 
fine to coarse silt, well-sorted; subrounded to suban- 
gular quartz grains; well cemented by aphanocrystalline 
to very finely crystalline calcite; massive; forms weak 
ledge; many small quartz geodes (as long as 1 cm.); 
abundant iron speckling; nonfossiliferous.

Unit 6. Covered interval.

Unit 5. Moderately dolomitic, slightly sandy, calcare
ous siltstone, grayish-orange (10 YR 7/4) to moderate 
orange pink (10 R 7/4), weathers grayish orange pink 
(5 YR 7/2 ) to pale-brown (5 YR 5/2), coarse silt to 
fine sand, moderately well-sorted; rounded to suban- 
gular (with roundness increasing with the size of the 
grain) quartz grains; well cemented by aphanocrystal
line to finely crystalline dolomitic calcite; iron 
staining reveals local contorted and irregular lamina
tions as well as fine parallel laminations, but most 
of unit appears massive; weathers to a rough and pitted 
prominent cliff; fossiliferous; Schizodus (3 cm. maxi
mum long dimension), Allorisma (6 cm. maximum long di
mension), questionable crinoid columnals, echinoid 
spines and abundant broken shell material; fossil 
distribution appeared to be in lenticular pods sepa
rated by poor or nonfossil bearing sediment; iron 
concretions as large as 3 cm. in diameter and quartz 
geodes are scattered randomly throughout; calcite 
veining (as wide as .5 cm.) is common; rare kaolin- 
itic and calcareous blebs.

Unit 4. Divided into three recess-forming horizontally 
bedded subunits.

Subunit C. Slightly sandy, slightly dolomitic, 
silty, crystalline limestone, pale-red (10 R 6/2), 
weathers grayish orange pink (5 YR 7/2) to light- 
brown (5 YR 5/6), coarse silt to scattered grains 
of fine sand, moderately well sorted; rounded to 
subangular (with roundness increasing with grain 
size) quartz grains; well cemented by very finely 
crystalline to finely crystalline slightly dolo
mitic calcite; massive; very rare shell fragments, 
localized iron staining; elongate (2 cm. maximum 
diameter) kaolinitic blebs. .25



Subunit B. Silty, slightly sandy, crystalline 
limestone, pale-red (5 R 6/2), weathers same color 
to pale-brown (5 YR 5/2), coarse silt to scattered 
medium sand, poorly-sorted; subangular silt to 
well rounded medium sand, quartz grains; well ce
mented by aphanocrystalline to very finely crys
talline calcite; massive; very rare shell frag
ments; localized iron staining; calcite veining. .25

Subunit A. Silty, calcareous sandstone to silty, 
sandy, microcrystalline limestone, grayish orange 
pink (10 R 8/2), weathers grayish-brown (5 YR 3/2), 
medium and coarse silt to scattered medium sand, 
poorly-sorted; subangular silt to well rounded me
dium sand, quartz grains; well cemented by aphano
cryst alline to medium crystalline calcite; 
generally massive except for localized limonitic 
staining which gives appearance of irregular and 
distorted bedding; very rare shell fragments; 
calcite veining. .10

Total of unit 4

Unit 3. Slightly dolomitic, moderately silty, calcare
ous sandstone, pale-red (10 R 6/2) and moderate orange 
pink (10 R 7/4)> weathers light-brown (5 YR 6/4), pale 
reddish brown (10 R 5/3)? and brownish-gray (5 YR 4/l) 
with much lichen covering, coarse silt to scattered me
dium sand (mean in very fine sand fraction), moderately 
well sorted; well rounded (medium sand) to subangular 
(coarse silt) quartz grains; well cemented by very 
finely crystalline to medium crystalline slightly dolo
mitic calcite; generally massive except for local (par
ticularly in upper one-half of unit) very faint 
laminations produced by bands of sediment totally lack
ing in elastics and accented by weathering; weathers to 
a rough and locally pitted ledge with a .2 meter recess 
at the base; common clacite veinings (particularly in 
the lower one-half of the unit); nonfossiliferous; iron 
staining common; rare kaolinitic blebs.

Unit 2. Slightly silty, moderately calcareous, sand
stone, moderate orange pink (10 R 7/4), weathers gray
ish orange pink (5 YR 1/2) to dusky-brown (5 YR 2/2), 
coarse silt to coarse sand, poorly-sorted; well 
rounded (coarse sand) to subangular (coarse silt) 
quartz grains; poorly cemented by pressure solution- 
ing at grain contacts and quartz overgrowths, and 
well cemented by finely crystalline to medium crys
talline calcite in "musketbaU" structures; wavy
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parallel laminations faintly discernible on a weathered 
surface; forms weak ledge; nonfossiliferous. "Musket- 
ball" structures are scattered throughout and stand out 
in relief on a weathered surface, never reaching a size 
much greater than .75 cm., although several commonly 
merge into larger clusters. Calcareous clastic dikes 
composed of similar rock as that of unit 2, and also 
containing the musketball structures, are present within 
the unit and extend across the contact into the Coconino 
Sandstone of unit 1. They do not extend upwards into 
unit 3 nor exceed a thickness of 1.0 cm.

Total of incomplete gamma member

Total of incomplete Kaibab Formation

Contact: Kaibab-Coconino contact is a planar surface
developed on beveled high angle cross-strata of 
Coconino Sandstone. No evidence of channelling observed.

Coconino Sandstone (unmeasured):

Unit 1. Slightly silty quartz arenite, moderate red
dish orange (10 R 6/6) to moderate orange pink (10 R 
7/4), weathers grayish orange pink (5 YR 7/2), light- 
brown (5 YR 5/6) to dusky-brown (5 YR 2/2 ), coarse silt 
to medium sand, moderately sorted; well rounded (medium 
sand) to subangular (coarse silt) quarts grains and less 
than 1$ plagioclase grains; poorly cemented by pressure 
solutioning at grain contacts, quartz overgrowths, and 
weak coatings of microsparite, and well cemented by 
calcite in "musketball" structures; planar sets of 
large-scale high angle cross-strata, faint laminations 
formed by alternating grain sizes; tends to part well 
along lamination planes; forms weak ledge. "Musketball" 
structures as described in unit 2 become extremely abun
dant and tend to merge often forming grape-like clusters. 
Maximum diameter observed was 1 cm. Calcareous clastic 
dikes originating within unit 2 extend well into the 
unit.

.6
12.2
13.6

Base of section; not base of exposure
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Saloon Canyon

Section is located on the north side of Saloon Canyon, in SE%- SE% 
SEg- sec. 5> T. U N . ,  R. 16 E., Navajo County, Arizona (U.S. 
Geological Survey Heber 15' Quadrangle, 1961). The section was 
measured approximately one-half mile from U.S. Forest Service 
Road 86,

Section 20

Permian:

thickness 
in meters

Kaibab Formation (incomplete): 

Beta member (incomplete):

Unit 8. Very silty calcareous dolomite, grayish orange
pink (10 R 8/2), weathers grayish-orange (5 YR 7/2) with
lichen covering, coarse silt, well-sorbed; subrounded to
subangular quartz grains; well cemented by calcareous
dolomite; massive; forms ledge; iron staining abundant,
rare, very coarse, sand size iron concretions. Rare
crinoid columnals and echinoid spines, one large (10
cm.) silicified Actinocoelia and questionable Penicu-
lauris outline in chert are the only fossils within
the unit. Burrows, accented by iron staining, are
present locally. .9

Total of incomplete beta member .9

Contact: Beta-gamma contact concealed within covered
interval.

Gamma member:

Unit 7» Covered interval. 1.5

Unit 6. Very silty, sandy, calcareous dolomite to cal
careous, dolomitic, sandy siltstone, grayish orange pink 
(10 R 8/2), weathers medium-gray (N4) with lichen cover
ing, coarse silt to very fine sand, well-sorted; sub
rounded to subangular quartz grains; well cemented by 
calcareous dolomite; massive; forms ledge; nonfossilif- 
erous except for rare shell fragments. Iron speckling 
and concretions (coarse sand size to less than 1 cm.) 
are common throughout the unit. 2.5

Unit 5. Silty, sandy, calcareous dolomite, grayish 
orange pink (5 YR 7/2), weathers pale yellowish brown 
(10 YR 6/2) to dusky-brown (5 YR 2/2) with much lichen



covering, coarse silt and very fine sand, well-sorted; 
subrounded to subangular quartz .grains, well cemented 
by calcareous dolomite; massive; forms weak ledge; 
local iron staining, many small (less than 1 cm.) fos
sil fragment molds (possibly Chonetes).

Unit 4. Silty calcareous dolomite to slightly sandy, 
calcareous, very silty dolomite, very pale orange (10 
YR 8/2) and grayish orange pink (5 YR 7/2), weathers 
pale yellowish brown (10 YR 6/2), grayish orange pink 
(5 YR 7/2) and brownish-gray (5 YR 4/l)> coarse silt 
and scattered grains of very fine sand, well-sorted; 
subrounded to subangular quartz grains; well cemented 
by calcareous dolomite; massive; forms cliff; iron con
cretions (maximum 3 cm.) scattered throughout; many 
molds and casts of unidentified pelecypods and gastro
pods. Fossils are generally about 2 cm. in diameter; 
scattered shell debris forms lenses separated by non- 
fossiliferous sediment. Large weathering pits simi
larly have a pod-like distribution and may be 
enlargements of fossil molds. Unit is generally 
structureless, but basal 20 cm. contains local small 
burrows.

Unit 3. Silty, sandy, calcareous dolomite, very pale 
orange (10 YR 8/2), weathers to grayish-orange (10 YR 
7/4)) very fine sand to coarse silt, well-sorted; sub
rounded to subangular quartz grains; well cemented by 
calcareous dolomite; massive; forms weak ledge; many 
scattered shell fragment molds and one scaphopod (?).

Unit 2. Slightly calcareous, muddy, quartz arenite, 
pale yellowish orange (10 YR 8/6), weathers grayish 
orange pink (5 YR 7/2), very fine sand to coarse sand, 
very poorly sorted; well rounded to subrounded quartz 
grains; poorly cemented by a very thin calcareous mud 
coating of gfcains, pressure solutioning at grain con
tacts and quarts overgrowths; nonfossiliferous. Unit 
is capped by 5 cm. of hematitic, slightly calcareous, 
quartz arenite, grayish-red (5 R 4/2), weathers pale- 
red (10 R 6/2) and light-brown (5 YR 5/6), very fine 
sand to medium sand, poorly-sorted; well rounded to 
subangular quartz grains; poorly cemented with hema
tite; massive; strong iron staining throughout. Unit 
forms recess.

Unit 1. Covered interval.

Total of gamma member
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Total of incomplete Kaibab Formation

Contact: Kaibab-Coconino contact concealed within
covered interval.

Coconino Sandstone (unmeasured):

Composed of planar sets of large-scale high angle 
cross-strata.

Base of section; not base of exposure..

13-4
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Chevelon Canyon at Chevelon Crossing

Section is located on the west side of Chevelon Canyon in.SE%- SE%- 
NW^- sec. 19} T. 14 N ., R. 15 E., Coconino County, Arizona (U.S. 
Geological Survey Chevelon Crossing Tg-* Quadrangle, 1965). Access 
is by U.S. Forest Service Road 501. Section was measured in the 
bottom of Chevelon Canyon 500 feet northwest of where the bridge 
crosses Chevelon Creek.

Permian:
Kaibab Formation (incomplete):

Beta member (unmeasured, unsampled):

Contact: Conformable with the unit below.

Gamma member:

Unit 3* Unit varies slightly in composition, changing 
from a silty, slightly dolomitic, crystalline limestone 
at its base through a very calcareous siltstone to a 
moderately calcareous, slightly dolomitic siltstone at 
the top with fresh surfaces being either very pale 
orange (10 YR 8/2) or light olive gray (5 Y 6/l) and 
weathered surfaces ranging through light brownish gray 
(5 YR 6/l), medium light gray (N6), medium-gray (N5), 
and brownish-gray (5 YR 4/1), grains are subangular 
to angular, coarse silt, moderately to well-sorted; 
composed entirely of quarts; well cemented by a pre
dominantly calcareous matrix which becomes slightly 
dolomitic in places; massively bedded; forms a large 
vertical cliff; weathers rough and varies from being 
slightly to intensely pitted throughout the unit. The 
lowest 4*3 meters of the unit contains many molds and 
casts as in unit 2 with a pod-like distribution of 
the fossiliferous zones. Above 4*3 meters local zones 
of fragmented shells are encountered, also in pod-like 
distribution, decreasing in number towards the top of 
the unit. Large molds and casts are not present above 
4*3 meters. Iron concretions, quartz geodes and cal
careous and dolomitic blebs are present throughout 
but never abundant. Top of unit contains definite 
Peniculauris in apparent life position. No chert was 
observed anywhere in the unit. No apparent lithologic 
break between upper Peniculauris containing sediment 
(beta member ?) and lower(gamma member) portion of 
unit is observed. Entire unit is counted as gamma 
member. 12.3

Section 21

thickness 
in meters
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Unit 2. Composed of two lithologic typesf each grada
tional into the other. Slightly sandy, moderately cal
careous dolomitic siltstone, grayish-orange (10 IR 7/4)> 
weathers to light-brown (5 YR 6/4), coarse silt grains 
with scatter d sand grains as large as 1 phi, poorly- 
sorted; subangular to angular quartz grains; well cement
ed with calcareous and dolomitic cement; massive bedding; 
ledge former; foms upper part of unit. Calcareous silt- 
stone, very pale orange (10 YR 8/2), weathers yellowish- 
gray (5 Y 7/2), coarse silt with rare sand grains (2 phi 
maximum), moderately-sorted; subrounded to angular quartz 
grains; firmly cemented in calcite matrix; massive bed
ding; ledge former; forms lower part of unit. Unit 2 con
tains many small iron nodules and white calcareous blebs 
scattered throughout. Iron nodules tend to form in groups 
rather than being uniformly distributed. Many unrecog
nizable shell fragments, molds and casts are present.
In the lowest 3 meters large coiled gastropods and pele- 
cypods (internal molds) are common (Buphemus ?, Beller- 
oghon, Allorisma) as long as 7«5 cm. Large whole molluscs 
scattered in matrix of shell fragments; weathers rough 
and pitted. Upper 4*5 meters same as lowest 3 except 
that large molluscs are less abundant though still as
sociated with pod shaped hash zones. Bottom .2 meters 
of unit forms deep recess, is fissile, poorly cemented, 
noncalcareous and nonfossiliferous.

Total of gamma member

Total of incomplete Kaibab Formation

,Contact: Gamma member-Coconino Sandstone contact is
flat surface developed on truncated large-scale Coconino 
Sandstone cross-strata.

Coconino Sandstone (unmeasured):

Unit 1. Quartz arenite, pinkish-gray (5 YR 8/l), weath
ers to light olive gray (5 Y 6/l) to medium dark gray 
(N4) to grayish-orange (10 YR 7/4)» coarse silt to me
dium sand (mean 3«0 phi), poorly-sorted; subrounded to 
angular quartz grains; very poorly cemented by pres
sure solutioning at grain to grain contacts, and quartz 
overgrowths; planar sets of large-scale high angle 
cross-strata and fine parallel laminations formed by 
alternations of zones ofsilt and sand grains. Top one- 
half meter of Coconino Sandstone is somewhat more fri
able and more poorly cemented than the remainder of 
the unit. The Coconino Sandstone in Chevelon Canyon 
generally forms a steep slope and is in many places

7.7
20.0
20.0



partially concealed. Also, upper sections of the unit 
contain many "musketball11 type iron concretions which 
incorporate sand grains within them and stand out in 
relief on a weathered surface. Small concentrations of 
speckled limonitic staining are locally found within the 
unit.

Base of section; not base of exposure.
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East Sunset Mountain

Section 22

Section is located on the west side of Clear Creek in center SE%- 
NEj- sec. 16, T. 16 N., R. 14 E., Coconino County, Arizona (U.S. 
Geological Survey Sunset Pass 15' Quadrangle, 1955). Section was 
measured at the pump house near Sims Tank beginning at a point 
approximately 150 feet from the floor of the canyon.

Permian:

Kaibab Formation (incomplete): 

Alpha member:
thickness 
in meters

Unit 12. Variable lithologic types. Silty, calcareous, 
quartz arenite, very pale orange (10 YR 8/2) and dark 
yellowish orange (10 YR 6/6) in a salt and pepper dis
tribution, weathers grayish-orange (10 YR 7/4) to light- 
brown (5 YR 5/6), coarse silt to medium sand, poorly 
sorted; subangular (silt) to well rounded (medium sand) 
quartz grains; moderately cemented by calcite; selective 
iron staining produces salt and pepper color effect on 
fresh surfaces; intermixed with calcareous, sandy, 
silty, dolomite to calcareous, dolomitic, siltstone to 
sandstone, pale yellowish brown (10 YR 6/2 ), weathers 
dark yellowish orange (10 YR 6/6) to light-brown (5 YR 
6/4), coarse silt to scattered medium sand, poorly- 
sorted; rounded (medium sand) to subangular (coarse 
silt) quartz grains; well cemented by calcareous dolo
mite. Unit weathers to a rough weak ledge; highly con
torted bedding with large slumps and infillings; thin 
calcite veining common; nonfossiliferous; top of unit 
is recent erosional surface. 1.8

Unit 11. Covered interval. 1.5

Unit 10. Slightly dolomitic, calcareous siltstone, pale 
yellowish brown (10 YR 6/2), weathers grayish-orange (10 
YR 7/4) to dark yellowish brown (10 YR 4/2), medium silt 
to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by slightly dolomitic cal
cite; massive; weathers to a very rough and pitted ledge; 
calcite geodes as long as 2 cm. are common (many with 
crude Peniculauris outlines); iron concretions abundant 
in upper portions of unit; nonfossiliferous except for 
scattered small pits and calcareous blebs that may be



shell fragment debris; unit appears burrowed near top; 
iron (or manganese?) speckling is common on joint 
surfaces.

Unit 9. Calcareous silt stone to sandstone, very pale . 
orange (10 YE 8/2), weathers pale-brown (5 YE 5/2), 
coarse silt and very fine sand, well-sorted; subrounded 
to subangular quartz grains; moderately cemented by 
calcite; upper portion forms covered slope whereas base 
of unit forms a weak ledge revealing fine horizontal 
laminations on weathered surfaces; common very small 
quartz geodes (l~3 mm.) scattered in horizontal clus
ters; sand size concretionary iron; nonfossiliferous.

Unit 8. Silty, slightly sandy, slightly dolomitic, 
crystalline limestone, grayish orange pink (5 YE 7/2), 
weathers light-brown (5 YE 6/4) to grayish orange pink 
(5 YE 7/2), coarse silt and very fine sand, well-sorted; 
subrounded to subangular quartz grains; well cemented 
by slightly dolomitic calcite; local wavy, contorted 
bedding with burrowing and bioturbation evident; weath
ers to rough and pitted cliff; shell debris abundant, 
most unidentifiable with exceptions of one specimen of 
Leda (?) (.75 cm. long dimension), an unidentified 
coiled gastropod (Eunhemus? or Euomphalus?) and highly 
questionable Peniculaurls bassi; quartz and calcite 
geodes and white noncrystalline calcareous blebs are 
common.

Unit 7. Slightly sandy, slightly calcareous, dolomitic 
siltstone, very pale orange (10 YE 8/2 ), weathers mod
erate orange pink (5 YE 8/4 ), coarse silt to very fine 
sand with local concentrations of medium sand grains, 
moderately-sorted; subrounded to subangular quartz 
grains; well cemented by slightly calcareous dolomite; 
upper 2.4 meters are composed of planar sets of medium- 
scale high angle cross-strata; forms deep pitted recess; 
lowermost 1 meter is heavily iron stained (therefor 
somewhat more resistant) and contains rare crystalline 
calcite geodes; nonfossiliferous.

Unit 6. Silty, sandy, calcareous dolomite to silty, 
sandy, dolomitic, crystalline limestone, grayish 
orange pink (5 YE 7/2), weathers light-brown (5 YE 
6/4) and pale yellowish brown (10 YE 6/2), coarse 
silt and very fine sand, well-sorted; subrounded to 
subangular quartz grains; well cemented by calcare
ous dolomite to dolomitic calcite; lowermost 1.5 meters 
composed of planar sets of medium-scale high angle 
cross-strat whereas upper 3.0 meters contains several 
horizontal beds with one thin bed of small-scale high
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angle cross-strata; weathers to rough and pitted ledge; 
contact at top of cross-stratified basal 1.5 meters ap
pears either slumped or bioturbated; local concentrations 
of white noncrystalline kaolinitic and calcareous blebs 
and very small shell debris in uppermost 3.0 meters.

Total of incomplete alpha member

Contact: Completely conformable with unit below.

Beta and gamma members:

Unit 5. Composed of two highly similar lithologic types 
each gradational into the other. Salty crystalline lime
stone, grayish orange pink (5 YR 7/2), weathers pale- 
brown (5 YR 5/2), coarse silt, well-sorted; subrounded 
to subangular quartz grains; well cemented by calcite; 
massive; iron speckling common; localized speckling of 
very small kaolinitic and calcareous blebs; forms base 
of unit; gradational with silty calcareous dolomite to 
silty, dolomitic, crystalline limestone, pale-red (10 R 
6/2) and very pale orange (10 YR 8/2), weathers grayish- 
orange (10 YR 7/4) and very pale orange (10 YR 8/2), 
medium to coarse silt, well-sorted; subrounded to sub- 
angular quartz grains; well cemented by calcareous 
dolomite and dolomitic calcite with dolomite and cal
cite content variable throughout; local irregular dis
continuous laminations of iron staining is present; 
localized iron speckling; lighter colored sediment 
generally more porous and dolomitic; forms top of unit. 
Unit weathers to a rough and pitted cliff with a slight 
recess at the base, pits forming discrete lenses; exhib
its massive splitting; quartz geodes (2 cm. maximum diam
eter) are very abundant at the base with many having a 
Peniculauris appearance; local contorted disrupted bed
ding; calcite geodes common, becoming larger (5 cm. 
maximum) and more abundant towards upper portions of 
unit; shell debris common, exhibiting a lenticular dis
tribution and separated by poorly or nonfossiliferous 
sediment; uppermost 60 cm. of unit is divisible into 10 
cm. horizontal beds, the first and third being composed 
of small-scale high angle tabular planar cross-strata 
(possibly alpha member). Entire unit is considered 
beta and gamma, members undifferentiated.

Unit 4* Composed of two highly similar lithologic types 
each gradational into the other. Sandy, silty, calcare
ous dolomite, moderate orange pink (5 YR 8/4) and pale 
yellowish brown (10 YR 6/2), weathers grayish orange pink 
(5 YR 7/2), coarse silt to fine sand, well-sorted;

4.5

24.3

13.3
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rounded to subangular quartz grains; well cemented by 
calcareous dolomite; forms base of unit; gradational 
with slightly sandy, silty crystalline limestone to 
slightly sandy, calcareous siltstone, grayish-pink (5 
R 8/2), weathers grayish orange pink (5 YR 7/2) to 
light-brown (5 YR 6/4), coarse silt and scattered very 
fine sand, well-sorted; subrounded to subangular quartz 
grains; well cemented by calcite; forms top of unit. .
Unit weathers to rough and locally pitted cliff; wavy 
irregularly and discontinuously bedded zones (5-10 cm.) 
tend to divide the unit into lesser, massive subunits; 
highly fossiliferous, with fossils distributed in len
ticular concentrations of both shell debris and rela
tively whole molluscs, fossils noted include; coiled 
gastropods (Euphemus and/or Euonvphalus), echinoid spines, 
Allorisma (?) and scaphopods; iron concretions and 
quartz geodes become more abundant near top; abundant 
kaolinitic blebs taking on shell fragment form, local
ly amorphous. 8.5

Unit 3. Composed of two highly similar lithologic 
types, each gradational into the other. Silty, calcare
ous, slightly sandy, dolomite to calcareous, slightly 
sandy, dolomitic siltstone, pale yellowish brown (10 
YR 6/2), weathers light-brown (5 YR 6/4), coarse silt 
to very fine sand, well-sorted; subrounded to suban
gular quartz grains; well cemented by calcareous dolo
mite; massive; forms base of unit; gradational with 
slightly dolomitic, sandy siltstone, pinkish-gray (5 
YR 8/l), weathers pale-brown (5 YR 5/2)> coarse silt 
to very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by slightly dolomitic cal
cite; massive; forms top of unit. Entire unit weathers 
to rough and pitted cliff; contains zones of wavy ir
regular bedding (as in unit 4) as thick as 5 cm. divid
ing the unit into a number of lesser subunits; Liesegang 
banding occurs locally; fossil fragments common especi
ally near topi kaolinitic blebs occur rarely; pits often 
distributed in lenticular pattern; iron concretions 
(as large as 2.5 cm.) increase in abundance near top 
of unit; a zone of concretionary sandstone nodules 
(as long as 20 cm.) occurs near the base. 13.2

Unit 2. Calcareous to dolomitic sandy siltstone, very 
pale orange (10 YR 8/2), weathers light-brown (5 YR 6/4) 
to yellowish-gray (5 Y 8/l), coarse silt and very fine 
sand, well-sorted; subrounded to subangular quartz grains; 
moderately well cemented by calcareous dolomite; massive;
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forms recess; scattered shell debris very common plus 
isolated scaphopods (?), Schizodus, and coiled gastro
pods (Euphemus? or Euomphalus?); rare, small (.5 cm.) 
iron concretions. 1.6

Unit 1. Calcareous,' silty, quartz arenite, dark yellow
ish orange (10 YE 6/6), weathers moderate-brown (5 YE 
3/4), coarse silt to medium sand, moderately-sorted; 
rounded to subangular quartz grains; well cemented by 
pressure solutioning at grain contacts, calcite and 
quartz overgrowths; massive with some indication of 
crude local horizontal stratification on weathered sur
faces; weathers to rough and pitted cliff; rare scat
tered kaolinitic blebs and local concentrations of 
broken shell material. 7,0

Total of beta and gamma members, undifferentiated 43,6

Total of incomplete Kaibab Formation 67.9

Contact: Kaibab-Coconino contact is a planar surface
developed on beveled high angle cross-strata of Coconino 
Sandstone. No evidence of channelling observed.

Coconino Sandstone (unmeasured, undescribed):

Composed of planar sets of large-scale high angle 
cross-strata.

Base of section; not base of exposure.
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McHood Park

Section is located on the west side of Clear Creek and south of 
Arizona Highway 99, near McHood Park in NWg- sec. 15, T. 18 N.,
R. 16 E., Navajo County, Arizona (U.S. Geological Survey Clear 
Creek Reservoir Tir* Quadrangle, 1970).

Triassic:

Moenkopi Formation (unmeasured):

Unit 4» Slightly to moderately calcareous sandstone, 
pale reddish brown (10 R 5/4), weathers same color to 
moderate reddish brown (10 R 4/6), very fine sand, 
well-sorted; rounded to subangular quartz grains and 
contact solutioning of quartz grains; low angle cross
laminations and horizontal laminae common (best revealed 
on weathered surfaces); forms ledge; contains some 
concretionary iron that stands out in relief on weath
ered surfaces, and large (2-3 cm.) pits that appear 
to have been filled with calcareous sandstone at a 
later time; nonfossiliferous.

Contact: Moenkopi-Kaibab contact not seen, but large
blocks of Moenkopi rest on what appears to be a nearly 
horizontal erosional surface on top of the Kaibab.
No large-scale channelling observed.

Permian:

Kaibab Formation:

Unit 3« Slightly calcareous quartz arenite, very pale 
orange (10 YR 8/2) to dark yellowish orange (10 YR 6/6), 
weathering very pale orange (10 YR 8/2), moderate orange 
pink (5 YR 8/4) and moderate-brown (5 YR 4/4) on joint 
surfaces, very fine sand, well-sorted; subrounded to sub- 
angular, quartz grains; loosely cemented by calcite, 
pressure solutioning, and quartz overgrowths; faint 
indication of horizontal, parallel laminations on weath
ered and iron stained surfaces; forms rounded ledge;
Idesegang bands, broad iron stains, iron speckling and
iron concretions of various sizes (sand size to cm.)
common throughout the unit; nonfossiliferous. 2.2

Unit 2. Quartz arenite to very slightly calcareous 
quartz arenite, pale yellowish orange (10 YR 8/2), 
dark yellowish orange (10 YR 6/6) and very pale orange

Section 23

thickness 
in meters



(10 YR 8/2), weathering to light-brown (5 YR 6/4), 
grayish-brown (5 YR 3/2), grayish-orange (10 YR 7/4) 
or grayish orange pink (5 YR 7/2), commonly lichen 
covered, very fine sand to coarse sand in the upper 
portions of the unit, becoming more concentrated in 
the fine sand fraction near the base with sorting 
varying from poorly-sorted at the top to well-sorted 
near the base; subrounded to subangular quartz grains 
and scattered grains of well rounded detrital feld
spar; poorly cemented by calcite, faint iron staining, 
quartz overgrowths, and pressure solutioning of quartz 
grains; horizontal laminae and planar and trough cross
laminae revealed on weathered surfaces (especially 
near the base), commonly massive; forms ledge except 
at top of unit, which forms low angle slope to base 
of unit 3. At top of unit coarse sand grains tend to 
be well rounded to subrounded whereas the finer sands 
are subrounded to angular. Iron concretions, stains, 
Idesegang rings, and iron rosettes and bowls (as long 
as 10 cm.) are common. Desert varnish on joint sur
faces is common. Nonfossiliferous.

Total of Kaibab Formation

Contact: Kaibab-Coconino contact is a smooth planar
surface developed on large-scale cross-strata of the 
Coconino Sandstone. No channelling of the Coconino 
Sandstone was observed.

Coconino Sandstone (unmeasured):

Unit 1. Quartz arenite, dark yellowish orange (10 YR 
6/6), weathers to light-brown (5 YR 5/6), very fine 
sand to medium sand, mean 2.5 phi, moderate sorting; 
subrounded to angular quartz grains and very rare 
highly weathered well rounded feldspar (?) grains; 
fairly well to poorly cemented, apparently by pres
sure solutioning at grain contacts and quartz over
growths; many fine parallel laminations produced by 
variance in grain sizes, superimposed on planar sets 
of large-scale high angle cross-strata; forms slope. 
Small iron blebs (sand sized) common, and large hema
tite iron concretions (as much as 10 cm. in diameter) 
are scattered randomly throughout and cause moderate- 
red (5 R 4/6) discoloration of surrounding rock.

Base of section; not base of exposure.
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Meteor Crater

Section is located on the northeast side of the Barringer Meteor 
Crater in NÊ - NWg- SE|- sec. 13, T. 19 N., R. 12|- E., Coconino 
County, Arizona (U.S. Geological Survey Meteor Crater 7ir' Quad
rangle , 1968). Section measurement began at a level approxi
mately 200 feet below the crater rim.

Permian:

Kaibab Formation (incomplete):

Gamma member (?) (incomplete):

Unit 5* Variable in composition and contains three 
basic rock types each gradational into the other.
Sandy, silty, calcareous dolomite, yellowish-gray (5 
Y 7/2), weathers light-brown (5 YR 6/4), coarse silt 
to very fine sand, well-sorted; subrounded to suban- 
gular quartz grains; well cemented by calcareous dolo
mite; massive. Silty calcareous dolomite to silty 
dolomitic limestone, yellowish-gray (5 Y 7/2), weath
ers grayish orange pink (5 YR 7/2), coarse silt, well- 
sorted; subangular quartz grains; well cemented by 
calcareous dolomite to dolomitic calcite; massive.
Calcareous siltstone, very pale orange (10 YR 8/2), 
weathers light-brown (5 YR 5/6), coarse silt, well- 
sorted; subangular quartz grains; well cemented by 
calcite; massive. Unit generally forms cliff through
out the crater; fossils (molds and casts) exhibit pod
like distribution with coiled gastropods (Burhemus ? 
and/or Euomphalus ?) and scaphopods being the only 
identifiable types consistently associated with a- 
bundant small shell debris; "musketball" calcareous 
sand concretions are in bands at irregular intervals; 
large iron concretions (3-5 cm.) are rare; local 
concentrations of white noncrystalline calcareous 
and kaolinitic blebs are typically associated with 
fossil-bearing sediment; uppermost 1.5 meters of 
unit exhibits wavy and irregular bedding accented 
by weathering; no chert. 17•5

Unit 4. Silty crystalline limestone, moderate orange 
pink (5 YR 8/4) and grayish orange pink (5 YR 7/2), 
weathers grayish orange pink (5 YR 7/2) and dark yel
lowish brown (10 YR 4/2), coarse silt, well-sorted; 
subangular quartz grains; well cemented by calcite; 
tends to form slope or recess; small fossil molds and
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casts (coiled gastropods?) and shell debris are common, 
and Allorisma ranging in size from 3 to 9 cm. are pres
ent, but are relatively rare; fossil distribution is 
irregular and may be lenticular in nature; white calcar
eous (noncrystalline) and kaolin!tic blebs are common 
as large as .75 cm.; local iron speckling. 3*0

Unit 3. Composed principally of two lithologic types 
each gradational into the other. Silty, sandy, slightly 
calcareous dolomite to silty, slightly calcareous, dolo- 
mitic sandstone, grayish-orange (10 YR 7/4), weathers 
same color to light-brown (5 YR 6/4) to moderate yellow
ish brown (10 YR 5/4) with lichen covering, coarse silt 
to coarse sand, poorly-sorted; well rounded to subangu- 
lar quartz grains; well cemented by calcareous dolomite; 
massive; forms base of unit; gradational with silty, 
sandy, crystalline limestone, grayish-orange (10 YR 
7/4) to moderate orange pink (5 YR 8/4), weathers mod
erate yellowish brown (10 YR 5/4 ) to grayish orange 
pink (5 YR 7/2), coarse silt to very fine sand, well- 
sorted; sub rounded to sub angular quartz grains; well 
cemented by calcite; massive; forms top of unit. Unit 
weathers to a very rough and pitted cliff; highly fos- 
siliferous with fragmented shell material (locally of 
crystalline calcite) and large molluscs restricted to 
lenses; fossils noted include: Bellerorhon (5 cm. maxi
mum diameter), abundant Schizodus (2.5 cm. maximum 
diameter), Allorisma (3 cm. maximum observed) common 
and abundant coiled gastropods (Suomnhalus ? and/or 
Euphemus ?) (maximum estimated diameter 5 cm.); large 
dolomite rhombs (5 mm.) commonly associated with 
fossil casts; "musketball" calcareous sand concre
tions occur in bands at irregular intervals; rare iron 
concretions; scattered white (noncrystalline) calcar
eous and kaolinitic blebs; calcite veinlets common.
Entire unit is intensely fractured and brecciated due
to meteor impact. 11.0

Unit 2. Slightly calcareous, slightly silty, quartz 
arenite, very pale orange (10 YR 3/2), weathers pale 
yellowish orange (10 YR 8/2) to light-brown, coarse 
silt to coarse sand, poorly-sorted; well rounded to 
subangular quartz grains; moderately to poorly cemented 
by pressure solutioning at grain contacts, quartz over
growths, and a weak calcite coating; possibly forming 
10 cm. horizontal beds, but due to intense brecciation 
caused by meteor impact the stratification of unit is 
questionable at best; tends to form recess; "musket- 
ball" calcareous sand concretions (.5-*75 cm.) occur 
abundantly within the unit, especially near the base. 1*3
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Total of incomplete Kaibab Formation
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32.8
32.8

Contact: Kaibab-Coconino contact is an irregular dis
torted surface caused by the intense structural defor
mation of the meteor impact. Due to identical structure 
in both the Kaibab and Coconino Formations it is appar
ent that the contact originally was a planar surface 
developed on the high angle Coconino Sandstone cross
strata.

Coconino Sandstone (unmeasured):

Unit 1. Quartz arenite, very pale orange (10 YE 8/2), 
weathers pale-brown (5 YR 5/2) and dark yellowish orange 
(10 YR 6/6), very fine sand to coarse sand, moderately- 
sorted; well rounded to subangular quartz grains; moder
ately cemented by pressure solutioning at grain contacts 
and quartz overgrowths; planar sets of large-scale high 
angle cross-strata; forms slope; limonite staining and 
concretions common; "musketball" calcareous sand con
cretions are abundant especially near the top of the 
unit.

Base of section; not base of exposure
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Walnut Canyon

Section is located on the north side of Walnut Canyon west of 
Walnut Canyon National Monument in Coconino National Forest in 
NWp SE|- SEi- SWg- sec. 27, T. 21 N., R. 8 E., Coconino County, 
Arizona (U.S. Geological Survey Flagstaff East 7&' Quadrangle, 
1962). Access is by U.S. Forest Service Road 303 to the unnum
bered southerly fork approximately one-fourth mile from the Walnut 
Canyon National Monument boundary to the canyon rim. Section 
measurement began approximately 35 feet from the floor of the 
canyon.

Permian:

Kaibab Formation (incomplete):

Beta member (unmeasured):

Unit 6. Slightly sandy, silty, crystalline limestone, 
grayish-orange (10 YR 7/4)> weathers same to light- 
brown (5 YR 6/4) with lichen covering, coarse silt to 
very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by very finely crystalline 
to finely crystalline calcite; massive; weathers to a 
rough and pitted cliff; several horizontal layers of 
burrowed sediment with burrows having a chert center 
surrounded by a sediment infilling somewhat lighter 
in color than the rest of the unit; common iron con
cretions and quartz geodes (Peniculauris molds?); 
scattered echinoid spines; rare quartz belbs (chert?) 
locally in small clusters; large 20 cm. chert nodules 
abundant at top of unit.

Contact: Completely conformable with the unit below.

Gamma member:

Unit 5. Two lithologic types each gradational into the 
other and exhibiting a general fining upward sequence.
Calcareous, slightly sandy, siltstone, grayish orange 
pink (5 YR 7/2) and grayish-orange (10 YR 7/4), weath
ers pale-brown (5 YR 5/2) to moderate-brown (5 YR 3/4), 
coarse silt to scattered very fine sand, well-sorted; 
subrounded to subangular quartz grains and very rare 
plagioclase grains; well cemented by very finely crys
talline to finely crystalline calcite; massive; forms 
pitted ledge; forms base of unit; gradational with 
slightly sandy, silty, crystalline limestone, moderate
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orange pink (5 YR 8/4), weathers pale-brown (5 YR 5/2) 
with much lichen covering, coarse silt to very fine 
sand, well-sorted; subrounded to subangular quartz 
grains and very rare feldspar grains; well cemented by 
very finely crystalline to medium crystalline calcite; 
massive; forms rounded, pitted ledge; forms top of 
unit. Unit as a whole contains abundant shell debris 
which locally forms loose concentrations, and mold fil
lings of crystalline limestone and/or recrystallization 
of existing shell fragments are common. Most shell 
debris is very small and unidentifiable, but scattered 
fragments as long as several centimeters occur random
ly throughout. Quartz geodes, some with well devel
oped crystals, occur commonly as large as 3 cm. in 
size; iron concretions and nodules are rare, noncrys
talline calcareous belbs occur locally. 4»1

Unit 4» Silty crystalline limestone, grayish-orange 
(10 YR 7/4) and very pale orange (10 YR 8/2), weathers 
grayish-brown (5 YR 7/2) and grayish-brown (5 YR 3/2) 
to brownish-gray (5 YR 4/l) with much lichen covering, 
coarse silt, well-sorted; subrounded to subangular 
quartz grains and very rare plagioclase grains; well 
cemented by very finely crystalline to medium crys
talline calcite; massive; forms series of stei>-like 
ledges; localized calcite veining, iron speckling, 
diffuse iron staining, recrystallized shell fragments, 
and calcareous and kaolinitic blebs; generally
nonfossiliferous. 3*0

Unit 3* Slightly to moderately sandy, silty, crystal
line limestone, moderate orange pink (5 YR 8/4) and 
yellowish-orange (10 YR 6/6), weathers grayish-orange 
(10 YR 7/4) and pale-brown (5 YR 5/2) to grayish- 
brown (5 YR 3/2) with much lichen covering, coarse 
silt to very fine sand, well-sorted; rounded to sub- 
angular quartz grains; well cemented by aphanocrys- 
talline to finely crystalline calcite; massive; 
weathers to rough and pitted ledge; quartz geodes 
(4 cm. maximum diameter) are randomly distributed 
throughout the unit except at 2.2 to 2.6 meters 
from the base where they become bedded; one small 
coiled gastropod (Eunhemus or Euomphalus) was ob
served, and shell debris of crystalline calcite is 
common; localized iron speckling and very rare kao
linitic blebs. 2.8

Unit 2. Covered interval. .2
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10.1
10.1

Contact: Kaibab-Coconino (Toroweap) contact is ob
scured within the covered interval of unit 2, but is 
believed to represent a relatively flat surface devel
oped on the large-scale Coconino (Toroweap) Sandstone 
cross-strata. Section measurement began at top of 
highest recognizable outcrop of Coconino (Toroweap) 
Sandstone and is believed to represent the true Kaibab- 
Co conino (Toroweap) contact.

Coconino Sandstone (Toroweap Formation) (unmeasured):

Unit 1. Slightly silty quartz arenite, moderate orange 
pink (5 YR 8/4), weathers light-brown (5 YR 6/4 and 5 
YR 5/o) and pale yellowish brown (10 YR 6/2), coarse 
silt to fine sand (mean in very fine sand fraction), 
well-sorted; subrounded to subangular quartz grains 
and very rare plagioclase feldspar and kaolinite (dick- 
ite) grains; poorly cemented by pressure solutioning 
at grain contacts and quartz overgrowths; planar sets 
of large-scale high angle cross-strata and very fine 
laminations formed by alternating concentrations of 
various grain sizes accented faintly and locally by 
limonite staining; forms cliff; tends to part well 
along lamination planes.

Base of section; not base of exposure.
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Lower Lake Mary

Section is located on the east side of Lower Lake Mary, approxi
mately 200 feet southeast of the Lake Mary pumping station along 
Arizona Highway 209, Coconino County, Arizona (U.S. Geological 
Survey Lower Lake Mary Quadrangle, 1962). Base of section 
is approximately 20 feet above road level.

Permian:

Kaibab Formation (incomplete):

Beta member (incomplete):

Unit 8 (unmeasured). Silty crystalline limestone to 
calcareous siltstone, pale-red (10 R 6/2), weathers 
pale-brown (5 YR 5/2), coarse silt, well-sorted; sub- 
angular quartz grains; well cemented by calcite; mas
sive; weathers to rough and locally pitted cliff; 
quartz geodes (maximum 2.5 cm.) very abundant locally 
taking on Peniculauris form, generally unfossiliferous 
except for rare small shell fragments.

Unit 7* Mudstone, grayish orange pink (10 R 8/2), weath
ers grayish orange pink (5 YR 1/2) and light-brown (5 
YR 6/4), clay to coarse silt, poorly-sorted; subangular 
(silt) quartz grains; poorly cemented by clayey matrix; 
massive; forms deep recess; fissile fracture;
nonfossiliferous. .25

Unit 6. Sandy, silty, calcareous dolomite to calcareous, 
dolomitic, sandy siltstone, grayish orange pink (5 YR 
7/2) and moderate orange pink (10 R 7/4)» weathers pale- 
brown (5 YR 5/2) with lichen covering, coarse silt and 
very fine sand, well-sorted; subrounded to subangular 
quartz grains; well cemented by calcareous dolomite with 
calcite content somewhat variable; massive; forms rough 
rounded ledge; round oblong chert nodules as long as 5 
cm. occur in upper half of unit; rare crinoid columnals 
plus rare unidentified shell fragments; contains a well 
defined 1.5 cm. band of light iron staining apparently 
unrelated to the bedding of the remainder of the unit. 1.9

Unit 5» Silty crystalline limestone to very calcareous 
siltstone and silty dolomite to dolomitic siltstone, 
light olive gray (10 YR 5/4 and 5 Y 5/2), weathers 
light brownish gray (5 YR 6/l) to moderate-brown (5 
YR 3/4) with much lichen covering, coarse silt to very 
fine sand, well-sorted; subrounded to subangular quartz
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grains; moderately to well cemented by calcite and 
dolomite; appears bioturbated with burrows commonly 
acting as a center for chert precipitation, burrows 
are generally filled by a clacareous matrix as opposed 
to the dolomitic matrix of the surrounding sediment; 
forms ledge; rare kaolinitic and calcareous blebs 
(locally in shell fragment form).

Total of incomplete beta member

Contact: Obscured within covered interval; believed
to be conformable.

Gamma member:

Unit 4» Covered interval.

Unit 3» Very silty, slightly to moderately dolomitic, 
crystalline limestone, grayish orange pink (5 YE 7/2), 
weathers same color, pale-brown (5 YR 5/2), and pale 
yellowish brown (10 YR 6/2), medium to coarse silt, 
well-sorted; subangular quartz grains; well cemented 
by slightly dolomitic calcite; massive; weathers to 
rough and pitted moderate ledge; at 1.5 meters from 
base of unit is a zone of bedded large quartz geodes; 
rare concentrations of small shell fragments of crys
talline calcite; speckling of kaolinitic material is 
present throughout the unit.

Unit 2. Composed of two similar lithologic types 
each gradational into the other. Slightly silty, mod
erately dolomitic, crystalline limestone, grayish 
orange pink (5 YR 7/2), weathers same color and pale- 
brown (5 YR 5/2) to pale yellowish brown (10 YR 6/2), 
coarse silt to very fine sand, well-sorted; subrounded 
to subangular quartz grains; well cemented by moder
ately dolomitic calcite; abundant small crystals of 
calcite; forms base of unit; gradational with very 
silty crystalline limestone, moderate orange pink 
(10 R 7/4), weathers light-brown (5 YR 6/4) to pale- 
brown (5 YR 5/2), coarse silt, well-sorted; sub
rounded to subangular quartz grains; well cemented 
by calcite; forms top of unit. Unit as a whole 
weathers to a slope and recess(commonly covered) 
with a number of rough and pitted step-like projec
tions; generally nonfossiliferous except for rare 
scattered unidentified shell fragments. Upper part 
of unit forms a series of 10 to 25 cm. thick beds 
separated by wavy (to irregular) bedding planes along
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which quartz geodes are locally concentrated. Small 
quartz geodes (maximum diameter .5 cm.) are common 
throughout and kaolinitic blebs are rare. 3.0

Total of gamma member 6.8
Total of incomplete Kaibab Formation 9.55

Contact: Kaibab-Coconino (Toroweap) contact is gen
erally obscured, but appears to be a planar surface of 
beveled high angle cross-strata of Coconino (Toroweap) 
Sandstone.

Coconino Sandstone (unmeasured):

Unit 1. Quartz arenite, light-brown (5 YR 5/6), weath
ers moderate-brown (5 YR 3/4)» very fine grained to 
coarse-grained, moderately-sorted; well rounded to sub- 
angular quartz grains and rare highly weathered feld
spar grains; well cemented by hematite cement, pressure 
solutioning at grain contacts, and quartz overgrowths; 
composed of planar sets of large-scale high angle cross
strata; forms ledge.

Base of section; base of exposure.
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Lithologic Logs

68 California Coppany Unit #1 Upper Valley; Sec. 12, T. 36 S.,
R. 1 E.; Garfield County, Utah

96-R General Petroleum Corp. No. 14-6 Creager State; Sec. 6,
T. 19 N., R. 23 E.; Navajo County, Arizona

126-R L. M. Lockhart No. 1 Babbitt; Sec. 21, T. 27 N., R. 9 E.; 
Coconino County, Arizona

161 Midwest Exploration, Parry C. G.; Sec. 14, T. 39 S., R. IN.;
Kane County, Utah

191 California Company, Johns Valley Unit 1; Sec. 22, T. 35 S.,
R. 2 W.; Garfield County, Utah

F-20? Lion Oil (Monsanto) No. 1 Cabin Wash; Sec. 30, T. 14 N.,
R. 14 E.; Coconino County, Arizona

299-R Amerada Pet. Corp. Stanolind Oil and Gas Co. No. 1 Navajo -
Black Mt.; Sec. 3, T. 31 N., R. 23 E.; Apache County, Arizona

379-R California Co., No. 1 St. George Unit; Sec. 19, T. 43 S.,
R. 15 W.; Washington County, Utah

417 Peak Pet. New Mex. and Ariz. Ld. Co. No. 1; Sec. 35, T. 21 N.,
R. 18 E.; Navajo County, Arizona

464 Perrin No. 1 AJA Cattle - Babbitt; Sec. 4, T. 17 N., R. 16 E.;
Navajo County, Arizona

489 Sinclair Oil & Gas Co. No. 1 Navajo Tribal; Sec. 28, T. 37 N.,
R. 14 E.; Coconino County, Arizona

491 Black Canyon No. 1; Sec. 20, T. 16 N., R. 17 E.; Navajo 
County, Arizona

492 Eisele No. 1 McCauley; Sec. 1, T. 16 N., R. 16 E.; Navajo 
County, Arizona

499 Unine - Continental No. 1 Aztec; Sec. 19, T. 15 N., R. 18 E.;
Navajo County, Arizona

523 Black Mesa Pipeline Co. No. 1 Station No. 3j Sec. 27,
T. 25 N., R. 2 E.; Coconino County, Arizona

534 Oil Discovery No. 1 Federal; Sec. 17, T. 19 N., R. 6 E.;
Coconino County, Arizona

Log No. Operating Company, Well Name, and Well Location
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Log No. Operating Company, Well Name, and Well Location

538 Pease No. 1 Federal; Sec. 21, T. 15 N., R. 10 E.; Coconino 
County, Arizona

554 Peteet and Lyons No. 1 Federal; Sec. 14, T. 39 N., R. 6 W.; 
Mohave County, Arizona

555 Tony Lyons No. 1 Federal; Sec. 35, T. 39 N., R. 6 W.; Mohave 
County, Arizona

558 Roger Fields No. 1-x Federal; Sec. 17, T. 38 N., R. 7 W.; 
Mohave County, Arizona

559 Harris No. 1 Federal; Sec. 29, T. 38 N., R. 7 W.; Mohave 
County, Arizona

584-R N. B. Hunt No. 1, Circle Cliffs; Sec. 24, T. 34 S., R. 7 E.; 
Garfield County, Utah

589 El Paso Natural Gas, Pack Saddle No. 1; Sec. 12, T. 18 S., 
R. 12 E.; Emery County, Utah

593-R Phillips Petroleum, No. 1 Huntington Unit; Sec. 15, T. 17 S., 
R. 8 E.; Etnergy County, Utah

594 Byrd Oil Corp., Government No. 1; Sec. 5, T. 40 S., R. 5 E.; 
Kane County, Utah

626-R Calif. Co., No. 2 Upper Valley Unit; Sec. 8, T. 37 S., 
R. 2 E.; Garfield County, Utah

687-R The Texas Co., Sinclair, Skelly, No. 1 Navajo - A; Sec. 34, 
T. 42 N., R. 18 E.; Navajo County, Arizona

722 Great Western Drilling, Rees Canyon No. 2; Sec. 36, T. 39 S., 
R. 4 E.; Kane County, Utah

786 Stanolind, Caineville Unit No. 1; Sec. 29, T. 28 S., R. 8 E.; 
Wayne County, Utah

787 Reynolds Mining, Hatch No. 1; Sec. 4, T. 39 S., R. 24 E.; San 
Juan County, Utah

850-R Falcon - Seaboard Drilling Co., Antelope Springs Area Govern
ment No. 1; Sec. 28, T. 40 N., R. 8 W.; Mohave County, Arizona

869 Tidewater Oil, Unit No. 1, Kaibab Gulch; Sec. 34, T. 42 S., 
R. 2 W.; Kane County, Utah
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D-913 Skelly Oil Co., N. 2 Richard Bryner; Sec. 25, T. 14 S.,
R. 7 ; Carbon County, Utah

D-920 Shell Oil Co., No. 1 Cahone Mesa; Sec. 14, T. 40 S.,
R. 25 E.; San Juan County, Utah

D-923 Shell Oil Co., No. 1 Tahonadla; Sec. 35, T. 41 S., R. 21 E.;
San Juan County, Utah

D-956 Davis Oil Company, No. 1 Paradox Navajo; Sec. 2, T. 43 S.,
R. 25 E.; San Juan County, Utah

D-1070 Continental, No. 1 Hoover - Federal; Sec. 20, T. 29 S.,
R. 15 E.; Wayne County, Utah

D-1071 Standard Oil of Calif., No. 1 Bert Mesa Unit; Sec. 13,
T. 31 S., R. 13 E.; Garfield County, Utah

D-1072 Amerada No. 1 Blue Mesa Unit; Sec. 8, T. 29 S., R. 10 E.; 
Wayne County, Utah

D-1075 Carter Oil Co., No. 3 Unit (Nequoia Arch); Sec. 26, T. 26 S., 
R. 14'E.; Emery County, Utah

D-1078 Western Natural Gas, No. 10 English; Sec. 21, T. 43 S.,
R. 22 E.; San Juan County, Utah

D-1079 Tennessee Gas, No. 1-A USA Poison Springs; Sec. 4, T. 31 S., 
R. 12 E.; Garfield County, Utah

1080 Sinclair Oil Co., No. 3 Unit (Dark Canyon); Sec. 26,
T. 34 S., R. 17 E.; San Juan County, Utah

D-1095 Shell No. 1 Miller Creek; Sec. 26, T. 15 S., R. 10 E.;
Carbon County, Utah

1096 Sinclair Oil Co., No. 1 McLane - Federal; Sec. 25, T. 36 S.,
R. 16 E.; San Juan County, Utah

D-llll Texas Pacific Coal and Oil, No. 1 Gov't "A"; Sec. 33,
T. 32 S., R. 15 E.; Garfield County, Utah

D-1123 Skelly Oil, No. 1 Federal "A”; Sec. 17, T. 37 S., R. 22 E.; 
San Juan County, Utah

D-1126 Pan American, No. 1 USA Brown; Sec. 24, T. 25 S., R. 12 E.; 
Emery County, Utah

Log No. Operating Company. Well Name, and "Well Location
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Log No. 

D-1148

D-1164

D-1168

D-1188

D-1197

D-1199

D-1211

D-1260

D-1308

D-1314

D-1322

D-1343

D-1346

D-I363

D-1364

Operating Company, Well Name, and Well Location

Pan American Petrol. Corp., New Mexico-Arizona Land Co.,
B-l; Sec. 25, T. 12 N., R. 23 E.; Navajo County, Arizona

Pan American Petroleum Corp., No. 1, Aztec Land and Cattle 
Co. "A"; Sec. 5, T. 16 N., R. 20 E.; Navajo County, Arizona

Lion Oil (Monsanto), No. 1 Cabin Wash; Sec. 30, T. 14 N.,
R. 14 E.; Coconino County, Arizona

Valen Oil Co., Government No. 1 (Western Drlg. Co.); Sec. 31, 
T. 38 N., R. 5 W.; Mohave County, Arizona

Shell Oil Co., No. 1 Gravers Mesa-Federal; Sec. 19, T. 24 S., 
R. 16 E.; Emery County, Utah

Pan American Petroleum, No. 1 New Mexico-Arizona Land "A"; 
Sec. 12, T. 13 N., R. 25 E.; Apache County, Arizona

Shell, No. 1 North Springs Unit; Sec. 2?, T. 15 S., R. 9 E.; 
Carbon County, Utah

Pan American, No. 1 USA Lillie Cullen; Sec. 11, T. 15 S.,
R. 13 E.; Carbon County, Utah

Forest Oil and Lone Star, No. 25-1 Gov't Arnold; Sec. 25,
T. 16 S., R. 14 E . 5 Bnery County, Utah

Shell Oil Company, No. 1 Unit (Soda Unit); Sec. 2, T. 40 S., 
R. 7 E.; Kane County, Utah

Reynolds Mining Co., No. 1 Cedar Mt. Unit; Sec. 29, T. 19 S., 
R. 12 E.; Emery County, Utah

Intex Oil Company, No. 1 Intex South; Sec. 28, T. 43 S.,
R. 13 W.; Washington County, Utah

Texaco, No. 2 Thousand Lakes Mountain Unit; Sec. 25,
T. 28 S., R. 4 E.; Wayne County, Utah

El Paso Natural Gas Co.; Sec. 6, T. 22 N., R. 5 E.; Coconino 
County, Arizona

Western Oil and Minerals, No. 1 Walters; Sec. 24, T. 19 N.,
R. 10 E.; Coconino County, Arizona
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D-I368 Pure Oil Company, No. 1 Teasdale USA; Sec. 8, T. 30 S.,
R. 6 E.; Wayne County, Utah

D-I38I Term. Gas Trans. No. 1 USA - Schreiber; Sec. 35» T. 39 N.,
R. 13 W.; Mohave County, Arizona

D-1515 Union Oil of Calif.-Continental Oil, No. 1, New Mexico- 
Arizona Land; Sec. 34, T. 15 N., R. 19 E.; Navajo County, 
Arizona

D-1516 J. Ray McDermott and Co., No. 1 State; Sec. 2, T. 43 S.,
R. 8 W.; Kane County, Utah

D-1521 Tenneco Oil, No. 1 USA Pinto Hills; Sec. 5, T. 28 S., R. 11 
E.; Wayne County, Utah

D-1540 Reynolds Mining Co., No. 1 Unit; Sec. 26, T. 22 S., R. 12 E.; 
Wayne County, Utah

D-1542 American Metal Climax and McCullough Oil, No. 1 Black Dragon 
Government; Sec. 32, T. 21 S., R. 13 E.; Emery County, Utah

D-1561 Texaco Inc., No. 2 Unit; Sec. 22, T. 25 S., R. 14 E.;
Emery County, Utah

D-I564 Pure Oil Co., No. 1 Desert Lake; Sec. 1, T. 17 S., R. 10 E.; 
Thiery County, Utah

D-1573 Mae Belcher, No. 1 State; Sec. 3O1 T. 9 N., R. 31 E.; Apache 
County, Arizona

D-I589 Phillips Petroleum, No. 2 Escalante Anticline; Sec. 29, T.
32 S., R. 3 E.; Garfield County, Utah

D-1590 Mobil Oil Co., No. 12-3 Jakeys Ridge; Sec. 3> T. 23 S.,
R. 16 E.; Emery County, Utah

D-1730 J. G. Brown and Associates, No. 2 Chambers-Sanders; Sec. 27,
T. 21 N., R. 28 E.; Apache County, Arizona

D-1753 Pure Oil Co., No. 1-A Washboard Wash - USA; Sec. 12,
T. 16 S., R. 9 E.; Emery County, Utah

D-I76O Superior Oil Co., Horseshoe Canyon No. 32-33 Unit; Sec. 331 
T. 27 S., R. 16 E.; Wayne County, Utah

Log No. Operating Company. Well Name, and ¥ell Location
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D-1768 Pan American Petroleum, No. 1 Pintura Unit; Sec. 33,
T. 39 S., R. 13 W.; "Washington County, Utah

D-1770 Skelly Oil Co., No. 1 Emery Unit; Sec. 34, T. 22 S.,
R. 5 E.; Sevier County, Utah

D-1778 Pan American Pet. Corp., No. 1 Murphy Range Unit; Sec. 12,
T. 28 S., R. 18 E.; San Juan County, Utah

D-1791 Roy Owen and Company, No. 12-1 Diablo Amarillo; Sec. 12,
T. 20 N., R. 11 E.; Coconino County, Arizona

D-1793 Humble Oil and Refining, No. 1 Woodside Unit; Sec. 12,
T. 19 S., R. 13 E.; Briery County, Utah

1794 Amerada Pet. Corp., No. 1 USA Colman; Sec. 17, T. 23 S.,
R. 9 E.; Briery County, Utah

D-1901 Superior Oil Co., No. 43-20 Bow Knot Unit; Sec. 20,
T. 25 S., R. 17& E.; Grand County, Utah

D-1917 Pacific Natural Gas, Southern Union No. 1-27 Range Creek;
Sec. 27, T. 17 S., R. 16 E.; Bnery County, Utah

D-1928 Superior Oil Company, No. 1 Kanab Creek Unit; Sec. 16,
T. 42 S., R. 7 W.; Kane County, Utah

D-1932 Superior Oil Co., No. 31-30 Handsville Unit; Sec. 30,
T. 27 S., R. 13 E.; Wayne County, Utah

D-1978 Belco Petroleum Co., No. 1 Henry Mt. Unit; Sec. 20, T. 31 S., 
R. 11 E.; Garfield County, Utah

D-2105 Reserve Oil and Gas Co., No. 1 Cedar Siding Unit; Sec. 21,
T. 16 S., R. 13 E.; Bnery County, Utah

D-2143 Tenneco Oil Co., No. 1 & No. 2 A. J. Button (Composite Log) 
*1; Sec. 29, T. 35 S., R. 3 E.; Garfield County, Utah

D-2153 James R. Pickett, No. 1 Padre Canyon State; Sec. 26,
T. 20 N., R. 10 E.; Coconino County, Arizona

D-2162 Rip C. Underwood, No. 1-32 Jacob Lake Unit; Sec. 32,
T. 39 N., R. 2 E.; Coconino County, Arizona

D-2195 Tenneco Oil Company, No. 2 Upper Valley Unit; Sec. 15,
T. 37 S., R. 2 W.; Garfield County, Utah

Log No. Operating Company, Well Name, and Well Location
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Log No. 

D-2285

D-2334

D-2342

D-2351

D-2357

D-2389

D-2398

D-2524

D-2550

D-2559

D-2573

D-2576

D-2592

D-2703

D-2732

Operating Company, Well Name, and Well Location

Pan American Petroleum Corp., No. 1 USA Famham Dome Unit;
Sec. 7j T. 15 S., R. 12 E.; Carbon County, Utah

Tenneco Oil Company, No. 1 USA Tropic; Sec. 13, T. 36 S.,
R. IE.; Garfield County, Utah

Pan American Petroleum Corp., No. 1 Federal-Mounds; Sec. 11,
T. 16 S., R. 11 E.; Finery County, Utah

Taubert and Steed, No. 1 Babitt Bros.-Fee; Sec. 35, T. 14 N., 
R. 19 E.; Navajo County, Arizona

Tenneco Oil Co., No. 1 Navajo 8351; Sec. 24, T. 38 N.,
R. 19 E.; Navajo County, Arizona

Tidewater Oil Co., No. 41-27 Johns Valley Unit; Sec. 27,
T. 35 S., R. 2 W.; Garfield County, Utah

Vaughey and Vaughey and Blackburn, No. 6-1 Navajo-8805;
Sec. 6, T. 36 N., R. 28 E.; Apache County, Arizona

Texaco Inc., No. 1 Navajo - AM; Sec. 36, T. 39 N., R. 21 E.; 
Navajo County, Arizona

Atlantic Refining Co., No. 1 Hopi - 9; Sec. 9, T. 28 N.,
R. 15 E.; Navajo County, Arizona

Moore, Moore and Miller, No. 1 Hopi; Sec. 6, T. 29 N.,
R. 15 E.; Coconino County, Arizona

Texaco, No. 1 Hopi Tribe - A; Sec. 15, T. 26 N., R. 16 E.; 
Navajo County, Arizona

Pure Oil No. 1, Pure-Sun-Tidewater-Navajo, Tract 103; Sec. 32, 
T. 38 N., R. 30 E.; Apache County, Arizona

Amerada Petroleum, No. 1 Hopi - 5075; Sec. 8, T. 29 N.,
R. 19 E.; Navajo County, Arizona

Union Oil of California, No. 1 Judd Hollow Unit; Sec. 19,
T. 43 5., R. 2 E.; Kane County, Utah

Tenneco Oil Co., No. 1 Antimony Canyon; Sec. 30, T. 30 S.,
R. 2 W.; Piute County, Utah
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Log No. 

D-2771

D-2785

D-2786

D-2904

D-3107

D-3316

D-3166

D-3317

D-3331

D-3377

D-3382

B-3530

Operating Company, Well Name, and Well Location

George G. Travis, No. 2 Travis Federal; Sec. 18, T. 35 S.,
R. 5 E.; Garfield County, Utah

Tenneco Oil, No. 1 Federal; Sec. 15, T. 10 N., R. 19 E.; 
Navajo County, Arizona

Tenneco Oil Co., No. 1 Federal - B; Sec. 4, T. 10 N.,
R. 24 E.; Apache County, Arizona

Tenneco Oil Co., No. 1 Federal - A; Sec. 18, T. 12 N.,
R. 17 E.; Navajo County, Arizona

George B. Cree Jr., No. 1 Scorse - Fee; Sec. 33, T. 18 N.,
R. 20 E.; Navajo County, Arizona

Lydia Johnson, No. 1 Aztec; Sec. 331 T. 14 N., R. 20 E.; 
Navajo County, Arizona

Pennzoil United, No. 1-11 Hopi; Sec. 11, T. 29 N., R. 14 E.; 
Coconino County, Arizona

George E. Willett, No. 1 SDD - State; Sec. 24, T. 20 N.,
R. 5 E.; Coconino County, Arizona

Eastern Petroleum Co., No. 1 Moqui Bardo; Sec. 10, T. 14 N., 
R. 11 E.; Coconino County, Arizona

Mountain Fuel Supply Company, No. 1 Collett; Sec. 14,
T. 34 S., R. 4 E.; Garfield County, Utah

Gulf Oil Corporation, No. 1 Navajo - CZ; Sec. 21, T. 29 N., 
R. 24 E.; Apache County, Arizona

Shell Oil Co., No. 1 Bowl of Fire Unit; Sec. 5, T. 20 S.,
R. 66 E.; Clark County, Nevada
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Measured Sections

Control 
Point No. Reference Location

B-l Belden, 1954 4.5 miles north of Chino Point, Arizona

B-2 Belden, 1954 Rose Canyon; Coconino County, Arizona

B-4 Belden, 1954 Aubrey Point; Coconino County, Arizona

B-5 Belden, 1954 West of Fraziers Well Road, 4.2 miles 
south of Fraziers Wells; Coconino 
County, Arizona

B-6 Belden, 1954 Two miles north of Manzanita Lookout; 
Coconino County, Arizona

B-8 Belden, 1954 4.5 miles north of junction of Fraziers 
Well road extension with Prospect Valley; 
Coconino County, Arizona

B-9 Belden, 1954 Aubrey Valley between Aubrey Point and 
Fraziers Well; Coconino County, Arizona

B-10 Belden, 1954 5 miles north of Rose Canyon; Coconino 
County, Arizona

Bi-1 Bissell, 1969 Pakoon Ridge, T. 32 N., R. 16 W.; Mohave 
County, Arizona

Bi-2 Bissell, 1969 South Hurricane Cliffs, Sec. 12,
T. 33 N., R. 9 W.; Mohave County, Arizona

Bi-3 Bissell, 1969 Tramp Ridge, T. 18 S., R. 70 E.; Clark 
County, Nevada

Bi-4 Bissell, 1969 South Muddy Mountains near Bitter Springs 
Wash, T. 18 S., R. 66 E.; Clark County, 
Nevada

Bi-5 Bissell, 1969 Blue Mountain Hill, Sec. 18, T. 21 S., 
R. 59 E.; Clark County, Nevada

Bi-6 Bissell, 1969 Flintkate Gypsum Plant, Sec. 8, T. 22 S., 
R. 58 E.; Clark County, Nevada

Bi-7 Bissell, 1969 South of Lovell Wash, Sec. 22, T. 22 S., 
R. 57 E.; Clark County, Nevada
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Control
Point No. Reference Location

Bi-8 Bissell, 1969 3 miles southeast of Goodsprings 
Nevada, Sec. 1, T. 2$ S., R. $8 E.; 
Clark County, Nevada

Bi-9 Bissell, 1969 Frenchman Mountain, Sec. 24, T. 20 S., 
R. 62-63 E.; Clark County, Nevada

Bi-10 Bissell, 1969 East of Blue Diamond Hill, Sec. 21, 
T. 22 S., R. $9 E.; Clark County, 
Nevada

Bi-11 Bissell, 1969 Kyle Canyon, SE %, T. 19 S., R. $7 E.; 
Clark County, Nevada

Bi-12 Bissell, 1969 North Muddy Mountains, Sec. 2, T. 1$ S., 
R. 68 E.; Clark County, Nevada

Bi-13 Bissell, 1969 South Mormon Mountain, Sec. 2, T. 13 S., 
R. 67 E.; Clark County, Nevada

Bi-11-110 Billingsly, 1970 Billingsly Trail, Grand Canyon, Sec. 22, 
T. 34 N., R. 6 W.; Mohave County, 
Arizona

Bi-11-112 Billingsly, 1970 Fern Glen Canyon, Grand Canyon, Sec. 32, 
33, T. 34 N., R. 6 W.; Mohave County, 
Arizona

CD-I Bollin, 1954 Little Colorado River, on Highway 64, 
8g- miles west of junction with Highway 
Sec. 6, T. 29 N., R. 3  E.; Coconino 
County, Arizona

D-l Darton, 192$ Clear Creek, 4 miles south-southeast of 
Winslow, Navajo County, Arizona

D-2 Darton, 192$ Chevelon Canyon, T. 18 N., R. 17 E., 
Navajo County, Arizona

D-3 Darton, 192$ Clear Creek, Sec. 27, T. 17 N., R. 16 E., 
Coconino County, Arizona

D-4 Darton, 192$ Clear Creek, Sec. 21, T. 17 N., R. 1$ E., 
Navajo County, Arizona
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Control 
Point No. Reference Location

D-5 Barton, 1925 Chevelon Canyon, Sec. 6, T. 16 N., 
R. 17 E., Navajo County, Arizona

D-6 Barton, 1925 Chevelon Canyon, Sec. 6, T. 15 N., 
R. 16 E., Navajo County, Arizona

D-7 Barton, 1925 Chevelon Canyon, Sec. 25, T. 15 N., 
R. 15 E., Navajo County, Arizona

D-8 Barton, 1925 Black Canyon, Sec. 27, T. 14 N., 
R. 17 E., Navajo County, Arizona

DI-1 Bollin, 1954 Bead Indian Canyon on Highway 64, Sec. 34, 
T. 30 N., R. 7 E.; Coconino County, 
Arizona

3-1 Evans, 1971 Borsey Spring, Sec. 3, T. 19 N., 
R. 4 E.; Coconino County, Arizona

B-2 Evans, 1971 Loy Canyon, Sec. 31, T. 19 N., R. 5 E.; 
Coconino County, Arizona

3—li- Evans, 1971 Oak Creek, Sec. 14, T. 19 N., R. 5 E.; 
Coconino County, Arizona

E-6 Evans, 1971 East Pocket Look-Out, Sec. 1, T. 18 N., 
R. 5 E.; Coconino County, Arizona

3-7 Evans, 1971 Pumphouse Wash, Sec. 14, T. 19 N., 
R. 6 E.; Coconino County, Arizona

F-l Fisher, 1962 West of Andrus Canyon, Sec. 11, T. 32 N., 
R. 11 W. ; Mohave County, Arizona

F-2 Fisher, 1962 Andrus Canyon, Sec. 23, T. 33 N., 
R. 11 W. ; Mohave County, Arizona

F-3 Fisher, 1962 Andrus Canyon, Sec. 4, T. 32 N., 
R. 10W.; Mohave County, Arizona

F-ll Fisher, 1962 Parashant Canyon, Sec. 32, T. 33 N., 
R. 9 "W.; Mohave County, Arizona

F-12
\

Fisher, 1962 . Parashant Canyon, Sec. 26, T. 33 N., 
■ R. 10 W. ; Mohave County, Arizona
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Control 
Point No. Reference Location

F-13 Fisher, 1962 Parashant Canyon, Sec. 12, T. 33 N., 
R. 10 W.; Mohave County, Arizona

F-22 Fisher, 1962 Ivanpah Wash, Sec. 12, T. 34 N., 
R. 11 W.; Mohave County, Arizona

F-26 Fisher, 1962 Twin Springs Canyon, Sec. 21, T. 31 N., 
R. 12 W.; Mohave County, Arizona

F-27 Fisher, 1962 Twin Springs Canyon, Sec. 22, T. 31 N., 
R. 12 W.; Mohave County, Arizona

F-28 Fisher, 1962 Grand Gulch, Upper Grand "Wash Cliffs, 
Sec. 34 & 35, T. 34 N., R. 13 W.; 
Mohave County, Arizona

HR-5 Hose and 
Repenning, 1959

Confusion Range, Sec. 3, T. 15 S., 
R. 17 W.; Millard County, Utah

JWB-1 Brown, 1969 One mile east of Desert View, Grand 
Canyon, Sec. 24, T. 31 N., R. 5 E.; 
Coconino County, Arizona

JWB-2 Brown, 1969 Horesetrail Canyon, Sec. 20, T. 32 N., 
R. 7 E.; Coconino County, Arizona

JWB-3 Brown, 1969 Salt Trail Canyon, Sec. 17 T. 33 N., 
R. 7 E.; Coconino County, Arizona

JVffi-4 Brown, 1969 %  mile southwest from Cardenas Mountain 
Sec. 16,T. 33 N., R. 6 E.; Coconino 
County, Arizona

JWB-5 Brown, 1969 13/4 miles from mouth of Lee Canyon, 
Sec. 1, T. 30 N., R. 6 E.; Coconino 
County, Arizona

JWB-6 Brown, 1969 1 mile west of Indian Canyon, Sec. 2, 
T. 29 N., R. 7 E.; Coconino County, 
Arizona

JWB-7 Brown, 1969 Gray Mountain, Sec. 16, T. 28 N., R. 8 ! 
Coconino County, Arizona
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Control
lint No. Reference Location

JWB—8 Brown, 1969 2 miles northwest of Scenic Overlook, 
Sec. 14, T. 29 N., R. 8 E.; Coconino 
County, Arizona

M-2 Mullens, 1967 Sec. 12, T. 22 N., R. 2 W.; Coconino 
County, Arizona

M-4 Mullens, 1967 Sec. 1, T. 22 N., R. 2 W.; Coconino 
County, Arizona

M-6 Mullens, 1967 Sec. 31> T* 23 N., R. IN.; Coconino 
County, Arizona

Math-1 Mather, 1970 Winslow, Sec. 15, T. 18 N., R. 16 E.; 
Navajo County, Arizona

Math-2 Mather, 1970 Barry McLain, Sec. 12, T. 16 N., R. 16 E.; 
Navajo County, Arizona

Math-3 Mather, 1970 Joseph City, Sec. 25, T. 16 N., R. 17 E.; 
Navajo County, Arizona

Math-4 Mather, 1970 Chevelon Canyon, Sec. 20, T. 14 N., 
R. 15 E.; Navajo County, Arizona

Math-18 Mather, 1970 Snowflake, Sec. 36, T. 14 N., R. 21 E.; 
Navajo County, Arizona

Math-19 Mather, 1970 Holbrook, Sec. 18, T. 17 N., R. 21 E.; 
Navajo County, Arizona

Mc-3 McKee, 1938 7 miles north of Snowflake, Arizona; 
Navajo County, Arizona

Mc-7 McKee, 1938 East end of Heber, Arizona; Navajo County 
Arizona

Mc-n McKee, 1938 Chevelon Creek; Navajo County, Arizona

Mc-12 McKee, 1938 East Clear Creek; Navajo County, Arizona

Mc-17 McKee, 1938 Macks Crossing of East Clear Creek, 
Mogollon Plateau; Coconino County, 
Arizona
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Control
lint No. Reference Location

Mc-18 McKee, 1938 Junction of East Clear Creek and Miller 
Canyon; Coconino County, Arizona

Mc-24 McKee, 1938 Schnebley Hill; Coconino County, Arizona

Mc-25 McKee, 1938 Oak Creek Canyon, Coconino County, 
Arizona

Mc-27 McKee, 1938 East Side of "Walnut Canyon; Coconino 
County, Arizona

Mc-28 McKee, 1938 Sycamore Canyon; Coconino County, 
Arizona

Mc-30 McKee, 1938 Aubrey Cliffs, northwest of Seligman, 
Arizona; Coconino County, Arizona

Me—36 McKee, 1938 Little Colorado River, 10 miles west of 
Cameron, Arizona; Coconino County, 
Arizona

Mc-37 McKee, 1938 Little Colorado River at base of Waterloo 
Hill; Coconino County, Arizona

Mc-38 McKee, 1938 Lee Canyon; Coconino County, Arizona

Mc-39 McKee, 1938 Straight Canyon at foot of Cedar Mesa; 
Coconino County, Arizona

Mc-41 McKee, 1938 Desert View Point, Grand Canyon; Coconino 
County, Arizona

Mc-42 McKee, 1938 Hance Trail, Red Canyon in Grand Canyon; 
Coconino County, Arizona

Mc-43 McKee, 1938 South portion of Kaibab Trail, Grand 
Canyon; Coconino County, Arizona

Mc-44 McKee, 1938 Bright Angel Trail, Grand Canyon; 
Coconino County, Arizona

Mc-45 McKee, 1938 Hermit Trail, Grand Canyon; Coconino 
County, Arizona
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Control
)int No. Reference Location

Me—46 McKee, 1938 Fossil Mountain, Grand Canyon; Coconino 
County, Arizona

Mc-47 McKee, 1938 Hilltop, near Havasu Canyon; Coconino 
County, Arizona

Mc-51 McKee, 1938 2 miles north of Point Imperial, Grand 
Canyon, Coconino County, Arizona

Mc-52 McKee, 1938 Marble Gorge opposite Badger Canyon, 
Coconino County, Arizona

Mc-61 McKee, 1938 Canyon southwest of the Peaks, Circle 
Cliffs, Garfield County, Utah

Mc-68 McKee, 1938 San Rafael, Sec. 33, T. 23 S., R. 11 E.; 
Emery County, Utah

Mc-70 McKee, 1938 Black Box Canyon, San Rafael Swell, Sec. 
18, T. 21 S., R. 13 E.; Emery County, 
Utah

Mc-71 McKee, 1938 East End, Black Box Canyon, San Rafael 
Swell, Sec. 21, T. 21 S., R. 13 E.; 
Emery County, Utah

Mc-72 McKee, 1938 Mineral Mountains, Sec. 16, T. 30 S., 
R. 9 W.; Beaver County, Utah

Mc-100 McKee, 1938 Spring Mountains, Goodsprings Nevada; 
Clark County, Nevada

McN-1 McNair, 1951 Virgin Mountain (Pakoon Ridge); Mohave 
County, Arizona

McN-3 McNair, 1951 South Hurricane Cliffs; Mohave County, 
Arizona

Noble-1 Noble, 1928 Kaibab Gulch, Sec. 36, T. 42 S., R. 3 W. 
Kane County, Utah

P-1 Rfirman, 1968 Sec. 3; T. 18 N., R. IE.; Coconino 
County, Arizona

P-2 Pfirman, 1968 Sec. 17, T. 19 N., R. 2 E.; Coconino 
County, Arizona
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Control 
Point No. Reference Location

P-3 Pfirman, 1968 Sec. 31» T. 19 N., R. 3 E.; Coconino 
County, Arizona |

P-4 Pfirman, 1968 Sec. 29, T. 19 N., R. 3 » Coconino
County, Arizona

P-5 Pfirman, 1968 Sec. 27, T. 19 N., R. 3 j Coconino 
County, Arizona

P-6 Pfirman, 1968 Sec. 25, T. 19 N., R. 3 E.; Coconino 
County, Arizona

P-7 Pfirman, 1968 Sec. 18, T. 19 N., R. 4 E*; Coconino 
County, Arizona

P-8 Pfirman, 1968 Sec. 34, T. 19 N., R. 4 E.; Coconino 
County, Arizona

P-9 Pfirman, 1968 Sec. 28, T. 19 N., R. 6 E.; Coconino 
County, Arizona

Pat-1 Pattison, 1947 Lake Mary, T. 20 N., R. 8 E.; Coconino 
County, Arizona

Pat-2 Pattison, 1947 Walnut Canyon, T. 21 N., R. 8 E.; 
Coconino County, Arizona

Pat-3 Pattison, 1947 Walnut Canyon, T. 21 N., R. 8 E.; 
Coconino County, Arizona

Pat-4 Pattison, 1947 East Walnut Canyon, T. 21 N., R. 9 E.; 
Coconino County, Arizona

Rob-1 Roberts et al., 
1965

Gold Hill Quadrangle, T. 8 S., R. 18 W.; 
Tooele County, Utah

RB-1 Reeside and 
Bassler, 1922

Hacks Canyon, west of Kanab Creek; Mohave 
County, Arizona

RB-2 Reeside and 
Bassler, 1922

Toroweap Valley, Grand Canyon; Mohave 
County, Arizona

RB-4 Reeside and 
Bassler, 1922

18 miles south of Hurricane, Utah in 
Black Rock Canyon; Mohave County, Arizona
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Control 
Point No. Reference Location

RB-8 Reeside and 
Bassler, 1922

6 miles south of Hurricane; Washington 
County, Utah

RB-17 Reeside and 
Bassler, 1922

7 miles north of Wolf Hole, Arizona; 
Mohave County, Arizona

RB-19 Reeside and 
Bassler, 1922

Virgin River, below Bloomington, Utah; 
Washington County, Utah

RB-20 Reeside and 
Bassler, 1922

20 miles northwest of St. George; 
Washington County, Utah

RT-1 Rawson and 
Turner, 1974

Jackass Canyon, Sec. 9, T. 39 N., 
R. 7 E.; Coconino County, Arizona

RT-2 Rawson and 
Turner, 1974

Soap Creek, Sec. 30, T. 39 N., R. 6 E.; 
Coconino County, Arizona

RT-3 Rawson and 
Turner, 1974

Kane Ranch, Sec. 11, T. 37 N., R. 3 E.; 
Coconino County, Arizona

RT-4 Rawson and 
Turner, 1974

Thunder River, Sec. 20, T. 36 N., 
R. 2 W.; Coconino County, Arizona

RT-5 Rawson and 
Turner, 1974

Toroweap, Sec. 4> T. 34 N., R. 7 W.; 
Mohave County, Arizona

RT-6 Rawson and 
Turner, 1974

Pigeon Canyon, Sec. 36, T. 34 N., 
R. 14 W.; Mohave County, Arizona

SEA-1 Seager, 1966 Bunkerville Ridge, Sec. 36, T. 14 S., 
R. 70 E.; Clark County, Nevada

SEA-2 Seager, 1966 Whitney Pockets, Sec. 24, T. 16 S., 
R. 70 E.; Clark County, Nevada

SOR-1 Sorauf, 1962 Paw's Pocket, Sec. 6, T. 32 N., R. 8 W.; 
Mohave County, Arizona

SOR-2 Sorauf, 1962 Whitmore Wash, Sec. 12, T. 33 N., 
R. 9 W.; Mohave County, Arizona

SOR-3 Sorauf, 1962 Whitmore Canyon Area, Sec. 12, T. 35 N., 
R. 10 W.; Mohave County, Arizona



177

Control Point No. Reference Location

S&W-l Stewart, Poole, 
& Wilson, 1972

Moley Twist Section, Sec. 21, T. 34 S., 
R. 8 E.; Garfield County, Utah

T-l Thompson, 1968 Sec. 13, T. 15 N., R. 7 E.; Coconino 
County, Arizona

31-2 Bollin, 1954 Tanner Wash, Sec. 13, T. 38 N., R. 6 E.; 
Coconino County, Arizona

31-5 Bollin, 1954 Badger Canyon, Sec. 28, T. 39 N., 
R. 7 E.; Coconino County, Arizona

62-1 Bollin, 1954 Twenty Nine Mile Canyon, Sec. 13,
T. 36 N., R. 5 E.; Coconino County, 
Arizona

64-1 Bollin, 1954 Little Colorado River 15 miles northeast 
of Desert View, Sec. 5, T. 32 N., R. 7 E 
Coconino County, Arizona
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