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ABSTRACT

/iTfS'
7/

£ 1 7 7 /

The Muav llaeBtone (Caaibrian), the Supra-Mmv sequence (Cambriem) 

and the Devonian sequence have a combined thickness of 2^00 feet at 

South Grand Wash Cliffs, Arizona. At Juniper Mesa, approximately 90 

miles to the southeast, the combined thickness is 380 feet. At 

Tampai Cliffs, located midway between these two areas, a field study 

was made to determine the causes of the thinning of each of the three 

units.

McKee*e classification (19^) of the Muav limestone Is adapted 

to this area by defining a new unit, the Yaapai Cliffs member. This 

member comprises all deposits of the Muav limestone above the Kanab 

Canyon member. It is divided into three submembers A, B, and C.

The surface of erosion at the top of Submsmber A  displays a relief 

of more than feet; it may extend to greater stratigraphic depth 

in a southeasterly direction. This would help to account for the 

thinning of the Muav section from Tampai Cliffs to Cross Mountain.

The Bampart Cave member of McKee (19^5) le divided locally into 

three submembers. The upper and lower submembers represent episodes 

of marine transgression; the middle submember represents an episode 

of marine regression.

The overall thickness of the Muav sections at Diamond Creek and



at Yampai Cliffs is approximately the same, hut every aeaber of the 

Muav shows some kind of evidence of shoreward facies change in a 

southerly direction.
The Supra-Muav sequence becomes more clastic in a southeasterly 

direction from Tasqpai Cliffs to Cross Mountain. At Cross Mountain its 

basal beds consist of several feet of coarse-grained, cross-bedded 

quartzltlc sandstone containing quartz pebbles. Diis fact suggests 

post-Muav erosion of nearby Tapeats or pre-Cambrian terrain.

The Port Bock (Cross Mountain) section of McNair (1951) is 

revised by assigning to the Supra-Muav the lower 6l-l/2 feet of 

sediment that he assigned to the Devonian, and by assigning all of 

McNair's "undifferentiated dolomitic limestones" to the Muav lime

stone.
The Supra-Muav sequence and the Devonian sequence show similar 

preferred associations between colors of fresh and of weathered sur

faces, whereas the preferred associations in Yampai Cliffs, Submember C, 

are somewhat different.

The Devonian sequence at Yampai Cliffs consists entirely of 

cyclotheme, each of which is comprised of one or more of six 

broadly defined lithologic types (phases).

Areas within the Grand Canyon region that were tectonically 

more negative during Tapeats -Bright Angel time tended to be mere 

negative during most of Muav time. The interruption of this pat

tern during Gateway Canyon time is attributed to a small and short
lived zeugogeosyncllne.
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CHAPTER I

nraarocsicH

General Statement

This study attempts to find answers to three problems of Lower 

Paleozoic regional stratigraphy in northwestern Arizona by means of 

detailed field studies of a small but critically located area.

Throughout the Grand Canyon of Arizona a blanket of massive 

and generally white dolomite of probable Cambrian age separatee 

the Must limestone (Cambrian) from overlying rocks of Devonian oar 
Nississlpplan age (McKee, 19^5). This blanket of dolomite is 

called by the present writer the Supra-Miav sequence. The first 

of the three problems of regional stratigraphy involves the Must 
limestone, the second problem is concerned with the Supra-Moav 

sequence, and the third problem has to do with the Devonian se
quence.

A  detailed and comprehensive description of the Muav limestone 

throughout the (brand Canyon of Arizona is given by McKee (1$&5). 

Reports by McKee (1951) and by McHair (1951) show that both the 

thickness of the Muav limestone and the overall thickness of the 

Cambrian section decrease in a southeaeterly direction from Western 

Grand Canyon toward Chino Valley. A  question that could not be
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answered without further detailed work is how to interpret this de

crease in thickness of the Muav limestone in a southeasterly direc

tion.

No detailed study of the Supra-Muav sequence has been published, 

and the principal sources of information about it are the reports of 

McKee (19^5) and of McNair (1951). This stratigraphic unit, like the 

Muav limestone, becomes thinner in a southeasterly direction from 

Western Grand Canyon (McNair, 1951)•

Complete sections of the Muav limestone and of the Supra-Muav 

sequence are exposed along the Southern Grand Wash Cliffs which extend 

southward from the Grand Canyon to Music Mountain, and along the Tampai 

Cliffs, which extend in a southeasterly direction from Music Mountain 

to Juniper Mesa. Since no exposures of either of these unite are known 

south and west of this line of outcrops, the extent to the south and 

west of the depositional basins in which the Muav limestone and the 

Supra-Muav sequence were deposited cannot be known with certainty, 

but perhaps can be inferred by study of the details of facies change 

and of change of thickness in a southerly direction from the Grand 

Canyon.

Bocks of Devonian age probably once extended continuously from 

Central Arizona to East-Central Nevada and to Southeastern California. 

The Devonian sequence in Central Arizona has been described by Huddle 

and Dobrcvolney (1950) and at Jerome, Arizona, by Stay anew (1936) and 

by Gutschick (1942). The Devonian section of Southeastern California 

has been described by Eazzard (195^), that of East-Central Nevada by
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Osmond (195*0, and that of Southeastern Nevada by Longvell (1928) and 

by Hewitt (1931). Between Jerome and Eastern Nevada the details of 

Devonian stratigraphy have been almost unknown; most of the meager 

published information is that contained in reconnaissance reports of 

McKee (1937, 1938 and 1939) and of McNair (1951).

McKee (1937) reports that in Western Grand Canyon the Devonian 

section thins rapidly in a southeasterly direction. Its thickness at 

Quartermaster Canyon (Plate 1) is U 56 feet, whereas at Diamond Creek,
25 miles to the southeast, its thickness is 359 feet. McNair (1951) 

reports that the Devonian section appears to maintain a fairly constant 

thickness of between 350 and 400 feet from Diamond Creek to Jerome.

The problem of what facies relations appear to exist between the 

Devonian deposits south of Diamond Creek and those at Jerome will be 

discussed by the present writer.

The tendency of the Muav limestone, the Supra-Muav sequence and 

the Devonian sequence to thin in a southeasterly direction is illustra

ted by a comparison of the thickness of these units at Grand Wash Cliffs,

26 miles northwest of Merewitica Canyon, with their thickness at Juniper 

Mesa. These thicknesses, reported by McKee (1939 and 1945) and by 

McNair .(1951), are as follows:
Grand Wash Cliffs Juniper Mesa

Devonian sequence 1272 feet 330 feet
Supra-Muav sequence 350 zero
Muav limestone 876 50
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It seemed that a detailed field study of an area lying midway 

between these two sections might furnish evidence that would be useful 

for interpreting each of these decreases in thickness. The Northern 

Yampai Cliffs area, Mohave County, Arizona, was the area selected for 

this field study because of its suitable location and because it dis

plays nearly continuous exposures over a distance of 15 miles of the 
Supra-Muav sequence and of the upper part of the Mu&v limestone.

The Yampai Cliffs lie in Northwestern Arizona, south of the 

Colorado Elver, south of U. 8. Boute 66, and about midway between 
Seligman and Kingman (Figure 1 - Index Map). They extend from the 

village of Peach Springs in a generally southeasterly direction. From. 

U. S. Boute 66 access to the area of detailed studies is by dirt road 
two miles north of Valentine Post Office (Plate 4). This area com

prises parts of T23N and T24N, Bl(*f, Mohave County, Arizona. Most of 

the area of these two townships is included within the 7-V Ranch. The 

field work was done during the summers of 1952 and 1953.
Little has been published about stratigraphy at or near Yampai 

Cliffs. A  few remarks about the stratigraphy of this area are in

cluded in the reconnaissance studies of Northwestern Arizona by 

Marcou (1856), Newberry (l86l), Marvine (1875), Lee (1908) and Barton 
(1910 and 1925). The last two of these writers included in the Bed- 

wall limestone (Miesissippian) approximately 350 feet of beds that are 

now considered to be of Devonian age. Stoyanow (1936) describes a 

Devonian section "5 miles east of Peach Springs,M and McKee (1951) 
gives an estimate of overall thickness of the Cambrian section at Lion



UTAH

F io. / Irjc/ex Ynop shouting location o f  yornpai Cliffs,



6.

Mountain, 12 miles south of Peach Springe.

The physiography of the Yampai Cliffs area Is described In some 

detail by Lee (1908) and by Darton (1910). Davis (1930) passed through 

on the Santa Fe Railroad, and thereupon "wrote a paper presenting a some

what different analysis of the physiography of the area.

Methods Employed in Stratigraphic Studies

Whereas all of the stratigraphic column from the base of the Muav 

limestone (Cambrian) to the base of the Redvall limestone (Mieeissippian) 

was the object of general study, the Supra-Muav sequence and the upper 

part of the Muav limestone were selected for detailed study.

The method used in this study of the upper part of the Cambrian 

section was the tracing of lithologic units by comparison of closely 

spaced sections, to demonstrate lateral and vertical relationships. 

Because of the almost continuous exposures of these beds along the face 

of the Yampai Cliffs over a distance of many miles, and because of the 

sparseness of the vegetation (Plate 3), it is possible to follow cer
tain of the individual beds by eye from a distance. Others can be 

followed by walking the outcrop. Along the face of the Yampai Cliffs 

different key beds form a series of overlapping planes. The most ex

tensive and distinctive key bed is a layer whose composition varies 

from pure massive glauconite to a glauconitic sandstone. In most 

places this glauconitic bed is underlain by a brightly-colored flat- 
pebble conglomerate.

The cyclic variation in outcrop texture of the Devonian beds was
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recorded by numerous photographs of the beds In the measured section

at Cherokee Point.
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Geography and Topography

The larger topographic features of the Taapai Cliffs region 

(Figure 2) from northeast to southwest are the Hualpal Plateau, the 

Truxton Plateau, and the Hualpal Valley together with the Big Sandy 

Valley, which is its southerly continuation. The Grand Wash Cliffs 

extend southward from the Colorado Hirer to Music Mountain from which, 

like the arms of an inverted "Y", the Tampai Cliffs and the Cottonwood 

Cliffs diverge in a southeasterly and in a southerly direction respec

tively. These cliffs are the western rime of the Hualpal and of the

Truxton Plateaus
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The Hualpai Plateau, naaed hy Iteirton (192$), extends In a south

easterly direction from the Colorado Elver to the south end of Juniper 

Mesa. It Is about 20 miles vide, and Is bounded on the east by the 

higher Aubrey Cliffs, on the vest by the Grand Wash Cliffs, and on the 

southwest by the Yampai Cliffs. Most of the plateau is surfaced by 

Seawall limestone of Mississippian age, with a gentle regional dip to 

the northeast or east and a similar topographic slope. The general 

level of the plateau surface is about 5,000 feet, but at Music Mountain 

it attains a level of 6,800 feet. It is crossed by the Santa Fe Rail

road near the settlement called Yampai at an elevation of 5,583 feet. 
The Yampai Cliffs, which as defined by Lee (1908) constitute the south- 

vest rim of the Hualpai Plateau, vary in altitude from 6,000 feet to 

6,700 feet, and in some places rise 1,000 feet or more above the ad
jacent Truxton Plateau to the south.

The Truxton Plateau lies 5,000 feet above sea level, and is a 
comparatively level plain lying between the Yampai Cliffs to the east 

and the Cottonwood Cliffs to the west. It consists of eroded granitic 

gneiss, and of smaller areas of schist, nearly covered by volcanics, 

which fill the depressions, leaving the higher points of plutonic rock 

above the lava. It is described by lee (1908) as a lava covered pene

plain that has been slightly dissected by a few streams that cut narrow 
canyons.

The floor of the Hualpai Valley is nearly level with an altitude 

of about 3,000 feet. Except for the north end, it is an undrained 

basin, and its principal influent stream is Truxton Creek. The Big
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Sandy Valley Is In general an undissected and undrained detrltal plain.

Of key significance to the region is the "Peach Springs reentrant," 

which is occupied by the southwesterly flowing Truxton Creek. This re

entrant marks the northern limit of the Tampai Cliffs, separating them 

from the Grand Wash Cliffs to the northwest. It is a natural gateway 

from the Basin and Bangs country on the west to the Colorado Plateau 

on the east. Through it pass U. S. Route 66 and the Santa Fe Railroad.
The Peacock Mountains, a north-south range about 15 miles long and 

8 miles wide, lies a few miles west of the mouth of Truxton Canyon.
Detailed studies were concentrated in the area of the northern 

Yampai Cliffs (Figure 2 and Plate 2). These cliffs are of sinuous out

line, with large reentrants caused by the broad, level-floored canyons 

of the southwesterly flowing streams that debouch from the Hualpai 

Plateau. The topographic relief of the northern Yampai Cliffs is about 

1,200 feet. Vegetation is that of the juniper zone, with ease pine at 

the higher elevations. The economy of the area is based on cattle 

ranching, and on the tourist trade from U. S. Route 66. The scheelite 

prospects a few miles west of this area are not at present of economic 

significance.

Physiography

The Grand Wash Cliffs, with a relief of about 3,000 feet, consist 

of a lower granitic portion overlain by horizontally bedded Paleozoic 

sediments. Their southerly branch, the Cottonwood Cliffs, is composed 

of granitic rocks, overlain in most places by volcanice.

The Yampai Cliffs are composed predominantly of carbonate rocks of



PLATE 5
Section at Cress Mountain shoving topographic 
expression of the Hoar limestone, the Supra- 
Muar sequence and the Devonian sequence.
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Cambrian, Devonian and Mieeiseippian age that are nearly horizontal but 

show a alight regional dip to the northeast. Cross Mountain and Mount 

Hope (Figure 2 and Plate 5) are capped by horizontally bedded Lower 

Paleozoic sedimentary rocks, and lie at a distance greater than six 

miles from the nearest portions of the Yaapai Cliffs as defined by Lee 

(1908). The Tapeats sandstone can be traced by eye almost continuously 

for a distance of over six miles in a westerly direction from its point 

of emergence beneath the Yanrpai Cliffs at the southwest corner of T23N, 

B11W, Mohave County (Figure 3). In some places the sandstone is ven

eered by a thin layer of basalt. This evidence is considered to indi

cate that Cross Mountain and perhaps also Mount Hope are erosional 

outliers of the Hualpal Plateau, and that the Yampai Cliffs escarpment 

has been cut back by erosion for a distance of at least 10 miles, for 
the same process of cliff retreat that operated on the main escarpment 

was also operating on the present outliers, Cross Mountain and Mount 

Hope, so these latter may at an earlier date have extended farther to 
the southwest than is now the case.

According to Davis (1930) the Hualpal and the Truxton plateaus 

are part of a single erosion surface, the Powell peneplain, that ex

tended across much of the Colorado Plateau and through western Nevada. 

The Truxton Plateau (Figure h) is considered by Davis (1930) to be a 

downthrown fault-block; the Peacock Mountain Bangs is a tilted fault- 

block; and the Yampai Cliffs, like the (brand Wash Cliffs and the 

Cottonwood Cliffs, is a somewhat eroded fault scarp.
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According to Lee (1908) the Tampai Cliffs is an escarpment formed 

by normal processes of erosion, and the steepness of the Yampal Cliffs 

at their present location is due to the greater resistance to erosion 

of the overlying carbonate rocks as contrasted to the slight resistance 

of the very friable Bright Angel formation. This escarpment, according 

to him, separates the older erosion surface of the Hualpai Plateau from 

the younger peneplain of the Truxton Plateau, and this younger erosion 

surface is a small remnant of a great peneplain extending westward 

into Nevada. The Cottonwood Cliffs, like the Grand Wash Cliffs, he 

regards as a slightly eroded fault scarp.

The wide, well graded canyons extending for 10 miles or more back 

from the Yampal Cliffs into the Hualpai Plateau contain patches of 

olivine basalt on their floors. These wide canyons contrast with the 

narrow, steep-walled shallow canyons of the Truxton Plateau which 

deepen rapidly as they approach the Cottonwood Cliffs to the west.

This contrast is adduced by Lee (1908) as evidence that the Truxton 
Plateau is the younger surface, and that the Cottonwood Cliffs were 

formed by faulting and have undergone recent uplift.

One point in common to the interpretations of Lee (1908) and of 
Davis (1930) is that both of these writers consider the geographic unit 

designated as the Truxton Plateau to be a physiographic unit. To the 

present writer this conclusion cannot be justified without more field 
evidence.

A second point in common to the interpretations of Lee (1908) 
and of Davis (1930) is that both the Grand Wash Cliffs and the Cottonwood
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Cliffs are slightly eroded fault scarps. The Louderbacke (Figure 4) 

observed by Davis (1930) on the east slope of the Peacock Mountains 

support this interpretation as regards the Cottonwood Cliffs; further

more, in the northern part of the Grand Wash Cliffs, but south of the 

Grand Canyon, faults can be observed in transecting canyons whose 

downthrow to the west exceeds 6,000 feet (Lee, 1908).

Although both Lee (1908) and Davis (1930) consider that the 
Truxton Plateau once was a part of a peneplain covering a much greater 

area, the present writer can make no estimate as to how much farther 

than 10 miles ( p. 11) the Tampa! Cliffs escarpment has retreated. 

Gregory (19^7) comments that attempts to correlate the disconnected 

"peneplains" of northern Arizona and of Southern Utah have been futile, 

and he suggests that none of these postmature erosion surfaces may ever 

have been of very considerable areal extent.

Do the Yampal Cliffs constitute a physiographic unit? As de

picted by Lee (1908) (Figure 2) the boundary between the Truxton 
Plateau and the adjacent Hualpai Plateau would seem to consist of an 

escarpment that is sufficiently continuous to be a recognizable topo

graphic unit from near the head of Truxton Canyon to Juniper Mesa. As 

a matter of fact, the central half of this escarpment is missing. Per

haps the central portion of the escarpment, that part east and north

east of Cross Mountain as figured by Lee (1908), is now buried by 
effusive rock and gravel; perhaps the underlying terrain was so ex

tensively block-faulted that escarpment development was prevented.

Constructional land forms along the Northern Yampal Cliffs include
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A minor physiographic feature characteristic of the region Is 

found northeast of Cherokee Point (Plate h and Figure 5) where a 
former erosion surface above the foot of the cliffs was burled by 

gravel and by effusive rock. The later, consequent or superimposed 

drainage has cut narrow valleys through the Interfluves of the burled 

erosion surface. This physiographic feature also Is found in Peach 

Springs Draw, 2 miles north of the village of Peach Springs, and In 

Turkey Canyon, 20 miles southeast of Seligman.

Davis (1930) comments that there is much about the character of 

Truxton Wash that remains to be explained. The present writer sug

gests that the upper part of Truxton Wash may be a fragment of a 

relatively old drainage system. Supporting this hypothesis is evi

dence Indicating the capture of the headwaters of Lost Creek (Plate 6), 
one of the tributaries of Truxton Wash, by Blye Creek. It is probable 

that this capture does not Indicate recent regional tilting, since 

Lost Creek flows down the dip slope of the Bedwall limestone, and Blye 

Creek, which empties Into Truxton Wash at a point several hundred feet 

lower than the mouth of Lost Creek, effected the capture along a H n »  

that coincides In part with a fault of small vertical displacement.

The elbow of capture is well shewn by Aerial Photo M-34l8, Soil Con

servation Project 3860-M. It is located In the southwest l/4 of 

section 8, T24N, R1CW, Mohave County.

flows of effusive rock, stream deposited gravels In the valleys, and

alluvial fans where small canyons debouch from the Hualpal Plateau.
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Another local feature deserving of mention is the tendency toward 

development of karrenfeld topography (Cotton, 19^1) on the Hualpai 

Plateau close to the Yampai Cliffs escarpment. Weathering has enlarged 

the upper few feet of the joints of the massive Bedwall limestone (mem

ber 2 of Gutschlck, 194-2) to form an Irregularly textured surface of 
irregular ridges and knobs several feet high, with nearly vertical 

sides, separated by valleys a few feet in width. Many of the ridge 

sides display vertically grooved surfaces (lapies). Upon this surface, 

almost devoid of soil, blocks of chert a foot thick and several feet 

in length are scattered in profusion. The chert, which occurs in stra- 

tigraphically higher beds of the Bedwall limestone, was let down to its 

present site by solution of the underlying limestone. This forbidding 

topography is especially well displayed in section 8, T24-N, BlCW, just 

southeast of Cherokee Point.

General Geology

Geologic Column.

Cenozoic: Gravel and basalt
Thickness (feet) 

0-200
Missiesippian: Bedwall limestone 200 plus

Unconformity

Devonian: Carbonate rocks and siltstone 275-320

Unconformity

Cambrian Supra-Muav sequence 0-80
Muav limestone 630
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Cambrian (coat'd.);

Bright Angel formation

Tapeate sandstone

Thickness (feet) 
200 (eat.)
200 (set.)

Pre-Cambrian: Granitic gneiss and schist

Pre-Cambrian crystalline rocks.

Gneiss of probable granodicritic composition comprises over 90 

per cent of the area of the outcrops of the Pre-Cambrian rocks ob

served on the Truxton Plateau vest of and adjacent to the Northern 

Yampai Cliffs. The remaining 10 per cent is mostly schist, but in

cludes small areas of pegmatite.

The principal minerals of the gneiss are quartz, "white feldspar, 

and medium- to dark-green biotite and amphibole. Outcrops show faint 

to veil developed foliation, and are fine- to medium-grained. In 

general the gneiss weathers to a surface of subdued relief, but in 

the southeast l/k of I24N, B12H, Mohave County, immediately south of 

the Santa Fe Bailroad, sheer-walled blocks over 20 feet high have 

developed as a result of "weathering along joints spaced several feet 

apart.

The schist, which is exposed in scattered outcrops north of the 

central part of T23N, B12K, Mohave County, is fine-grained, dark-green, 

and its weathered surface is medium-brown to medium brownish-gray. It 

is resistant to weathering, and at its outcrops slab-like blocks l/2 
to 1 foot thick and 3 to 4 feet long project nearly vertically out of 
the ground to a height of 2 to 3 feet.
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Pegmatite dikes of light-gray quartz, pink orthoclase, minor 

amounts of other minerals, including hornblende and tourmaline, and in 

some places small amounts of scheelite, were observed in the southeast 

l/4 of section 2b, T23N, E12W, Mohave County.
The gneiss, schist and pegmatite appear to be similar in mineral- 

ological composition to rock types that occur in the Cerbat complex 

of the Chloride quadrangle, which is 30 miles to the vest (Thomas, 1953).

The Tapeats sandstone.

In the Yampai Cliffs area the Tapeats sandstone is in general 

medium- to fine-grained, and varies from a quartzite to a poorly ce

mented quartzitic sandstone. The basal 20 feet is coarse-grained and 

contains scattered to abundant granules of rounded quartz and of 

slightly rounded feldspar that is mostly plagioclaee. The succeeding 

80 feet tends to be massive and preminently cross-bedded. The color 

of the lower 100 feet is predominantly a very pale gray, but there are 
some beds that are medium reddish-brown and a few that are very dark 

gray. In general the weathered surface is medium brownish-gray.

The upper 100 feet of the Tapeats sandstone becomes finer-grained 

as the base of the overlying Bright Angel formation is approached, 

cross-bedding becomes less evident or absent, and beds of red or of 

yellowish-gray shaly siltstone, l/2 to 2 feet thick, alternate with 
beds of light brown to black sandstone of similar thickness. A few 

of the beds of the shaly siltstone are light greenish-gray. McKee 

(19^5) places the upper limit of the Tapeats sandstone "immediately
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above the highest bed of Tapeats-like coarse sandstone,*' and he points 

out that this boundary between the Tapeate sandstone and the overlying 

Bright Angel formation is an arbitrary one.

The beet exposures of the Tapeate sandstone in the northern Yampai 

Cliffs area lie along the south side of T23H, B1SW, Mohave County.

The Bright Angel formation.

The Bright Angel formation, in this area, consists of very fine

grained sandstone, siltstone, and shaly mudstone. It tends to be very 

friable, with thin platy lamination. The color both of fresh and of 

-weathered surfaces varies from medium gray to medium reddish-gray.

There are a few thin beds that are medium green to medium greenish- 

gray; these tend to weather to a light greenish-gray. The shaly 

mudstone in most places is micaceous, with abundant worm-markings or 

fucoide. A bed, about 7 feet thick, of "rusty-brown dolomite," per

haps a continuation of the Merewitica tongue (McKee, 19^5) is present 

in this formation in Peach Springe Wash, about 5 miles north of the 

village of Peach Springs. Ho equivalent of this bed was found in the 

Yampai Cliffs area. The most extensive exposures of the Bright Angel 

formation in the Yampai Cliffs area are in the eastern l/3 of section 29, 

T23H, B13W, Mohave County (Plate 4).

Unidentified triltibites are found about $0 feet below the base of 
the Muav limestone in the southwest l/k of section 19, T23N, BUM,

Mohave County, in a three foot bed of brownish-gray and greenish-gray 

shaly mudstone. Specimens collected from this bed by McKee and 

Hughes are at the Museum of northern Arizona.
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The Muav limestone.

This formation constitutes the lower one-half to two-thirds of 

the Yastpal Cliffs escarpment (Plate 3)• On account of its unusual and 

distinctive appearance it was referred to by seme of the earlier 

writers on Grand Canyon geology as the "mottled limestone."

The major portion of this unit consists of medium-gray aphanitic 

limestone or dolomitic limestone that in most places is mottled by 

reddish-brown or yellow blotches of calcareous siltstone. The medium- 

gray aphanitic limestone is similar throughout the region, whereas the 

associated mottling varies greatly in coloring and in amount both 

laterally and vertically in this area as well as throughout the Grand 

Canyon region (McKee, 19^5) •

In the Yampai Cliffs area, above the mottled limestone, but in

cluded within the Muav limestone formation, are beds of limestone and 

dolomite that show no mottling, as well as beds of siltstone, sandstone, 

and flatt-pebble conglomerate, and also a single glauconitic bed Whose 

composition varies from an impure glauconitic sandstone to nearly pure 

massive glauconite. The total thickness of these rocks that belong to 

the Muav limestone but overlie the mottled limestone facies varies 

from 20 to So feet in Northern Yampai Cliffs.

Worm trails and fucolds on weathered bedding surfaces are common 

throughout the Muav section in the Yampai Cliffs, but the only fossil 

found in the Muav in this area that could be identified as to phyllum 

was one cystoid.



PLATS 7
"Spectra*" diagram shewing distribution of 
color on fresh and weathered surfaces.

the figures at the circumferences of 
the circles represent the percentages of each 
color group (table 1$) In the sections used 
for color analysis (tables 16 and 17).
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The Supra-Muav sequence.

The "beds above the Muav limestone consist mostly of pinkish-gray 

dolomite that tends to weather yellowish-gray. At Cherokee Point the 

Supra-Muav sequence forms several ledges separated by benches of vary

ing width. Immediately north of Lion Mountain (Plate k) the basal 

four feet of the sequence consists of pale red-purple, cross-bedded 

quartzltlc sandstone with quartz cement that weathers to a light yellowish- 

brown.

From a distance the Supra-Muav sequence at Yampai Cliffs appears 

as a conspicuous light-colored band. On closer view it is also seen 

to differ in tint from the overlying Devonian rocks and Area the imme

diately subjacent rocks of the Muav limestone, both of which have a 

more brownish appearance. This difference in color of weathered sur

faces is distinctive throughout the area; it is especially well dis

played in the southeast l/k of section 28, T2kH, B11W, Mohave County.
Color differences between the Supra-Muav sequence and the vertically 

adjacent units are displayed quantitatively in Plate 7 and are treated 

in more detail in Appendix 2.

The Devonian sequence.

The upper part of the Yampai Cliffs escarpment consists of 

Devonian rocks, in most places capped by a beveled edge of the Bedwall 

limestone (Mississippian)(Plate 8). The Devonian sequence here, as
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throughout the region from the Chino Valley to South Grand Wash Cliffs, 

consists predominantly of carbonate rocks and of siltstonea, most of 

which weather light olive-gray or pale yellowish-brown (Plate 7). In 

the Tampa! Cliffs area the Devonian section, throughout its entire 

thickness, displays cyclic variation with respect to texture of 

weathered surfaces and with respect to other lithologic characteris

tics .

The Bedwall limestone.

Whereas the thickness of the Bedwall limestone throughout the 

region is approximately 500 feet, in most places along the Tampai 

Cliffs escarpment not more than 100 feet ie present, the overlying beds 

having been removed by erosion. In this area the lower portion of the 
Bedwall is a pale pink dolomite that weathers to a light medium gray 

with a solution-pitted surface of rather uniform character. The pits 

are shallow, about l/8 inch* in diameter, and typically almost circular. 
The lower 30 feet of the Bedwall, just described, tends to be slope

forming to weakly cliff-forming; it appears to correspond to Member 1 
of Gutschick (I9U2).

The succeeding 70 feet. Member 2 of Gutschick (l<&2), is massive 

to thick-bedded, strongly cliff-forming, pinkish-gray dolomitic lime

stone containing beds and nodules of gray chert that weathers black. 

Bede of this chert as much as 2 feet thick occur in a 10 foot zone 

about 70 feet above the Devonian-Mieeissippian contact.



JL_

D

\

/V.
3

78.0 80.5
' \ ife \ --

\
\

4 4 .0

68.0
S"I8 €C.e 43.0

13 .0
18.0 (6.0

\

L E G E N D

Devonian j e ^ ^ e n c e

CD 5 vk.pra -A^u.<»v ie<^.*e*\ce

E 3 ya >r\p*\ Ch'lil 'N- C

ED y^mp^t (, )• i  is ^ S

El y 4 m p 4 } C ) I i f s ~ ^

1 KC 1 K a n a k  Canyon

PLATE 3 .—  jout/) jeriei
o> s e c t i o n s  o i  t h e  Ydw^a'i O i f J ' S  

>ne m S e r  a Su ~AA mav j e y _ u € n c e  

a)or)o ydrnpd) C)>^h.

s.
\

\

17.0

3S.0

/8.S

20.7

Z

\ <0
\
\
\

4̂.S

/ 9. S'

* 7 0

(72.5
/ o * 5

H or 1X0*1 of --

>8.5"

20.0 i6- - - .1
'f.O

:v_ .

8S.S

#40 .0

W. M.vVcc<l I '  1S"-»9ST



25

Cenozoic volcanic rocks.

The most widely distributed effusive rock in the area is olivine 

basalt. It is dark gray, vesicular, and weathers to a dark brown. It 

is well exposed south of the Santa Fe Railroad from Peach Springs to 

Cherokee Point (Plate 4).

A medium gray to brownish-gray effusive rock of aphanitic texture 

that weathers brownish-gray Is generally distributed in the vicinity 

of the southeast corner of T23N, R12W, Mohave County. This weathers to 

form ledges several feet in height that from a distance look like ledges 

of Tapeats sandstone.

On the east side of the southeast l/k of T2kH, R12V, Mohave County, 

are several outcrops of light gray, massive, welded tuff. Unlike the 

welded tuff reported in the Chloride quadrangle (Thomas, 1953), this 

welded tuff does not shew distinct beds or layered structure.

Unconformities.

The Tapeats sandstone (Cambrian) lies on a peneplainsd surface of 

crystalline rocks (Figure 3) that are much decayed and extremely friable 

to a depth of about 20 feet. The basal bed of Tapeats sandstone contains 

numerous to scattered subrounded quartz pebbles up to l/2 inch long, and 

angular grains of decayed feldspar of the same size, together with an 

abundance of quartz and feldspar granules in a sandy matrix that appears 
to be colored by hematitic cement.

Brachiopods, fenestellate Taryozoa and horn corals are abundant In

some horizons of the Eedwall in this area.
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Within the Muav formtion. Sub-member A of the Taarpai Cliffs mem

ber (Table l and Plate 9) 1* truncated by an eroaional surface that 
shove a relief in excess of 40 feet in a mile in the vicinity of Lion 

Mountain. In some places this eroslcml surface is overlain by fine

grained sandstone, in other places by mudstone or dolomite.

The contact between rocks of Cambrian and Devonian age is dis

tinguished by the difference in lithologic characteristics. The 

post-Cambrian erosion surface in this area seems to have been one of 

extremely lew relief.

The contact between the Devonian sequence and the overlying 

Bedvall limestone (Mississippian) is distinguished by the difference 

in lithologic characteristics, and by the inclusion in the basal bed 

of Bedvall limestone of cobble-size to gravel-size fragments of car

bonate rocks that are similar to lithologic types observed in the 

underlying Devonian (Plate 39.) At Cherokee Point the erosion surface 

at the top of the Devonian sequence is Irregular, with a relief of 

about 3 feet in a distance of 100 feet.

Faulting.

Dart on (1925) presents a figure showing a north-south fault in 

Peach Springs Draw. He comments that there appear to be few special 

features of structure in the Hu&lpai Plateau. This conclusion needs 

some modification, for whereas along the northern Yampai Cliffs the 

only large structure is the gentle regional dip, in section 6, T22H, 

Bia?, Mohave County, less than half a mile east of the rim of the
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Cliffb , there is an area of fault blocks that includes outcrops of 
Cambrian, Devonian and Mississippian age tilted in various directions 

at angles up to 30 degrees. A larger area of fault blocks, also 

striking in various directions and vith dips up to 30 degrees, is 

present in T22N, RICK, Yavapai County.
A second type of structure inferred in scattered localities on 

the Hualpai Plateau consists of fault blocks in general not exceeding 

1 square mile in area that appear to have been raised or lowered ver

tically along high angle or vertical faults without disturbing the 

horizontality of the strata. .Due to later erosion the bedrock sur

face on either side of these faults tends to be at the same level.

The vertical displacement in general is less than 30 feet, but may 

exceed 300 feet, as is the case east of the village of Peach Springs. 

Vertical displacement between adjacent outcrops of horizontal beds of 

Paleozoic rock is veil displayed immediately north of the Santa Fe 

Railroad from Peach Springs to Nelson.



CHAPTER II

CLASSIFICATION OF THE LOWER PALEOZOIC BOCKS

Systems

leopac maps by McKee (1951) suggest that rocks of the Cambrian 

system at one time covered all parts of Arizona that are both north 

and vest of Flagstaff, and that this is also true of the Devonian 

system. As yet the Ordovician and Silurian systems have not been 

recognized in Northwestern Arizona, although Longwell (194-9) states 

that a thick section of the Ordovician and a probable Silurian sec

tion are present in the Arrow Canyon Range, 20 miles vest of the Muddy 

Mountains in Southeastern Nevada. It seems possible that subsequent 

work will show that these systems are present in Western Grand Canyon.

The isopac maps by McKee (1951) suggest that both in Cambrian 

and in Devonian time sedimentation took place in a geosynclinal 

trough whose axis trended in a northeasterly direction and lay well 

to the north of Western Grand Canyon.

Formations

Gilbert (1874) applied the name Ton to group to all of the rocks 

of Cambrian age in the Grand Canyon. Noble (1914) retained this name, 

and designated the format!onal subdivisions of the Tonto group as the
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Tapeats sandstone, the Bright Angel shale and the Muav limestone.

McKee (1945) redefined the Muav limestone by eliminating the eastern, 
more clastic portion, which he considers to be a separate formations! 

unit to which no name is given, and by eliminating the white, massive, 

granular dolomite that is the uppermost subdivision of the Muav at the 

type locality flA" of Noble.

This white dolomite extends across the Grand Canyon at the same 

approximate time level, and to the west includes white or yellow 

aphanitic dolomite that displays fine laminae on the weathered surface.

It is overlain by dolomites and dolcoltlc limestones of other litho

logic types that are also considered to be of Cambrian age (McKee, 1945). 

This unit, designated by McKee (1945) by the term "undifferentiated 

dolomites and dolomitlc limestones," and whose base is defined by McKee 

(1945) to mark the top of the Muav limestone, is by the present writer 

designated the Supra-Muav sequence. Farmational status is not assigned 

to the Supra-Muav sequence because no satisfactory type locality can be 

designated at the present time. The type locality "A" of Noble (1914) 

is not suitable because only one lithologic type is represented, and

the Tampai Cliffs area offers an even less representative section because
. *

of probable proximity to the edge of the basin of deposition.

At least four formational names have been assigned to the Devonian 

section in different parts of the region adjoining Northwestern Arizona. 

Walcott (1889) proposed the name Temple Butte limestone for the Devonian 
rocks of the Grand Canyon. This name has priority, but in Walcott’s
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section at Temple Butte only the basal part of the Devonian section that 

occurs farther vest in the Grand Canyon is present. Bans erne (19(A) 

proposed the name Martin limestone for the Devonian in the Bisbee area 

of Southeastern Arizona. Huddle and Dobrevolny (1950) change the name 

to Martin formation, by "which they designate the Devonian of both South

eastern and Central Arizona. McBair (1951) prefers the name Martin 

limestone and extends the area of its designation to include the Devon

ian system from Chino Valley to Peach Springs Wash.

McNair (1951) considers the Martin limestone at Peach Springs Wash
I

to be the equivalent of the Muddy Peak limestone of Longvell (1921), 
the type locality of vhich is at Callville Mountain, in the Muddy Moun

tains, Nevada. However, Longvell (19^9) bad not yet decided where to 

locate the base of his* type section. Hewitt (1931) designates the 

Sultan limestone of the Goodsprings quadrangle, Nevada, as being of 

Devonian age, but he surmises that the underlying Goodsprings dolomite 

may be in part of Devonian age.

The appropriateness of extending the Martin limestone to include 

the Devonian section in Northwestern Arizona seems doubtful. The 

Devonian rocks in the Yampai Cliffs and in the region adjacent thereto 

will be referred to by the present writer as the Devonian sequence.

Time-rock Units

Transection of the Tapeats sandstone, the Bright Angel formation 

and the Muav limestone by time horizons was demonstrated by McKee (1945). 

The key beds that are believed to define time horizons are in some
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cases thin, persistent fossil zones. In other cases they are thin, 

persistent zones characterized by distinctive lithology that parallel 

the fossil zones. By the use of appropriate key beds the Muav lime

stone is classified into members that are considered to be sedimenta

tion units as well as time-rock units (McKee, 19^5) •
As a sedimentation unit, each member is composed of the sediments 

laid down during a single incident of major transgression or of major 

regression of the Cambrian sea in the Grand Canyon region. An excep

tion to this rule is the Rampart Cave member (Tables 1 and 11), which 

is divided by the present writer into three submembers, of which the 

upper and the lower are considered to be transgressive sedimentation 

units, whereas the middle submember is believed to be a regressive 

sedimentation unit. This submember classification of the Rampart Cave 

member is usable in the area from Taapai Cliffs to at least as far north 

as Diamond Creek and as far west as Bridge Canyon.

A local revision of McKee’s classification of the Muav limestone, 

applicable to the Yampal Cliffs-Music Mountain area, is obtained by 

combining the Gateway Canyon member and the Havasu member, which con

stitute the upper part of the Muav limestone, into a composite local 

unit designated the Yampal Cliffs member. The Yampal Cliffs member is 

divided into three submembers on the basis of lithologic criteria that 

give mappable units. This local revision (Table l) seems to be neces

sary because the key beds distinguishing the Gateway Canyon member 

from the Havasu member elsewhere, over a large part of the Grand Canyon 

region, could not be found in the area of detailed studies.
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Table 1. Classification of the Muav limestone.

McKee (1945) Wood

Member Facies Member Sub-member Facies

Havasu Regressive )
)
) Yampai Cliffs 

)

) c 
)
) B 
)
) A

t
t

Gateway Canyon Transgressive t
Kanab Canyon Transgressive Kanab Canyon Transgressive

Peach Springs Transgressive Peach Springs Transgressive

Tongue of Bright Angel Regressive Tongue (3) of Bright Angel Regressive

Spencer Canyon Transgressive Spencer Canyon Transgressive

Tongue of Bright Angel Regressive Tongue (2) of Bright Angel Regressive

Sunap Plateau Transgressive Sunap Plateau Transgressive

Tongue of Bright Angel Regressive Tongue (1) of Bright Angel Regressive

) c 
)
) B

Transgressive

Rampart Cave Transgressive Rampart Cave Regressive
)
) A Transgressive
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The question of whether the uppermost member of the Muav limestone, 

the Havasu member, should be considered to be an approximate tlme- 

stratigraphic unit perhaps cannot be decided without further field 

studies bearing on the relation of the Muav limestone to the Supra- 

Muav sequence in Western Grand Canyon. McKee (19^5) appears to con

sider that probably the Havasu is an approximate time-stratigraphic 

unit, whereas McNair (1951) inclines to the view that the Havasu and 

the Supra-Muav may be in part time-equivalent. Ho significant fossil 

evidence bearing on this question has been found either in the Havasu 

or in the Supra-Muav.

Transgressive and Regressive Facies

The bold outlines (Plate 10) of the continuous but thin tongues of 

carbonate rock, mostly of the "rust-colored" dolomite facies, that pro

ject even for tens of miles eastward from the main body of the Muav 

limestone into the fine elastics of the Bright Angel formation, suggest 

episodes of rapid marine transgression followed by longer intervals 

during which the floor of the sea trough was slowly subsiding, with 

the profile of equilibrium for fine clastic deposition again moved 

seaward. In detail, the Cambrian transgressive deposits of the Grand 

Canyon involve a succession of facies from shore to seaward, along time 

planes, as follows: (1) coarse-grained sandstones, (2) buff, fine
grained siltstones, (3) green shales, (4) glauconitic and ferruginous 

sandstones, (5) "rust-colored" dolomites, (6) "Girvanella" limestones, 
(7) gray, aphanitic mottled limestones. This lateral sequence actually
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does occur in eight veil defined horizons at different parts of the Grand 

Canyon, although not all of these facies are present in every sequence. 

However, the facies that do occur in a lateral sequence invariably occupy 

the same relative positions (McKee, 194-3).

The tongues (Plate 10) of the Bright Angel formation, which lie 

above or below the transgressive prongs of the Muav just described, con

tain several kinds of evidence suggestive of deposition during conditions 

of marine regression. The flat-pebble conglomerates, glauconite, cross- 

bedding, ripple marks and local truncation of beds, observed in contigu

ous horizontal or vertical association, indicate that the depositions! in 

terface was close to the profile of equilibrium.



CHAP2ER III

CAMBRIAN TEC TONIC BEHAVICE OF THE GRAND CANTOR REGION

Summary

Those localities vithin the Grand Canyon region that tended to be 

negative relative to adjoining localities during Tapeste-Bright Angel 

time continued to exhibit a relatively negative tendency during most 

of Muav time. The two intervals of Muav time during which this was 

not the case are represented by the deposits of the Gateway Canyon 

member and by the deposits of the Sunap Plateau member together with 

those of the underlying tongue of the Bright Angel formation (Tongue 

Bright Angel 3). It is suggested that this overall pattern of rela

tive subsidence may have been inherited from a similar but more pro

nounced pre-Cambrian pattern of tectonic behavior.

General Statement

The different members of the Muav limestone are considered to be 

approximate time-strati graphic units (McKee, 1945) • It is assumed that 

the profile of equilibrium showed little change during Cambrian time. 

If this assumption is correct, then the thickness of a member at a 

measured section may be presumed to represent approximately the amount 

of net subsidence during the time interval recorded by that member.
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If several vertically adjacent members, x, y, and z, along a line of 

sections tended to swell at Section A and to thin at Section B it would 

be concluded that the locality of Section A  tended to be tectonically 

negative relative to the locality of Section B during the time interval 

represented by deposition of members x, y, and z. This kind of pattern 

of swelling and thinning exists in the Grand Canyon region. The pattern 

is not a perfect one. Its existence is shown to be plausible by graphic 

methods, then verified by statistical analysis.

Differential Subsidence Diagrams

The tendency for the swelling of selected Cambrian stratigraphic 

units to be somewhat consistent in its choice of sections is suggested 

by differential subsidence diagrams (Figures 6 and 7). For Figure 6 
the stratigraphic units used are the Havasu member, the Kanab-Spencer 

sequence (Table $), the Bampart Cave member, and the combined Tapeats 

sandstone and Bright Angel formation.

These diagrams were constructed by subtracting the thickness of 

each unit at the Toroweap section from the thickness of the same unit 

at each of the other sections. Thus the thickness of the Havasu member 

(Table 2) at Bridge Canyon is 96.5 feet and at Toroweap is 85.5 feet, 
so the difference, 11 feet, is plotted for the Havasu on the Bridge 

Canyon column of the subsidence diagrams (Figures 6 and 7).

At Bridge Canyon, where the combined thickness of the Tapeats 

sandstone and Bright Angel formation is less than this thickness at 

the nearby sections at Diamond Creek and at Quartermaster Canyon, the
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Table 2. Computation of differential sinking (for Figures 7 and 8).

Unit D.Bar Q.M. Mer. Bridge D.Creek G.Park Toroweap

Havasu T: 126.5 119 126 96.5 94 121 85.5
Subtract : 85.5 85.5 85.5 85.5 85.5 85.5 85.5
Difference: 41 33.5 37.5 11 8.5 35.5 Zero

Kanab-Spencer T: 351.5 4o6 381 347 372 349 302.5
Subtract : 302.5 302.5 302.5 302.5 302.5 302.5 302.5
Difference : 49 103.5 78.5 44.5 69.5 46.5 Zero

Bampart Cave T: 160 148 143 103 95.5 82.5 76.5
Subtract : 76.5 76.5 76.5 76.5 76.5 76.5 76.5
Difference : 83.5 71.5 66.5 26.5 19 6 Zero

Sums of Differences 173.5 207.5 182.5 81 97 88 Zero

Tapeats & BAfm : 659 637.5 503.5 638.5 514. 506
Subtract : 506 506 506 506 506 506

153 131.5 -2.5 132.5 8Difference 0
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combined thickness of the selected unite of the Muav liB»stone also is 

less (Figure 7)• This example is interpreted as illustrating a ten

dency for the thickness of the selected units of the Muav limestone 

to reflect the relative thickness of the combined Tapeats sandstone 

plus Bright Angel formation.

For a detailed study of the thinning and swelling of stratigraphic 

units along a line of sections rank-of-thickness profiles are a more 

convenient method of graphic representation than differential subsidence 

diagrams. Consequently rank-of-thickness profiles are used for the more 

detailed study that follows:

Bank-of-thickness Profiles

Bank-of-thickness profiles (Plate 11) of the several members of the 

Muav limestone were constructed by using the thickness ranks shown in 

Table 3* This table gives the thickness of each member of the Muav lime

stone along an easterly trending line of Grand Canyon sections published 

by McKee (19^5). In Table 3# the thickness ranks are designated by the 

following rule: For a given member, say the Havasu, the thickest out

crop is assigned the rank "l", the next thickest outcrop is assigned the 

rank ”2”, and this process is continued until a rank has been assigned 

to the thickness of the Havasu in each section that is listed in Table 3.

If the thickness of a member at a measured section is assumed to 

represent the amount of net subsidence at that locality during the time 

interval recorded by the member, than a rank-of-thickness profile may be
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Table 3. Members of the Muav limestone (ranked according to thickness)

Member D. Bar
R.C.&
Col.* Q.M. Her. Bridge

Music
Mtn.

Lion , 
Mtn.*

J>.
Creek G.Park Toro. Gate. Kanab

Havasu T: 126.5 119 126 96.5 94 121 85.5 93 100

B: 1 4 2 6 7 3 9 8 5

Gateway T: 15.5 13 27.5 32 149 147 139.5 132

Canyon R: 7 8 6 5 1 2 3 4

Kanab T: 138.5 155 122 130.8 154 132 129 130 133
Canyon R: 3 1 9 6 2 5 8 7 4

Peach T: 98.5 66# 60.5 65.0 88 99 77 77 76

Springs Ri 2 7 9 8 3 1 4.5 4.5 6

Tongue BA. (3) Ti 68 73.2 73 70 66# 77 82.5 68 66 46.5
R: 6.5 3 4 5 3 2 1 6.5 8.5 10

Spencer T: 37 4l 38.5 4o 28 31.8 26.5 20 17.5
Canyon R: 4 1 3 2 6 5 7 8 9

*Mean thickness, two sections. If available. 

^Measured at Peach Springs Wash (McKee, 1945)
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Table 3. (Continued)

Member D.Bar
R.C.&
Col. Q.M. Mer.

Music 
Bridge Mtn.

M o n
Mtn.

D.
Creek G.Park Toro Gate Kanab

Tongue BA (2) T: 43 38.2 36 34 32 26 35.5 32 32.5
B: 1 2 3 5 7.5 9 4 7.5 6

Sunap T: 28 34.5 27 21 30.5 35 16.5 32 32 28.5

Plateau B: 7 2 8 9 5 1 10 3.5 3.5 6

Tongue BA (l) T: 2? 24.5 25 27.5 34 14 28 25 16.5
B: 4 7 5.5 3 1 9 2 5.5 8

Rampart T: 160 162 148 143 103 99 95.5 82.5 76.5
Cave B: 2 1 3 4 5 6 7 8 9

Bright Angel fm.T: 659 644.5 637.5 503.5 638.5 514 506
plus Tapeats ss.B: 1 2 4 7 3 5 6

Note: The sections at Music Mtn. and at Lion Mtn. vere measured by the present "writer. All other thicknesses are
from McKee (1945).
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interpreted as shewing the relative subsidence of that given member 

along the line of sections. Furthermore, if several adjacent profiles 

of thickness rank (Plate 11) were highly similar, this would suggest 

that a consistent pattern of relative subsidence prevailed throughout 

the region during the time-interval of deposition of these particular 

members.

An inspection of Plate 11 suggests that the profiles of the 

Tapests sandstone plus Bright Angel formation, of the Rampart Cave 

member, of Tongue Bright Angel (2), of the Spencer Canyon member, of 

Tongue Bright Angel (3) and of the Havasu member show some similarity. 

In addition, the profiles of the Kanab Canyon and Peach Springs members 

resemble each other.

The similarity of profiles of selected members of the Muav lime

stone to the profile of the combined thickness of the Tapeats sand

stone and Bright Angel formation becomes more evident (Plate 12) as a 

result of a re ranking (Table 4) using only the seven Grand Canyon sec

tions of McKee (1945) in which the stratigraphic column from the pre- 

Cambrian basement to the top of the Muav limestone is most complete.

Because of the similarities and differences between rank-of- 

thickness profiles the Muav limestone 16 tentatively divided into five 

"tectonic units" (Table 5). These tectonic units are ranked according 

to thickness (Table 6), and their rank-of-thickness profiles are dis

played in Plate 13. The tentative interpretation offered is that a 
fairly consistent pattern of relative subsidence prevailed throughout 

the Grand Canyon region during Muav time except for two interruptions



Table 4. Thickness rankings for Plate 12.

D.Bar E#C • & Col# Q.M. Bridge D. Creek G.Park Toro.

Havasu T: 126.5 119 96.5 94 121 85.5
R: 1 3 4 5 2 6

Kanab C. & T: 203.5 258.5 221 242 231 206
Peach Sprs. R: 6 1 4 2 3 5

Tongue M  (3) T: 68 73.2 73 66 68 66 46.5
R: 3.5 1 2 5.5 . 3.5 5.5 7

Spencer C. T: 37 41 38.5 28 26.5 20 17.5
R: 3 1 2 4 5 6 7

Tongue BA (2) T: 43 38.2 36 32 35.5 32 32.5
Ri 1 2 3 6.5 4 6.5 5

Rampart Cave T: l6o 162 148 103 95.5 82.5 76.5
R: 2 1 3 4 5 6 7

Tapeats & Ti 659 644 637.5 503.5 638.5 514 506
Bright Angel fa. R: 1 2 4 7 3 5 6
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Table 5. Tectonic classification of the Muav limestone,

Tectonic designation 

Havasu

Gateway Canyon 

Kanab-Spencer sequence

Sunap sequence

Composition (members) 

Havasu

Gateway Canyon

Eanab Canyon 
Peach Springs 

Tongue BA (3) 

Spencer Canyon 

Tongue BA (2)

Sunap Plateau 

Tongue BA (1)

Bampart Cave Eampart Cave
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Table 6. Thickness ranks of tectonic units of the Muav limestone.

(For Plate 13)
E.C.& D. Toro-

Unit D.Bar Col. Q.M. Her. Bridge Lion* Creek G.Fark veap Gateway

Havasu T: 126.5 119 126 96.5 94 121 85.5 93
B: 1 4 2 5

• 156.3 ■
6 3 8 7

Gateway Canyon T: 15.5 13 27.5 32 149 147 139.5
R; 6 7 5 4 1 2 3

Kenah-Spencer T: 351.5 406 381 347 336.1 372 349 302.5 338
sequence R: 4 1 2 6 8 3 5 9 7

Sunap sequence T: 55 59 52 48.5 64.5 49 44.5 57 48.5
R: 4 2 5 7.5 1 6 9 3 7.5

Rampart Cave T: l6o 162 • 148 143 103 99 95.5 82.5 76.5
R: 2 1 3 4 5 6 7 8 9

Total thickness of
*

740.5 711.5 638.5 634.5 643.0 758.5 659.5
Muav Is.

*Mean of two sections



Since the tectonic Interpretation just offered Is based cm appar

ent similarity of rank-of-thickness profiles, this similarity may be 

tested for statistical significance by using rank correlation, of which 

several methods are available. The method used is that of Kendall and 

Smith (1938).

Bank Correlation

Bank correlation consists of:

(1) A method of measuring the relative ordering of n objects by 

m criteria (the estimate of true rank). •

(2) A method of measuring the probability that a given degree of 

ordering might have been due to chance.

As an example, we may suppose that three students new to mineralogy 

are given a set of six "unknowns1', which happen to be talc, gypsum, 

calcite, corundum, quartz and apatite, and each student is to rank the 

set in increasing order of hardness. The result of their rankings is 
given below:

recorded by the Sunap sequence (Table k) and by the Gateway Canyon mem

ber respectively.

Student talc gypsum calcite corundum quartz apatite

A : 1 2 k 6 5 3
B : 2 1 3 5 6 k
C : 1 3 2 5 6 k

Sums of
ranks: k 6 9 16 17 11

We let m = the number of ranks (the number of students) 
n r the number of objects (minerals)
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Then the sums of ranks reflect the degree of resemblance among the 

rankings. These a mas, for the case m ~ 3 and n ■ 6 must add up to 63, 
and in the case of arbitrary m and n, the sum add to If

the resemblance between the rankings by the different students were 

perfect, the sums would be 3, 6, 9, 12, 15, 18, although not in that 
order in this case. On the other hand, if there were little or no re

semblance between the rankings by the different students, the sums 

would be approximately equal.

The consistency of the rankings of these minerals is tested for 

statistical significance in the following manner: We define S to be 

the observed sum of squares of the deviations of the sums of ranks from 

the mean value m (n^~ -0. That is, where e^ is the sum of ranks of the 

1th column:

yhjuwcv _Az>-i Zttuo »i -  3 h — fo)
'bn (yU'I ) —  3 (l> **• 0

S =  ^  [Sc - l4,r]
-il

10.6-

-10.S') + (i -10,s) +(j6-10S) +f#7-/6.̂ )\̂ /Z-/0.5̂ ‘
—  H2.2tr +10.15- +2.26"-f36.zr+42.2r+0.2ir

5  -  137.50



By Table III, Friedman for m = 3 and. n = 6, if S exceeds

122.8 the result is significant at the 1 per cent level. Since S = 137*50 

the agreement among the students' rankings is highly significant.

It vill be noted that the statistical test is a test of the degree 

of consistency among the rankings, and of nothing else. It tells us 

that by pure chance so high a degree of consistency in the ranking of 

the minerals' hardness by the students would not happen as often as 

once in a hundred times.

In order to compare the consistency of the rankings of two differ

ent sets of data the Coefficient of Concordance "W" (Kendall, 1948) is 

used. This coefficient varies from zero if there is little or no re

semblance between the rankings of n objects by m criteria to 1 if the 

resemblance in rankings is complete. Kendall (1948) defines:
V U  -  -vn & )

In the case of the minerals ranked by the students, since m r 3,

n = 6, S = 137.5,

u J
/ z O.CP7

Statistical Test of the Tectonic Hypothesis 

The validity of grouping five members into the Kanab-Spencer sequence 

(Table 5) is tested by rank correlation (Table 7). In this case W « 0.49, 

significant at the 1 per cent level. This value of W is considered to 

indicate a fair degree of consistency in the rankings, and hence a fair 

degree of internal consistency in this tectonic unit.

A similar comparison (Table 8) is made of the following Cambrian
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Table 7. Bank correlation of units of Kanab-Spencer sequence.

Member D.Bar Q. M. Mer. Bridge Lion* D.Creek G.Park Toro.

Kanab Canyon & T: 203.5 258.5 237 221 195.8 242 231 206
Peach Sprs. B: 7 1 3 5 8 2 4 6

Tongue BA (3) T: 68 73 70 66 82.5 68 66 46.5
B: 4.5 ' 2 3 6.5 1 4.5 6.5 7

Spencer Canyon T: 37 38.5 4o 28 31.8 26.5 20 17.5
B: 3 2 1 5 4 6 7 8

Tongue BA (2) T: 43 36 34 32 26 35.5 32 32.5
Bi 1 2 4 5.5 8 3 5.5 7

Sums of ranks 15.5 7 11 22 21 15.5 23 28

♦Mean of two sections, if available.
tn-N/il = 7

i. 5  - ? M ‘  , ,

5 = 332.5-0 , urLU,«  1%-M. (Off^TSL^fr-)
I I )  -  U S  — = # #  -
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Table 8. Bank correlation of Tapeate-Bright Angel and 3 Muav unite

D.Bar Q.M. Bridge* D.Creek G.Park Toro.
Havaeu T: 126.5 119 96.5 94 121 85.5

B: 1 3 k 5 2 6

Kanab-Spencer T: 351.5 ko6 34? 372 349 302.5

sequence B: 3 l 5 2 4 6

Bampart Care T: 160 IkQ 103 95.5 82.5 76.5
B: 1 2 3 4 5 6

Tapeate ee and T: 659 637.5 503.5 638.5 514. 506
Bright Angel fa. B: 1 3 6 2 4 5

Sums of ranks : 6 9 18 13 15 23

♦Peach Springe and Tongue Bright Angel (3) Measured, at Peach Springs Wash, McKee (19^5) ♦

S - >*r &.:TdW.H.d!w«UM0 S%  |74„z. JV. J-riu I X M  .
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tectonic units; the combined Tape at s sandstone and Bright Angel for

mation, the Rampart Cave member, the Kanab-Spencer sequence and the 

Havasu member. In this case V z O.67, significant at the 1 per cent 
level, indicating a considerably higher similarity of the rankings 

than is the case within the Kanab-Spencer sequence. In both cases the 

statistical test verifies the apparent similarity of the rank profiles.

Further Geologic Interpretations

Additional inspection of Plates 12 and 13 and of Table 4 suggests 

that the regional tectonic pattern shifted somewhat during Cambrian 

time with the Granite Park area tending to become increasingly nega

tive relative to the adjoining areas, whereas the area near Diamond 

Bar, which is the farthest west, was more negative*both early and late 

than from the end of Rampart Cave time to the beginning of Havasu time.

Lack of information about the thickness of the Supra-Muav sequence 

throughout the Grand Canyon, as well as lack of proof that the Supra- 

Muav is an approximate time-stratigraphic unit, prevents a present 

answer to the question as to whether the pattern of relative subsidence 

that is shewn by the earlier sedimentary record persisted beyond Havasu 
time.

Implications of this interpretation of Grand Canyon tectonic 

history with respect to the relative thinness of the Muav limestone 

to the southeast of Peach Springs, in the Fort Rock-Chino Valley region 

(McNair, 1951), will be discussed in a subsequent chapter.
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CHAPTER IV

THE MJAV LIMESTONE FROM DIAMOND CREEK TO SIMONS

From Diamond Creek and Bridge Canyon southward to Lion Mountain 

the Muav limestone is approximately 630 feet thick; from Lien Mountain 

its thickness decreases in a southeasterly direction. Evidently a 

cross-section of the Muav from Lion Mountain to Simmons (Plate 14 and 

Table 9) would have a wedge-shaped profile, with the point of the 
wedge somewhere between Juniper Mess (Walnut Creek) and Simmons.

Initially it was surmised that the line of sections (Plate 1%) 

approximately normal to the supposed shoreline of the Muav sea might 

show significant facies changes. However, from this study two un

expected results emerge:

(1) From Diamond Creek to Lion Mountain the overall thickness of 

the Muav limestone is approximately the same, and the change in facies 

of the individual pre-Gateway Canyon members of the Muav is gradual, 

which does not suggest rapid approach to a shoreline. Furthermore, 

these members maintain approximately the same thickness over this dis

tance of almost 30 miles (Table 10).

(2) From Lion Mountain to Cross Mountain there is a 280 foot 

decrease in the overall thickness of the Muav limestone. Most of this 

decrease appears to take place in the 12 mile interval between Lion 

Mountain and Miller's Ranch, section 21, T22BT, R1CW, Yavapai County 

(Plate 14 and Table 9)•



Table 9 Thickness of Muav sections.

54.

Section
Thickness

(Feet) Source

Diamond Creek 643 McKee (1945)

Bridge Canyon 610 McKee (1945)

Music Mtn. 627* Wood

( S-l 662.0 Wood
Lien Mtn. (

( s-4 619.5 Wood

Miller's Ranch 4oo# Wood

Cross Mtn. 356.5 Wood

Walnut Creek 50 McNair (1951)

Simmons Zero McNair (1951)

♦Includes an estimated 55 ft. concealed at base of section. 

^Estimate approximate due to covered areas and possible faulting.
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Table 10. Subdivisions of the Muav limestone - 
(Thickness in feet)

Granite Park to Lion Mtn.

G.Pnrk
Diamond. Peach Springs 
Creek Wash

Music
Mtn.

Cherokee
Point

Lion
Mtn.

Havasu )
)Gateway Canyon )

270 126 182.0 200.5 156.3

Banal) Canyon 132 154 123.0 130.8
Peach Springs 99 88 66 60.5 65.O
Tongue BA. (3) 66 68 66 77.0 82.5
Spencer Canyon 20 26.5 31.8
Tongue BA. (2) 32 35.5 26.0
Sump Plateau 32 16.5 • 35-0

Tongue BA (l) 25 28 14.0

Bampart Cave 82.5 95.5 77 99.0

*Mean thickness - two sections, if available,
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A member by member correlation of the Muav limeetme at Lion 

Mountain and at Music Mountain is confidently made with McKee's Grand 

Canyon sections (Chapters I and 7). However, no member by member 

correlation can be made by the present writer between the Muav sec

tions at Lion Mountain and at Cross Mountain because of rapid facies 

change between these two localities together with the lack of satis

factory exposures in the intervening area.

The 280 foot decrease in thickness of the Muav limestone from Lion 

Mountain to Cross Mountain probably should be considered a minimum 

figure, since the thickness at Cross Mountain measured by McNair (1951) 

is less than that measured by the present writer. A revision of 

McNair's Fort Bock (Cross Mountain) section is presented (Chapter 71).

McNair (1951) suggests that the decrease in thickness of the Muav 

limestone in a southeasterly direction from. Grand Wash Cliffs is due to 

a decrease in original depoeitional thickness of the Muav, and especi

ally of its lower members, at Cross Mountain, and to both a decrease in 

original thickness and to post-Muav truncation by erosion at the Walnut 

Creek (Juniper Mesa) and Simmons sections.

If the decrease in thickness of the Muav at Cross Mountain were 

mostly due to decrease in original depositions!, thickness of its lower 

members, as suggested by McNair (1951) > one might expect some decrease 
in thickness of these same members from Diamond Creek to Lion Mountain. 

However, there is no evidence of a general decrease in thickness between 

these two areas of the members of the Muav limestone that underlie the 

Peach Springs member. Hence, the present writer is led to the alterna

tive tentative interpretation which follows.
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The decrease In overall thickness of the Muav from Lion Mountain 

to Cross Mountain may be due in part to a decrease In original de- 

posltlonal thickness of the Peach Springs and higher members of the 

Muav, and In part to two episodes of truncation by erosion, the first 

of which occurred in late Gateway Canyon or early Havasu time, the 

second in the time Interval between deposition of the Muav limestone 

and deposition of the Supra-Muav sequence In the Cross-Mountain area.

Additional support to this Interpretation is afforded by the 

following evidence:

(1) The Peach Springs and the Kanab Canyon members become some

what thinner in a southerly direction from Diamond Creek to Lion 

Mountain.

(2) An erosional unconformity from Cherokee Point to Lion Moun

tain exists within the Tampai Cliffe member. This unconformity trun

cates the highest beds of the mottled limestone facies at Northern 

Tampai Cliffs, with an erosional relief of as much as 60 feet (Plates 

7 and 20). Both the erosional relief and the truncation tend to 

become greater in a southerly direction. From Music Mountain to Lion 

Mountain a blanket of fine-grained sandstone or eiltatone in meet 

places overlies this surface of erosion.

(3) Both in the vicinity of Lion Mountain and at Cross Mountain 
the basal bed of the Supra-Muav sequence is in many places a coarse to 

fine grained quartz it 1c sandstone. In some places this bed is as much 

as 8 feet thick, and is strongly croee-bedded. Northward from Lion 

Mountain this sandstone grades laterally into a eiltatone or a silty
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dolomite, suggesting a detrital source area to the south.

Because of the lack of evidence that would support a member by 

member correlation between the Muav sections at Lion Mountain and at 

Cross Mountain, any present Interpretation of the reason for the high 

rate of decrease of the thickness of the Muav limestone between these 

two areas is necessarily speculative. A week's search to locate Muav 

outcrops between Lion Mountain and Cross Mountain was relatively un

successful, although an overall estimate of Muav thickness was made 

at Miller’s Ranch, section 21, T22N, Rid/, Yavapai County, on a tilted 

fault block. Perhaps later workers, by an intensive search in this 

area or farther to the north, may find some good sections,



CHAPTER V

THE MUAV LIMESTONE AT TAMPAI CUFFS 

General Statement

The area of detailed studies extends from Music Mountain to Lion 

Mountain, a distance of about 16 miles (Plate 14). Throughout this 

area, as throughout most of the Grand Canyon, the Muav limestone 

rests upon the Bright Angel formation, and is overlain by the Supra- 

Muav sequence.

Since these three units are not separated by unconformities in 

the Grand Canyon, the boundaries between them necessarily are some

what arbitrary and as defined by McKee (19^5) are based on litho

logic considerations. The base of the Muav is placed by McKee (19^5) 

at the horizon of the lowest occurrence of the massive mottled lime

stone which constitutes the principal facies of this formation, or 

at the base of the lowest occurrence of the massive limestone con

taining Girvanella spheres if this facies is lower, as is the case 

at Diamond Creek. It is recognized that in many localities rocks 

typical of the underlying Bright Angel formation occur above this 

level.

In the area of detailed studies the lowest part of the Muav is a 

massive, cliff-forming unit of Girvanella limestone whose base, resting
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on the fieelle, ehaly mudstones of the Bright Angel formation, forma a 

sharp line of demarcation between the two formations. The line of 

demarcation between the Muav limestone and the Supra-Muav sequence in 

the southern part of the area of detailed studies, in the vicinity of 

Lion Mountain, follows a probable unconformity separating a ripple- 

marked, cross-bedded sandstone above from carbonate rocks below. 

Farther north, from Blye Canyon to Music Mountain, the line of demar

cation is the line separating yellowish-gray weathering dolomites 

(above) from yellowish-brown weathering dolomites (below).

The regional relationship between members and tongues is shewn 

in Plate 10. In this chapter the word "tongue” is applied to beds of 

clastic materials and silty, platy limestone that extend westward 

from the Bright Angel shale between members of the Muav limestone. In 

the area of detailed studies there are three of these Bright Angel 

tongues in the Muav section. They are assigned the Arabic numerals 

"l", "2" and "3" in the order of their increasing distance above the 
base of the Muav.

The members and tongues of the Muav limestone that are present in 

the area from Granite Park to Lion Mountain, and their thickness, are 

listed (Table 10). The thickness of these units as measured by McKee 

(19^5) at Peach Springs Wash, at Diamond Creek, and at Granite Park, 

which is 15 miles almost due north of Diamond Creek, is given for com
parison. The uniformity of thickness of the individual members and 

tongues of the Muav from Granite Park southward to Lion Mountain sug

gests a corresponding lack of significant facies change; a comparison
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of the lithologic characteristics of these stratigraphic units, from 

north to south, suggests that in general this inference is correct.

Since the general descriptions of members and tongues, and their 

stratigraphic interpretation, as given by McKee (19^5) ia most cases 

aptly apply to the members and tongues of the Muav in the area of 

detailed studies, this chapter vill emphasize those differences in 

lithology between the Tampai Cliffs sections and McKee's Diamond 

Creek section that suggest facies change. The individual members 

and tongues of the Muav will be treated successively, in order of 

decreasing age.

Kampart Cave Member

The Bampart Cave member is the basal subdivision of the Muav for

mation not only in the area of detailed studies but throughout Western 

Grand Canyon. McKee (1945) states that it forms the lowest massive 

cliff in the (brand Canyon from Grand Wash to Merewitica, and that it 

appears as a prominent wall as far east as Toroweap. Southward from 

Diamond Creek the topographic expression of this member changes and at 

Lion Mountain it consists of an upper and a lower cliff-forming unit 
separated by a thicker slope-forming unit that contains individual 

resistant beds.

From Diamond Creek to Lion Mountain a three-fold division of the 

Bampart Cave member into submembers is proposed by the present writer 

(Plate 15 and Table 11). The lower unit. Submember A, and the upper 

unit. Submember C, are massive units of the Glrvanella facies. The



middle unit. Submember B, is of more variable composition (Plate 15); 

at Peach Springs Wash and southward to Lion Mountain it consists 

mostly of light tan, calcareous mudstone, micaceous at some horizons.

At Diamond Creek it consists mostly of tan and gray, very silty and 

micaceous limestone.

Of especial interest is the fact that Submember B contains a layer 

of glauconitic sandstone 2 to 3 feet thick at Peach Springs Wash (McKee, 

19^5) and at both sections measured by the present writer at Lion Moun

tain (Plate 15). At Music Mountain that part of the section is covered 

where the glauconitic bed would probably be located.
The glauconitic bed at Lion Mountain is a fine sandstone whose 

detrital grains consist of glauconite. One hand specimen shows a 

finely cross-bedded structure and contains intercalated layers of tan 

siltstone l/8 inch thick. At Section 1, Lion Mountain, the glauconitic 

bed is immediately overlain by a conglomeratic limestone. This very 

silty, tan limestone contains pebbles up to l/2 inch in diameter of the 

same material that are difficult to recognize except on the weathered 

surface of the outcrop. If the pebbles were more numerous, this would 

be an intraformational conglomerate.

A bed of Glrvanella limestone, whose top is 10 feet below the base 

of the glauconitic bed, is present at Lion Mountain and appears to 

continue at least as far to the north as Music Mountain (Plate it). 
Glrvanella limestone is considered by McKee to be, at least in the 

Grand Canyon region, a reliable indicator of marine transgression.

On the other band, clastic, cross-bedded glauconite overlain by

62.
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Table 11

Sub members of the Rampart Cave Member

Diamond Creek 
(McKee, 1945)

Peach Springe Draw*
(McKee, 1945) Music Mtn.

Lion Mtn, 
Section 4 Section 1

Submember C 21 16 19 17.5 16.5

Submember B 59.5 50 50.5 64.0

Submember A 15 11 22.0 27.5

Totals 95.5 77 90 108.0

*At Wallapai House
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a conglomeratic limestone suggests that there may have been a rela

tively long time interval during "which the depositionsd. interface in 

this area vas close to the profile of equilibrium, and. during which 

virtually no detrital material was moving across the depositions! 

interface. This set of environmental conditions is considered to 

indicate an episode of marine regression.

McKee (l<&5) interprets the Bampart Cave member as indicative of 

a major transgression of the Muav Sea. The present writer suggests 

that subaembers A and C represent general marine transgressions, and 

that submember B indicates a regression.

The Five Units Above the Bampart Cave Member

Comparison of the sections at Diamond Creek and at Lion Mountain 

(Plate 16) shows that there is a general tendency for the five unite 

of the Muav limestone between the Bampart Cave member and the Peach 

Springs member to become more clastic in a southerly direction, sug

gesting approach both to a supply of detrital material and to the 
shoreline of the Muav Sea.

The most prominent key bed in this part of the stratigraphic col

umn is the zone of flat-pebble conglomerates at or just above the base 

of the Bright Angel tongue that overlies the Spencer Canyon member. 

McKee (1945) reports that this conglomerate horizon was observed at 

all sections from Diamond Creek to Western Grand Canyon.

The friable character of most of the rock that comprises the



stratigraphic column "between the tqp of the Rampart Cave member and 

the "base of the Peach Springs member make it difficult to find a place 

to measure a section at which the boundaries of the different strati

graphic unite are exposed. McKee (l<&5) found the same difficulty at 

Bridge Canyon, and supplemented that section, which contains a critical 

concealed interval, with partial sections at Peach Springs Draw. The 

location of these partial sections is designated "PSIf on Plate 14, and 

will be referred to in the descriptions of individual members and 

tongues.

65.

Tongue Bright Angel (l)

At Lion Mountain (Plate 16) only the basal three feet of this 

member is exposed. This consists of brown, shaly, calcareous mudstone 

overlain by two feet of gray, sandy limestone. McKee (1945) reports 

that thin-bedded green shale and brown shaly limestone at Peach Springs 

Draw overlie the Rampart Cave member. At Diamond Creek the lower part 

of this member is concealed, and the upper portion consists of gray- 

green shale and of gray platy limestone.

Sunap Plateau Member

At Diamond Creek this member is 16.5 feet thick, and it consists 

of thin-bedded limestone containing abundant Girvanella spheres (McKee, 

1945). At Lion Mountain it is 35 feet thick, but Girvanella spheres 

are observed only in the lower portion; the upper part consists of platy, 

calcareous mudstone and of platy limestone.
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Tongue Bright Angel (2)

The base of this unit consists, at Lion Mountain, of a six-inch 

bed of flat-pebble conglomerate. At Diamond Creek the base is covered, 

but at Granite Park a two foot bed of glauconite occurs close to the 

base (McKee, 1<&5), suggesting that the depositions! environments at 

Granite Park and at Lion Mountain may have been similar at the begin

ning of the time,interval represented by Tongue Bright Angel.

At Lion Mountain the upper nine feet of this unit consists of 

green, micaceous, shaly mudstone that weathers to a light greenish- 

gray and has fucoldal parting surfaces. The geographical distribu

tion of this lithologic type in the upper part of Tongue Bright Angel 

(2) throughout the Grand Canyon region is indicated by Table 12, which 

also designates the sections characterized by calcareous siltstone or 

by thin-bedded aphanitic limestone.

If the facies succession from near shore to seaward was mica

ceous mudstone, calcareous siltstone, thin-bedded aphanitic limestone, 

then the seaward boundary of the green mudstone facies (Plate 17) may 

be roughly parallel to the strand line of the Muav Sea during time 

interval represented by Tongue Bright Angel (2).

Spencer Canyon Member

The Spencer Canyon member, from Grand Wash Cliffs nearly to 

Diamond Creek, consists of a basal 20 feet of thick, massive limestone 

that forms a prominent cliff; the upper part of this member is a much



Table 12. Characterizing lithologic types of Tongue Bright Angel (2) 
from Gateway Canyon to Diamond Bar,

67.

Green, usually micaceous 
shaly mudstone

Calcareous 
siltatone

Limestone, platy, or 
thin bedded, aphenitic

Gateway Canyon Diamond Creek Bridge Canyon

Toroweap Merewitica Quartermaster Canyon

Granite Park Columbine Falls

Lion Mountain Rampart Cave

Diamond Bar



68
smaller cliff, and the Intermediate portion tends to be slope-forming, 

according to McKee (l<&5). This general description applies to the 

Spencer Canyon member at Lion Mountain except that the total thick

ness here is less, and the middle or slope-forming division occupies 

a greater part of the total thickness.
There are two significant differences between the sections of 

this member at Lion Mountain and at Diamond Creek:

(1) At Lion Mountain the middle or slope-forming division 

consists mostly of shaly mudstone, whereas the whole of the Spencer 

Canyon member at Diamond Creek is limestone.

(2) The limestone portion at Lion Mountain is thin-bedded, 

whereas the limestone at Diamond Creek is thick-bedded.

Both of these facts suggest that the Lion Mountain area was 

closer to shore and closer to a supply of detrltal material.

Tongue Bright Angel (3)

At Lion Mountain (Plate 16) the base of this unit consists of 

a zone of conglomerates, seven feet thick, containing beds of both 

equant and flat limestone pebbles in limestone matrix. This zone is 

overlain by a bed of green, shaly, calcareous si It stone five feet 

thick. Following an eleven foot covered interval is a bed, six feet 
thick, of fine-grained, thin-bedded sandstone with calcareous cement. 

This sandstone shows prominent fucoide on micaceous bedding planes. 

The upper 53 feet of Tongue Bright Angel (3) is covered, but the 
appearance of the detrltal cover suggests that the underlying rock 

is mostly fissile mudstone.
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The conglomerate zone at the base of this tongue at Lion Mountain 

le correlated with the zone of Intraf ormatlonal conglomerates that 

according to McKee (19^5) characterizes all sections of this member 

from Diamond Creek westward to Grand Wash Cliffs. The more detrltal 

character of this tongue at Lion Mountain than at Diamond Creek 

(Plate l6) suggests closer proximity to shoreline during the time of 
deposition.

Peach Springs Member

The type locality of this member is at Peach Springs Draw.
. . .  *

McKee (1945) states that in sections to the north or vest of the type 

locality the limestone composing this member is more aphanitic, 

thicker-bedded (Plate 18), and less mottled with brown siltetone, 

suggesting that the type locality is near the margin of the limestone 

facies.

The thick-bedded character of the middle portion of this member 

at Music Mountain (Plate 14), and the similarity of the section at 

Lion Mountain to the type section suggest that the margin of the lime

stone facies lay to the east of both Peach Springs Draw and Lion Moun

tain, and trended in a north-south direction, so that the eastern mar

gin of an embayment of this facies extended southward approximately 
along the Mohave -Yavapai county line (Plate 14).

Kanab Canyon Member

At Diamond Creek this member is a single, massive cliff of
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thick-bedded limestone. Southward it splits Into two massive, thick- 

bedded units that fora sheer cliffs, separated by a thin-bedded, 

ledge-forming limestone (Plate 18). The recess of weaker rock at the 

base of the Kanab Canyon member becomes thicker in a southerly direc

tion. The base of the lower cliff is marked at Music Mountain by a 

flat-pebble conglomerate, and at Lion Mountain by a bed of ehaly 

slltstone two feet thick.

The difference in thickness of 15-1/2 feet between the two sec

tions at Lion Mountain seems to be due to difference in thickness of 

the covered interval above the Peach Springs member. The measured dlf 

ference in thickness of this covered interval might be due to a fault 

that was not observed in the field.
I

The Yampal Cliffs Member

General Statement.

The change of thickness and of lithologic character from Granite 

Park to Lion Mountain of the upper part of the Muav limestone is indi

cated by Plate 19. The horizon of the trilobite Solenopleurella porcata 

marks the top of the Gateway Canyon member from Havasu Canyon westward 

to Diamond Creek (McKee, 1945). Persistent search failed to locate 
this marker horizon in the Yampal Cliffs area. Therefore McKee's di

vision of the upper part of the Muav into the Gateway Canyon and Havasu 

members is not used in the area of detailed studies.
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That port of the Muav in the Tampai Cliff a area which overlies the 

Kanah Canyon member is designated the "Tampai Cliffs Member." It ie 

divided into three submembere designated "A", "B" and "C" (Plate 19). 
These submembers are znappable units at Tampai Cliffs.

Submember A.

Submember A extends from the top of the Kanab Canyon member to the 

top of the highest bed of the mottled limestone facies. From Music Moun

tain to Lion Mountain it consists mostly of medium light gray thin- 

bedded, aphanitic mottled limestone. Eroslonal relief of as much as 60 

feet at the top of Submember A (Plates 9 and 20) suggests that follow

ing deposition there was a relatively short but vigorous episode of 

sub-aerial erosion.

Submember B.

Submember B consists of yellow and orange mudstone and sandstone 

and of a lesser amount of brownish-gray dolomite, with much smaller 

amounts of flat-pebble conglomerate, of blocky pebble conglomerate and 

of glauconite. Its top is defined as the horizon of the top of a bed 

of glauconite that extends from Lion Mountain nearly to Blye Canyon 

(Plate 4). The bed of glauconite varies in thickness from l/2 to 2 

feet. At most exposures the base of the bed of glauconite is not more 

than two feet above the top of a bed of flat-pebble conglomerate which 

contains green, yellowish-brown, red or dark yellow eiltatone pebbles 

and cobbles up to 6 inches in length in a brownish-gray or greenish- 

gray sandy and glauconitic matrix. At Section 16 the top of the
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flat-pebble conglomerate le Irregularly smeared with a layer of chert 

up to l/l6 inch thick.
The lateral variation in thickness of Submember B (Plate 20) 

suggests that after the depressions in the erosion surface at the top 

of Submember A were filled by detrital material, deposition of fine 

elastics and of dolomite continued until the profile of equilibrium 

was reached. Then, perhaps for a considerable interval of time, the 

depositional interface was very close to the profile of equilibriumj 

with little influx of detrital material to be bypassed, the glauconite 

had a chance to be deposited. The silty, detrital material that com

poses much of Submember B may have been transported from the east or 

southeast, and its source may have been sub-aerial erosion of Huav 

limestone in that region. Biotite, from which the glauconite was 

farmed, may have come from erosion of a body of rock of granitic 

composition.

Submember C.

Submember C consists mostly of dolomite at Music Mountain and at 

Cherokee Point. Beds of silt stone and of very fine-grained sandstone 

become more abundant and thicker as this member is traced from Cherokee 

Point southward toward M e m  Mountain. Furthermore, its thickness de

creases in a southerly direction (Plate 20). Numerous erosion surfaces 

with a few inches of relief truncate individual beds within this sub- 

member, suggesting that the depositional interface was very close to
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the profile of equilibrium. Weathered surfaces of the beds of Submem

ber C are mostly yellowish-brown or olive gray, and the dominant color 

of fresh surfaces is brownish-gray (Plate 7 end Table 22).

In Submember C "red" fresh surface (Tables 15 and 22) is positively 

associated with "red" or "orange" weathered surface (Appendix 2), 

whereas these same colors of fresh and of weathered surfaces are nega

tively associated both in the Supra-Muav sequence and in the Devonian 

sequence. This positive association is related to the fact that in 

Submember C every outcrop of mudstone or of siltstone whose fresh sur

face is "red" has either "red" or "orange" weathered surface. In con
trast, the few outcrops of "red" mudstone or siltstone in the Supra- 

Muav sequence are equally divided between "orange* and "yellow" as the 

color of their weathered surfaces.

The tentative hypothesis offered to explain this difference in 

color of weathered surfaces is that all of the "red" mudstones contain 

a red pigment that tends to be either removed or bleached yellow by 

weathering, and that the mudstones of Submember C contain a higher per

centage of this pigment than the mudstones of the Supra-Muav sequence.

This hypothesis appears to be supported by the fact that in Submember C 

every "red" sandstone weathers to a color that is either "yellow" or 

"yellowish-brown." The red pigment concentrated in the mudstones of 

Submember C may have resulted from subaerial erosion of the Muav lime

stone at some locality to the south or east.

It is also the case that in Submember C "yellow" or "orange" fresh 

surface is positively associated with "yellowish-brown" or "brownish-gray"
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veathered surface (Appendix 2), whereas these colors are negatively asso

ciated in the Supra-Muav sequence and In the Devonian sequence. No 

explanation is advanced to account for this difference. However, it 

appears that the difference would be more marked than actually is the 

case were it not for a tendency of the pigment of the "yellow" beds of 

Submember C to become isolated in a more intensely colored silty 

mottling. Most of the "yellow" beds whose weathered color is also 

"yellow" display a pale red mottling. It is inferred that if the pig

ment of this mottling were uniformly distributed through the rock mass 

the resulting color of the weathered surface would be "brownish-gray" 

or "yellowish-brown" in most cases.

The tendency of pigment in some of the. dolomites of Submember C 

to be concentrated in a silty mottling is also characteristic of the 

typical mottled limestone and mottled dolomite of the Muav (McKee, 194-5).

Correlations.

The spectacular decrease in thickness of the Gateway Canyon member 

in a southerly direction from Granite Park to Diamond Creek (Plate 19) 

might suggest that most of the thickness of the Yampai Cliffs member 

should be assigned to the Havasu. Thus the siltstone containing cys- 

toids might be a continuation of the horizon of the trilobite Soleno- 

pleurella porcata. The present writer is inclined to reject this in

terpretation and, tentatively, to correlate the Havasu with Submember C. 

Some implications of this correlation are that:

(l) The erosion surface at the top of Submember A  in the Yampai
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Cliffs area m y  have extended somewhat to the northwest and to the 

north, truncating the sediments deposited earlier In Gateway Canyon 

time at Diamond Creek and at Bridge Canyon. This would account for 

the relative thinness of the Gateway Canyon member at these sections 

as contrasted with its thickness at the Granite Park section.

(2) The erosion surface may have extended In a southeasterly 

direction through the Cross Mountain area. This would account for a 

part of the decrease In thickness of the Muav section at Cross Moun

tain as compared with the thickness of the Muav at Yampai Cliffs.

(3) The filling of the depressions of the erosion surface and 

the deposition of the upper portion of Submember B may have been ac

companied by limestone deposition at Granite Park and at Gateway 

Canyon.

(4) The flat-pebble conglomerate near the top of Submember B 

may be a part of the sheet of flat-pebble conglomerate that imme

diately underlies the horizon of Solenopleurella porcata throughout 
much of Grand Canyon (McKee, 1945).

Tectonlem in Gateway Canyon time.

The combination of relatively great subsidence in the vicinity of 

Gateway Canyon (Chapter 3) and of inferred emergence and erosion within 

but near the end of Gateway Canyon time from Cross Mountain to Bridge 

Canyon suggests the pattern of a small and very short-lived zeugogeo- 

syncline (Kay, 1951) • Perhaps the hinge line of the zeugogeoeyncllne
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passed a little to the north of Diamond Creek, in a generally easterly 

direction, to separate the subsiding basin to the north of it from a 

positive area to the south.



CHAPTER VI

THE SUFRA-MUAV S1QUESCE ARP THE CAMBRIAR-IBfCEtAR CONTACT 

The Supra-HaaT Sequence

The Supra-Muav sequence, referred to by McKee (1^5) as "Cambrian 

undifferentiated dolomiteb ," consists mostly of light colored dolomites 

(Plate 7 and Table 21). It extends across the Grand Canyon region with 

a probable minimum thickness of 70 feet.

McNair (1951) reports that the Supra-Muav thickens in a westerly 

direction; he reports thicknesses of 1$0 feet, 350 feet and 650 feet 

at Peach Springs Canyon, South Grand Wash Cliffs and Clark County, 

Nevada, respectively. The thickness of the Supra-Muav tends to de

crease in a southeasterly direction from Peach Springs Village with 

78 feet at Cherokee Point but only 3 feet at lion Mountain (Section 1). 
Farther southeast, at Cross Mountain its thickness is 58 feet (measured 
section, this paper), lateral variation in thickness of the Supra-Muav 

in the Yampai Cliffs area is shewn in Plate 20.

At Yampai Cliffs, outcrops of the Supra-Muav appear on aerial 

photographs as a pale gray ribbon, in contrast to the darker colored 

rocks both immediately above and immediately below in the stratigraphic 

column. Photographs of the cliff-forming and ledge-forming beds of the 

Supra-Muav (Key-Plate 21) display wide variation in outcrop texture.
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A» tk»- Sapra-Maav ie felleved emitlafard frwe Cherekee- Point to 
Idon Maun tain set enly dees thetMeknessdecreaserTmt the- aaataat and 

theceareenesa of detrltal material In its basal beds Increases. Thus 
the basal bed at Cherekee Point Is a dolomite (Plate 22, Tlg. 2 and 
Plate 23, Pig. l), whereas at Section 7 the basal bed is a coarse- to 
medlnm-gralned qnartzitie sandstono with slllceene cement, and it 
shews both ripple marks (Pig. 2 of Plate 26) and cress-bedding.

At Lion Mountain (Section k) the basal bed of the Supra-Muar is 

a conglomerate that consists of gray, blecky, sharply angular sandstone 

pebbles up to one inch thick In a pink, sandy, delomltic matrix; The 

thickness of this bed varies from 1/2 to 2-1/2 feet in a distance of 

20 feet. The upper surface of this conglomerate (Plate 30) Is one 

of erosion, with a sharp contact with a bed of overlying sandstone 

that is tentatively correlated with the basal sandstone at Section 7
(Pig. 2. Plate .26).

At Cross Mountain a bed of coarse-grained, cress-bedded sandstone 

(Plates 5 and 27) i, the basal bed of the Suprar-Maav. It is overlain 

by pale gray to medims gray dolomites that weather pale -gray to medium 
gray and that are generally similar in outcrop texture to the dolomites 

of the Supra-Moav at Cherokee Point.

The Port Rock (Cross Mountain) section of Melftir (1951) is revised 

by assigning to the Supra-ttuav the lower 61—1/2 feet that he assigned 

to the Devonian, and by assigning all of KcValr's "undifferentiated 

dolomitic limestone" to the Maav limestone.
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Pig, 1. Oaabrian-Deronian contact at Oherekee Point,

Pig. 2. Lowest *steel gray* dolomite at Section 8.





PLATE 30

Sroslonal die conformity within the Snpra-MtLav 
sequence at M e n  Mountain.
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The Contact between the Mnar and the Supra-Muav

At Yampai Cliff8, as throughout the Grand Canyon region to the 

north, the contact between the Muav Limestone and the Supra-Muav 

sequence is based on lithologic criteria. No evidence has been pub

lished indicating an unconformity of regional extent between these two 

units. However, the presence of a bed of clean, medium- to coarse

grained, cross-bedded sandstone at the base of the Supra-Muav in the 

sections near Lion Mountain and at Cross Mountain suggests a source 

area where Tapeats sandstone was being subjected to sub-aerial ero

sion at the beginning of Supra-Muav time. That the direction of this 

source area lay to the south or to the southeast of Yampai Cliffs is 

suggested by the increase both in amount and in coarseness of detri- 

tal material at the base of the Supra-Muav in a southerly direction 

from Cherokee Point to Cross Mountain. Additional support for this 

hypothesis is given by the section at Simmons (McNair, 1951) at 

which the Devonian system directly overlies probable Tapeats sand

stone.

The Cambrian-Devonlan Contact

The contact between the Cambrian and Devonian systems in Western 

Grand Canyon is marked by a surface of much relief developed on the 

underlying Cambrian rocks (McKee, 1937). By contrast, the post- 

Cambrian erosion surface at Yampai Cliffs is one of low relief.

At Yampai Cliffs the lowest dark-brown weathering, steel-gray
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dolomite, dolomitic eiltstone, or dolomitic limestone that overlies the 

light-colored dolomites of the Supra-Muav sequence is arbitrarily consi

dered to be of Devonian age. Either the base of this bed or the nearest 

distinct erosional break, if one is observed within a few feet below the 

base of this bed, is assumed to be the Cambrian-Devonian contact (Fig.

1 and 2 of Plate 28). Thus the present writer assigns to the Cambrian 

a considerable thickness of light-colored dolomites or dolomitic lime

stones that were assigned by Stoyanow (1936) at a section "east of 

Peach Springs" and by McNair (1951) at Cross Mountain to the Devonian 
system.

McNair (1951) places the Cambrian-Devonian contact at Juniper Mesa 

(Walnut Creek) and at Simmons at the base of a "thin, gray sandstone."

He gives no information as to the relief of the erosional surface on 

which he presumes this sandstone was deposited.

Correlation of the Supra-Muav

McNair (1951) states that the Supra-Muav disappears between Cross 

Mountain and Juniper Mesa due to truncation by erosion. However, this 

statement does not necessarily apply to the Supra-Muav as defined by 

the present writer. McNair (1951) *as referring to the pale yellowish- 

gray weathering dolomites at Cross Mountain that the present writer as

signs to the uppermost part of the Muav limestone, and which the present 

writer, like McNair, did not find at Juniper Mesa.

Pending detailed studies by other workers, the possibility should
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be left open that the "thin, gray sandstone" described by Me Hair (1951) 

at the Juniper Mesa and Simmons sections, as veil as some portion of 

the carbonate rocks above it, are Supra-Muav instead of Devonian. The 

southeastward limit of the Supra-Muav sequence at present is unknown.

Deposltional Environment

McKee (194-5) suggests that the dolomites of the Supra-Muav were 
formed in the waters of a regressive sea either through direct deposi

tion or from panecontemporaneous replacement. He appears to regard 

the Supra-Muav as occupying a single depositions! basin. McNair (1951) 

suggests that there may have been a number of shallow, partly enclosed 

basins. The Tectonic behavior of the Grand Canyon region during Muav 

time, involving localized differential subsidence (Chapter III) may 

have persisted into Supra-Muav time. In this case McNair’s hypothesis 

may offer the more adequate description of the deposltional environment
Thick-bedded unite of carbonate rock in the lower 50 feet of the 

Supra-Muav become both thicker and thicker-bedded in a northwesterly 

direction from Cross Mountain to Bridge Canyon. Probably both of 

these localities were in the same has in with more rapid deposition, 

because of more rapid sinking, at Bridge Canyon.



CHAPOER VII

TEE DEVONIAN SEQUENCE 

General Description

The generally brcum-weatherlng and cliff-forming Devonian rocks 

of Western Grand Canyon extend without abrupt change In general char

acteristics from Grand Wash Cliffs to Jerome (McNair, 1951) • From 

Grand Wash Cliffs to Juniper Mesa the Devonian sequence is distinguish

able at a distance by its brownish color.

In Western Grand Canyon the Devonian sequence consists mostly of 

limestones (McKee, 1937 and 1938). At Tampa 1 Cliffs (Plate 3) and at 
Cross Mountain (Plate 5) the Devonian section consists mostly of 
dolomites. However, there are some beds of silt stone and of dolo- 

mitic limestone, and minor amounts of sandstone and of conglomerate 

at Tampai Cliffs and at Cross Mountain. Farther to the southeast, 

near Jerome, the clastic character of the Devonian section becomes 

more pronounced (Gutschlck, 19^2).

The thickness of the Devonian sequence at Cherokee Point is 275 

feet (measured section, this paper). It thickens rapidly in a north

easterly direction to 7^3 feet at Merewitica Canyon and to 1340 feet 

at Iceberg Canyon (McKee, 1939) • Die thickness of other Devonian 

sections (Table 13) suggest a general tendency of the Devonian sequence
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Table 13. Thickness of Devonian sections 
in Northwestern Arizona

locality Feet Source

Grand Wash Cliffs 

Iceberg Canyon 
Quartermaster Canyon 

Merewitica Canyon 

Diamond Creek 

Cherokee Point 

Lion Mountain

"5 miles east of Peach Springs11

Cross Mountain

Juniper Mesa 

Simmons

1272 McKee (1939)

1340 "

U56 "
743 "

359
275.0 Present writer

318.5 " •
218 Stoyanov (1936), re

vised by present 
writer

271 McNair (1951), revised
by present writer

330 McNair (1951)

381.5
505 Stoyanov (1936)Jerome
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to. thicken in a southeasterly direction free Taapai Cliffe. However, 

McNair (1951) at Simona and Stoy&ndw (1936) at Jerome may have in
cluded in their Devonian sections considerable thicknesses of rocks 

that later will be assigned to the Cambrian system.

Cyclic Character

Guts chick (I9N2) calls attention to the cyclic character of the 
Devonian section near Jerome. Bile cyclic character also is displayed 

at Juniper Mesa, Turkey Canyon, Cross Mountain, Taapai Cliffs and at 

least as far to the northwest as Bridge Canyon. Cyclic repetition of 

beds of similar lithologic character is reported by Osmond (1954) in 

part of the Devonian section in East-Central Nevada.

Devonian cyclothems are especially well developed at Taapai 

Cliffs, where the Devonian sequence contains numerous erosion surfaces 

of lew relief, as evidenced by truncation of beds (Plate 30). These 

erosion surfaces at many exposures have a detrit&l cover, from 3 
inches to 2 feet thick, consisting of slltetome, of sandstone, or of 
.conglomeratic dolomite. A generally similar succession of lithologic 

types tends to occur above each erosion surface.

Classification of the Devonian

The present writer does not recognize any subdivisions of the 

Devonian section at Taapai Cliffs that can be traced far enough later

ally to be accorded member statue. It la of interest that a five-fold 

subdivision of the Devonian is recognized in Western Grand Canyon
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Pig# I# Phase 3, Cycle the* D.
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\
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Pig. 1. Phase 4* Cycle the* C.
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PLATE 35

Pig. 1. Phase 5. Cycle them C.

Pig. 2. Phase 5» Cycle them B.
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fig. 1. Phase 6» Cycle the* C.

fig. 2. Phase 6* Cycle them B,





tori Cliff (Phase 5 ef Cycle them l) at 
Cherokee Point.

PLATE 37
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(McKee, 1938), and that a four-fold subdivision is recognized southeast 

of Cross Mountain at the Faulden quadrangle (Kreiger, verbal coammica- 

ticm, August 195^)•

McKee (1938) bases his subdivisions of the Devonian section on 

lithologic and physiographic characters. He states that these subdi

visions can be traced over a number of miles. Share Is no additional 

published information on these subdivisions.

Kreiger (verbal communication, August 195W states that the 
Prescott Office of the U. S. Geological Survey uses a four-fold sub

division of the Devonian section at the Faulden quadrangle. The four 

mappable units, beginning at the base are called the Petroliferous 

member, the Lithographic member, the Mottled member and the Mixed mem

ber. She Mixed member, vith a thickness greater than that of the com

bined lover unite, consists of lithologic types that are distinctive 
of the three lower unite.

Devonian Cyclothems at Yampal Cliffs

At Yamp&i Cliffs it is possible to subdivide the whole Devonian 

section into cyclothems (Plate 29 and Table lb). Each cyclothem con

tains one or more of six broadly defined lithologic types or phases.

A given cyclothem may not contain all six phases, but the order of 

succession of those phases that are present is invariably the same. 

Beginning vith the lowest phase, these phases are:

Phase 1. Siltstone or very fine-grained sandstone with limey or 

doloaitlc cement, silty dolosdtlc limestone or dolomite. Pale red to



Table l4. Thickness of Devonian cyclotheme 
at Cherokee Point (Section 12).

Cyclothem Thickness (in feet)

0 12.0
I 14.0

M 7.0

L 5.0
K (Orl Cliff) 42.0

J 36.5
I 2.0
H 7.0

0 18.5
i* 16.0
1 3.0
D 29.0

C 41.5
B 38.0

A 3.5

Total thickness of Devonian 275.0
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light olive gray, weathers pale yellwieh-hrewa or light olive gray. 

May he conglomeratic. Friable, el ope-forming. Average thickness 

1.8 feet. Thickness ranges from 0.3 to 7.5 feet (Plate 31).

Phase 2. Silty dolomite or slltstone. Either aphaaltlc and 

dark gray or fine-grained and light brownish-gray. Weathers medium 

light gray to pale yellowish-brown, in most cases with horizontally 

striated, sandy surface. Massive, usually ledge-forming or cliff- 

forming. Average thickness 2.5 feet. Thickness ranges from 0.5 to

6.0 feet. (Plate 32).

Phase 3. Dolomite or dolomitic limestone, very fine-grained, 

light brownish-gray to medium gray ("steel gray"). In most cases 

weathers light olive gray. Weathered surface in most cases is deeply 

solution-pitted near the top, may be horizontally striated In lower 

portion. Massive. Usually ledge-forming. Average thickness k.O 
feet. Thickness ranges from 1.0 to 7.5 feet (Plate 33).

Phase t. Dolomite or dolomitic limestone, flmely-cryetallime to 

aphanitic, light olive gray to pale red, may weather light olive grey, 

but weathered color varies. Outcrops are of irregular texture with 

rounded edges. In most cases friable and elope-forming. Thin-bedded. 

Average thickness 2.7 feet. Thickness ranges from 1.0 to 7.0 feet 

(Plate 3%).

Phase 5. Dolomite or dolomitic limestone, aphanitic to very 

finely-crystalline, conehoi dal to irregular fracture, pinkish-gray or 

light brownish-gray, weathers yellowish-grey or pale yellowish-brown 

with smooth surface. Slope-forming. Outcrops have jagged, irregular
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appearance, and typically are littered vith angular chunks of broken 

material. Average thickness 8,k feet, thickness ranges from 1.5 to 

35*5 feet (Plate 35).
Phase 6. Dolomite or dolomitic limestone, finely-crystalline, 

light olive gray to light brownish-grey, weathers light olive gray 

or yellowish-brown, in most cases with prominent horizontal lamina

tions overlain by deeply pitted upper portion. Thick-bedded. Forms 

cliffs or ledges. Hand specimens are similar to those of Phase 3. 

Average thickness 9.6 feet. Thickness ranges from 2.0 to 20.0 feet 

(Plate 36).

Depositions! Environment

The cyclic and dolomitic character of the Devonian section sug
gests that from Grand Wash Cliffs to Jerome deposition took place in 

partly enclosed shallow seas during some part of Middle or Upper 

Devonian time. These seas tended to be hypersaline as is suggested 

by the dolomitic character of the deposits (Osmond, 195k), end in 

some areas contained algal reefs (Figure 1 of Plate 26).

Deposition, with little influx of elastics and that from the 

southeast, was interrupted by several incidents of sub-aqueous or of 

sub-aerial erosion. The similar assemblages of carbonate rocks that 

are repeated in the Devonian section may reflect similar fluctuations 

in salinity of the water after each episode of erosion.
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Age of the Devonian Sequence

Opinion varies as to whether the age of the Devonian sequence in 

Northwestern Arizona is Middle or Upper Devonian.

At a section "five miles east of Peach Springs" Stoyanow (1936) 

reports Bhynchosplra sp. and fragments of fish plates.

At Jerome, Stoyanow (1936) reports Cladapora. Svringopora. 

Aulopora. Stroaatopora. Zaphrentoid corals and fish plates. Be 

places the age at Jerome as Upper Devonian. McNair (1991) agrees 
with Stoyanow (1936).

Dr. Tor Orvig collected fish plates at Jerome. He considers these 

to be of Middle Devonian age (verbal communication. Museum of Northern 

Arizona, August 1953).

The Sultan limestone of Hewitt (1931) at the Goodsprings quad

rangle, Nevada, is a supposed lateral equivalent of the Devonian se

quence in Northwestern Arizona. Hazzard (195%) considers that the 

fauna of the Sultan limestone at Nqpah Bangs, Inyo County, California, 

indicates an age "mere probably Middle than Upper Devonian." This 

fauna comes from the lower part of the Sultan limestone, whose thick

ness at Nqpah Bangs is 1720 feet.



CHAPTER V H I

THE DWCHIAir-MrSSISSIPPIAH URCCHFCSMETT

At Taapai Cliffs the contact between the pink dolomite of the 

Seawall limestone and the light brownish-gray dolomites of the Devon

ian sequence is readily located. At Lion Mountain the basal bed of 
the Redwall is a cbbble-conglomerate (Plate 39) containing sub- 
rounded fragments of carbonate rocks that resemble lithologic types 

that are common in the underlying Devonian section. At Cherokee 

Point the erosion surface at the top of the Devonian is somewhat 

irregular (Plate 38), with a relief of about 3 feet in a distance 
of 100 feet.

The erosion surface at the top of the Devonian sequence at 

Taapai Cliffs follows approximately the same stratigraphic level.

The stratigraphic interval between the top of Owl Cliff (Plate 37) 

and the base of the Eedvall limestone shows little variation as it 

is followed by eye from Cherokee Point to M o n  Mountain. At Cherokee 

Point this interval ie 40.5 feet, whereas at M o n  Mountain it la 31 

feet. At an outcrop about $0 yards north of the Santa Fe Railroad, 

midway between Peach Springs and Kelson, this interval ie about 15 feet
The variation in thickness of the Devonian section from Jerome 

to Western Grand Canyon (Table 13) probably ie due both to differences



Devonian-Mississippian contact at Cherokee Point,

PLATE 38





PLATE 39
Basal conglomerate of Redwall limestone 
at Lion Mountain.
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in original depoaitional thickness and to uneven truncation by erosion. 

The change in lithologic character from southeast to northwest, with 

limestones predominant in Western Grand Canyon (McKee, 1937 and 1938), 

dolomites at Tampai Cliffs, and with detrital material more in evi

dence at Jerome, suggests greater subsidence to the northwest, and 

consequently greater original thickness of deposition in Western Grand 

Canyon.

On the other hand, McKee (1937) suggests that the small amount 

and local distribution of Devonian beds in Eastern Grand Canyon is 

due to greater erosion in that area rather than to lack of deposition. 

The high rate of change of the thickness of the Devonian sequence be

tween Diamond Creek and Quartermaster Canyon, 25 miles to the north

west, supports McKee's erosions! hypothesis. The thickness of the 

Devonian section at Diamond Creek is 359 feet, whereas at Quarter
master Canyon the thickness is 1156 feet (McKee, 1937).



CHAPTER IX

SUMMARY

Each of the three unite, the M ost lime tone, the Supra-Muav 

sequence and the Devonian sequence, displays earn evidence of facies 

change, with offshore facies prevailing In Western Grand Canyon, 

whereas nearshore facies become evident at varying distances to the 

southeast.

The observed thinning of the Muav limestone, the Supra-Muav 

sequence and the Devonian sequence in a southeasterly direction 
from Western Grand Canyon is believed to be due in each case partly 

to less original depositions! thickness to the southeast and partly 

to truncation by regional unconformities.

The erosion surface within the Muav limestone at Tampa! Cliffs 

that truncates the highest beds of the mottled limestone facies at 

that locality m y  belong to a regional unconformity that extends to 

much lower stratigraphic levels in a southeasterly direction. This 

would help to account for the fact that only $0 feet of the Muav 

limestone is present at Juniper Mesa (McNair, 1951), whereas the 

thickness of the underlying beds of the Bright Angel formation and 

Tapeats sandstone is 359 feet. In the Grand Canyon, localities in 

which the combined thickness of the Bright Angel formation and the



Tapeats sandetone ie relatively great trod to have thick sections of
93.

the Muav linsestone
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DESCRIPTION CF MEASURED SECTIONS 

Statement

Colors vere determined, ty comparison vlth the Bock Color Chart 

(1948) distributed by The Rational Research Council, Washington,

D. C.

The sample number of the hand specimen collected from each bed 

is placed in parentheses. Thus at Section 1 the sample number of 

the highest bed described in Devonian sequence is 1-80.

The Museum of Northern Arizona, Flagstaff, Arizona, is the 

repository of the samples collected in the course of this investi

gation.
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Section. 1

Location: South end of the vest aide of Lion Mountain. The lower part 

of the section, to the top of the lower cliff-forming unit (1-49) of 

the Kanab Canyon member, was measured up a ravine in the northeast l/4 

of section 30, T23N, 113)1, Mohave County. The remainder of the sec

tion was measured up the side of Lion Mountain l/2 mile farther north.
in the southeast l/4 of section 19, T23H, 113)1.

Devonian sequence: (43 feet measured) Feet

99. Dolomite: light brownish gray, very fine

grained, weathers light ©live gray, ledge-forming

(l-8o) .......................................... ......... 4.5

98. Concealed: .......................................... 4.0

97. Dolomite: medium gray, aphamitic, weathers

medium gray and grayish orange, ledge-forming (1-79) ....  1.0
96. Slltstons: li^ht brownish gray, weathers light

olive gray, cliff-forming (I-78) ................ ........ 8.5
95. Dolomite: pinkish gray, finely-crystalline,

weathers light brown, slope-forming (1-77) .......... . 11.0

94. Dolomite: medium gray with grayish orange 

mottling, finely-crystalline, contains inclusions 

of white calclte, weathers olive gray with grayish

orange mottling to pitted surface, slope-forming (1-76) .. 5.5

Univ. of Arizona Library
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93. Siltrfcone: light hrdwnieh gray, conchoidal

fracture, veathere grayish pink to slightly pitted

surface, slope-farming (1-75) ............... ..........* 3.5

92. Siltstome: light brownish gray, conchoidal

fracture, flow-structure (small scale) with fine 

curved laminae, weathers yellowish gray, ledge-

forming (l-7k) ..........................................  1.0
91. Dolomite: light brownish gray, very fine

grained, contains inclusions of white calclte, 

finely laminated, flow-structure, weathers very

pale orange to smooth surface, ledge-forming (1-73) ....  3.0

90. Siltstome: medium light gray, conglomeratic,

contains scattered angular limestone blocks of 

cobble size, weathers light olive gray, ledge

forming (1-72) ..........................................  1.0

Unconformity: Assumed.

Supra-Muav sequence: Total thickness 3.0 feet

89. Sandstone: pale red purple, medium-grained, 

crossrlaminated (small scale), siliceous cement,

weathers moderate brown, ledge-forming (1-71) . . ........  3.0
Unconformity: Assumed.

Muav limestone:

Tampai Cliffs member: Total thickness 160.0 feet

Sutmember C: (Thickness 20.0 feet)

88. Concealed: 1.5
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87. Siltetone: grayish pink, weathers pale

yellowish hr own and light brown, ledge-forming

(1-70) ............. ............................ 1.0
86. Dolomite: light brownish gray, very fine

grained, weathers light brownish gray, cliff-

forming (I-69) ..........................................  12.0

85. Concealed: ......................................   5.5

Unconformity: Assumed; Submember B is not present.

Subaember A: (Thickness iVO.O feet)

8k-. limestone: light gray with pale yellowish

brown mottling, aphanitic, weathers light gray

with grayish orange mottling, slope-forming (1-68) ........ 11.0

83. Limestone:medium light gray with grayish 

orange mottling, aphanitic, weathers medium light 

gray with grayish orange mottling, slope-forming

(1-67) ...................     3.0
82. Limestone: medium gray with pale yellowish

brown mottling, aphanitic, weathers light gray with

very pale orange mottling, ledge-forming (1-66) ......... 5*0

81. Limestone: medium gray with pale yellowish

orange mottling, aphanitic, weathers grayish

orange pink, slope-forming (I-65) ........................  11.0
80. Limestone: medium gray with grayish orange

mottling, aphanitic, weathers medium light gray with 

grayish orange mottling, weakly cliff-forming (1-64) 12.5
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79. Llaeatons: eedlta gray vlth brown

mottling, aph&nitic, weathers medium light gray 

with light brown mottling to pitted surface,

slope-forming (1-63) .................................. . 11.0

78. Concealed: ..... ...................................  66.5
77. Limestone: medium gray with light brown

mottling, aphanltlc, weathers medium light gray with 

grayish orange mottling, weakly ledge-forming (1-62) .... 4.5

76. Limestone: medium light gray, aphanltlc,

weathers medium light gray to smooth surface,

slope-forming (l«6l) ................................... 7.5

75. Limestone: medium gray with light brown 

mottling, very finely-cryetalline, contains white 

calcite, weathers medium light gray with grayish 

orange mottling to pitted surface, slope-forming

(1-60) ........................ .......................... 6.0

74. Limestone: medium gray with pale yellowish 

orange mottling, aphanltlc, weathers light gray

with grayish orange mottling, ledge-forming (1-59) .....  2.0

Kanab Canyon member: Total thickness 142.0 feet

73. Limestone: light olive gray with grayish

orange mottling, very finely-crystalline, weathers 

light olive gray with very pale orange mottling,

■lope-forming (I-58) ....................    5.0
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72. limestone: medium gray with grayish orange

mottling, very finely-crystalline, contains white 

calcite, weathers light olive gray with sparse

grayish orange mottling, slope-forming (1-57) .... . 3.0
71. Limestone: medium gray with grayish orange

mottling, aphanitic, weathers light gray with

grayish orange mottling, cliff-forming (I-56) ........... 15.0
70. Limestone: medium light gray with grayish

orange mottling, aphanitic, weathers light gray 

with grayish orange mottling to pitted surface,

ledge-forming (1-55) ...................    k.O
69. limestone: light brownish gray with light

brown mottling, very finely-crystalline, weathers 

light brownish gray with grayish orange mottling,

ledge-forming (l-5%) ........   4.0

68. Limestone: medium gray with sparse pale

yellowish brown mottling, aphanitic, weathers 

light olive gray with sparse light brown mottling,

weakly cliff-forming (1-53) ............................. 15.0
67. limestone: medium gray with grayish orange

mottling, aphanitic, weathers medium light gray

with pale yellowish brown mottling, slope-forming

(1-52) ............. ............................. ....... 22.0
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66. Limestone: medium gray with light brown

mottling, aphanitic, weathers light brownish gray 

with grayish orange pink mottling to fine sandy,

pitted surface, cliff-forming (1-51) ................... - 6.0
65. Limestone: medium light brownish gray with 

light brown mottling, aphanitic, weathers yellowish 

gray with light brown mottling to pitted surface,

slope-forming (1-50) ......................... . 3.0
6k. limestone i medium light gray with grayish 

orange mottling, aphanitic, thick-bedded, weathers 

medium light gray with pale yellowish orange 

mottling to irregular pitted surface, farms verti

cal cliff (l-%9) ...........................    25.5
63. Siltetone: grayish orange, sbaly, calcareous,

very friable, weathers grayish orange, elope-

forming (1-48) ....................................    2.0
62. limestone: light olive gray with grayish

orange mottling, aphanitic, weathers light gray

with grayish orange mottling, ledge-forming (1-4?) .....  3.0
61. limestone: light olive gray with moderate

reddish orange mottling, very fine-grained, thin- 

bedded, weathers light gray with grayish orange

pink mottling, slope-forming (1-46) ....................  7.0
60. Concealed: ..........................................  27.5
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l Springs member: Total thickness 65.0 feet
59. Limestone: light olive gray with grayish
orange mottling, aphanitlc, thin-bedded, weathers 
light gray with grayish orange mottling, cliff-
forming (1-45) ..........................................  16.5
58. Concealed: ....................................... 5>5

57. Limestone: medium dark gray with sparse 

light brown mottling, aphanitlc, thin-bedded, 
weathers medium gray with grayish orange mottling

to smooth surface, forms series of ledges (1-44) .......  15.0
56. Limestone: medium gray with grayish orange

mottling, aphanitlc, thin-bedded, weathers medium 

light gray with pale yellowish brown mottling to

rough surface, cliff-forming (1-43) ...................... 6.0
55* Concealed: ................    5.0
54. Limestone: medium gray with grayish orange

mottling, very flnely-crystalline, thin-bedded, 

weathers light olive gray with grayish orange 

mottling to rough surface, contains email dark

brown concretions, slope-forming (1-42) ................. 4.0
53. Limestone: medium dark gray with grayish

orange mottling, very flnely-crystalline, thin-
bedded, weathers light olive gray with grayish

orange mottling, slope-forming (l-4l) .................... 5.0
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52. Lime8tone: aedlua dark gray with grayish

orange mottling, aphanltlc, thin-bedded, veathere 

light gray with grayish orange mottling, weakly

cliff-forming (l-ko) ....................................... . 8.0

Tongue Bright Angel (3): Total thickness 82.5 f»*t

51. Concealed: steep slope........... ......... 53.5

50. Limestone: light brown, finely-crystalline,

platy, contains numerous dusky yellow green 

micaceous partings that exhibit worm trails,

weathers dusky yellow green, slope-forming (1-39) ....... 6.0

49. Concealed:  .............. ....... 11.0

48. Mudstone: light olive gray, calcareous,

ehaly, weathers light olive gray, slope-forming (1-38) .. 5*0

47. Conglomerate: medium light gray, massive; 

matrix medium gray, fine-grained limestone; 

pebbles flat, sub-rounded up to l/2 inch long 

both parallel to and inclined to bedding, main

ly of yellowish gray limestone; weathers light

olive gray, ledge-forming (1-37) .......... ............. 0.5

46. Sandstone: grayish orange, fine-grained,

calcareous, upper part finely laminated, weathers

yellowish gray, slope-forming (1-36) ....................  1.0

45. Concealed: ......................................... 1.0
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44. Conglomerate: medium light gray; matrix

medium gray, fine-grained calcareoua Bandstone;

pebbles up to 1 Inch long of flat to bloeky 

yellowish gray silty limestone, subangular,

weather very light gray; ledge-forming (1-35) ........... 0.5

43. Concealed: ................... ..................... 1.0

42. Conglomerate: light olive gray, thin-bedded;

matrix light dive gray, sandy limestone; pebbles up 

to 1 Inch long, flat, sub-rounded of light gray cal

careous mudstone, randomly oriented; weathers light olive 

gray with grayish orange mottling, ledge-forming (1-34) .. 3.0

Spencer Canyon member: Total thickness 32.5 feet

4l. Limestone: medium gray with light brown 

mottling, very fine-grained, thin-bedded, weathers 

medium light gray with grayish orange mottling,

slope-forming (1-33) ............... .................... 3.0
4o. Mostly concealed: slope; contains a few

exposures of light gray, aphanitic, platy limestone 

weathering yellowish gray, and of pale dive, 

micaceous shaly mudstone, calcareous, weathering

light dive gray (1-32) .... ..................... . 9.5

39. Limestone: medium gray with grayish orange 

mottling, aphanitic, thin-bedded, weathers light 

gray with grayish orange mottling, ledge -forming 

(1-3D 3.0
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38. Concealed: .........................................  3.0

37. Fault: apparent vertical displacement about

l/2 Inch.

36. Limestone: medium gray vith grayish orange 

mottling, aphanltlc, thin-bedded, veathere pale

yellcerlsh brown, weakly cliff-forming (1-30) .......  lk.0

longue Bright Angel (2): Total thickness 23.0 feet

35. Mudstone: light olive gray, shaly, weathers

pale olive, displays micaceous parting surfaces, 

lower 4 feet ledge-forming and remainder slope-
forming (1-29) .......................................... 9.0

3%. Limestone: light gray with grayish orange

mottling, aphanltlc, thin-bedded, weathers pale

yellowish brown, ledge-forming (1-28) ................. .. 1.0

33. Concealed: .................................. 12.5
32. Conglomerate: Ugh* olive gray, massive?

matrix medium gray, calcareous mudstone; pebbles 

up to 1.5 Inches long, flat, sub-rounded of olive 
gray calcareous mudstone mostly parallel to bed

ding? weathers medium gray with light olive gray

pebbles, slope-forming (1-2?) ........................... 0.5
Bunap Plateau member: Total thickness 35.0 feet

31. Mudstone: light olive gray, calcareous, thin-

bedded, with some beds of light olive gray, aphanltlc 

limestone, weathers grayish orange, slope-forming (1-26) .. 5.0
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30. Maestone: light gray with yellowish

gray mottling, aphanitic, platy to ahaly,

weathers yellowish gray, slope-forming (1-25) ........ 4.0
29. Limestone: light gray with light hr own

mottling, aphanitic, thin-bedded, weathers

pale yellowish brown, ledge-forming (1-24) .............  1.0
28. Mudstone: yellowish gray, ahaly, weathers

yellowish gray, slope-forming (1-23) .....................  3.0
27. limestone: light olive gray, fine-grained,

laminated, weathers light dive gray with some 

micaceous bedding planes, contains thin beds of 

yellowish gray calcareous siltstone, ledge

forming (1-22) ...........................................  3.0
26. Concealed: ..................................    13.5
25. Limestone: medium gray with grayish orange

mottling, aphanitic, thin-bedded, contains 

Oirvanella. weathers light brownish gray with 

grayish orange mottling to irregular surface,

slope-forming (1-21) .......   5.5
Tongue Bright Angel (1): Total thickness 14.0 feet

24. Concealed: ........................      11.0

23. Limestone: medium gray with light olive 

gray mottling, medium-grained, thin-bedded,
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weathers yellowish gray to smooth surface, ledge-

forming (1-16) ...........................................  2.0
22. Mudstone: light olive gray, calcareous, friable,
thin-bedded, weathers pale yellowish brown with gray
ish orange mottling, slope-forming (1-15)...............  1.0

Basqpart Cave member: Total thickness 108.0 feet
Submember C: (Thickness 16.5 feet)

21. Limestone: medium gray with grayish orange mottling,
very finely-crystalline, thin-bedded, weathers ll^it gray 
with grayish orange mottling to smooth surface, ledge
forming (1,14) .......................................   3.0
20. Limestone: medium gray with grayish orange mottling,

fine-grained, thin-bedded, weathers medium gray, slope
forming (1-13) .....     9.5
19. Limestone: medium light gray with graying orange
mottling, very fine-grained, thin-bedded, weathers 
medium gray with grayish orange mottling to irregular
surface, ledge-forming (1-12) ...........................  k.O

Submember B: (Thickness 6k.0 feet)............
18. Concealed: ...........    2.0
17. Limestone: medium gray with much grayish orange
mottling, very fine-grained, conglomeratic, thick-
bedded, weathers dark yellowish brown with grayish
orange mottling to rough surface, ledge-forming
(1-11) .......    k.O
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16. Sandstone: grayish orange, nedlua-gralned,

glauconitic, calcareous, thick-bedded, covered 

hy soil, weathered surface not exposed, slope-

forming (1-10) ........... ....................... . 2.0
15. Midstone: light olive gray and light brown,

calcareous, thick-bedded, weathers olive gray and

grayish orange, slope-forming (1-09) ............ ....... 5.0

lb. Concealed: ......................................... b.O

13. Limestone: very light gray with yellowish

orange layers, fine-grained, thick-bedded, 

weathers grayish orange pink to smooth surface,

cliff-forming (1-08) ....................    10.0

12. Concealed: ...........    5*5

11. Mudstone: yellowish gray, calcareous, thin-

bedded, weathers yellowish gray to smooth surface,

slope-forming (1-07) ...................................   b.O

10. Mudstone: pale olive, laminated, calcareous,

micaceous, weathers light dive gray, ledge

forming (1-06) .....................................    5,0
9. Concealed: .......     7.0
8. Mudstone: grayish orange, calcareous, thick-

bedded, weathers pale yellowish brown, slope- 

forming (1-05) 6.5
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7. Concealed: ..........................................  9.0

Submember A: (dMckmeee 27.5 f»®t)
6. Limestone: medium light brownish gray with

light brown mottling, medium-crystalline, massive, 

weathers pale yellowish brown, cliff-forming (1-04) 15.0
5. Fault:

k. Limestone: light gray with light brown

mottling medium-grained, massive, porous, 

weathers light brown to rough surface, ledge-

forming (1-03) .....................................   k.O

3. Limestone: medium gray with light brown

mottling, aphanitic, massive, weathers medium 

gray with light brown mottling, ledge-forming

(1-02) .................................... 3.0
2. Concealed: ................... .......................  . 2.0

l. Limestone: light olive gray, medium-

crystalline, thick-bedded, contains Oirvaaolla. 

weathers medium light gray with grayish orange

mottling, ledge-forming (1-01) ......................... 3.5

Bright Angel formation:
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Location: Northeast l/4 of section 17# TSkH, BUN, Mohave Comity, 

Arizona. About 1 mile east of Cherokee Point.

Devonian sequence: (25.5 feet measured) . Feet

1. Dolomite: light olive grey, fine sugary

texture, veathere light olive gray to fine

sandy surface, ledge-forming (2-60) .... ................ 3.0
2. Dolomite: light "brownish gray, very 

fine-grained, veathere light olive gray,

ledge-forming (2-59) .................................... 2.0
3. Mudstone: very light "brownish gray, 

dolomltlc, conglomeratic, veathere pale

yellowish "brown, slope-forming (2-58) ................ . 0.5
4. Mudstone: light "brownish gray,

dolomltlc, veathere light "brownish gray,

ledge-forming (2-57) ...............      2.0
5. Dolomite: light brownish gray, aphanltlc,

veathere grayish orange pink to smooth surface,

ledge-forming (2-56) ..............      2.0
6. Dolomite: medium gray, very finely-cryetal-

line, veathere pale yellowish brown to fine sandy

surface, slope-forming (2-55) ........................... 3.0
7. Dolomite: light brownish gray, very finely-

cryetalline, weathers very light brownish gray, 

slope-forming (2-54) ....................................  4.0
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8. Dolomite; light brownish gray, rery-fine

grained, weathers light olive gray, slope-forming

(2 -5 3 )  .......................       k.O

9. Siltstone: light olive gray, slightly dolo-

mitie, weathers light olive gray, slope-forming

(2-52) .......................................     k.O

10. Siltstone: grayish orange pink, dolomitic,

weathers yellowish gray, slope-forming (2-51) ..........  1.0

Unconformity: Concealed.

Supra-Muav sequence: Total thickness 80.5 feet.

11. Concealed: ......... ............................... 17.0

12. Dolomite: light brownish gray, very finely-

eryetalline, weathers pale yellowish brcwn,

ledge-farming (2-50) ..............    k.O

13. Dolomite: grayish orange pink, very finely-

cryetalline, weathers very pale orange to pitted

surface, cliff-forming (2-k9) ........ ..................  6.0

Ik. Limestone: grayish orange pink, very fine

sugary texture, weathers grayish orange pink,

slope-forming (2-k8).... ............................... 1.0

15. Dolomite: grayish pink, very fine-grained,

weathers grayish orange pink, slope-forming (2-k?) .....  1.0

16. Dolomite: pale red, very finely crystalline,

weathers grayish orange pink, ledge-forming (2-k6) .....  1.0
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17. Siltstone: pinkish gray, weathers grayish

orange, ledge-forming (2-45) ............................. 2.0
18. Silts tone: pinkish gray, calcareous,

weathers grayish orange pink, ledge-forming

(2-44) ...................................................  1.0
19. Silt at one: pinkish gray, weathers yellowish

gray, slope-forming (2-43) ..............................  3.0
20. Dolomite: yellowish gray, fine-grained, ........

weathers yellowish gray, slope-forming (2-42) ...........  3.0
21. Dolomite: very light gray, very fine

grained, weathers yellowish gray, l e d g e - .......

farming (2-4l) ..................... .....................  1.9

22. Dolomite: pinkish gray, very fine-grained,

weathers pinkish gray, slope-forming (2-4o) .............  2.0
23. Limestone: pinkish gray, ddlcmitic, very 

fine-grained, weathers grayish orange pink to

pitted surface, cliff-foaming (2-39) ....................  6.0
24. Mudstone: grayish orange pink, calcareous,

weathers pinkish gray, cliff-forming (2-38) ...............10.0
25. Concealed: ......     2.5

26. Mudstone: grayish orange pink, slightly

calcareous, weathers grayish orange pink,

slope-forming (2-37) .....................................  3.0
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27. Mudstone: pinkish gray, slightly dolomltlc,

weathers yellowish gray, slope-forming (2-36) ...........  5.5
28. Concealed: ........ ........................... ......11.0

Unconformity: Contact concealed.

Mu&v llmestoM:

Tampa! Cliffs member: Total thickness 200.5 feet

Submember C: (Thickness 60.0 feet)

29. Dolomite: medium light gray, coarse-grained, 

contains light brown calcareous inclusions.

weathers light olive gray, slope-forming (2-35) .........  2.0
30. Concealed: ...............................   2.0
31. Mudstone: pale red, slightly calcareous,

weathers grayish orange pink, slope-forming (2-34) ....... 4.0

32. Sandstone: pale red, fine-grained, weathers

light olive gray, slope-forming (2-33) ................... 2.0
33. Mudstone: pale red, weathers pale red,

slope-forming (2-32) ..................................... 8.0
34. Sandstone: ledge-forming (2-31) ...................  2.0

35. Concealed: ...............    5,5
36. Mudstone: moderate pink, slightly calcareous,

weathers grayish orange pink, slope-forming (2-30) ......  1.0
37. Concealed: .........................    3,0
38. Silts tone: pale red, weathers grayish orange
pink, ledge-forming (2-29) ............................. 4.0
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39. Mudstone: pale red, calcareous, veathere

pinkish gray, slope-farming (2-28) ....... .......... 6.5

40. Concealed:  ....... ............................... 3.0
kl. Mudstone: pale red, weathers pale red with

grayish orange pink mottling to pitted surface,

ledge-forming (2-27) ....... ............................ 1.0
42. Mudstone: light "brownish gray, contains

yellowish orange calcareous inclusions, weathers 

light olive gray with yellowish gray mottling, 

ledge-forming (2-26) .................................... 5.0

43. Mudstone: yellowish gray with pale red 

mottling, dolomitlc, weathers yellowish gray
i .

with pale red mottling, ledge -forming (2-25) ...........  3.0

44. Limestone: medium gray with pale red 

mottling, finely-cryetalline, weathers light 

olive gray with grayish orange pink mottling

to fine sandy surface, ledge-forming (2-24) ........... . 3.0
!

45. Mudstone: light olive gray with grayish

orange pink mottling, shows small-scale flow- 

structure, weathers grayish pink, slope-forming

(2-23)  ........... .............................  5.0
Submember B: (Thickness 18.0 feet)

46. Concealed:  ........................................  14.0
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kj. Limestone: medium light gray vith grayish

orange mottling, very finely-crystalline, weathers

Feet

medium llg^it gray with grayish orange mottling,

slope-forming (2-22) .............. ................. 1.0

48. Concealed: .......... .............................  3.0

Unconformity: Assumed.

Submember A: (Thickness 122.5 feet)

4-9. Limestone: medium gray with grayish orange v

pink mottling, aphaaitie, weathers medium light

gray with grayish orange pink mottling to pitted

surface with sharp points, ledge-forming (2-21) ..... . 4.0

50. Mudstone: grayish yellow, calcareous, weathers

grayish yellow, slope-forming (2-20) ....................  5*0

51. Concealed: .........   5*0

52. Conglomerate: yellowish gray, consists of

light gray, flat, sub-rounded pebbles of limestone 

up to 1 inch long in yellowish gray calcareous 

silty matrix, weathers yellowish gray, slope-

forming (2-19) ........   0.5

53. Concealed: ..........  21.0
54. Limestone: medium gray with dark yellowish

orange mottling, very f inely-cryetalline, weathers 

olive gray with grayish orange mottling, ledge

forming (2-18) .......................................   4.0



119.

Feet

55. Concealed: ........................................... H-.O
56. Limestone: medium gray with grayish orange silty

mottling, aphanitlc, weathers light olive gray with 

grayish orange mottling to pitted surface with sharp

points, slope-forming (2-17) ........    8.0

57* Concealed: ......................      2.0

58. Limestone: medium light gray with grayish orange

silty layers, aphanitlc, weathers grayish orange, slope-

forming (2-16) .................................    5.0

59. Limestone: medium light gray with light brown 

silty mottling, aphanitlc, weathers light olive gray

with grayish orange mottling, weakly cliff-forming (2-I5) 12.0

60. Limestone: medium light gray with moderate

orange pink mottling, aphanitlc, weathers medium light 

gray with grayish orange pink mottling, ledge-farming

(2-14) ...........................   5.0
61. Limestone: medium light gray with much grayish

orange mottling, aphanitlc, weathers medium light

gray with grayish orange mottling, ledge-forming (2-13) .... 4.5

62. Limestone: light olive gray with sparse grayish

orange mottling, aphanitlc, weathers medium light gray, 

ledge-forming (2-12) ...... .........................

63. Limestone: light olive gray with sparse grayish

orange mottling, aphanitlc, weathers light gray with

1.0
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pale yellow mottling, ledge -forming (2-11) ................  2.0

64. Limestone: medium gray with grayish orange
• . ?  '
mottling, aphanitlc, weathers ll^it olive gray with

light "brown mottling, elope-forming (2-10) ........... . 4.0

65. Limestone: medium light gray with grayish orange

pink mottling, aphanitlc, weathers light olive gray

with grayish orange mottling, slope -forming (2-09) ........  $.0

66. Concealed: ......................... ................. 6.0
67. Limestone: medium light gray with light brown mottling,

aphanitlc, weathers yellowish gray with grayish orange

mottling, ledge-forming (2-08) ............................. 2.0

68. Limestone: light gray with grayish orange mottling,

aphanitlc, weathers yellowish gray, slope-forming (2-07) ... 2.0

69. Limestone: medium gray with grayish orange mottling, 

aphanitlc, contains small inclusions of white calclte

crystals, slope-forming (2-06) ............................. 7.5

70. Limestone: medium light gray with grayish orange

mottling, aphanitlc, weathers light olive gray with

grayish orange mottling, slope-forming (2-05) .......  4.5

71. Concealed: ............................................  2.0

72. Limestone: light brownish gray with light brown

mottling, aphanitlc, weathers light olive gray with

light brown mottling, ledge-forming (2-04) ......... ....... 4.5

120.
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73. Limestone: medium gray with grayish orange

mottling, aphanitic, weathers light dive gray 

with grayish orange mottling to pitted surface, 

slope-forming (2-03) ................. ...................  4.0
Kanab Canyon member: (Total measured 23.0 feet)

74. Limestone: light olive gray with light brown

mottling, aphanitic, weathers light dive gray with 

grayish orange mottling to pitted surface, cliff-

forming (2-02) ...........................................  7*5
75. Limestone: medium gray with grayish orange

mottling, aphanitic, weathers medium light gray 

with grayish orange mottling to smooth surface,

weakly cliff-forming (2-01) .............................. 10.0
76. Limestone: light olive gray with light brown

mottling, aphanitic, weathers light gray with gray

ish orange mottling to irregular surface with sharp

points, ledge-forming (2-00) ............................   5.5
Concealed: talus.



Section 2.

122.

Location: k northeast spur of Music Mountain, hearing South 55° Bast 

to Cherokee Point, about 5 miles northwest of highway US 66, in $251, 

BUSSi, Mohave County, Arizona.

fop of spur: Recent erosion surface.

Supra-Muav sequence: (25.5 feet measured) Feet

1. Dolomite: grayish pink, aphanltic, thin-bedded,

weathers yellowish gray with smooth to irregular

surface, slope-forming (3-33) ..........................  14.0
2. Dolomite: grayish orange pink, aphanltic, thin-

bedded, weathers yellowish gray to pitted surface.

ledge-forming (3-32)  .................................. 6.5
3. Concealed: ..........................................  5.0

Unconformity: Concealed.

Muav limestone:

Tampai Cliffs member: Total thickness 182.0 feet

Submember C: (Thickness 68.0 feet)

h. Dolomite: light brownish gray, fine-grained,

thin-bedded, weathers light gray with pale orange

mottling to irregular surface, slope-forming (3-31) ..... 2.0

5. Dolomite: light brownish gray, fine-grained,

mostly thick-bedded, weathers grayish orange pink

to fine sandy pitted surface, cliff-forming (3-30) ...... 13.0

6. Concealed: .......... ................... ............ 6.0
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7. Dolomite: light hrownleh gray, aphanitic, thin-

hedded, ve&there grayish, orange pink to pitted surface,

"weakly ledge-forming (3-29) .............................. %.0

8. Concealed: ................ ..........................  1.0

9. Dolomite: pale red purple, very fine-grained,

thin-bedded, weathers grayish red purple, slope-

forming (3-28) ...........................................  2.5
10. Conglomerate: light brownish gray, contains

grayish orange flat sub-rounded calcareous mudstone 

pebbles up to l/2 inch long in light brownish gray 

mudstone matrix, weathers grayish orange, slope-

forming (3-37) ...........................................  1.0
11. Concealed: ........................    3.0

12. Sandstone: pale red purple, very fine-grained, 

thick-bedded, weathers pale yellowish brown to deeply

pitted surface, ledge-forming (3-26) ..........   5.0

13. Concealed: ...............   7.0
lb. Dolomite: light brownish gray, fins sandy

texture, both thick-bedded and thin-bedded, weathers 

pale yellowish brown to pitted surface, cliff-forming

(3-25) ..............     17.5

15. Concealed: ..........................................  2.0
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16. Sandstone: pale red purple, very fine-grained,

siliceous cement, thin-bedded, weathers very light 

gray with pale red mottling to Irregular surface.

slope-forming (3-2*0  ........ .......................  %.0

Subaember B: (Thickness 13.0 feet)

17. Concealed: .......................................... 2.0
18. Dolomite: grayish orange pink with grayish

red mottling, fine sugary texture, thin-bedded.

weathers grayish orange pink with pale red mottling

to smooth surface with rounded edges, slope-

forming (3-23) ............................................  t.O

19. Sandstone: pale red, very fine-grained, thin- 

bedded, weathers pale yellowish brown to smooth

surface, slope-farming (3-22) ...................    7.0

Unconformity: Assumed.
Subaember A: (Thickness 101.0 feet)

20. Limestone: medium gray with grayish orange

silty mottling, aphanitie, thin-bedded, weathers 

medium light gray with grayish orange mottling, 

slope-forming (3-21) ...........................  10.0

21. Limestone: medium gray with light brown 

mottling, aphanatic, thin-bedded, weathers medium 

light gray with grayish orange pink mottling to 

shallowly pitted surface covered with sharp points.
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ledge-forming (3-20)......................    6.0

22. Concealed: ......................................    6.5

23. limestone: light brownish gray with grayish

orange pink silty mottling, aphanitic, thin-bedded, 

weathers medium light gray with grayish orange pink 

mottling to irregular surface with smooth edges, 

ledge-forming (3-19) ............... ..................... k.O

24. Concealed: ..........................   41.5 .

25. Limestone: medium light gray with moderate

orange pink mottling, aphanitic, platy, weathers 

light gray with grayish orange mottling, forms

series of steps 1 to 6 inches thick (3-18) ..............  33.0

Kanab Canyon member: Total thickness 123.0 feet.

26. limestone: medium light gray with grayish

orange pink mottling, aphanitic, resistant, thick- 

bedded, weathers light gray with grayish orange 

pink mottling to slightly pitted surface with

sharp points, cliff-forming (3-17) ........................ 22.0
27. Limestone: medium gray with small amount 

of grayish yellow mottling, aphanitic, thick- 

bedded, weathers medium light gray with very 

pale orange mottling to rather smooth surface 

having scattered sharp points, contains scattered

shaly partings 1 to 2 inches thick, cliff-farming (3-16) ..22.0
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28. Limestone: medium gray mottled with grayish

orange, apfaanitic, thin-bedded, leathers medium 

light gray vith grayish ©range mottling to fairly 

smooth surface vith rounded edges, cliff-forming

(3-15) .... .............................................  11.0
29. Limestone: medium light gray vith email 

amount of moderate orange pink silty mottling, 

aphanitic, thick-bedded, weathers light gray 

vith pitted surface that displays fine irregu

lar network of grayish orange calcareous silt-

stone, cliff-forming (3-l%j ............................. 16.5
30. Limestone: medium gray vith dark yellowish 

orange silty mottling, aphanitic, mostly thick- 

bedded, weathers light medium gray vith greyish

orange mottling, weakly cliff-forming (3-13) ...........  25.0
31. Limestone: light brownish gray with pale

red mottling, aphanitic, thin-bedded, weathers 

medium light gray vith grayish orange mottling 

to fairly smooth surface with rounded edges,

weakly cliff-forming (3-12) .........................   13.0

32. Concealed: .........................................  1.0

33. High-angle fault, vertical movement not 

determined.

34. Concealed: .....................    9.0
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35. Limestone: medium gray with pale reddish brown

silty mottling, aphanitic, thin-bedded, weathers 

grayish orange pink to irregular surface, slope-

forming (3-10) ...... ........................ ........... 3.5

Peach Springs member: Total thickness 60,5 feet

36. Limestone: brownish gray, aphanitic, thin-

bedded, weathers medium light gray with grayish 

orange pink silty laminae to smooth surface with

straight edges, weakly ledge-forming (3-09) ......... . 22.0

37. Limestone: medium dark gray with moderate red

dish orange mottling, aphanitic, thick-bedded, 

weathers light brownish gray with light brcmn 

mottling, forme a series of ledges 3 to k feet

thick (3-08)  ..................................... 22.0

38. Limestone: medium dark gray with grayish

orange mottling, aphanitic, thin-bedded, weathers 

medium light gray with grayish orange mottling.

forms a series of ledges about 3 feet thich (3-07) .....  16.5
Tongue Bright Angel (3): Total thickness 77.0 feet

39. Concealed: .........................................  77.0
Spencer Canyon member: (Base concealed)

40. Limestone: medium gray with pale reddish brown

mottling, very finely-crystalline, thin-bedded, 

weathers medium gray with light brown mottling to



128.
Feet

smooth surface, slope-forming (3-06) ..................  5»5
4l. Lime st one: medium gray with light “brown

mottling, very finely-crystalline, thin-bedded, 

weathers medium gray with grayish orange mottling 

to somewhat Irregular surface, weakly ledge

forming (3-05) .......... ......................... . 5.0
Concealed slope;  ........ ...............................  75.0

Eamp&rt Cave member:

Submember C: (Thickness 19.0 feet)

k2. limestone; mostly medium light gray, seme light 

olive gray, grayish orange mottling, very finely- 

cryetalline, thin-bedded, weathers light gray with 

grayish orange mottling to smooth surface, slope

forming (3-04) ........................ .................. 6.0
43. Concealed: ........      10.0

44. limestone: medium gray with light brown 

mottling, finely-crystalline, thin-bedded, contains 

Glrvanella. weathers light olive gray with grayish

orange spots to smooth surface, ledge-forming (3-03) .... 3.0
Submember B:

45. Concealed:    5.5
46. Si It s tone: yellowish gray and grayish orange, 

thin-bedded, weathers very pale orange to vaooth

surface, ledge-forming (3-02) ........................... 3.0
4%. Concealed; ......    n . o



48. Limestone: medium gray with dark yellowish

orange mottling, very finely-crystalline, thin- 

bedded, contains Girvanella, veathere medium 

light gray with grayish orange mottling to fairly

smooth surface, weakly ledge-forming (3-01) ....
Concealed: talus and alluvium.
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location: West side of the north end of Lien Mountain. Base of 

section is about 100 yards North 25 degrees West of iron section post 

narking the northwest corner of section 20, 1231, B11W, Mohave County, 

Arizona. Section is measured In a generally southeasterly direction 

from the point of beginning.

Bedwall limestone: Feet

158. Conglomerate: grayish orange pink; matrix

grayish orange pink, finely-cryetalllne; contains 

blocks from pebble to cobble size that are angular 

and consist of light gray finely-cryetalllne dolo

mite and of pale pink fine-grained limestone, and 

pebbles of light brown chert; weathers grayish

orange pink, slope-forming (k-118) ....................  4.0

Unconformity: Contact concealed.

Devonian sequence: Total thickness 318.5 feet

157. Dolomite: light brownish gray, finely crystal

line, thin-bedded, contains small calcareous inclu

sions, weathers grayish orange pink to fairly smooth

surface, slope-forming (4-117) ......................... 1,5
156. Concealed: .......................................  5.5
155• Dolomite: light brownish gray, aphaaitic,
thin-bedded, weathers light yellowish gray to 
irregular surface, elope-forming (4-116) ...... 1.5
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154. Dolomite: grayish orange pink, medium-grained,

thick-bedded, contains small very light gray calcare

ous Inclusions, veathers light brotnUah gray to ir

regular, somewhat pitted, fine sandy surface, ledge-

forming (4-115) ........................................ 5.0
153. Dolomite: medium light gray, finely-crystal-

line, thin-bedded, veathers light brown to irregular

surface, slope-forming (4-114) ......................... 1.0
152. Concealed: .........................................  6.0

151, Dolomite: light olive gray, fine-grained, thin-

bedded, veathers light olive gray to sandy surface,

ledge-forming (4-113)  .......... ................ 2.5
150. Dolomite: Pinkish gray, very finely crystal

line, thick-bedded, veathers pale yellowish brown to 

smooth surface vith rounded edges, slope-forming (4-112) 2.5

149, Concealed: ...................................    3.0
148. Limestone: light olive gray, very fine-grained,

doloaitie, thick-bedded, veathers light olive gray to

smooth surface, ledge-forming (4-111) ........   3.0
14?. Dolomite (OWL CLOT): light olive gray to light

brownish gray, flnely-crystalline, very thick-bedded, 

contains small calcareous inclusions, veathers pale 

yellowish brown, locally cavernous, forms vertical 

cliff (4-107) ......................................    35.0
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146. Mudstone: light brownish gray, slightly
doloaltlc, thin-bedded, weathers light gray and 

grayish orange to smooth rounded surface, weakly 

ledge-forming but overhung by cliff-forming unit

above (4-106) ............... .................... ...... 4.0

145. Sandstone: medium light gray, very fine

grained, thin-bedded, weathers light brown,

weakly ledge-forming (4-105) ....... ............ 2.5
144. Concealed: ........... ........................... 5.0

143. Mudstone: pinkish gray, slightly dolcetitic, 

thin-bedded, weathers yellowish gray to smooth

surface, slope-forming (4-104) .......... .............. 2.0

142. Concealed: .....................  2.5
141. Limestone: medium gray, fine-grained, dolo-

mitic, thin-bedded, weathers light olive gray to

Irregular surface, slope-forming (4-103) .......... . 1.5
140. Dolomite: pinkish gray, aphanitic, thin-

bedded, weathers pinkish gray, slope-forming (4-102) ... 3.5

139* Concealed: .......   27.0

138. Dolomite: light brownish gray, fine sugary

texture, thin-bedded, weathers very pale orange to

Irregular surface, ledge-farming (4-101) ..............  2.5

137. Concealed: .......................................  3.0
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136. Sandstone: brownish gray, very fine-grained,

subconcholdal fracture, thin-bedded, veathere light

olive gray, weakly ledge-forming (4-100) ...............  4.0

135. Conglomerate: light brownish gray, thin-bedded;

matrix light brownish gray dolomitlc mudstone; cobbles, 

angular, blocky, of sandstone and dolomite, display 

poor orientation parallel to bedding; weathers light

brownish gray, weakly ledge-fcanting (4-99) ...... ....... 5.0
134. Concealed:  ................... .................  8.0

133. Dolomite: light brownish gray, medium-grained, 

thick-bedded, weathers light brown to sandy surface,

slope-forming (4-98) ..................... .............. 2.0

132. Concealed: ..........      3.0

131. Silts tone: pinkish gray, dolomitlc, massive,

weathers olive gray to irregular surface, slope-

forming (4-97) ......................    2.0
130. Concealed: ........................................  20.0
129. Dolomite: pinkish gray, finely-crystalline,
thick-bedded, weathers light olive gray to fine

eandy surface, ledge-forming (4-96) .....................  2.0

128. Dolomite: light brownish gray, aphanitic, 

massive, weathers yellowish gray to irregular

surface, slope-forming (4-95) .............. 3.0
127. Concealed: ........................................  2.0
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126. Sandstone: light olive gray, very fine-grained, 

slightly dolomltlc, thin-bedded, weathers light olive 

gray to fairly smooth surface, ledge-forming (4-94) ..... 0.5
125. Dolomite: light gray, aphanitic, massive,

weathers pale yellowish brown, slope-forming (4-93) ....  2.5
124. Concealed: ........... ............1............... 2.0

123. Dolomite: pinkish gray, aphanitic, very thick-

bedded, contains very small scattered calcareous in

clusions, weathers olive gray to slightly pitted

surface, cliff-forming (4-92) ...... ....................  6.0
122. Conglomerate: light brownish gray, thin-bedded;

pebbles blocky up to 3/4 inch long, randomly oriented, 

both pebbles and matrix are light brownish gray dolo

mite; weathers grayish orange pink, slope-forming (4-91) . 1.5
121. Mudstone: light gray, thin-bedded, calcareous,

weathers light gray, slope-forming (4-90) ..............  2.0
120. Conglomerate: very light gray, massive; con

tains pebbles up to 1 inch in length, blocky and 
randomly oriented of very light gray aphanitic dolo

mite in matrix of very light gray dolomite; weathers

light brownish gray, slope-forming (4-89a) .............  1.0
119. Dolomite: light brownish gray, aphanitic,

massive, cone hoidal fracture, weathers very light
gray to irregular surface, elope-farming (4-89b ) ...... . 2.0
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118. Concealed: ................... .................... 1.0

117. Dolomite: light olive gray, fine sugary texture,

veathere light olive gray to irregular surface, slope-

forming (k-88) ..........................................  0.5
116. Dolomite: light olive gray, very finely-crystal-

line, thin-bedded, veathere light olive gray to irregu

lar surface, slope-forming (k-87) ......................  2.0

115. Dolomite: medium gray, very finely-cryetalline, 

thick-bedded, weathers olive gray to pitted surface,

cliff-forming (4-86) ....................................  6.0

114. Dolomite: light brownish gray, very finely- 

cryetalline, thick-bedded, weathers greenish gray to 

fairly smooth surface that displays scattered email

flakes of light brown chert, ledge-forming (4-85) ......  5.0

113. Concealed: .....................................   4.5

112. Dolomite: light olive gray, very finely-

cryetalline, thick-bedded, resistant, petroliferous 

odor, grayish orange pink calcareous inclusions, 

weathers light olive gray to pitted surface with

rounded edges, cliff-forming (4-84) ........   8.0

111. Siltetone: light brownish gray, siliceous,

conchoidal fracture, massive, contains inclusions of

pale pink calcite crystals, weathers pale yellowish
brown, slope-forming (4-82) .............................  2.0
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110. Dolomite: light hrowaieh gray, aphanitic, tiiick-

bedded, weathers li^it olive gray to smooth laminated.

surface, cliff-forming (4-8l) ..... ............... ...... 7.5
109. Dolomite: pinkish gray, medium-grained, thick-

bedded, cavernous, cavities contain orange calcite, 

weathers pinkish gray to deeply pitted surface with rounded

edges, cliff-forming (k-80) ............................. lk.0

108. Dolomite: yellowish gray, aphanitic, thin-bedded,

weathers pale yellowish brown, cliff-forming (k-7 9 ) ....  10.0

107. Sandstone: light brownish gray, very fine-grained,

slightly dolcmitic, thin-bedded, weathers olive gray,

ledge-forming (4-78) .............  4.0

106. Dolomite: brownish gray, very fine-grained,

thick-bedded, contains from to 10# of dark yellowish 

brown chert in flat irregular masses, weathers dark 

greenish gray to fairly smooth surface, ledge-forming

(4-77) .....................    5.0
105. Concealed: .......................................   9.5
104. Sandstone: medium gray, very fine-grained,

■lightly dolomitic, thin-bedded, weathers grayish

orange pink, ledge-forming (4-76) ....................... 1.5

103. Concealed: ..................      7.0
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102. Dolomite: light brownish gray, fine sugary

texture, thick-bedded, contains scattered cavities 

filled vith white calcite crystals, weathers light 

olive gray to fairly smooth surface, ledge-farming

(4-75) .................................................. 2.0
101. Mudstone: light gray, slightly doloaitlc, thin-

bedded, weathers pale blue, broken laminae on wea

thered surface suggests soft-rock deformation, ledge

forming (4-74) ...... ...................................  2.0

100. Dolomite: yellowish gray, fine sugary texture,

thin-bedded, weathers olive gray to fairly smooth

surface with rounded edges, ledge-forming (4-73) .......  1.5
99. Siltstone: medium light gray, thin-bedded,

weathers light olive gray, slope-farming (4-72) ........  1.0

98. Dolomite: light olive gray with grayish orange

pink mottling, fine sugary texture, thin-bedded,

weathers light olive gray with light brown mottling

to fairly smooth, rounded surface, ledge-forming (4-71).. 3.5

97. Dolomite: light brownish gray, very fine sugary

texture, massive, weathers light olive gray to smooth

rounded surface, slope-forming (4-70) ........ .......... 3.0



feet

138.

96. Dolomite: pinkish gray, aphanitlc, thln-bedded,

weathers pale yellowish brown to Irregular surface

with rounded edges, slope-forming (4-69) ...............  4.0

95. Limestone: light olive gray, aphanitlc, thln-

bedded, weathers light olive gray to silty laminated

surface, ledge-forming (4-68) ................... ....... 1.5

94. Concealed:     4.0
93. Dolomite: brownish gray, aphanitlc, thln-bedded, 

weathers light brownish gray to smooth surface, slope

forming (4-6?) .........................    1.0
92. Concealed:     2.0
91. Dolomite: light brownish gray, flnely-crystalllne,

thln-bedded, weathers light olive gray to smooth silty

surface with rounded edges, slope-forming (4-66) .......  2.5
90. Dolomite: grayish orange pink, medium-grained,

resistant, thick-bedded, weathers light olive gray to 

fairly smooth surface with rounded edges, ledge-

forming (4-65) ............   4.0

89. Siltstone: olive gray, massive, resistant,

weathers' pale yellowish brown to fairly even, finely 

laminated surface with sharp edges, ledge-forming 

(4-64) ..................................................  2.0

l



139.
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88. Dolomite: light "brownish gray, fine sugary

texture, thin-bedded, veathere light olive gray to

irregular surface, slope-forming (4-63) ................  1.0

87. Concealed: .........................................  2.0

86. Siltetone: light brownish gray, massive,

cone hoi dal fracture, weathers grayish yellow,

ledge-forming (4-62) .................................... 1.0

85. Siltetone: medium light gray and light olive

gray, thick-bedded, contains irregular nodules of 

chert up to 6 Inches long, weathers yellowish gray 

to smooth surface with scattered, particles of yellow

chert, ledge-forming (4-6l)  ............... ......... 3.0

84. Dolomite: medium gray to light olive gray with 

light brown calcareous mottling, fiaely-cryetalllme, 

thin-bedded, weathers light olive gray to irregular 

surface with sharp edges, slope-forming (4-60) .........  1.5

Unconformity: Concealed.

Supra-Muav sequence: Total thickness 11.5 feet
83, Concealed: .............. .......................... 3.0
82. Sandstone: pale red, medium-grained, siliceous,

resistant, massive, weathers yellowish gray to smooth

surface, ledge-forming (4-59) ........................... 1.5
8l. Concealed: .............. ..........................  3.0



3*0.

Feet

80. Sandstone: pale red, medlua-gralned, calcar

eous cement, massive, contains veins of white cal- 

cite, weathers very pale orange and pale blue with 

gnarled structure etched on weathered surface,

slope-forming (4-58) .................................... 2.5
79• Undulating erosional surface.

78. Conglomerate: yellowish gray, massive; matrix

grayish pink doloaltlc sandstone; pebbles up to 

l/2 inch long, blocky, subangular, randomly ori
ented very light gray, very fine-grained sandstone; 

weathers yellowish gray, slope-forming (4-57)J 

thickness varies from l/2 to 2-1/2 feet ever 10
foot distance along strike ........................  0.5 to 2.5

Unconformity: Assumed.
Muav limestone:

Y&mpai Cliffs member: Total thickness 152.5 feet 
Submember C: (Thickness 28.5 feet)

77* Limestone: grayish orange pink, fine-grained,

doloaltlc, thin-bedded, contains horizon of white 

and light green calclte crystals and 3 Inch band of 
light olive gray siliceous siltstone, weathers pale 

yellowish brown, weakly ledge-forming (4-56) ...........  4.5
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76. Dolomite: pale red to very pale orange, very

finely-crystalline, thin-tedded, veathera pale yellow

ish brown to irregular surface, slope-forming (4-55) .... 4.0

, 75. Sandstone: pale red, fine-grained, calcareous,

thick-bedded, resistant, weathers light olive gray to 

fairly smooth surface with rounded edges, ledge-

forming (4-54) ..........................................  3.0

74. Limestone: light brownish gray with light brown

mottling, finely-crystalline, dolearitic, resistant, 

thin-bedded, weathers very pale orange with pale 

yellowish brown mottling to fairly smooth surface

with rounded edgee, elope-formlng (4-53) ................  9.0

73. Siltetone: Grayish orange pink, thin-bedded,

weathers pale yellowish brown to fairly smooth

surface with rounded edgee, slope-forming (4-52)..... . 0.5

72. Limestone: light gray with grayish orange

mottling, very finely-crystalline, dolcoitic, thick- 

bedded, weathers pale yellowish brown with grayish

orange mottling, ledge-forming (4-51) ...................  5.0

71. Mudstone: very pale orange, slightly calcar

eous, very friable, thin-bedded, weathers pale

yellowish brown, slope-forming (4-50a) ................. . 2.5

Submember B: (Thickness 19.5 feet)
70. Glauconite sandstone: grayish green, fine-grained



Feet

friable, veathere pale yellowleh brown, elope-

forming (k-50b) ........... .............................  0.5

69. Conglomerate: grayish orange pink, massive;

matrix grayish orange pink calcareous nude tone; 

pebbles up to k inches long, mostly less than l/2 

inch long, flat, sub-rounded, of grayish orange 

pink mudstone; weathers grayish orange pink to

fairly smooth surface, ledge-forming (h-b-9) ............  0,5
68. Sandstone: pale red, very fine-grained, dolo-

mltlc, thin-bedded, weathers very pale orange to

smooth surface, weakly ledge-forming (b-k8) .............. 11.0

67. Sandstone: pale yellowish gray, very fine

grained, slightly calcareous, thin-bedded, weathers 

pale yellowish brown to smooth surface, slope-

forming (4-46) ...................................... ....* 3.0

66. Limestone: light yellowish brown, very fine

grained, silty, doloaitic, thin-bedded, weathers 

pale yellowish brown to smooth surface with rounded
edges, slope-forming (4-46) ....................... 4.5

\
Unconformity: Assumed.

Submember A: (Thickness 104.5 feet)

65. Limestone: medium gray with pale yellowish brown 
mottling, very finely-cryetalline, thin-bedded, weathers 
medium light gray with pale yellowish brown mottling to 
slightly pitted surface, ledge-forming (4-45)

Ik2.

2.0
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64. Limestone: medium gray with grayish orange

mottling, aphanltic, thin-bedded, weathers pale 

yellowish brown to irregular surface, weakly ledge-

forming (4-44) ...........................................  3.0
63. Limestone: medium light grey with much pale 

yellowish brown mottling, aphanltic, thin-bedded, 

weathers very light gray with grayish orange

mottling to irregular surface, slope-forming (4-43).....  3.0
62. Sandstone: light brownish gray, coarse-grained,

calcareous cement, both granules and coarse grains are 

well rounded, weathers very pale orange, slope-forming

(4-42) ...................................................  0.5

6l. Limestone: medium gray with grayish orange

mottling, aphanltic, thin-bedded, weathers medium 

light gray with palm yellowish brown mottling to

smooth surface, slope-forming (4-4l) ....................  11.0
60. Limestone: medium gray with grayish orange 

mottling, aphanltic, thick-bedded, weathers medium 

Ugh* gray with grayish orange mottling, and displays 

reticulate patterns of elite tone on seme beds, weakly

cliff-forming (4-4o) ......   9.0
59. Limestone: medium light gray with grayish orange 

mottling, aphanltic, thin-bedded, weathers light olive 
gray with very pale orange mottling to irregular sur
face, weakly cliff-forming (4-39) 27.0
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58. Concealed: .......................................... 2.0

57. limestone; medium gray with light brown mottling 

aphanitic, thin-bedded, weathers light olive gray with 

light brown mottling to slightly pitted, irregular sur

face, ledge-forming (4-38) ............................... 2.5
56. Concealed: ........   10.0

55. Siltetone: grayish orange, calcareous, thin-

bedded, contains Cystold joints, weathers grayish

orange to irregular surface, slope-forming (4-37) .......  3.5
54. Concealed: ....................................... .. 25.0
53. Limestone: medium gray with light brown mottling, 

aphanitic, partly thick-bedded, weathers light olive 

gray with greyish orange mottling with some beds dis

playing reticulate pattern of siltetone, forms sev

eral ledges (4-36) ...... ................................  6.0
Kanab Canyon member: Total thickness 119.5 feet.

52. Limestone: medium gray with grayish orange

mottling, aphanitic, thin-bedded, weathers pale 

yellowish brown to irregular, slightly pitted sur

face with straight edges, slope-forming (4-35) ..........  12.0
51. Limestone: medium light gray with sparse very

pale orange mottling, aphanitic, very thick-bedded,
weathers light olive gray with grayish orange
mottling to smooth rounded columns with slightly
pitted surfaces, forms vertical cliff (4-34) .... . 44.0
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to light hr own mottling, aphanitic, thin-bedded, wea

thers medium light gray with greyish orange mottling 

to rather even surface with sharp points, which dis

plays thin, irregular, silty laminae, forms a series

of ledges (*-33) .........................................  26.0
*9. Limestone: medium light gray with grayish orange

pink mottling, aphanitic, mostly thick-bedded, weathers 

pale yellowish brown to rather smooth surface, forme

vertical cliff (*-32) .................... ....... 17.0
*8. Concealed: .............      5.5
*7. Limestone: medium light gray with pale yellowish

brown mottling, aphanitic, thick-bedded, weathers very

pale orange to smooth surface, ledge-forming (*-31) .....  2.5
*6. Limestone: light brownish gray, aphanitic, thin-

bedded, weathers very pale orange, slope-forming (*-30) .. 2.5
*5. Concealed: ..........................................  10.0

Peach Springs member: Observed thickness *3.0 feet, base concealed
**. Limestone: light grey with sparse light brown 

mottling, finely-cryst&lline, thin-bedded, weathers 

grayish orange pink to smooth surface, weakly ledge

forming (*-29) ...........................................  3.0
*3. Limestone: medium light gray, aphanitic, platy,
weathers yellowish gray to fairly smooth surface,
slope-forming (*-28) .....................    1.0

50. Limestone: Medium light gray vith grayish orange



Feet

42. Concealed: ...... ....................... ........... 6.0

41. Idneetone: medium gray with light gray ellty

laminae, aphanitic, thin-bedded, weathers very pale

orange, slope-forming (4-27) ....... ..................... • 3.5

40. Concealed: . ............... .................... . 2.0

39. Limestone: medium light gray with yellowish gray

mottling, very flnely-crystalllae, thin-bedded, weathers

ll̂ iit olive gray, ledge-forming (4-26) ...................  3.5

38. Limestone: grayish orange pink, platy, silty,

weathers pale yellowish brown to Irregular surface,

slope-forming (4-25) .....................................  2.5

37. Limestone: medium light gray with light brown 

mottling, aphanitic, thin-bedded, weathers light olive 

gray with light brown mottling to irregular surface,

weakly ledge-forming (4-24) ......... ................... . 3.0

36. Limestone: medium light gray with light brown

mottling, very finely-crystalline, platy, weathers 

very light gray with pale yellowish brown mottling to 

Irregular surface, slope-forming (4-23) .................. 6.0

35. Concealed: ..........   2.0

34. Limestone: medium gray, aphanitic, thin-bedded, 

contains scattered inclusions of white massive calcite, 

weathers medium gray with pale yellowish brown silty 

laminae, ledge-forming (4-22) ..............    1.5

Ik6.
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33. limestone; medium gray with light brown mottling, 

aphanitic, piety, weathers light gray with light brown

mottling, slope-forming (4-21) .......................... 3.0

32. Concealed:............................ ........... . 2.5

31. limestone; medium gray with light brown to mod

erate red mottling, aphanitic, thin-bedded, weathers 

medium gray with pale yellowish brown to moderate 

pink mottling to fairly smooth surface, ledge-forming 

(4-20) ..................    3.5

Concealed: .........................    98,0

Spencer Canyon member: Observed thickness 31.0 feet

29. limestone: light olive gray, very fine-grained,

resistant, thin-bedded, weathers pale yellowish brown

to irregular surface, ledge-forming (4-19) ..............  1.0

28. limestone: light olive gray, very fine-grained,

platy, weathers light brownish gray to irregular sur

face, slope-forming (4-18) ......   3.0

27. Concealed: ......     16.5
26. limestone; medium gray with light brown mottling, 

aphanitic, platy, weathers light gray with grayish 

orange mottling to irregular surface, forms vertical 

cliff (4-1?) ...........       10.5



25.- Limestone: light olive gray, very fine-grained,

platy, contains dusky yellow, shaly, calcareous mud-

Tongue Bright Angel (2): Total thickness 29.0 feet

Feet

148.

stone partings, weathers yellowish gray, slope

forming (4-16) ....... ............................... 2.0

24. Concealed: ....... .................................  6.0

23. Mudstone: greenish gray, shaly, no weathered

surface exposed, slope-forming (4-15) ............... 5.0

22. Sandstone: light olive gray, fine-grained,

micaceous, calcareous, thin-bedded, pale yellowish

brown, ledge-forming (4-14)  ........ ................. 1.0

21. Concealed: *...................................  15.0
Sunap Plateau member and Tongue Bright Angel (1): Total

thickness 56.5 feet
20. Limestone: medium gray with light bluish gray 

sandy partings, aphanitic, platy to shaly, weathers

yellowish gray, slope-forming (4-13) ...................... 4.0

19. Concealed:....      3.5

18. Limestone: light olive gray, very fine-grained,

platy, contains yellowish gray calcareous eiltetone 

partings, weathers yellowish gray to irregular sur

face, slope-forming (4-12) ............................... 5.0

17. Concealed: .................................... 44.0
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Baspart Cave member: Total thickness 90.0 feet

Submember C: (Thickness 17.5 feet)
16. Limestone: medium gray with grayish orange

mottling, finely-crystalline, thin-bedded, weathers 

medium gray with grayish orange mottling to smooth

surface, slope-forming (h-ll) ............................ 2.0

15. Limestone: medium gray with dark brown mottling,

aphanitic, conchoids! fracture, thin-bedded, contains 

Girvanella, weathers medium gray with grayish orange 

Girvanella to shallowly pitted surface with sharp

points, weakly ledge-forming (4-10) .......... ........... 5.0
14. Concealed: ...... ...................................  4.5

13. Limestone: medium gray with light brown mottling, 

medium-grained with scattered well rounded granules 

and coarse grains, thin-bedded, weathers pale yellow

ish brown, ledge-forming (4-09) .........................  1.0

12. Concealed: .... .....................................  2.0

21. Limestone: light brownish gray with light brown

mottling, finely-crystalline, thin-bedded, weathers 

pale yellowish brown to irregular surface with sharp 
edges, ledge-forming (4-08) ................. ....... 3.0



Zeet

Subntoaiber B: (Ihlckneee 50.5 f@#t)
, 10. Mudstone: yellowish gray, calcareous, friable,

thin-bedded, weathers very pale orange to smooth

150.

surface, elope-forming (4-07) ........... ................  5*0
9. Concealed: ............... ....................... . 2.0

8. Limestone: medium light gray with light brown

mottling, fine sandy texture, thin-bedded, contains 

bed of light olive, medium-grained, glauconitic sand
stone 3 inches thick that consists mostly of fine
grained glauconite, weathers medium gray with light 

brown mottling to irregular surface, elope-forming

(4-06) ...................................................  3.0
7. Concealed: ....................................... 11.0
6. Limestone: medium gray with light brown Qirranella,

medium-grained, thin-bedded, weathers light olive gray 

with light brown Girvanella to irregular surface with

rounded edges, ledge-forming (4-05) ......................  2.0
5. Concealed: ...........................................  27.5

Submember A: (Thickness 22.0 feet)

4. Limestone: medium light gray with.light brown 

mottling, aphanitic, porous, thick-bedded, contains 

a few scattered Girvanella, weathers light olive 

gray to pitted surface with light brown Girvanella, 

ledge-forming (4-04) .............................. 3.0



Feet
151.

3. Limestone: light "brownish gray, medium-crystal

line, thln-hedded, weathers pale yellowish hr own to

smooth surface, slope-forming (4-03) ........ ............ 12.0

2. Limestone: medium gray with moderate brown

mottling, medium-crystalline, resistant, thick- 

bedded, contains Olrwanella. weatheis pale yellow

ish brown with grayish orange Glryaaella. ledge-

forming (4-02) ................. .........................  3.0

1. Limestone: grayish red, medium-crystalline,

thin-bedded, contains pale red Glrranella, weathers 

light gray with pale brown Olrranella. ledge-form

ing (4-01)  ............. ..................  4.0

Bright Angel formation:



Section 2

152.

location: Southeast end of Cross Mountain, Yavapai County, Arizona.

Devonian sequence: Feet

19. Dolomite: mostly medium gray and brownish gray,

flnely-cryetalllne to aphanitic, mostly thick-bedded, 

veathers medium gray to brownish gray, with some beds 

light gray, weathered surface has cyclic appearance, 

conglomeratic at base, forms steep, almost vertical

cliff............................................ ........ 60.0
Unconformity: Gently undulating, with slight truncation of

underlying beds.

Supra-Muav sequence: Total thickness 58.0 feet
18. Dolomite: light gray to medium gray, aphanitic,

conchoidal fracture, mostly thin-bedded, ledge

forming and slope-forming................................ 35.5

17. Sandstone: pinkish gray, fine-grained, well 

sorted, both siliceous and dolcnltlc cement, thin-

bedded; cross-laminated on small scale; weathers

light brown, ledge-forming (5-7) ........................ . 5.5

16. Dolomite: pinkish gray, finely-crystalline,

thin-bedded, weathers light brown, slope-forming

(5-6) ....................................................  k.5
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15. Dolomite: light gray, medium-crystallise, thick

headed, veathere light brown to smooth sandy surface,

ledge-forming (5-5)  ..................................... 5.0
14. Sandstone: bluish vhite with pale red and purple 

laminae, coarse to fine grained, siliceous cement; 

cross-laminated on medium scale; a horizon of flat 

limestone pebbles, up to 1.5 inches long, is present 

at some places a few Inches above the base; weathers 

dark yellowish brown to rough surface, forms overhang

ing cliff (5-4)  .............. ......................  7.5

Unconformity: Assumed.

Must limestone: Total thickness 356.5 feet

13. Dolomite: light bluish gray, aphanitic, thin-

bedded, weathers yellowish gray, has poorly defined

mottling, cliff-forming  ....... .................. 15.0
12. Limestone: medium gray, aphanitic to finely- 

crystalline, thin-bedded at base to thick-bedded 

near top, some horizons dolositic, weathers brownish

153.

gray, forms weak cliff ................................ 45.5
11. Concealed: ............................ .............. 25.0
10. Limestone: dark gray, aphanitic, mottled with

brown eiltetone, thin-bedded, weathers medium gray

and brownish gray 11.0



y
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9. Concealed: .... ......................................  24.0

8. Limestone: brownish gray with light brown mottling, 

aphanitic, thin-bedded, contains Intercalated beds of 

brown mudstone, weathers pale yellowish brown, cliff-

forming (5-3)  ....................................... 24.0
7. Mudstone: light olive gray, calcareous, shaly,

partly concealed; alternates with:

limestone: light olive gray, fine-grained, sandy,

thin-bedded, with fucoidal, micaceous parting surfaces

Weathers light olive gray, forms slope (5-2) ......... 90.0

6. Limestone: medium gray, very fine-grained, platy, 

contains Intercalated beds of medium brown mudstone,

weathers brownish gray, forms slope (5-2) ...............  10.0

5. Mudstone: medium gray, shaly, micaceous, weathers

medium gray, slope-forming.......... *...................  30.0

4. Concealed: .................. ........................ 70.0

3. Limestone: medium gray, finely-crystalline, thin-

bedded (1.5 feet), contains scattered Olrvanella.

weathers brownish gray, forms cliff.....................  7.5

2. Mudstone: light gray, thin-bedded, calcareous,

friable, weathers light gray, forms slope ...............  3.0

1. Limestone: dark gray, finely-crystalline, thin-

bedded, weathers medium light gray, contains light brown 
Glrvanella spheres that weather moderate red and whose



weathered surface displays concentric structure,

ledge-forming (5-1) ............... .................

Bright Angel formation: Total thickness 71.5 feet
Mudstone: Brownish gray and yellowish gray, fissile,

slope-forming. Thickness measured from highest 
Tapeats float.



Section 6

Location: Near the northwest comer of section 33# K?3N, BUJi,
Mohave County, Arizona. Distance by ranch road from the Iron 

section post at the southwest corner of Section 29, T23N, BUN,

Is 1.7 miles.

Bedvall limestone: Feet

63. Dolomite: grayish orange pink, aphanltlc, thin-

bedded, contains fine calcareous inclusions, weathers 

pinkish gray with fine laminae on smooth surfaces,

weakly ledge-forming (6-4l) .............................. 2.0
Unconformity: Concealed.

Devonian sequence: Total thickness 311.0 feet.

62. Concealed: .........................     13.0
6l. Limestone: grayish orange, sandy texture, thick-

bedded, cavernous, weathers light olive to deeply

pitted surface, ledge-forming (6-k0) .......................  5*0
60. Concealed: ...   16.0
59. Dolomite: medium gray, finely-cryetalline, thick-

bedded, weathers light olive gray to rounded surfaces

that have fine sandy texture, slope-forming (6-39) ......  2.5
58. Concealed: ...................................... 11.0

156.
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contains inclusions of pink and white calc it e 

crystals, weathers light olive with medium brown

calcareous spots, weakly ledge-farming (6-38) ............ 3.0

56. Dolomite: grayish orange, very finely-crystalline,

thick-bedded, weathers light olive gray to smooth sur

face, slope-forming (6-37) ............................... 2.5
55* Limestone (OML CUFF); Light olive gray, very 

fine-grained, thick-bedded, upper portion shows small- 

scale cross -lamination, weathers light olive gray with 

most beds showing deeply pitted surface; one bed 3 

feet thick, k feet above the base, displays prominent

silty laminae, cliff-forming (6-36)........ ............. 22.0

5%. Mudstone: medium brownish gray, thin-bedded,

weathers light olive gray with grayish orange pink

and grayish yellow spots, slope-forming (6-35) ......... . 1.0

53. Concealed: ................. ......................... 40.0

52. Limestone: medium light gray, very finely-

cryetalline, thick-bedded, contains inclusions of 

white calclte, weathers light olive gray to fairly

smooth laminated surface, ledge-forming (6-34) ..........  3.0

57. Mudstone: light "brownish, gray, thick-bedded,

51. Concealed: ...................................... . 1,5
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158.

bedded, 'weathers light olive gray and grayish orange

to fine sandy surface, slope-forming (6-33) .............. 2.0
49. Mudstone: light brownish gray, calcareous, thin-

bedded, weathers light brownish gray, ledge-forming

(6-32) ...................................................  3.0

48. Concealed: ............................................ 40.0

47. Dolomite: medium gray, medium-crystalline, thin-

bedded, weathers light olive gray to rounded sandy

surfaces, slope-forming (6-31) ..... .................. . 2.5
46. Concealed: ..........................................  7.5
45. Mudstone: light olive gray, thin-bedded, contains

inclusions of white and green calcite crystals, weathers 

light olive gray to pitted surface, weakly ledge-

forming (6-30) ............   4.0

44. Mudstone: medium light gray, doloaitic, thin-

bedded, weathers grayish orange pink to smooth

surface, slope-forming (6-29) ..............    3.0
43. Concealed: ...................................    11.0

42. limestone: light brownish gray, very finely-

crystalline, dolomitic, thick-bedded, weathers light

olive gray to pitted surface, cliff-farming (6-28) ....... 8.0

50. Dolomite: light gray, finely-crystalline, thin-

4l. Concealed: ...........................    8.0
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cryatalline, thin-hedded, weathers light olive

gray, slope-forming (6-27) .............................. 5*5

39. Dolomite: light olive gray, very finely-

crystalline, mostly thick-tedded, weathers grayish 

orange to irregular, pitted surface, weakly cliff

forming (6-26) ...........................................  5»5
38. Concealed: .......    2.0

37. Dolomite: light brownish gray, finely-

crystalline, thick-bedded, weathers light olive

gray to rounded surface, ledge-forming (6-25) ...........  3.0

36. Concealed: .....................     k.O

35. Limestone: light olive gray, very fine-grained,

dolomltlc, thick-bedded, weathers light olive gray

to deeply pitted surface, ledge-forming (6-24) ..........  5.0

34. Concealed: ................................  3.0

33. Siltetone: light gray, slightly calcareous,

thin-bedded, weathers yellowish gray to irregular

surface, slope-forming (6-23) ............................ 1.5

32. Dolomite: light brownish gray, finely-crystal-

line, thick-bedded, weathers light olive gray to

rather smooth vertical faces, ledge-forming (6-22) ....... 5*0
31. Siltetone: pinkish gray, calcareous, thin-
bedded, weathers yellowish gray to smooth, lami
nated surface, slope-forming (6-21) ....... .............. 0.5

40. Doloalte: aedium light gray, very finely-
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30. Limestone: light gray and pale red, medlurn-
grained, doloaltic, thln-hedded, weathers light olive

gray with irregular surface, slope-farming (6-20) ..... . 1.0
29. Dolomite: medium gray, finely-crystalline, thick- 

bedded, weathers light olive gray to pitted surface,

forms series of ledges (6-19) ...... .....................  8.0
28. Mudstone: light gray, siliceous, weathers

yellowish gray to rough surface, slope-forming (6-18) .... 1.5
27. Concealed: ....... .................................  10.0
26. Dolomite: medium gray, very finely-crystalline, thick-

bedded, weathers light olive gray to pitted surface,

weakly ledge-forming (6-17) .............................. k.5
25. Concealed: ...........    7.5

2k-. Limestone: medium light gray, fine sugary tex

ture, dolomitic, thin-bedded, weathers grayish orange 

pink with dark yellowish orange calcareous spots to

irregular surface, slope-forming (6-16) .................  1.5
23. Concealed: ...................................   2.0

22. Dolomite: medium gray, aphanitic, thin-bedded,

weathers light olive gray to fine sandy surface,

slope-forming (6-15) ..................................... 1.0
21. Concealed: .......................................... 36.0
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20. Dolomite: medium light gray, finely-crystal

line, thin-bedded, contains cavities filled with 

light brown and white calclte crystals, weathers 

pale olive gray with sharp edges and pitted sur

face, ledge-forming (6-1*0 ......... ..................... 3.5
Unconformityi Concealed.

Supra-Muav sequence: Total thickness 18.5 feet

19. Concealed: ..........................................  10.0

18. Mudstone: light brownish gray, siliceous, thin-

bedded, weathers light brownish gray to rough surface,

ledge-forming (6-13) ...........................    1.5
17. Concealed: ..........................................  5.0
16. Sandstone: pale red, medium-grained, siliceous 

cement, extremely resistant, thick-bedded, cross- 

laminated (small scale), weathers dark yellowish brown 

with laminae standing out strongly in relief, ledge-
forming (6-12) ..............................     2.0

Unconformity: Assumed.

Muav limestone:

Tampai Cliffs member:

Submember C: (Thickness 15.0 feet)
15. Concealed: ..............................     2.5
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lk. Dolomite: light brewnieh gray, very finely-

cryetalline, thin-bedded, weathers pale yellowleh

brown to smooth silty surface, slope-forming (6-11) .....  1.0
13. Concealed: ...........................   2.5

12. Siltstone: light gray, siliceous, breaks with

subconchoidal fracture, thin-bedded, weathers pale

yellowish brown to smooth surface, slope-forming (6-10) ... k.O

ll. Limestone: light brownish gray, very fine

sugary texture, resistant, thin-bedded, weathers

grayish orange, slope-forming (6-09) .......................  2.5
10. Concealed: ............................................  1.5

9. Limestone: light brownish gray, aphanitic, thin-

bedded, weathers light olive gray, slope-farming

(6-08) ...................................................  1.0
Submember B: (Thickness 85.5 feet)

8. Siltstone: yellowish gray, thin-bedded, weathers 

pale yellowish brown with yellowish gray mottling,

slope-forming (6-07) ..............    5.5
7. Concealed: ...........................   10.0

6. Dolomite: light gray, finely-cryetalline, weathers

pale yellowish gray to irregular surface, slope-

forming (6-06) ...........................................  1.0

Unconformity: Assumed.
5. Concealed: .....................................   69.0
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Submember A: (Base concealed, 46.0 feet measured)

4. Partly concealed: slope; contains:

Limestone: medium light gray with moderate

reddish orange mottling, aphanitic, thin-bedded, 

weathers pale yellowish brown with grayish orange 

pink mottling to Irregular surface (6-05);

Limestone: medium gray with grayish orange

mottling, aphanitic, thin-bedded, weathers medium 

gray with grayish orange mottling (6-04)

Total: ...............................................  26.0

3. Limestone: medium gray with light brown 

mottling, aphanitic, thin-bedded, weathers light 

olive gray to fairly smooth surface, slope-

forming (6-03) ...............    5*5
2. Limestone: medium gray with grayish orange

pink mottling, aphanitic, thin-bedded, weathers 

light gray with grayish orange mottling, slope-

forming (6-02) ......     5.5
1. Limestone: medium dark gray with grayish 

orange mottling, aphanitic, thin-bedded, weathers 

light gray with grayish orange mottling, weakly 

cliff-forming (6-01) 11.0



Section J

164.

Location: Center of section 16, T23N, B11W, Mohave County, Arizona.

Section Measured up spur about l/2 mile northeast of Mater tank.

Base of section is about 300 yards southeast of ranch road between 

water tank and Bock Canyon, and is at the intersection of barbed 

wire fence with the highest cliff-forming unit of mottled Mu&v lime

stone.

Feet
Top of spur: Becent erosion surface.

Devonian sequence: (62.0 feet measured)

40. Dolomite: medium gray, very fine-grained, lower 

4 feet thick-bedded, remainder thin-bedded; numerous 

cavities have filling of white calcite crystals, in 

upper 3 feet sene cavities have filling of green cal

cite crystals and are lined with yellow sand; top of 

the bed is a flat terrace whose weathered surface 

displays numerous irregular nodules of grayish brown 

chert (7-65( up to 6 inches long; weathers light
olive gray to cavernous surface, cliff-forming (7-64) ..... 9.0
39. Sandstone: medium gray, very fine-grained, 

massive, weathers yellowish gray, ledge-forming

(7-63) .................... ..............................  1.0

38. Concealed: ............... ..........................  10.0
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37. Dolomite: medium gray, fine-grained, siliceous,

resistant, thin-bedded, weathers light olive gray,

slope-forming (7-62) ..................................... 1.5

36. Dolomite: pinkish gray, aphanitic, argilla

ceous, thin-bedded, weathers very light gray, slope- 

forming (7-61) ...........................................  2.5

35. Concealed: ..................................    5.0
36. Dolomite: medium gray, fimely-cryetalline, thin-

bedded, weathers light olive gray to sandy surface, 

contains cavities filled with white calclte crystals,

ledge-forming (7-6o ) ..................................... 1.5
33. Dolomite: medium light gray, aphanitic, weathers

yellowish gray, slope-forming (7-59) ...................... 1.0
)

— — ' ■. •32. Dolomite: .. medium gray, very finely-crystalline,
. v .

weathers 'light, olive gray to smooth, slightly lami

nated surface, ^^e-forming (7-58) .....................  1.0

31. Concealed: ..................................    1.0
0

30. Dolomite: light brownish gray, sugary texture,

thin-bedded, contains white laminae 1 ass. thick, 

weathers pale yellowish brown to smooth laminated

surface, slope-forming (7-57) ...............   1.0

29. Dolcstite: light olive gray, sugary texture, thin-

bedded, weathers light olive gray to irregular surface, 

slope-forming (7-56) ..................................... 3.0
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28. Dolomite: light brownish gray, very fine-grained,

thin-bedded, weathers yellowish gray to smooth, lamina

ted, silty surface, slope-forming (7-55) .................  3.0

27. Concealed: ...........................................  1.5

26. Dolomite: light brownish gray, very fine-grained,

massive, weathers pale yellowish brown to smooth, silty

surface, slope-forming (7-5*0 ................... ........ 1.5
25. Mudstone: light brownish gray, siliceous, resistant,

conchoid&l fracture, conglomeratic, massive, weathers

yellowish gray, ledge-forming (7-53) ..... ...............  1.5

24. Dolomite: olive gray, finely-cryetalllne, thin-

bedded, weathers pale brown to irregular surface,

slope-forming (7-52) ..................................... 1.0

23. Limebtone: yellowish gray, very fine-grained, silty,

thin-bedded, weathers pale red, slope-forming (7-51) .....  1.5

22. Concealed: ............    3.0

21. Dolomite: light olive gray, finely-crystalline,

thin-bedded, weathers light olive gray, slope-forming

(7-50) ....................    2.0

20. Concealed: ................   3.0

19. Limestone: brownish gray, very finely-cryetal-

line, thick-bedded, weathers grayish red to deeply

pitted surface, ledge-forming (7-15) .....................  5.0
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weathers yellowish gray te finely laminated surface,

ledge-forming (7-1*0  ......... ......................  1.5

Unconformity; Contact concealed.

Supra-Muar sequence: Total thickness 19.5 feet

17. Concealed: ........................................ 8.0

16. Slltetone: light olive gray, doloaitic, sili

ceous, thin-bedded, weathers reddish orange pink to

extremely rough surface, ledge-forming (7-13) ...........  k.O
15. Slltetone: medium light gray, doloaitic, 

weathers very pale orange to smooth surface, ledge-

forming (7-12) ....................................... 1.0

Ik. Concealed: ....... ................................. . 2.5
13. Sandstone: pale red purple, medium-grained, thick-

bedded, cross-laminated on small scale, siliceous cement,

weathers light brown, ledge-forming (7-11) ..............  k.O

Unconformity: Assumed,

Muav limestone:

Tampai Cliffs member:

Submember C: (Thickness 17.0 feet)

12. Limestone: brownish gray, very fine-grained, silty,

thin-bedded; upper two feet contains scattered nodules up 

to 6 inches long of medium gray chert that weathers dark 

yellowish brown; weathers light brown to sandy surface, 

cliff-forming (7-10)

18. Slltetone: medium gray, dolooitic, thin-bedded,

17.0



168

Feet

Submember B: (Thickness 26.5 feet)
11. Glauconite aandstcme: grayish green, coarse

grained, weathers dusky yellow green, contains 

beds l/8 inch thick of grayish orange pink mud

stone, slope-forming (7-09) ................. .............  1.0

10. Conglomerate: light brown, massive, sandstone
matrix with siliceous cement; granules to cobbles, 

flat and rounded of light brown and light olive 

gray mudstone oriented parallel to bedding; wea

thers yellowish gray, slope-forming (7-08) ...............  1.0

9. Concealed: ........................................... 2.0

8. Conglomerate: light brownish gray; light brownish

gray siltetone matrix; pebbles blocky, angular to sub- 

rounded, of same composition as matrix, up to 1 inch 

long, randomly oriented; weathers yellowish gray (7-07) ... 0.5

7. Sandstone: medium light gray, very fine-grained,

thin-bedded, weathers yellowish gray, slope-forming

(7-06) ...................................................  1.0

6. Mudstone: yellowish gray, thin-bedded, weathers

yellowish gray to irregular surface, slope-forming

(7-05) ..........   1.5
5. Concealed: ...............................    2.0
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4. Mudstone: yellowish gray, thln-Taedded, calcareous,

weathers light olive gray to smooth surface containing 

dark "brown specks up to l/8 Inch across, cliff-forming

(7-04) .................................................... 16.5
3. Sandstone: light gray with light brown mottling,

fine-grained, calcareous cement, contains irregular

lenses of light brown, medium-grained sand, weathers

grayish orange to Irregular surface, ledge-forming

(7-03)..... .............................................. 1.0
Unconformity: Assumed.

Submember A:

2. Limestone: medium gray with grayish orange pink

mottling, aphanitic, thin-bedded, weathers yellowish

gray to moderately smooth surface, slope-forming (7-02) ... 11.0

1. Limestone: medium dark gray with grayish orange

pink silty mottling, aphanitic, thin-bedded, weathers

medium gray with light brown mottling to irregular

surface, cliff-forming (7-01) .... ..................... 13.0
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location: Southeast l/k of section 15, 123*, B11W, Mohave County,

Arizona. On north side of draw about 1-3A  miles east of water tank.

Devonian sequence: Feet

18. Dolomite: medium gray, fine-grained, massive,

weathers pale yellowish brown to silty pitted sur

face that shows large straight vertical faces,

ledge-forming (8-13) .....................................  6.0
17. Slltetone: medium gray, thin-bedded, weathers

pale yellowish brown with fine horizontal etriatione,

ledge-forming (8-12) .....................................  1.0

16. Siltstone: medium gray, massive, conchoid&l fracture,

weathers yellowish gray to smooth surface, ledge -forming

(8-11) ..... ...................... ...............  1.0
Unconformity: Contact concealed.

Supra-Muav sequence: Total thickness lk.0 feet

15. Concealed: ............................................ 9.0
14. Dolomite: light brownish gray, aphanitic, thin-

bedded, weathers yellowish gray to slightly pitted 

surface that displays straight sharp edges, ledge-

forming (8-10) .......     2.5

Unconformity: Contact concealed.

Section 8

13. Concealed: ............................................ 2.5
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Musty lime a tone:

Taapai Cliffs member:

Submember C: (Thickness 17.0 feet) Feet

12. Silt8tone: medium gray, calcareous, thin-bedded,

weathers light olive gray with light gray mottling, 

contains a 1 foot zone of thin. Irregular nodules and 
bands of light brown chert up to 2 inches wide which
weather pale yellowish brown, cliff-forming (8-09) ......  17.0

Submember B: (Thickness 3^.5 feet)

11. Glauconite: greenish gray.

Sandstone: brownish gray.

Both are very fine-grained. Glauconite weathers 

grayish green, sandstone grayish red. Slope-forming

(8-08) ..... .....................................  1.0
10. Sandstone: light brownish gray, very fine-grained,

thin-bedded, weathers pale brown to smooth surface,

ledge-forming (8-07) ...............................   1.0

9. Concealed: .....................    5.5
8. Limestone: yellowish gray, aphanitic, thin-bedded,

weathers yellowish gray to smooth surface, ledge-

forming (8-06) ...........................................  5.5
7. Dolomite: light olive gray, finely-cryatalline,

thin-bedded, weathers yellowish gray to smooth, rounded

surfaces, slope-forming (8-05) ........   5.5
6. Concealed: ............   h.5
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5. 5 . Mudstone: pale yellowish brown, calcareous,

thin-bedded, weathers yellowish gray, ledge-forming

(8-0k) ................. ................... 5.0
4. Silt a tone: pale yellowish brown, calcareous,

thin-bedded, weathers pale yellowish brown, ledge

forming (8-03) ........................................... 1.5
3. Sandstone: light olive gray, very fine-grained,

thin-bedded, has calcareous cement, weathers pale

olive, ledge-forming (8-02) ................... .......... 2.0
2. Concealed: ...........................................  3.0

Unconformity: Assumed.

Submember A:

1. Limestone: medium dark gray with grayish orange

silty mottling, apfaanitic, thin-bedded, weathers 

light gray with light brown mottling, ledge-forming 

(8-01) ..................................... 2.0
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Arizona. On north side of loe "butte 1 mile southwest of mouth of 

Bock Canyon.

Top of butte: Recent erosion surface. Teet

Devonian sequence:

22. Limestone: light brownish gray, flnsly-crystal-

llne, dolomitic, thick-bedded, leathers light brownish

gray to deeply pitted surface, ledge-forming (9-13) ...... 3.0

Unconformity: Contact concealed.

Supra-Muav sequence: Total thickness 37.0 feet

21. Concealed: ...........................   16.0

20. Limestone: very light gray, very finely crystal

line, dolomitic, thin-bedded, weathers yellowish gray

to fairly even pitted surface, ledge-forming (9-12).....  3.5

19. Concealed: ......................    3.0
18. Dolomite: light gray, very fine-grained, thin-

bedded, weathers light gray to irregular surface,

slope-forming (9-11) .....................................  3.0

17. Concealed: .....    8.5

16. Sandstone: light brownish gray, fine-grained,

calcareous cement, resistant, weathers medium brownish

Section 2

Location: The northeast l/k of section 10, T23H, B12W, Mohave County,
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gray to fairly smooth surface, vara trails are 

conspicuous on bedding planes in lower 2 feet,
ledge-forming (9-10) ..................................... 3.0

Unconformity: Contact concealed. *

Hoar limestone:

Yaapai Cliffs member:

Submember C: (Thickness 18.5 feet)

15. Concealed: .......................................... 7.0

1*. Sandstone: light brownish gray, fine-grained,

doloaitic cement, thin-bedded, weathers yellowish gray,

ledge-forming (9-09) ...........    2.0
13. Concealed: ......................      3.0
12. Mudstone: light brownish gray, calcareous,

resistant, thin-bedded, weathers medium grayish red to

moderately smooth surface, ledge-forming (9-08) ....... . 0.5
11. Concealed: .........................     4.0

10. Sandstone: medium light gray, very fine-grained,

doloaitic, has dark yellowish orange calcareous mottling, 

thin-bedded, weathers light brownish gray with reticu

late pattern, ledge-forming (9-07) ........   2.0
Submember B: (Thickness 20.7 feet)

9. Glauconite sandstone: pale olive, medium-grained, 

with thin laminae of light brown silts tone, thin-bedded 

weathered surface greenish gray to brownish gray with 
sugary texture, slope-forming (9-06) .................. . 0.7
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8. Conglomerate: matrix pale yellowish orange nudetone;

cobbles and gravel, up to 4 Inches long, of light gray 

laminated elltetone, flat, veil rounded; elope-forming

(9-05) ...................................................  0.5
7. Concealed: .................. ........................ 3.0
6. Conglomerate: consists of pale red, blocky, sub-

rounded fragments of pale red elltetone in a matrix of 

pale red mudstone "which contains inclusions of pale yel

lowish orange, calcareous elltetone; thin-bedded, weathers 

pale yellowish orange; lower 6 inches of this bed consists 

of grayish orange, calcareous siltstone; ledge-forming

(9-0*0 .......    2.5
5. Concealed: ..............................      4.5
4. Sandstone: light olive gray, fine-grained, thin-

bedded, contains inclusions up to l/2 inch across of light 
red calcite, weathers yellowish gray, slope-forming (9-03) 1.0
3. Limestone: light brownish gray, finely-crystalline,

dolomitic, thin-bedded, weathers yellowish gray with 

yellowish gray silty mottling to fairly smooth silty sur

face, slope-forming (9-02) .........................   3.5
2. Concealed: ..................................    5*0

Unconformity: Assumed.
Submember A:

1. Limestone: medium light gray with grayish orange pink
silty mottling, aphanitic, thin-bedded, weathes medium

gray to fairly smooth surface, elope-forming (9-01) ...... 1.0
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Arizona.

Devonian sequence: Beet

17. Limestone: light brownish gray, very fine-grained,

thick-bedded, veathers dark gray to pitted surface,

cliff-forming (10-13) .................................... 6.0
16. Mudstone: light brownish gray, thin-bedded,

weathers yellowish gray with parallel laminae about

l/k- inch apart, slope-forming (10-12) ........................ 1.0

15. Concealed: slope .................................  5*0

ih. Limestone: light gray, aphanitic, argillaceous,

thin-bedded, weathers very light gray to slightly pitted 

surface; contains scattered nodules of greenish yellow 

chert up to 4 inches long; ledge-forming (10-11) ......... 2.0

Unconformity: Erosion surface with slight relief traced 100 feet 

along the strike.

Supra-Muav sequence: Total thickness 21.5 feet
13. Dolomite: medium light gray, finely-crystalline, 

thin-bedded, weathers medium light gray with smooth

surface, ledge-forming (10-10) .............................  1.0

12. Siltetone: light brownish gray, siliceous, eub-

conchoidal fracture, thin-bedded, cavities contain 

grayish red, green and white calcite crystals, weathers

Section 10

Location: Southeast l/k of section 10, 223M, BID*, Mohave County,
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light gray, slope-forming (10-09) .......................  1.0

11* Concealed: ...............................    5.0
10. Limestone: pale red, aphanitic, thin-bedded,

weathers very light gray to smooth brecciated sur

face, ledge-forming (10-08) .......................    1.5
9. Concealed: ...........................   6.0

8. Sandstone: pale red purple, very fine-grained, thin-

bedded, weathers pinkish gray, slope-forming (10-07) ....  1.5
7. Mudstone: grayish orange pink, calcareous, thin-

bedded, weathers yellowish gray to fairly smooth sur

face, slope-forming (10-06) .............................. 5*5
Unconformity: Assumed.

Muav limestone:

Yampai Cliffs member:

Submember C: (Thickness 12.5 feet)

6. Dolomite: grayish orange pink, fine-grained,

resistant, thin-bedded, weathers yellowish gray,

ledge-forming (10-05) .................................... 2.0
5. Concealed: ........................................... 6.5
4. Limestone: grayish red purple, dolomitic, thin-
bedded, weathers yellowish gray to irregular surface,

ledge-forming (10-04) .................     4.0
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178.

Subneeber B:

3. Glauconite sandstone: grayish green, fine-grained.,

contains a few flat pebbles up to l/2 Inch long of 
light red siltstone, weathers greenish gray, slope-

forming (10-03) ............   0.5

2. Conglomerate: both matrix and. pebbles are either pale 

red or dark yellowish orange silts tone; pebbles, flat 

and rounded, seme laminated, up to 3 Inches long, oriented / 
parallel to bedding; weathers moderate brown, slope-
forming (10-02) .......................................... 0.5
1. Conglomerate: consists of gray, blocky, rounded

pebbles of eiltstone up to l/2 Inch in diameter in 
pale red silty matrix, thin-bedded, weathers yellow

ish gray, slope-forming (10-01) .........    3.0
Lower part concealed:
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Arizona. South side of the month of Bock Canyon.

Devonian sequence: (16.5 feet measured) Feet

40. Dolomite: light brownish gray, finely-crystal

line, thin-bedded, contains red calcareous Inclusions, 

weathers light olive gray to fairly smooth sandy

surface, weakly ledge-forming (11-32) ...................  3.0
39. Dolomite: light brownish gray, finely crystal

line, thin-bedded, weathers light olive gray to 

smooth surface showing occasional laminae, cliff-

forming (11-31) ..........................................  8.0
38. Dolomite: pinkish grey, aphanitic, thin-bedded,

weathers very pale orange, slope-forming (11-30) ......... 1.0
37. Concealed: .......    2.0
36. Siltstone: light brownish gray, siliceous,

thick-bedded, weathers grayish orange pink to

irregular surface, ledge-forming (11-29) ................ 2.5
Unconformity: Undulating contact.

Section 11

Location: Northeast l/h of section 2, S23H, B11W, Mohave County,

Supra-Muav sequence: Total thickness 27.0 feet

35. Dolomite: pinkish gray, aphanitic, thin-bedded,



Feet

finely laminated, veathere pinkish gray, thin silty 

laminae are displayed on both fresh and weathered 

surfaces in the lower 3 feet, weathers to irregular 
blocks several inches long with sharp jagged edges.

180.

ledge-forming (11-28) .................. ..................  $.0
3h* Concealed: ............. .............................  3.0

33. Dolomite: pinkish gray, aphamitlc, thin-bedded,

weathers light gray to sharp jagged edges, weakly

ledge-forming (11-27) ..... ...............................  2.0
32. Concealed: .... ................*.....................  9*5

31. Dolomite: pale red purple, aphanitic, soft, thin-

bedded, weathers pale red purple to irregular surface.

slope-forming (11-26) ................ .................... 2.5
30. Concealed: .... ...................................... 5*0

Unconformity: Contact concealed.

Muav limestone:

Yampal Cliffs member:

Submember C: (Thickness 27.5 feet)

29. Dolomite: pale red purple, medium-grained, thin-

bedded, weathers light olive gray, slope-forming (11-25) .. 1.5
28. Concealed:  ................... .....................  4.0

27. Dolomite: pale red purple, fine sugary texture,

thin-bedded, weathers light olive gray, slope-forming 

(11-24)..... ..................... ................ ....... 1.5
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26. Dolomite: pale red purple, sugary texture, thin-

bedded, contains pale yellowish orange calcareous in

clusions, -weathers grayish orange pink to sandy sur

face, slope-forming (11-23) .............................. 2.0
25. Dolomite: light brownish gray, finely-crystalllne,

-thin-bedded, weathers grayish orange to smooth sandy

surface, ledge -forming (11-22) ........................... 2.0

2k. Dolomite: pinkish gray, aphanitic, thin-bedded,

weathers pinkish gray to irregular silty surface, slope-

forming (11-21) ................................. ......... 1.5

23. Dolomite: light brownish gray, fine-grained, thin-

bedded, weathers light olive gray with yellowish gray

mottling, weakly ledge-forming (11-20) .................. 10.0

22. Dolomite: medium gray with pale red mottling, fine

grained, thin-bedded, weathers medium gray with yellow

ish gray mottling to smooth surface, ledge-forming

(11-19) ..... ........................... ............... 3.0

21. Sandstone: medium gray with grayish orange pink

mottling, fine-grained, calcareous cement, resistant, 

thin-bedded, weathers yellowish brown, ledge-forming
(11-18) ................................ ....... 2.0

Submember B: (Thickness 35.0 feet)
20. Glauconite sandstone: greenish gray, medium-grained,
massive, weathers light brown, slope-forming (11-17) ....  0.5
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Feet

19. Mudstone: pale brown, calcareous, thin-bedded,

weathers grayish orange pink to irregular surface,

slope-forming (11-16)   .................................. 1.5
18. Siltstone: pale purple, dolcadtic, weathers

grayish orange pink, slope-forming (11-15) ........... 1.0

17. Sandstone: light brownish gray, very fine-grained,

weathers grayish orange, slope-forming (11-Ik) ...... . 0.5

16. Conglomerate: medium light gray; pebbles flat,

angular, up to 1 inch long and l/k inch thick of 

medium light gray calcareous mudstone in matrix of

same material; weathers grayish orange (11-13) ......... . 0.5

Unconformity: Gently undulating erosion surface, with truncation

of underlying bed shown in hand specimen (11-13).

15. Mudstone: medium light gray, weathers grayish

orange, slope-forming (11-13) ...................... . 1.0
lk. Dolomite: very light gray, very finely-crystal-

line, weathers yellowish gray to smooth surface (11-12) .. 1.0

13. Concealed: ..........................................  1.5

12. Mudstone: grayish orange, calcareous, thin-

bedded, weathers light brown, slope-forming (11-11) ...... 2.5

ll. Dolomite: grayish orange pink, very fine-grained,

thin-bedded, conglomeratic, contains blocky, sub- 

rounded pebbles of same material up to 3A  inch long, 

weathers pale yellowish brown, ledge-forming (11-10)....  2.0



Feet

183.

10. Mudstone: light "brownish gray, dolcaltlc, thin-

bedded, veathered surface is smooth vith alternate 

beds l/2 inch thick that are grayish orange pink and
light olive gray, ledge-forming (11-09) .................. 1.5
9. Sandstone: Grayish red, fine-grained, conglome

rate, massive, calcareous cement, contains angular 

granules and angular, blocby pebbles up to l/2 inch 
long of light gray, fine-grained sandstone, weathers

light brownish gray, ledge-forming (U-08) .... .......... 1.5
8. Concealed: ................ ..........................  3.0
7. Sandstone: light brownish gray, fine-grained,

doloaitic, thin-bedded, weathers light olive gray 

with grayish orange pink mottling, slope-forming

(11-07) ....................................   3.0
6. Dolomite: light brownish gray, finely crystalline,

thick-bedded, weathers light olive gray to smooth,

sandy surface, ledge-forming (11-06) ...................... 2.0

5. Limestone: pale yellowish brown, fine sandy

texture, thin-bedded, weathers light dive gray to

irregular surface, ledge-forming (U-05) ................... 2.0
4. Sandstone: light brownish gray, very fine-grained,

slightly calcareous, resistant, thin-bedded, weathers 

grayish orange to slightly pitted surface, ledge

forming (ll-04) .............................   6.5
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3. Sandstone: light olive gray, fine-grained,

resistant, conchoidal fracture, beds 1.5 feet thick, 

leathers grayish orange to fairly smooth surface,

ledge-forming (11-03) .................. .................  3.5

Unconformity; Assumed.

Submember A:

2. Limestone: medium gray with light olive gray

mottling, thin-bedded, weathers medium gray with 

prominent yellowish gray mottling, ledge-farming

(11-02) ........... ................... 1.5
1. Limestone: pale red purple, coarse sandy tex

ture, thin-bedded, weathers light brownish gray, 

ledge-forming (11-01) .................................... 0.5
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Section 12

Location: North aide of Cherokee Point, about 1-1/4 allea southeast of 

the Santa Fe Railroad, at the north side of section 5# $24N, R11H, 

Mohave County, Arizona. Access is by Hualpai Indian Reservation road 

frc® Peach Springs Village.

Phase numbers of cyclothems: In Devonian cyclothems the phase number

follows the name designating the rock type. The phase number is 

placed in parentheses. Thus the highest exposed bed of Cyclothem 0, 

a dolomite belonging to Phase 4, is designated "Dolomite (4)."

Redvall limestone: Feet

119. Dolomite: grayish orange and grayish orange pink,

sandy to aphanitic, thick-bedded, weathers medium light 

gray to shallowly pitted surface, ledge-forming

(12-120) ........................................... . 4.0

118. Conglomerate: consists of cobble-size, angular

blocks of mostly brownish gray dolomite in grayish

orange, sandy matrix, massive, slope-forming ............  2.0

Unconformity: Gently undulating with slight truncation of

underlying beds.

Devonian sequence: Total thickness 275.0 feet
Cyclothem 0: (Thickness 12.0 feet)

117. Concealed: 3.0
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116. Dolomite (4): light olive gray, fine sugary

texture, friable, faintly laminated, thin-bedded,

"weathers light olive gray to irregular, sandy sur

face, slope-forming (12-119) .... ............... . 2.0
115. Dolomite (2): light brownish gray, medium-

crystalline, thick-bedded, contains small yellowish 

gray calcareous inclusions, weathers medium light 

gray to shallowly pitted sandy surface, cliff-

forming (12-118) ......................................... 6.0
114. Mudstone (l): pale red, calcareous, friable,

thin-bedded, weathers pale yellowish brown to ir

regular surface, forms recess at base of cliff

(12-117) ............  1.0
Cyclothem N: (Thickness lh.0 feet)

113. Concealed: .........................................  5.0
112. Dolomite (5): light brownish gray, aphanitic,

thin-bedded, weathers pale yellowish brown to rough

surface, slope-forming (12-116) ........................... 3.0

111. Limestone (4): pale red, fine sugary texture,

dolomitic, contains scattered, well rounded grains of
V '
quartz, thin-bedded, weathers grayish orange pink to

sandy, laminated surface, slope-forming (12-115) .......... 1.0

110. Siltstone (2): light brownish gray, slightly

dolomitic, conchoidal fracture, thick-bedded, weathers
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medium brownish gray to fairly smooth surface vlth

moderately sharp edges, ledge-forming (12-114) ........... 5.0
Cyclothem M: (Thickness 7.0 feet)

109. Concealed: ......................................... 3.0

108. Dolomite (5): light brownish gray, aphanltlc,

thln-bedded, weather a grayish orange pink to fairly

smooth surface, slope-forming (12-113) ........    1.5
107. Dolomite (2): medium gray and grayish red, very 

finely-cryetalline, resistant, concholdal fracture, 

thin-bedded, weathers medium gray to smooth surface

with rounded edges, ledge-forming (12-112) ..............  2.0
106. Siltstone (1): grayish orange pink, dolcmltic,

friable, weathers pale yellowish brown to Irregular

surface, slope-forming (12-111) .........................  0.5
Cyclothem L: (Thickness 5*0 feet)

105. Concealed: ......................................... 1.0

104. Dolomite (4): light brownish gray and grayish

orange, sugary texture, friable, weathers light olive

gray to medium smooth surface, slope-forming (12-110) .... 1.0
103. Dolomite (3): light olive gray, finely-crystal-

line, thick-bedded, weathers light olive gray to smooth

surface with rounded edges, ledge-forming (12-109) ......  2.5



188

Feet

102. Siltstone (1): yellowish gray, dolcmitlc,

friable, weathers pale yellowish brown to irregular

surface, slope-farming (12-108) .........................  0.5

Cyclothem K: (Thickness 42.0 feet)
101. Dolomite (5): light olive gray, very finely-

crystalline, resistant, conchoidal fracture, thin- 

bedded, weathers very pale orange to surface with

rounded edges, slope-farming (12-107) ...................  2.5

100. Limestone (OWL CUFF: 5)$ light brownish gray, 

aphanitic to very finsly-crystalline, thick-bedded, 

weathers very pale orange and pale yellowish brown 

to moderately pitted surface, contains a few zones of 

limestone 1 to 2 feet thick that weather to a smooth 

surface, also contains a conglomeratic zone 1 foot 

thick and 6 feet above the base that weathers light

brown, forms nearly vertical cliff (12-106) ..... ........ 33.0

99. Dolomite (2): light brownish gray, very fine

grained, sulphurous odor, weathers light olive gray 

to fine sandy laminated surface, forms recess at

base of OWL CU F F  (12-105) ................. ............. 1.0
98. Dolomite (1): light brownish gray, sugary

texture, thin-bedded, weathers light olive gray to 

irregular surface, slope-forming (12-104) 2.5
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97. Sandstone (1): medium light gray to pale red,

fine-grained, resistant, thick-bedded, weathers olive 

gray to fairly smooth surface, ledge-forming (12-103) .... 3.0
Cyclothem J: (Thickness 36.5 feet)

96. Concealed: ...................................... 13.0

95. Dolomite (6): light olive gray, fine-grained,

resistant, thin-bedded, weathers pale yellowish brown 

to sandy laminated surface, deeply pitted in upper 1
foot, conglomeratic at base, ledge-farming (12-102) .....  5.0
$k. Dolomite (6): light brownish gray, medium, crys

talline, thin-bedded, weathers light olive gray to 

slightly pitted sandy surface, ledge-farming (12-101) .... 2.5
93. Dolomite (5): light brownish gray, aphaaitic,

conchoidal fracture, weathers light brownish gray to

smooth surface, ledge-forming (12-100) .... .............. 0.5
92. Dolomite (5): grayish pink, aphanltic, massive,

weathers grayish orange pink to irregular surface,

slope-forming (12-99) .................................... 3.0
91. Concealed: ....... .................................. 6.0
90. Dolomite (3): grayish pink, finely-crystalline,

thick-bedded, weathers grayish orange pink to smooth

surface, cliff-forming (12-98-3) .........................  If-.5

89. Dolomite (2): light brownish gray, very finely-

cryatalline, massive, weathers pale yellowish brown to
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laminated surface shoving soft-rock deformation,

ledge-forming (12-98-2) .................. ............... 1.7

88. Mudstone (l): pale red with grayish red mottling,

calcareous, friable, irregularly laminated, weathers

grayish red, slope-forming (12-98-1) ....................  0.3

Cyclothea I: (Thickness 2.0 feet)

87. Dolomite (3): medium gray, finely-crystalline,

thin-bedded, contains small cavities lined with gray

ish orange calcite crystals, weathers light olive 

gray to irregular sandy surface with scattered deep 

pits 1 to 5 millimeters across, ledge-forming (12-97) .... 1.0

86. Conglomerate (l): pale red, massive; matrix

grayish pink, calcareous mudstone; pebbles pale red, 

l/2 to 3 inches long, blocky, sub-rounded, very fine

grained sandstone; weathers pale red, ledge-forming

(12-96)  .......... .......................... 1.0
Cyclothem H: (Thickness 7.0 feet)

85. Concealed: ........ .................................  5.0

84. Dolomite (3): light olive gray, finely-crystal

line, thin-bedded, weathers light olive gray to fine

sandy surface, slope-farming (12-95) ..................

83. Mudstone (1): pale red, massive, weathers light

brownish gray to sandy, irregular surface, slope-forming

1.5
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(12-94), thlckneee varies from 2 to 10 Inches In 5

foot distance along strike......   0.5

Cyclothea G: (Thickness 18.5 feet)
82. Dolomite (6); light gray, finely-crystalline, 

thin-bedded, veathers light olive gray to fine sandy

laminated surface, slope-forming (12-93) .................  2.0
81. Dolomite (5): grayish pink, aphanitic (porcelain-

textured), thin-bedded, weathers yellowish gray, slope-

forming (12-92) ...........   3.0

80. Concealed: ..........     5*5
79. Dolomite (4): light olive gray, very finely-

crystalline, thick-bedded, weathers olive gray to 

irregular, pitted, cavernous surface, cliff-forming

(12-91) ........................    7.0
78. Dolomite (2): medium dark gray, aphanitic, thin-

bedded, veathers pale yellowish brown, slope-forming

(12-90) ........    1.0
Cyclothem Ft (Thickness 16.0 feet)

77* Concealed: ....................................   1.0
76. Limestone (4): light brownish gray, flnely-

crystalline, doloaitic, thin-bedded, weathers light 

brownish gray to fine sandy. Irregular surface,

slope-forming (12-89) .................................... 2.5

75. Concealed: ..........................................  4.0
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7k. Dolomite (3): medium gray, very fine-grained,

thin-bedded, veathere pale yellowish brown with

rounded earners, slope-farming (12-88) .... .............. 1.5
73. Dolomite (3): light brownish gray, very finely-

crystalline, rings when struck with hammer, thick- 

bedded, weathers medium gray to slightly pitted sur

face, weakly cliff-forming (12-87) .......................  6.0
72. Mudstone (1): light brownish gray to pale red,

dolceitic, soft, friable, weathers light brownish gray,

slope-farming (12-86) ................. .................. 1.0
Cyclothem E: (Thickness 3.0 feet)

71. Dolomite (3): medium light gray, aphanitic, thick- 

bedded, weathers olive gray to laminated surface, ledge-

forming (12-85) ............     2.5
70. Siltstone (1): pinkish gray, dolomltic, thin-

bedded, weathers light gray to smooth surface, slope-

forming (12-84) .............................    0.5
Cyclothem D: (Thickness 29.0 feet)

69. Concealed: ...............................    8.5
68. Dolomite (6): light olive gray, finely-crystalline,

thick-bedded, upper portion contains scattered irregular 

chert nodules up to 1 inch long that weather pale brown, 
weathers pale brown to slightly pitted surface, forme promi

nent cliff (12-83) .......................................  7.0
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67. Dolomite (5): pinkish gray, silty texture, thin-

bedded, Heathers very pale yellowish brown to irregu

lar surface, ledge-forming (12-82) .......................  2.0

66. Dolomite (3): light olive gray, finely-crystal-

line, thin-bedded, weathers light olive gray to smooth

surface, ledge-farming (12-81) ........................... 1.5
65. Dolomite (3): light olive gray, fine-grained,

sulphurous odor, thick-bedded, weathers olive gray

to deeply pitted surface, cliff-forming (12-80) .........  5.5
64. Siltstone (1): light olive gray, dolomitic,

conchoidal fracture, thin-bedded, weathers pale yellow

ish brown to irregular surface, slope-forming (12-79) .... 1.5
63. Concealed: .................... .................... . 3.0

Cyclothem C: (Thickness 41.5 feet)

62. Dolomite (6): light brownish gray, very finely-

cryetalline, sulphurous odor, thick-bedded, weathers 

light olive gray to slightly pitted surface, ledge

forming (12-78) ......................... ................ 5.0
6l. Dolomite (6): very light brownish gray, medium-

crystalline, thick-bedded, weathers dark yellowish

brown to cavernous surface in upper 6 feet and to
smooth surface in lower 4 feet, cliff-forming (12-77) .... 10.0
60. Dolomite (6): light olive gray, fine sugary

texture, thin-bedded, weathers light olive gray to
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Irregular surface, slope-farming (12-76) ................  2.0
59. Dolomite (6): light gray, finely-crystalline,

thin-bedded, veathere pale yellowish brown to ir

regular surface, slope-farming (12-75) ................. . 3.0
58. Dolomite (5): pinking gray, aphanitic, thin-

bedded, weathers yellowish gray to "mud-cracked"

surface, slope-forming (12-7*) ...........................  2.5
57. Dolomite. (*): light olive gray, very finely-

crystalline, thin-bedded, weathers light olive gray

to moderately smooth surface, slope-forming (12-73) .....  3.0
56. Concealed: ..........................................  1.5

55. Dolomite (3): light olive gray, very finely-

cryetalline, thin-bedded, weathers light olive gray

to smooth surface, slope-forming (12-72) .................  2.0
5*. Dolomite (3): light brownish gray, very finely-

crystalline, thin-bedded, weathers light olive gray

to smooth surface, weakly ledge-forming (12-71) .......... *.5
53. Dolomite (2): medium dark gray, aphanitic,

conchoidal fracture, weathers yellowish gray to

smooth surface, ledge-forming (12-70) ................. . 0.5
52. Siltstone (l): light olive gray, dolomitic,

thin-bedded, weathers light olive gray to uneven

surface, slope-forming (12-69) ........................... 1.0
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51. Siltstone (1); very light olive gray, thin- 

bedded, contains light brown calcareous inclusions, 

weathers light olive gray to fairly smooth surface,

elope-forming (12-68) ....................................  6.5

Cyclothem B: (Thickness 38.0 feet)

50. Concealed: ..................... ...................  2.0

49. Limestone (6): light olive gray, silty texture,

porous, thin-bedded, weathers light olive gray, slope-

farming (12-67) ..........................................  5.0
48. Concealed: ......   2.5
4-7. Limestone (6): light olive gray, very finely-

crystalline, dolcmitic, thin-bedded, weathers light 

olive gray to irregular surface, slope-forming (12-66) ... 1.5
46. Dolomite (6). light brownish gray, finely- 

cryetalline, thick-bedded, weathers grayish orange 

pink to smooth, sandy, laminated surface, ledge

forming (12-65) ..........................................  2.5

45. Dolomite (5): pinkish gray, aphanitic, thin-

bedded, weathers yellowish gray to irregular surface,

slope-forming (12-64) ...........................    2.5
44. Limestone (5): pinkish gray, silty texture, thin- 

bedded, dolomitic, weathers yellowish gray to irregular 

surface, slope-forming (12-63) ..........................  8.0

195.
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43. Limestone (5): very light brownish gray,

aphanitic, dolomitic, thick-bedded, weathers 

yellowish gray to surface with smooth rounded

edges, ledge-forming (12-62) ............................. 2.5
42. Dolomite (5): pale red, aphanitic, conchoidal

fracture, thin-bedded, weathers light, brownish gray

to smooth surface, slope-forming (12-61) ................  3.0
4l. Concealed: ........................................ 1.0
40. Dolomite (4): light olive gray, silty texture,

thin-bedded, weathers pale yellowish brown to irregu

lar surface, slope-forming (12-60) .... .................. 2.5
39. Limestone (3): light olive gray, very finely-

cryatalline, dolomitic, thick-bedded, conglomeratic 

at base, weathers light olive gray to smooth surface,

ledge-forming (12-59) ....................   5.0
Cyclothem A: (Thickness 3.5 fe®t)

38. Concealed: ....................................   1.5

37. Dolomite (3): light olive gray, finely-crystal-

line, thin-bedded, weathers light brown to fairly 

smooth surface, weathered surface is conglomeratic at

base, slope-forming (12-58) .........    2.0
Unconformity: Contact concealed.

Supra-Muav sequence: Total thickness 78.0 feet.
36. Concealed: ................................     2.0
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35. Dolomite: pinkish gray, aphanltlc, thlck-

"bedded, has small inclusions of moderate orange pink 

calcite, contains small flat nodules up to 1 inch 
long of yellowish gray chert, weathers yellowish 

gray to smooth surface displaying irregular laminae 

and abundant dark brown specks about 2 millimeters
across, forms series of ledges (12-57) ............. ..... 10.5
34. Dolomite: very light olive gray, a$hanltic,

thin-bedded, weathers light olive gray to irregular

surface, slope-forming (12-56) .......... ................ 1.5
33. Dolomite: pinkish gray, aphanltlc, thin-bedded,

weathers pale yellowish brown to smooth surface,

slope-forming (12-55) ........ ...........................  2.0
32. Limestone: pinkish gray, fine sugary texture,

thin-bedded, weathers very pale yellowish brown to

fairly smooth surface, slope-forming (12-54) ............  2.5
31. Dolomite: pinkish gray, aphanltlc, resistant,

thin-bedded, weathers light olive gray to irregular

surface, slope-farming (12-53) ........................... 1.5
30. Dolomite: light brownish gray, finely-crystal-

line, thick-bedded, weathers light olive gray to

smooth surface, ledge-forming (12-52) ......... . 2.5
29. Dolomite : light gray with grayish orange pink
mottling, aphanltlc, thick-bedded, weathers light olive
gray to irregular surface, ledge-farming (12-51) ........  5.0

197.
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28. Dolomite: light gray with mottling of very pale

orange dolomitlc limestone, very fInely-crystalllne, 

thln-bedded, weathers light ‘brownish gray with mode

rate orange pink mottling to irregular surface,

slope-forming (12-50) .................................... k,0

27. Dolomite: pale red, very fInely-crystalllne,

thick-bedded, weathers grayish red to smooth surface

with rounded edges, forms prominent cliff (12-23) .......  6.0
26. Dolomite: pale red, aph&nitlc, has fine con

torted broken laminae suggesting soft-rock deforma

tion, thin-bedded, weathers grayish pink to irregular

surface, slope-forming (12-22) .......................... 5.5
25. Dolomite: pinkish gray, some beds with pale red

laminae, fine sandy testure, thln-bedded, weathers 

yellowish gray to irregular surface, slope-forming

(12-21) ........................................ . 10.5

2k. Dolomite: pinkish gray, fine sandy texture, 

resistant, thick-bedded, weathers yellowish gray to 

smooth surface with rounded edges, forms series of

ledges (12-20) ...................................    7.5
23. Dolomite: pinkish gray, fine sandy texture, thln-

bedded, weathers very pale orange to irregular blocky 

surface, ledge-forming (12-19) .......................  5.0
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22. Dolomite: grayish orange pink, aphanitic, thin-

bedded, veathere yellowish gray to Irregular silty

surface, slope-forming (12-18) ..........................  1.5
21. Dolomite: pinkish gray, aphanitic, resistant, 

thin-bedded, weathers yellowish gray to smooth sur

face with rounded edges, slope-forming (12-17) ........... 5*0
20. Dolomite: pinkish gray, aphanitic, resistant,

thin-bedded, weathers yellowish gray to smooth sur

face, ledge -forming (12-16) ........ ..................... 5*5
Unconformity: Assumed.

Muav limestone:

Tampai Cliffs member:

Submember C: (Total thickness 51.8 feet)

19. Dolomite: light brownish gray, very fine-grained,

resistant, thick-bedded, weathers olive gray to lami

nated surface, ledge-forming (12-15) .....................  3.0
18. Dolomite: grayish orange pink, aphanitic, thin-

bedded, weathers light brownish gray to rough surface,

weakly cliff-forming (12-14) ...................   7.0
17. Concealed: .......................................... 6.5

16. Dolomite: light olive gray with pale red mottling,

medium-crystalline, thin-bedded, weathers dark yellow

ish brown to smooth, sandy surface, ledge-forming 

(12-13) .................................................  1.5
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15. Limes tone: light brownish gray with pale red
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weathers light olive gray with grayish orange pink

mottling to fairly smooth surface, weakly ledge-

farming (12-12) ........ ................................. 7.0
lk. Limestone: pale red, fine-grained, dolcedLtic,

thin-bedded, weathers grayish orange pink to smooth

surface, ledge-forming (12-11) ................... . 2.0
13. Dolomite: very light gray with pale red mottling,

aphanitic, resistant, thin-bedded, contains inclusions 

of pale yellowish orange calcite, weathers yellowish 

gray with grayish orange pink mottling to smooth,

silty surface, ledge-forming (12-10) ....................  1.5
12. Dolomite: light olive gray with grayish orange

pink mottling, very fine-grained, thin-bedded,

weathers dark yellowish brown to smooth surface,

ledge-forming (12-09)   ............ ................... 3.0
ll. Dolomite: light olive gray with pale red

mottling, very fine-grained, thin-bedded, weathers 

olive gray with grayish red mottling to smooth

surface, elope-forming (12-08) ............ .............. 2.0
10. Dolomite: light gray with pale red mottling,

very fine-grained, thin-bedded, weathers light olive

gray with grayish orange pink mottling to smooth
...... -

surface, ledge-forming (12-07) ................... ........ 3.5
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9. Concealed: ...........................................  9.0

8. Mudstone: grayish orange pink and pale red,

doloaitlc, broken laminae indicate soft-rock 

deformation, weathers pinkish gray and light 

brownish gray to smooth surface, slope -forming

(12-06) ............................... ...................  0.3
7. Sandstone: light brownish gray, very fine-grained,

thin-bedded (1 foot), weathers pale yellowish brown to 
smooth laminated surface, ledge-forming (12-05) ......... 3.5
6. Mudstone: light brownish gray, dolomitic, thin-

bedded, weathers light yellowish gray, slope-forming

(12-04) ..................................................  2.0
Submember B: (Thickness 18.0 feet)

5. Concealed: ...... ....................................  8.0
4. Limestone: Grayish yellow with pale yellowish

orange mottling, silty texture, thin-bedded, weathers 

pale yellowish brown to smooth surface, weakly ledge-

forming (12-03) .......................................... 3.0
3. Siltstone: very pale orange with pale red

mottling, calcareous, thin-bedded, weathers pale

yellowish brown, slope-forming (12-02) .........    4.5

Unconformity: Assumed.

2. Concealed: ...........................................  2.5
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Submember A:

1. Limestone: brownish gray with yellowish gray

mottling, aphanitic, thin-bedded, weathers light 

gray with both grayish orange and pale brown 

mottling to even faces having rough textured surface, forms 

series of ledges (12-01) 7.5



203

Section 16

Arizona. Northwest of the mouth of Bock Canyon.

Devonian sequence: Feet

24. Dolomite: medium gray, very fine-grained, thick- 

bedded, weathers pale yellowish brown to pitted sur

face, cliff-forming (16-16) ........... 7.0

Unconformity: Assumed.

Supra-Muav sequence: Total thickness 44.0 feet

23. Dolomite: mostly light gray and yellowish gray,

very fine-grained, contains both thick-bedded and 

thin-bedded units, and a minor amount of siltstone,

most beds weather yellowish g r a y ........................  44.0

Unconformity: Assumed.
Moav limestone:

Tampai Cliffs member:

Submember C: (Thickness 43.0 feet)

22. Limestone: light brownish gray, aphanltlc, thick-

bedded, weathers yellowish gray with moderate brown,

silty laminae, ledge-forming (16-15) .....................  3.5

21. Dolomite: pinkish gray, aphanltlc, thin-bedded,

weathers yellowish gray to smooth surfaces with

Location: Southeast l/U of section 28, T24N, B12W, Mohave County,

rounded edges, slope-farming (16-14) .....................  1,0
20. Concealed: .......................................... 1.0
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19. Dolomite: pinkish gray, aphanitic, conchoidal

fracture, thin-"bedded, weathers light yellowish gray

to smooth surface, ledge-forming (16-13) ................  1.0
18.. Concealed: ............................... ........... 10.0

17. Dolomite: light brownish gray with grayish orange

mottling, medium-crystalline, thin-bedded, weathers 

pale yellowish brown with grayish orange mottling to

sandy, pitted surface, ledge-forming (16-12) ............  2.5
16. Limestone: grayish orange pink, very finely-

crystalline, thin-bedded, weathers grayish orange to 

silty surface, forms recess in middle of ledge, slope-

forming (16-11) ....... ..................................  1.0
15. Limestone: medium light brownish gray, medium- 

crystalline, thin-bedded, weathers pale yellowish 

brown with grayish orange pits and fine-sandy sur

face, ledge-forming (16-10) .............................. 2.5
14. Limestone: medium light gray with grayish orange 

pink mottling, sugary texture, thin-bedded, weathers 

light olive gray with grayish orange pink mottling,

slope-forming (16-09) ............... ................... . 2.0
13. Concealed: ..................................... 4.5

12. Limestone: pale red, sugary texture, thin-bedded,
weathers pale red to smooth sandy surface, ledge
forming (16-08) ..................... ..................... 5.0



Feet

11. Limestone: grayish orange pink, very fine

grained, thin-bedded, leathers pale yellowish brown 

with yellowish gray mottling to silty surface, ledge-

forming (16-07) ............................. 1.5
10. Mudstone: light brownish gray, calcareous, thin-

bedded, weathers pale yellowish brown to irregular

surface, slope-forming (16-06) ................. ......... 3.0
9. Mudstone: grayish orange pink mottled with dark

yellowish orange, thin-bedded, weathers very pale 

orange with grayish orange mottling to sandy surface,

ledge-forming (16-05) .................................... 4.5

Submember B: (Thickness 13.5 feet)

8. Glauconite sandstone: dusky yellow green, medium-

grained, weathers dusky yellow green, slope-forming

(l6-04b) .................................................  0.5
7. Conglomerate: light brown, matrix light brown

mudstonej pebbles and cobbles up to 6 inches long, 
flat with rounded edges composed of light brown and 

dark yellowish orange finely laminated mudstone; has 

irregular layer l/l6 inch thick of pale brown chert
on upper surface; slope-forming (l6-04a) ...........  0.5

205.

6. Concealed: .....    5.5



Feet

5. Mudstone: grayish orange pink, thin-bedded,

calcareous, weathers grayish orange with prominent

moderate brown laminae, ledge-forming (16-03) ............ 2.0

4. Concealed: ........   2.0

3. Sandstone: dark yellowish orange with grayish

orange pink mottling, very fine-grained, thin-bedded, 

weathers grayish orange to smooth surface, slope-

forming (16-02) .......................................... 2.0
2. Concealed: ...........  1.0

Unconformity: Concealed.

Submember A:

1. Limestone: medium gray with grayish orange mottling,

aphanltic, thin-bedded, weathers light gray with grayish 

orange mottling, ledge-farming (16-01) ........    5.0

206.



APFEKDIX II

COLORS CF FRESH ASD WEATHERED SURFACES 

Introduction

The three vertically adjacent unite selected for a detailed 

analysis of the distribution of color on fresh and weathered surfaces 

are the lower 43 feet of the Devonian sequence, the Supra-Muav se

quence and Submember C of the Tampai Cliffs member of the Muav lime

stone.

Colors determined from hand specimens by comparison vith the 

rock color chart are classified into five groups (Table 15). The 

per cent of each color group present on fresh and on weathered 

surfaces of each of the three stratigraphic units is determined.

The distribution of color groups in different sections of the same 

stratigraphic unit is compared. It is shown that there exist pre

ferred associations between the colors of fresh and of weathered 

surfaces.

Summary

The overall percentage distribution of color groups, both for 

fresh and for weathered surfaces, is decidedly different for each of 

the stratigraphic units (Plate 7). This distribution shows



208

Table 15. Classification of colors.

Group I - "yellow"

Range: Medium gray to grayish yellow

Includes: Light gray, olive gray, light olive gray, yellowish

gray

Group II - "orange11

Range: Grayish orange pink to very pale orange

Includes: Grayish orange, pale orange

Group III - "red"

Range: Pinkish gray to very pale red purple

Includes: Grayish-pink, grayish red, pale red, pale red purple

Group IV - "yellowish-brown"

Range: Very pale yellowish-brown to dark yellowish brown 

Includes: Pale brown, ligjht brown

Group V - "brownish-gray"

Range: Very light brownish gray to medium brownish gray
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considerable fluctuation from section to section, but It Is similar 

enough to be significant at the 5 per cent level in each of the strati

graphic units. The Supra-Mu&v sequence and the Devonian sequence 

show similar preferred associations between colors of fresh and of 

weathered surfaces, whereas the preferred associations In Tampai 

Cliffs-C are somewhat different.

Lateral distribution of color

Tables 16 and 17 give the thickness In feet of the beds belonging 

to each color group in each color group in each section. The ratio 

of this thickness to the thickness of the stratigraphic unit at that 

section is expressed In per cent. Thus the thickness of the Supra- 

Muav sequence at Section 12 is 78.0 feet (Table 16B) and the thickness 

of those beds of the Supra-Muav belonging to Color Group I ("yellow”) 

is $1.0 feet, or 65$ of the total thickness. These two figures are 

entered In the upper row of the first column of Table l6B.

By reading down the columns of Tables 16 and 17 the change In 

percents is noted from north to south along the line of sections; no 

consistent change in the color distributions is noted.

The sections of each stratigraphic unit appear to show a fair 

degree of agreement among themselves as to their color preferences. 

This impression is confirmed by ranking the color groups in each sec

tion according to thicknesses (as in Table 18) and then calculating 

the Coefficient of Concordance, ¥, (Kendall, 1948) of the rankings.
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Table 16. Distribution of color on weathered surfaces. 

Part A. Devonian sequence (lower 43 feet)
Colors

Group I Group II Group IV Group V

"yellow" "orange"
"yellowish-

brown"
"brownish- 

gray” . Concealed
Total

Thickness
Thick. # Thick. * Thick. i Thick. i Thick. i

Section 12 26.0 6o 2.5 6 4.5 10 3.0 7 7.0 16 43.0
Section 2 14.0 55 2.0 8 3.5 12 6.0 24 0 0 25.5
Section 7 18.5 43 0 0 3.5 8 0 0 21.0 49 43.0

Section 4 25.5 59 0 0 6.0 14 1.0 2 10.5 24 43.0
Section 1 2l.o 49 3.5 8 11.0 26 0 0 7.5 17 43.0

Sums : 105.0 8.0 28.5 10.0 46.0 197.5

# of each 
color group 
in total 
thickness :

53.2 4.1 14.4 5.1 23.3

*39aree beds in Sections 7 or 4 with a total thickness of 8.5 feet have atypical colors and are 
classified as "concealed," as is one bed 3.5 ft. thick in Section 1 that weathers "pinkish-gray."
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Table 16. (Continued)
Part B. Supra-Muav eequence 

Colors

Group I Group II Group III Group 17 Group V

"yellow" "orange” "red”
"yellowish-

brown"
"brownish-

gray”
Concealed Total

Thickness

Thick. # Thick. 4 Thick. 4 Thick. 4 Thick. * Thick.

Section 12 51.0 65 5.0 6 11.5 15 4.5 6 4.0 5 2.0 3 78.0
Section 2 13.0 16 21.0 26 12.0 15 4.0 5 0 0 30.5 38 80.5
Combined: 
Sections 7, 
9, 10

15.5 20 5.0 6 1.5 2 4.0 5 3.0 4 49.0 63 78.0

Coe&lned: 
Sections 4 

and 6
3.0 10 2.5 8 0 0 2.0 7 1.5 5 21.0 70 30.0

Sums 82.5 H I 33.5 46 25.0 32 14.5 23 8.5 14 102.5 174 266.5

Mean per cent 27.8 11.5 8.0 5.7 3.5 43.5

$ of each color 
group In total 30.9 12.6 9.4 5.4 3.2 38.5
thickness
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Table 16. (Continued)
Part C, Yampai Cliffs (Submember C) 

___________________ •__■_________ Colors___________________
Group I Group II Group III Group IV Group V

"yellow” "orange" "red"
"yellowish-.

brown"
"brownish-

gray" Concealed
Total

thickness
Thick ■f Thick. Thick. Thick. * Thick. * Thick. $

Section 3 6.0 9 18.0 26 2.5 4 22.5 33 0 0 19.0 28 68.0
Section 12 19.0 36 2.0 4 0.3 1 8.0 15 7.0 14 15-5 30 51.8
Section 2 15.0 25 9.0 15 20.5 34 0 0 0 0 15.5 26 60.0
Section 16 7.5 17 5.5 13 5.0 12 9.5 22 0 0 15.5 36 43.0
Section 11 16.0 59 4.0 15 1.5 5 2.0 7 0 0 4.0 15 27.5
Totals: S7, 
S9, 810 8.0 17 0 0 0.5 1 17.0 35 2.0 4 20.5 43 48.0

Totals: S4 
and 86 4.0 9 U , 26 0 0 21.5 50 0 0 6.5 15 43.5

Sums 75.5 172 50.0 99 30.3 57 80.5 162 9.0 18 96.5 :L93 341.8

Mean per cent 24.6 l4.l 8.1 23.0 2.6 27.6
£ of each 
color group 
in total 22 .1 14.6 8.9 23.6 2.6 28.2
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Table 17. Distribution of color on fresh surfaces 

Part. A. Devonian sequence (lower 43 feet) 
Colors

Group I Group II Group III Group V

"yellow" "orangeII "red"
"brownish-

gray" Concealed Total
thickness

Thick. <f> Thick. * Thick. * Thick. $ Thick

Section 12 17.5 41 0 0 13.5 31 VI b G 7.0 16 43.0
Section 2 10.0 39 1.0 4 0 0 14.5 57 0 0 25.5
Section 7 14.0 33 0 0 2.5 6 12.0 28 14.5 34 43.0
Section 4 16.0 37 4.0 9 4.0 9 10.5 24 8.5 20 43.0

Section 1 7.5 17 - 0 0 11.0 26 20.5 48 4.0 9 43.0

Su m 65.O .5.0 31.0 62.5 34.0 197.5

i» of each 
color group 
in total 
thickness

32.9 2.5 15.7 31.7 17.2



Table 17. (Continued)
. Part B. Supra-Muav sequence 

_____  Col or a

Group I Group II Group III Group V

"brownish- Total
"yellow"_____ "orange" _______"red”_____  gray"_______Concealed thickness

Thick. Thick. f Thick. $ Thick. * Thick $

Section 12 10.5 13 1.5 2 61.5 79 2.5 3 2.0 3 78.0
Section 2 
Combined

4.5 5 20.0 25 21.5 27 4.0 5 30.5 38 80.5

Sections 7,9,10 
Combined

12.5 16 5.5 7 7.0 9 4.0 5 49.0 63 78.0

Sections 4 & 6 1.5 5 0 0 6.0 20 1.5 5 21.0 70 30.0

Sums 29.O 39 27.0 34 96.0 135 12.0 18 102.5 174 266.5

Mean per cent 9.75 8.5 33.75 ^.5 43.5

$ of each color
group in total 10.9 10.1 36.0 4.5 38.5
thickness



Table 17. (Continued)
Part C. Yampai Cliffs (Submember C) 

Colors ____________________

215.

Group I Group II Group III Group V
"brownish- Total

"yellow"_____"orange*1_____  "red" ________gray"_______Concealed thickness

Section 3 0 0 0 0 11.5 17 37.5 55 19.0 28 68.0
Section 12 11.5 22 7.3 14 2.0 4 15.5 30 15.5 30 51.8
Section 2 13.0 22 0 0 26.5 44 5.0 8 15.5 26 60.0
Section 16 2.0 5 7.0 16 7.0 16 11.5 27 15.5 36 43.0
Section 11 5*0 18 0 0 6.5 24 12.0 44 4.0 15 27.5
Combined

Sections 7,9,10 2.0 4 2.0 4 4.0 8 19.5 4l 20.5 43 48.0
Combined

Sections 4 and 9*0 
6

21 9.5 22 5.0 11 13.5 31 6.5 15 43.5

Sums 42.5 92 25.8 56 62.5 124 114.5 236 96.5 193 341.8

Mean per cent 13.1 8.0 17.7 33.7 27.5

Thick. 4> Thick. 4> Thick. * Thick. $ Thick. *

# of each color
group in total 12.4 7*6 18.3 33.5 28.2
thickness



Table 18. Rank correlation of color groups for weathered surfaces of
the Supra-Mu&v sequence

216.

Colors

Group I Group II Group III Group IV Group V

"yellow” "orange" "red" "yellcsflsh-brown" "brownish gray"
Sections Thick R. Thick. R. Thick. B. Thick. R. Thick. B.

Section 12 51.5 1 5.0 3 11.5 2 4.5 4 4.0 5
Section 2 13.0 2 21.0 1 12.0 3 4.0 4 0 5
Total Sects. 7,9,10 15.5 1 5.0 2 1.5 5 4.0 3 3.0 4
Total Sects. 4 & 6 3.0 1 2.5 2 0 5 2.0 3 1.5 4

Sums of ranks: 5 8 15 14 18
> n - 5 “ 
■tnfa+i) - 7 2

p t  - 2
-.2

'L

-  (f-n)1

5 = 114-0
4 (S -IZ)*" t (iT- 12)^-+ ('4 -’l2)1"-+0T-/Z.)
&  5 ^ 1 4 u r , ( l i f t ) ^
S S  101.3 -v» A L y n ^ ^ C o T X h .

m  =  >2S _ _  -  »z (i«h .6 L  - A.l 1 
irf-tf-yi) hx(s ^-s)
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Table 19. Summary of the rank correlation of color groups of 

the Supra-Muav sequence and vertically adjacent units

Probable true ranking Coefficient of 
of color groups Concordance:

I II III 17 V w

1
Devonian 
(Lower 43 feet) 1 4 2 3 0.83 Significant at 0.1$ level

I
Supra-Muav 1 2 4 3 5 0.71 Significant at 1$ level

Tampai Cliffs - C 2 3 4 1 5 0.44 Significant at 5$ level*

Devonian 
(Lower 43 feet) 1 4 3 2 0.58 Significant at 5$ level

#
£ Supra-Muav 2 3 l 4 0.61 Hot significant at 5$ level

Tampai Cliffs - C 3 4 2 1 0.45 Significant at 5$ level

♦Barely misses being significant at the 1$ level
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It turns out (Table 19) that the weathered surfaces, In the case of 

the Devonian and of th Supra-Muav, give considerably higher values of 

W than do the fresh surfaces.

Association between colors of fresh and of 
weathered surfaces

Contingency tables (Tables 20, 21 and 22) showing the joint dis

tribution of fresh and of weathered surface colors are based on the 

same sections that were used in preparing Tables 16 and 17. Thus 

for the Supra-Muav the total thickness of all beds whose fresh sur

face is "yellow" and whose weathered surface also is "yellow" is

20.0 feet, the figure entered in the upper row of the left column of 

Table 21.

A contingency table ray be condensed to any desired extent by 

successive addition of r o w  or of columns. For example, if the two 

upper rows of Table 22 are added to the lower row, and then columns 

2 and 3 are added, and column 1 is added to the sum of columns U and 

5, the result is Table 23C, a 2 by 2 contingency table. Table 23C 

ray be used to determine whether there is a positive or a negative 

association between "red" fresh surface and "red" or "orange" 

weathered surface. Association, in a statistical sense, is defined 

as follows (Yule and Kendall, 1950):

Suppose that each object of a given population can be classified 

as either having or not having each of two attributes X and Y. Let 

(XT) be the number of objects having both attributes, let (Xy) be
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Table 20. Contingency table for colors of fresh and 

weathered surfaces of lower 43 feet of the 
Devonian sequence

(Thickness In feet)

Weathered

Group I 

"yellow"

Group II 

"orange"

Group III 

"red"

Group 17 

"yel. -brown"

Group V

"brownish-
gray" Totals

Group I 
"yellow"

50.5 0.5 1.5 10.5 0 63.0

s

Group II 
"orange"

5.0 0 0 0 0 5.0

£ Group III 
"red"

13.0 0 0 15.0 3.0 31.0

Group V
"brownish gray"

36.5 7.5 8.5 3.0 7.0 62.5

Totals 105.0 8.0 10.0 28.5 10.0 161.5



220
Table 21. Contingency Table for fresh and weathered surfaces 

of the.Supra-Muav sequence

(Thickness In feet)

Weathered

Group I Group II Group III Group IV Group V

"brownish-
"yellow" "orange" "red" "yel.-brown” gray” Totals

Group I 20.0 5.0 0 0 4.0 29.0
"yellcw"

Group II 7.0 10.0 10.0 0 0 27.0
A "orange”
2
6 Group H I 52.0 18.5 15.0 10.5 0 96.0

"red"

Group V 3.5 0 0 k.O 4.5 12.0
"brownish gray"

- Totals 82.5 33.5 25.0 14.5 8.5 164.0
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Table 22. Contingency Table for fresh and weathered surfaces 
of Yaepal. Cliffs (Suhaesher C)

(Thickness In feet)

Weathered '

Group I Group II Group III Group 17 Group V

"yellow" "orange" "red" "yel.-brown"
"brewnleh- 
. gray" Totals

Group I 
^yellow"

20.0 0 5.0 15.5 2.0 42.5

5
Group II 
"orange"

2.0 5.5 0.3 11.0 7.0 28.5

£ Group H I  
"red"

18.0 13.0 24.5 7.0 0 62.5

Group V
"brownish gray"

35.5 31.5 0.5 47.0 0 114.5

Totals 75.5 50.0 30.3 80.5 9.0 245.3
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Part A.

A

Part B.

1

Part C.

£

Table 23. Association of "red" fresh surfaces with
with "orange" or "red" weathered surfaces

Devonian sequence

Weathered
n  & III other Totals

III 0 31.0 31.0
Other 18.0 112.5 130.5

Totals 18.0 143.5 161.5

Supra-Muav sequence

Weathered

II & III Other Totals

III 33.5 62.5 96.0
Other 25.0 43.0 68.0

Totals 58.5 105.5 164.0

lampai Cliffs (Submember C)

Weathered
II & III Other Totals

III 37.5 25.0 62.5
Other 42.8 140.0 182.5

Totals 80.3 165.0 245.3

IIo| )31.0 )
18.0 = 13.8* ) Negative

) association
130.5 )

) Negative
25.0 z 36.8^ ) association
S O  )

ZL1 = 59.2* )
6 2 3  )) Positive
*2.8 = 23.4* ) association

i62.5 )

JT
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Table 2k, Aseoclatlba of "yellow" or "orange" fresh surfaces
and "yellowish-brown" cr "brownish-gray" weathered surfaces

Part A. Devonian sequence

Weathered

I? & V Other Totals

f i  & n  10.5 57.5 68.01 Other 28.0 65.5 ' 93.5

Totals 38.5 123.0 161.5

Part B. Supra-Muav sequence

Weathered

IV & V Other Totals

f I & II 4.0 52.0 56.0
, Other 19.0 89.0 108.0
Totals 23.0 141.0 164.0

Part C. Yampai Cliffs (Submember C)

Weathered

IV & V Other Totals

1 I & II 35.5 32.8 68.3
& Other 54.0 123.0 177.0

Totals 89.5 155.8 245.3

)
) negative 
) association 
)

t.o - 7.1)6 ))
) negative

19.0 = 17.6)6 ) association
10O  )

28.0 = 29.956 
93.5

) Positive
54.0 . 30.556 ) association

177.0 )
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Table 2$. Association, of "yellow" fresh surfaces and
"yellow" weathered surfaces

Part A. Devonian sequence

Weathered

1

I

s*
£

I Other Totals

I 50.5 12.5 63.0
Other 54.5 44.0 98.5

Totals 105.0 56.5 161.5

Supra-Muav sequence

Weathered

I . Other Totals

I 20.0 9.0 29.0
Other 62.5 72.5 135.0

Totals 82.5 81.5 164.0

Yampai Cliffs (Submember C)

Weathered

• I Other Totals

I 20.0 22.5 42.5
Other 55.5 147.3 202.8

Totals 75.5 169.8 245.3

50.5 » 80.1* )
oJTo )

) Positive
5^.5 * 55.3* ) association)

20.0 s 69.0* )
29.0 )

) Positive
62.5 r 46.3* ) association 

135.0 )

20.0 * 47.1* )
W 3  )

) Positive
55.5 = 27.4* ) association
202TB )



225
liable 26. Association of "orange" or "red" fresh surfaces
and "orange", "red" or "yellowish brown" weathered surfaces

Part A. Devonian sequence

Weathered 

II.III.IT Other

Part B. Supra-Must sequence

Weathered

£

Totals

i II & III 15.0 21.0 36.0
ts Other 31.5 ' 94.0 . 125.5

Totals 46.5 115.0 161.5

Part C. Tasrpai Cliffs (Submember C)

Weathered

Totals

15.0
3oTo
1 ^ 0  * 41.7% )

) Positive
31.5 s 25.2% jassoclatiom

II.III.IT Other Totals OjOII & III 64.0 59.0 123.0
Other 9.0 32.0 41.0

41.0
Totals 73.0 91.0 164.0

)
) Positive 
)associatioi

! II & III 61.3 27.0 88.3 m
£ Other 99.5 57.5 157.0 99.5157.0

Totals 160.8 84.5 245.3

69.4% ) 
)
) Positive
)asBociatioi
)
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the number haring attribute X but not attribute T, etc. This gives us

the following contingency table:
Attribute X X Totals

T (XT) (xY) (T)

y (Xy) (xy) (y)
Totals (X) (x)

Then the attributes X and T are defined to be "positively associated" 

lf'

• E 1 ^
and "negatively associated" if,

M 1 W

Thus if in a class of 73 students there are 21 green eyed students, 

10 of whom also have black hair, and there are 39 students who have 
neither green eyes nor black hair, these facts may be expressed by the 

following contingency table:

X
black hair

X
non-black hair

Totals

Y green eyes 10 11 21
y non-green eyes 13 39 52
Totals 23 50 73

Since the ratio 10/21 (or k8j6) is greater than the ratio: 13/52 
(or 2596), in this particular class green eyedness and the attribute 
of having black hair are positively associated.



A similar analysis of Table 23C shows that 59.2)6 of the "red." 

fresh surface belongs to beds having "red." or "orange" weathered, 

surface, whereas only 23.^  of thickness of beds with non-"red" fresh 

surface has "red" or "orange" weathered surface* Hence in Taapai 

Cliffs-C "red" fresh surfaces are positively associated with "red" or 

"orange” weathered surfaces, and the fact that the ratio of 59*2)6 to 

23.4)6 is more than 2 to 1 indicates a rather strong positive associa

tion. The corresponding colors of fresh and weathered surfaces are 

negatively associated in the Supra-Muav sequence and in the Devonian 

(Tables 23A and 23B).

Likewise, in Taapai Cliffs-C "yellow" or "orange" fresh surface 

is positively associated with "yellowish-brown" or "brownish-gray" 

weathered surface (Tables 24A, 2kB and 24C), whereas in the case of 

both the Devonian and the Supra-Muav this association is negative. 

Geologic interpretations of these differences between Taapai Cliffs-C 

and the other two stratigraphic units are suggested in Chapter 5.

Two associations common to the three stratigraphic units are the 

positive association of "yellow" fresh surface with "yellow" weathered 

surface (Tables 25A, 25B and 25C) and the positive association of 
"orange" or "red" fresh surfaces with "orange", "red" and "yellowish- 

brown" weathered surfaces (Tables 26A, 26B and 26C).

227.
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1 Kampo rf fdvc

2 Columbine falls

3 Quarter master Canyon

4 Bridge Canyon

5 Meveuj»t/ca

6 Dictrnond Creek

7 D / dmonfi 5a r

6 L/on /Vlountdin 

^ &rdY)ite Berk

10 Jcrowedp

11 Crdteujdu Canyon

Base from sect r cna) aero na utica/ charts 
by U.6. Coa^t d n o/ Geode he Survey.

|/V. H. M / o o d 1 /-/9-'/9S<E
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V  e  r  t" i c a ) SCdle'. J / * c A  —  -d<0 

Ju

/ M u s i c ,

AAtn.

prd-/V\uav je^ueMce
Vampa'i C)\ ff5 —  C  
Xa myDay C  ) / ^  8

/V\c>ttled. limestone
A/1 e n s u r e d  s e c t i o n

U), H. LOo 0 d I -



Um'v. of Arizona Library

7 /

PLATE 2 /

^o)*t 
^€ct;on /2)

Fjq. 2^ P/aZc 24

Supr*- Aiu#tf
fepueace

V 7

/yV̂ fX SECTIOA/ SHOW/m LOCATfO/VS 
OF PHOTOGRAPHS OP THE SUPRA-MUAV 
SEQUEA/CE A T  CHEROKEE POINT

SCALE •. /inch = ZO
H< AV. o «/ MS-ifSS
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pla te: 4

L o c a )  n^ a ^ n e t i ' c  d ' n t u r - ^ v c e a

Measured 'Sections At Yarn pa i Cliffs

O  WleasurecL sect/on

w.  M. W o o d  l - 15- M f fB <3s e tyom 6r a h Htyhui&y /V\<3p by 
Arizohd Stdtc HiyAway Department.
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INDEX SECT/OA/ shov/a/s
DIVISIO/V OF DF L'OA'/A*' SEQl/EA/CE 
INTO CV CLOT H E  M S  A T  CHEROKEE 
POUVT, A/VD 6AVJA/& LOCAT/OA/S 
Of PHOTOGRAPHS (PLATES 3 f-36) 
OE LITHOLOGIC TJPES (PHASES),

fla. T P H U  32

H-78

. /, P)<*te 35*

Pq 2, P)ote 3!

^XPLA/VAT/OA/ 
H] Piidse 6
l H PAd^e -5"

Phate. 4-
ZH p a <9 3
El PhAse 2

P H U  36

SCALE:
/ /hcA =/0 feet

Fiq. 2, P/dfe 33

C\jc)oTh em A 

Suftra-Mmv sequence

oTh em M

Cy c JofAe

H  IVooH P/S-mS


