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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922.

ADDITIONS TO THE FLORA OF THE WILCOX GROUP.

By Epwarp WILBER BERRY.

A rather full account of the extensive flora
contained in the lower Focene strata of the
Mississippi embayment which are referred to
the Wilcox group was published in 1916 At
that time it was not possible to obtain sections
of the numerous specimens of petrified wood
that had been collected from these beds.
These woods have since been sectioned and
studied, and it seems eminently desirable to
place the results of this study on record, for
although much of the material had suffered
greatly from decay before silicification, some
of it is fairly well preserved and shows, among
other results, that conifers were individually
much more plentiful during Wilcox time than
would be inferred from the almost total ab-
sence of their foliage in the very large collec-
tions of remains of this class that have been
studied.

Moreover, these coniferous woods show well-
marked seasonal rings, indicating periodicity
in the climate, which can be explained as due
either to severity of winters or to a seasonal
rainfall and- a regularly recurring dry season.
As the facies of the flora appears to preclude
the first alternative, the second would seem
established, except that the general character
of the flora is equally opposed to this alter-
native. As-both the pines and the bald
cypress in the existing flora at their southern
limit in peninsular Florida show annual rings,
it seems to me that a somewhat similar winter
season must be predicated for the Wilcox.
This does not mean annual snow or frost, al-
though freezes may have occurred at intervals
of years. Severity is a relative term, and I
would not expect the Wilcox climate, even at
the north end of the embayment, near the

1 Berry, E. W,, U. 8. Geol. Survey Prof. Paper 91, 1916.

present mouth of the Ohio, to have been any
more severe during the winter than the present
climate, for. example, of Fort Pierce, in the
southern Indian River region of peninsular
Florida. This conclusion is practically the
same as that arrived at in the previous analysis
of the Wilcox flora. :

Very little has heretofore been known of the
Wilcox flora in the Texas area. In Profes-
sional Paper 91 Wilcox plants were recorded
from only three localities in Texas, and two of
these—Old Port Caddo Landing, in Harrison
County, and Sabine River in Sabine County—
are in the extreme eastern part of the State.
The third and westernmost locality from which
Wilcox plants had been recorded is on Calaveras
Creek in Wilson County. That the lack of
fossils from the Wilcox in the region between
San Antonio and the Rio Grande was due en-
tirely to lack of exploration was shown by a
short trip through this region during 1921.
Although fossil plants are not so common there
as farther. east, because the upper Wilcox,
which alone crops out, contains a large propor-
tion of sandy beds, long ago recognized as the
Carrizo sandstone, several collections were
obtained. The age of the Carrizo sandstone
has heretofore been somewhat uncertain. Re-
ferred originally to the Wilcox, it has been
considered to be of Claiborne age by several
Texas geologists. The plants found in the
Carrizo sandstone, as well as those found both
above and below it near the Rio Grande,
definifely settle its upper Wilcox age. These
will be discussed on a subsequent page.

In addition, a few collections have been sent
to me from time to time from new localities, and
I am particularly indebted to Mr. O. M. Ball for
a large collection obtained near Mansfield, La.

1
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In Professional Faper 91 I recorded 342
species of plants from the Wilcox. In Profes-
sional Paper 108-E, published in 1917, species
of Zamia and Nelumbo were added. The
present contribution includes additional plants,
but as a number of supposed species of Ficus
are now reduced to synonymy, the total addi-
tions amount to 9, making 353 as the number of
species now recognized in the Wilcox flora.

The descriptions in the present paper include
both lauraceous and sterculiaceous woods,
also strikingly well preserved and charac-
teristic lauraceous fruits. Other novelties are
& liverwort (Marchantites,) the fern genus
Dryopteris, palm nuts, the genus Monocarpel-
lites (which helps to prove that the lignites of
Brandon, Vt., are Kocene and not Miocene),
an interesting fruit of the otherwise unrep-
resented family Icacinaceae, and a second
which is referred with some hesitation to the
family Anacardiaceae.

The upper Wilcox plant-bearing bed in the
Grenada formation near Grenada, Grenada
County, Miss., is at the southernmost point at

“which determinable fossil plants had been found

in the Wilcox in the eastern Gulf area. Much
interest therefore attaches to a small collection
made recently in southern Alabama by C. W.
Cooke and J. A. Gardner. ' The exact locality
is at the wagon bridge on Claybank Creek 1
mile west of Clayhatchee, Dale County. This
is about 300 miles southeast of Grenada and
" east of the typical localities of marine Wilcox
beds. The matrix is a sandy brown clay, and
the contained leaves are poor and fragmentary.
Representatives of four different species. are
recognizable, although but one of these is
determinable, and this represents a perfect
leaflet of Mimosites variabilis Berry.

The following species are recorded from the
Spinks pit, near Paris, Henry County, Tenn.
The specimens occur in a gray plastic clay from
which the entire leaves can be washed and
mounted in balsam between glass, thus forming
very exceptional specimens:

Monocarpellites perkinsi Berry.
Nectandra glenni Berry.
Oreodaphne salinensis Berry.
Sapindus mississippiensis Berry.

The following are additions to the flora from
8 locality 1 mile south of Grand Junction,
Tenn.: ' '

Sabalites grayanus Lesquereux.
Oreodaphne puryearensis Berry.

At the time of publication of Professional
Paper 91 the collections obtained 4 miles south-
west of Boydsville, Ark., were lost, and as they
had only received a preliminary study the list
of species from that locality was very incom-
plete. These collections have since .received
careful study, which has shown that Ficus
denveriana should be omitted from this florule
and that the following species should be added:

Anacardites puryearensis Berry.
Apocynophyllum mississippiensis Berry.
Apocynophyllum wilcoxense Berry.
Cinnamomum oblongatum Berry.
Coccolobis uviferafolia Berry.
Cyperacites sp.

Engelhardtia ettingshauseni Berry.
Ficus mississippiensis (Lesquereux) Berry.
Ficus pseudocuspidata Berry.

Ficus puryearensis Berry.

Hiraea wilcoxiana Berry.

Juglans schimperi Lesquereux.

Magnolia leei Knowlton.

Myrcia vera Berry.

Nectandra puryearensis Berry.
Oreodaphne mississippiensts Berry.
Palmocarpon butlerensis Berry.
Sapindus mississippiensis Berry.
Ternstroemites eoligniticus Berry.

These all serve to emphasize the late Wilcox
age of the Boydsville florule.

At a locality near Jacksonville, in Pulaski
County, Ark., L. W. Stephenson collected the
following species, which prove the outcrop to
be of upper Wilcox age:

Celastrus taurinensis Ward.

Cordia? lowii Berry?

Dillenites microdentatus (Hollick) Berry.
Euonymus splendens Berry.

Ficus harrisiana Hollick.

Marchantites stephensoni Berry.
Nectandra cf. N. glenni Berry.
Nectandra sp.

Oreodaphne obtusifolia Berry.

In material from a gray plastic clay at 304
to 319 feet below the surface in a well at
Negreet, 9 miles southwest of Many, Sabine
Parish, La., I recognized the two following
Wilcox species:

Pteris pseudopinnaeformis Lesquereux.
Simaruba edcenica Berry.

The following plants were collected by O. M.
Ball at the Goss pit, half a mile east of Mans-
field, De Soto Parish, La.:
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Apocynophyllum mississippiensis Berry.
Artocarpoides balli Berry.

Bombacites formosus Berry.

Diospyros wilcoxiana Berry.

Dryopteris cladophleboides Knowlton.
Dryophyllum sp.

Euonymus splendens Berry.

Ficus artocarpoides Lesquereux.

Ficus mississippiensis (Lesquereux) Beny.
Inga laurinafolia Berry.

Juglans schimperi Lesquereux.

Laurus vera Berry.

Magnolia angustifolia Newberry.

Magnolia leei Knowlton.

Metopium wilcoxianum Rerry.
Oreodaphne salinensis Berry.

Rhamnus eoligniticus Berry.

Rhamnus marginatus Lesquereux.
Rhamnus marginatus apiculatus Berry.
Rhamnites knowltoni Berry.

Sterculia wilcoxensis Berry.
Sterculiocarpus eocenicus Berry.
Terminalia hilgardiana (Lesquereux) Berry.
Terminalia lesleyana (Lesquereux) Berry.

The following were contained in a collection
from a locality 10 miles south-southwest of
Palestine, Anderson County, Tex., in Post Oak
Prairie, 2 miles south of Needmore (collectors,
O. B. Hopkins and O. C. Funderbunk):

Canavalia eocenica Berry?
Lygodium binervatum (Lesquereux) Berry.
Nectandra pseudocoriacea Berry?

The following were sent in by the last-named
collectors from the Butler (or West Point)
salt dome, in the eastern part of Freestone
County, near Trinity River, 6 miles northeast
of Oakville, Tex.:

Mespilodaphne coushatta Berry?
Palmocarpon butlerensis Berry.
Proteoides wilcoxensis Berry.
Sophora repandifolia Berry?
Calatoloides eocenicum Berry.

The following localities in central and south-
western Texas deserve some special comment,
as no collections have heretofore been made
from them and they show conclusively that
the Carrizo sandstone is of upper Wilcox age,
but that it is in the nature of a lens which
becomes thinner toward the Rio Grande, where
its upper part is replaced by more typical
and more argillaceous Wilcox beds that also
carry characteristic fossil plants.

Fossil plants were reported by Baker from
the Elmendorf clay pit, south of San Antonio,
in Bexar County. This pit was not being
worked in 1921 and was partly full of water,

about 25 feet of grayish laminated sandy clay
with local more argillaceous and darker lenses’
carrying leaves being all that was exposed.
These leaves were poorly preserved, and the
only: species recognized are Ficus mississippi-
ensis (Lesquereux) Berry, Nectandra sp., and
Sapindus linearifolius Berry. The manager
of the IElmendorf plant informed me that the
clay formerly mined came from the flooded
part of the pit and was full of impressions of
leaves.

The Wilcox is well exposed along Nueces
River in Zavalla County. Fossil plants were
collected from the right bank 1 mile below the
Pulliam ranch house. The following species
are represented:

Anona ampla Berry.

Anona eolignitica Berry.
Cyperites sp. Hollick.
Oreodaphne obtusifolia Berry.
Sabalites grayanus Lesquereux.
Sapindus linearifolius Berry.

Sandy lenses contain many Sabalites, some of
large size.. One rachis of this species observed
was 2% inches in diameter at one end and 4
inches at the other. These species indicate a
late Wilcox age and show the transgressive
character of the beds, as the Midway appears to
be absent on the Nueces, the Wilcox resting on
the Cretaceous and not far above the con- -
spicuous reef of Ostrea cortex just above the
San Antonio, Uvalde & Gulf Railroad bridge.

From Story’s ranch to La Pryor crossing
there is a long exposure of typical Wilcox beds,
especially along the left bank of the Nueces for -
about 2 miles above the crossing. Fossil
plants are abundant but so poorly preserved
that no collections were made, although several
Wilcox species were recogmzed

From the crossing southward the Carnzo
sandstone 1s exposed. At an outcrop in a
deep arroyo along the left bank 14 miles south
of the crossing there is an exposure of about 30
feet of buff heavily bedded and prominently
cross-bedded sand. At the base of this sand
3 to 4 feet of a small brownish clay lens is
visible. This lens, which is stratigraphically
above the ferruginous quartzite sand exposed
at the c1ossing, is full of leaves. The follow-
ing species, which indicate upper Wﬂcox age,
were cdllected :

Banksia puryearensis Berry.
Eugenia grenadensis Berry.
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Gledltsmphyllum eocenicum Berry.
Mespilodaphne coushatta Berry.

Myrcia vera Berry.

Persea longipetiolatum (Hollick) Berry.
Sabalites grayanus Lesquereux.

The type exposure of the Carrizo sandstone
is in the quarries about half a mile west of
Carrizo Springs, in Dimmit County., This, as
well as the numerous other exposures of
Carrizo and other Wilcox deposits in south-
western Texas, will be described in"detail in
A. C. Trowbridge’s report on this region.

From the Carrizo sandstone at the type local-
ity the following species were collected:

Acrostichum sp.
Anona ampla Berry.
' Anona wilcoxiana Berry.

Canavalia eocenica Berry?
Cassia tennesseensis Berry.
Cinnamomum vera Berry?
Dryophyllum tennesseensis Berry?
Ficus mississippiensis (Lesquereux) Berry.
Nectandra pseudocoriacea Berry.
Oreodaphne obtusifolia Berry.
Oreodaphne puryearensis Berry.
Palmocarpon butlerensis Berry.
Pterobalanus texanus Berry.

~ Sabalites grayanus Lesquereux.
Sophora wilcoxiana Berry.
Sterculia wilcoxensis Berry.

The foregoing list represents a typical upper
Wilcox flora. Fragments of leaves are not at
all uncommon in the hard sandstones of the
Carrizo and were observed at a considerable
number of additional outcrops, but the hard-
ness of the material rendered collecting diffi-

“cult, and the coarseness of the matrix, which
obliterated the venation, made the determina-
tions inconclusive. Nowhere, however, did
these fragments suggest Claiborne forms, but
all were believed to represent well-known up-
per Wilcox species.

Near the Rio Grande the Carrlzo sandstone
becomes thin and is overlain by beds showing
more typical Wilcox lithology. A section on
Concillas Creek a quarter of a mile above its
mouth, in Webb County, exposes the following
materials:

Sandstone.
Brownish laminated clay with leaves,
Local unconformity.
Ripple-marked sandstone.

- Clay.parting. ' N
Sandstone with sticks and leaf fragments.
Gray clay.

From the brownish clay above the local un--
conformity, not far below the Wilcox-Mount
Selman contact, the following plants were
collected : A

Anacardites grevilleafolia Berry.
" Banksia puryearensis Berry.
Cassia marshallensis Berry.
Cyperites sp. Hollick.
Inga wickliffensis Berry?
Juglans schimperi Lesquereux.
Mimosites variabilis Berry.
Mimusops mississippiensis Berry.
Myrica wilcoxensis Berry.
Sabalites grayanus Lesquereux.
Sophora wilcoxiana Berry.

From the sandstone two excellent speci-
mens of Canna eocenica Berry were collected.
The whole section is clearly upper Wilcox in
age.

From Elm Creek on the Schuddemagen
ranch, in eastern Uvalde County, considerably
above the Cretaceous-Midway contact de-
scribed by Stephenson,? a single specimen of
Rhamnus coushatta Berry was collected. This
is a typical upper Wilcox form and suggests
that the Midway is unusually thin in this sec-
tion, which is in conformity with its entire ab-
sence on the Nueces.

A systematic account of the new or note-
worthy species of plants that have been added
to the flora of the Wilcox group and are dis-
cussed in the present contribution is given
below. A

Phylum BRYOPHYTA.

Class HEPATICAE.

Order MARCHANTIALES.
Genus MARCHANTITES Brongniart.
Marchﬁntites stephensoni Berry, n. sp.
Plate IV, figure 1.

Plant body thallose, oons1stmg of a hnear
repeatedly dichotomously forked thallus thlck-
ened medianly and with somewhat irregularly
placed oblique and transverse markings, be-
lieved to represent appressed rhizoids.

The material is scanty and of slight botanic
importance. Except that the margins are

straighter the present form is indistinguishable

from Marchantia sezannensis Brongniart,? from

2 Stephenson, L. W., U, 8. Geol. Survéy Prof. Paper 90, p. 177, 1915,
3 Saporta, G. de, Prodrome d’une flore fossile des travertins anciens
de Sézanne, p. 308, pl. 1, figs. 1-8, 1868,
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the Paleocene of France, which has the dis-
tinction of having the receptacles preserved
and therefore being conclusively identified.
The present form is also much like Marchantia
pealer Knowlton,* of the Fort Union formation
of Montana.

Thalloid liverworts are so rarely found in
the geologic record that any of them are note-
worthy.  Similar remains are -recorded from
several Jurassic and Lower Cretaceous out-
crops both in this country and abroad, and
several Focene and Oligocene species have
been described.

The present species is named for the col-
lector and comes from the upper Wilcox de-
posits near Jacksonville, Pulaski County, Ark.

Phylum PTERIDOPHYTA.
Class LEPTOSPORANGIATAE,
Order POLYPODIALES.
Family POLYPODIACEAE
Genus DRYOPTERIS Adamson.
Dryopteris cladophleboides Knowlton.
Plate IV, figures 5-7.

Dryopteris? cladophleboides Knowlton, U. S. Geol. Survey
Prof. Paper 101, p. 284, pl. 54, fig. 1, 1918.

Frond pinnate or bipinnate. Pinnae long,
linear-lanceolate, divided nearly or quite to
the rachis into numerous ovate-lanceolate,
oblong, or conical obtuse or acutely pointed
pinnules, with entire margins.. Texture coria-
ceous. Rachis stout, channeled. Midrib of
pinnules: stout, diverging from the rachis at
angles of about 65° to 70° curving slightly
upward distad, its course throughout nearer to
the proximal margin of the pinnule. The
lateral veins are thin and closely spaced; they
diverge at wide angles and number about 16
pairs. Those in the tip of the pinnule are
simple; the majority are once forked; several
basal pairs, particularly on the proximal side
of the pinna, pass from a single lateral with
two simple branches to a lateral with two
dichotomous forks, as shown in the accom-
panying figure. There is some variation in the
shape and degree of separation of the pinnules.

The specimens are five in number, and none
are especially complete. All are sterile. The
pinnae were at least 10 centimeters in length,

and the pinnules are about 1 centimeter in
length by about 4 millimeters in width at their
base. There is in the collection, however, a
tiny specimen showing about 5 millimeters of
a similar rachis with the impression of four
stout pinnules. These are: slightly smaller
than the sterile pinnules but have the same
form and confluent bases; the midribs are
stout; the lateral veins are thin and fewer than
in the sterile pinnules; about halfway between
the midrib and the margin each lateral shows
the impression of a small; approximately circu-
lar and prominent sorus, and these decrease in
size distad; there are about six prominent
ones in each half of the lamina. Several of the
proximal laterals are seen to be forked beyond
the sori, but the majority appear to be simple.

Although these fertile pinnules are not in
organic union with the sterile parts of the
frond, their association in a thin stratum at the
same outcrop and the further fact that no simi-
lar species are known in the whole Wilcox flora
make it seem very probable that both belong
to the same form, and this conclusion is cor-
roborated by their form and attitude, similar
rachis, similar midrib, and lateral veins.

The type material of this species, described

| by Knowlton, came from the Raton formation

of southeastern Colorado. It was very incom-
plete, with the venation obscured. There
seems to be no doubt, however, that the Wilcox

‘occurrence represents the same, species, a type

of fern hitherto unknown in the Wilcox flora, in
which ferns are unusually scarce.

Both the sterile and fertile pinnules are simi-
lar to those of certain species of Alsophila and
Cyathea, and they are practically identical with
a number of existing species of Dryopteris, as
for example Dryopteris concinnum Mettenius,
D. molle Swartz, and D. pteroides Swartz. 1
can see no reason for questioning their reference
to Dryopteris.

The genus Dryopteris is a large one in the
modern flora, with more than 1,000 species
variously segregated or aggregated by students
of existing ferns in the genera Lastrea, Nephro-
dium, Phegopteris, Polybotrya, and Dryopteris.
Christensen ° unites them all in a single genus .
divided into 10 subgenera, many of which are
entitled to genericl rank, as I have pointed out
several times in describing Tertiary species of

+ Knowlton, F. H., U. 8. Nat. Mus. Proc., vol. 35, pp. 157-159, pl. 25,
1908.

6 Christensen, C., On a natural ¢lassification of the species of Dryopteris:
Saertryk af Biologiske Arbeijdner Tilegnede E. Warming, pp. 73-85, 1911.
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Goniopteris, of which there is a very characteris-
tic form in the Claiborne.® The dryopterids are
widely distributed and mainly tropical, although
Christensen’s subgenus Eudryopteris, with about
100" species, is largely confined to the North
Temperate Zone. -

Occurrence: Goss pit, half a mile east of

Mansfiéld, De Soto Parish, La.;
O. M. Ball.

Genus ACROSTICHUM Linné&.

collected by

Acrostichum sp.

This characteristic. fern genus is represented
in the Wilcox by a single fragment, too small
for determination or description but showing
the areolation of this genus. It is a strand
type well represented in the Claiborne, Jack-
son, and Catahoula of the embayment area,
and its unaccountable absence among the
strand types in the Wilcox was the occasion
for comment in the former discussions of this
flora. The present fragment adds this in-
teresting type to the Wilcox flora and raises
the number of fern species known in this
flora to eight.

Occurrence: Carrizo sandstone, half a mile
west of Carrizo Springs, Dimmit County, Tex.

Phylum CONIFEROPHYTA.
Order PINALES.
Family TAXODIACEAE.
Genus CUPRESSINOXYLON Goeppert.
[Monographie der fossilen Coniferen, p. 196, 1850.)

Coniferous wood composed of tracheids and xylem paren-
chyma only. In the tracheid walls the pits are generally
round, bordered, and isolated, in one row; if in two rows
the pits stand in adjacent pairs and are not alternating or
compressed. Sanio’s rims often conspicuous. Normal
resin canals entirely absent. Resin containing xylem
parenchyma present, generally 1n large quantities, and

_scattered all through the wood." Medullary rays unise-
riate; a few may be partly biseriate. The cells of the rays
all alike, generally smooth-walled, and without abietinean
pitting (which is presentin a few species); pitsin the radial
walls of the rays generally circular or oval, simple, small,
and in groups of one to six, seldom more, per tracheid
field.”

Cupressinoxylon wilcoxense Berry, n. sp.
Plates I-111.

Trunks, many of them of large size, prere-
senting this species are extremely common in

8 Berry, E. W., Torrey Bot. Club Bull., vol. 44, pp. 331-335, pl. 22, 1917.
7 Stopes, M. C., The Cretaceous flora: British Mus. Cat., pt.2, p. 167,
1915.

the upper Wilcox sands of Louisiana. They
have in general suffered much from decay be-
fore silicification, but some specimens are ex-
ceedingly well preserved. They are remarkable
chiefly for the great variation in the width of
the zone of spring wood and the well-marked or
almost complete absence of summer wood.
Thus in the sections figured the zone of spring
wood ranges from 5 or 6 radial rows of tracheids
to 23 or 24 rows, while the summer wood con-
sists of 3 or 4 rows. In other specimens, no-
tably two (Nos.206,211) from the vicinity of
Naborton, La., the spring wood consists of 45 to
70 radial rows of tracheids of uniform size sepa-
rated by two rows of summer wood in which
the size of the tracheids or the cell lumen is so
slightly reduced that a seasonal change is
scarcely marked. These woods all come from
the same horizon, and their variation can not
be explained by the well-known differences in
the annual rings of upland and lowland forms
of the same species of conifers, for it is known
that the Wilcox land surface was low, the near-
est uplands at that time being in the Rocky
Mountain reglon It is of course possible that
the present species extended its range westward
through Colorado and that some of these large
trunks may have been brought down from the
west by river floods, for at the present time
Red River reaches nearly to the New Mexico
boundary, and the headwaters of Arkansas
River reach the foothills of the Sangre de
Cristo Mountains and the Front Range in
central and southern Colorado. In general the

best-preserved material shows the narrower

and more marked growth rings, but both types
are found in all stages of decay, so that no
reliable conclusions can be drawn.

Transverse section: Growth rmgs feebly de-
veloped or well marked, variable in width in
individual specimens. Spring wood of rela-
tively large, thin-walled, mostly isodiametric
tracheids and xylem parenchyma, the two
elements not distinguishable in this section,
arranged in radial rows of 5 to 70 cells, aver-
aging 10 or 12. Cell outlines round with
wide lumen; diameter variable for different
radial rows but in general uniform for each
row, ranging from 0.025 to 0.975 millimeter.
Summer wood consisting of two to four rows of
somewhat reduced tracheids with narrower
lumen or in some specimens scarcely reduced
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or narrowed and consisting of only one or two
rows of cells. ‘ '
Radial section: Tracheids with one or two
rows of mostly well-spaced circular-bordered
pits. When in single rows the pits are some-
what larger, and when in double rows the pits
are almost invariably in pairs, although occa-
sionally they may alternate for a short distance,
as in the specimen figured; usually well-
spaced occasional rows are in contact, as shown
in the figure. The rims of Sanio are often
prominently shown in the sections of the tan-
gential walls. The septate xylem parenchyma
is conspicuous in this section, the partitions
being at right angles to the walls and from
three to four times the diameter or slightly
farther apart, usually containing more or less
resin. The diameter of the xylem parenchyma
is about the same as that of the tracheids but
may be slightly greater. It is not excessively
abundant, as in some other species of Cupres-
sinozylon, nor is it generally completely filled
with resin. No traumatic or other resin canals
are observable. Ray cells uniform in character
seem to be radially elongated, with a radial
length of 14 to 2 tracheid fields and a height
about one-fourth their length. IEnd walls
smooth (without abietinean pitting), mostly
transverse and rarely much oblique; one or
more in each ray partly resiniferous; radial
walls with two small oval pits per tracheid
field; these pits are relatively large for this
genus and appear to have their long axis
uniformly inclined about 40° from the vertical.
Tangential section: The distribution and
relative abundance and variation in the rays
are well shown in the figure of a large area
under low magnification (20 diameters). The

rays are uniformly uniseriate, of relatively

large, thin-walled, roundish quadrangular cells,
one or more of which may be resiniferous; they
range in height from 2 to 17 cells and consist
prevailingly of alternations of rays 2 to 4 cells
high with those of rays 6 to 8 cells high. There
are rarely four rows of tracheids between
adjacent rays, the normal number being two.
The xylem parenchyma, as in the radial sec-
tions, is generally bordered by rays. The
tangential walls of the tracheids are marked
with circular-bordered pits about one-half the
size of the pits on the radial walls. These pits
are usually in a single row and well spaced, but

they may be in juxtaposition for a short dis-
tance or in double rows, either in pairs or
alternating for short distances, as shown in the
enlarged figure. In this section the rotted and
spirally fractured walls of the tracheids are very
obvious, and care is necessary to distinguish
them when in this condition from normal
spirally thickened tracheids, which are not
present in this genus. In this section the
cross sections of the bordered pits of the radial
walls of the tracheids often come out beauti-
fully, and they can even be seen in the figure
enlarged but 20 times. ,
This well-marked species is perfectly dis-
tinet from Cupressinozylon calli, described by
Knowlton & from material collected in-beds of
possible Wilcox age in Arkansas. It also
appears to be unlike the rather numerous de-
scribed species of Cupressinozylon from other
horizons or areas. The incompleteness of
large numbers of the descriptions of pre-
viously known forms renders detailed com-
parisons futile. The distinction between the

present species and those forms of fossil wood

referred to the genus Podocarpoxylon Gothan,
as amended by Stopes® to include Gothan’s
Podocarpoxylon and Phyllocladozylon, are not
especially obvious and rest on the size, form,
and number of the pits on the radial walls of
the ray cells, which are larger, fewer, and more
eccentric in Podocarpoxylon. More recently
Seward *° has proposed the form genus Mesem-
brioxylon for these. These differences are all
relative and hardly generic in character, as a
series of species can be selected which connect
the extremes.

In the present state of our knowledge of wood
anatomy, even among the comparatively well
known group of conifers, it is not feasible to
attempt to point out the most closely allied
existing representative of the present species.

The genera Glyptostrobus and Tazodium are
represented by foliage and seeds in the Wilcox,
and it may well be that this abundant wood
type represents one or the other of these
genera.

Occurrence: Caddo and De Soto parishes,
La. Figured specimens, northwest corner sec.

8 Wnowlton, F. H., Arkansas State Geologist Ann. Rept. for 1889,
vol. 2, p. 254, pl. 9, figs. 3-7, 18901,

9 Stopes, M. C., The Cretaccous flora: British Mus. Cat., pt. 2, p. 210,
1915.

1o Seward, A. C., Fossil plants, vol. 4, p. 173, 1919.
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36, a quarter of a mile south of Slaughter Pen
Bluff, Caddo Lake (201) ; Shreveport (210, 269).

Other specimens, Slaughter Pen Bluff, Caddo

Lake (203) ; 6 miles southeast of Naborton (205,
206) ; 43 miles southeast of Naborton (216); 4
miles southeastof Naborton (208) ; 3 miles south-
east of Naborton (209,211) ; 24 milessoutheastof
Naborton (204); 1 mile southeast of Naborton
(268) ; half a mile southeast of Naborton (213);
6 mlles southeast of Mansfield (270); 1% miles
north of Mansfield (266).

Phylum ANGIOSPERMOPHYTA.
' Class MONOCOTYLEDONAE.
Order ARECALES.

Family ARECACEAE.

Genus PALMOCARPON Lesquereux.

Palmocarpon butlerensis Berry, n. sp.

" Plate IV, figures 2-4.

Fruit apparently a small, thin-fleshed drupe,
in form a prolate sphermd—the long diameter
. less than one-half greater than the short di-
ameter. Varying considerably in size. Sur-
face of the stone dark in color (possibly a
secondary feature), conspicuously papillose.
Hilum large. Minimum dimensions 4 by 5
millimeters; maximum 14 by 18 millimeters.
Abundant but generally slightly deformed.
Specific name in allusion to the name of the
salt dome from which the material was col-
lected.

This form is very similar to Palmocarpon
truncatum, from Golden, Colo., described by
Lesquereux in 1878 and supposed to have
come from the Denver formation. Thereis the
same ‘variation in size in both, and although
Lesquereux makes the flattening of the Golden
specimens a specific character this is of doubt-
ful validity, as he states that the specimens
were generally crushed. I would have referred
these Wilcox fruits to Palmocafr'pon truncatum
except for the definite and repeated statement
by Lesquereux that the Golden form was
smooth, which the Wilcox form isnot. In any
event the two are closely-related. Lesque-
reux ' compared the Golden forms with the
fruits of the existing Sabal mexicana Martius,
and similarly the Wilcox fruits may be those
of Sabal. Leaves of Sabalites grayanus Lesque-

1 Lesquereux, Leo, The Tertiary flora: U. S. Geol. Survey Terr.
Rept., vol. 7, p. 120, pl. 11, figs. 6-9, 1878,

reux are widespread in the Wilcox, but they
are not conclusively known to be related to
Sabal. Moreover, very many modern palms
have racemes of small fruits very similar to the
present fossils. To mention but a few familiar
existing species with fruits very close to the
fossil I may cite our dwarf saw palmetto,
Serenoa serrulata (Michaux) Hooker; the royal
palm, Roystonea regia (H. B. K.) Cook; the
goose-neck palmetto, Sabal etonia Swingle;
and the cabbage palmetto, Sabal palmetto
(Walter) Roemer and Schultes.

Occurrence: Butler salt dome, 6 miles north-~
east of QOakville, Freestone County, Tex.; 4
miles southwest of Boydsville, Ark.; Carrizo
sandstone half a mile west of Carrizo Springs,
Dimmit County, Tex.

Class DICOTYLEDONAE.
Order URTICALES.
Family MORACEAE.
Genus ARTOCARPOIDES Saporta.

Artocarpoides balli Barry, n. sp.

Plate IV, figures 8-10; Plate V._

Leaves of variable size, ovate, with a broadly
rounded base, which is sometimes slightly
inequilateral, and a narrowed and apiculate
tip. Margins entire, slightly undulate. Tex-
ture subcoriaceous. Petiole invariably missing.
Midrib stout, very prominent on the lower
surface of the leaf. Secondaries stout and
prominent, 9 to 15 pairs, opposite to alternate,
approximately equally spaced and subparallel,
the basal one or two pairs at right angles to the
midrib, becoming regularly more ascending
toward the upper part of the leaf, relatively
straight at first, becoming curved in the mar-
ginal region and eventually camptodrome close
to the margins. Tertiarfies well marked, closely
spaced, percurrent. Areolation well marked,
quadrangular.

The smallest leaves referred to this species
are only 4 centimeters in length and 2 centi-

| meters in maximum width; the largest is 24

centimeters in length and 10 centimeters in
maximum width. There are six specimens of
various sizes in the collection, and all preserve
their specific features unchanged. The type
is well marked and clearly different from pre-
viously described members of the Wilcox
flora. A species from Puryear, Tenn., was
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described as Artocarpozdes wilcoxzensis.’?>  This
was more elliptical in outline, widest medianly

and pointed at both ends, w1th fewer, thinner

secondaries, less closely set tertiaries, and more
open areolation. ' 4
The genus Artocarpoides was founded by
Saporta for certain forms from the Paleocene
of Sézanne, France, that he compared with the
existing entire-leafed species of Artocarpus,
which they really greatly resemble. Schen
considered them to be related to the Juglanda-
ceae, but I fail to see any basis for this com-
parison. Among the French forms a consider-
able resemblance to the present species is
shown by Artocarpoides conocephaloidea Sa-
porta,'* a relatively small form, and a very
great resemblance by Protoficus sezannensis Sa-
porta'® and P. wnsignis Saporta.’® Among

existing forms of Moraceae considerable re-

semblance is also shown by the tropical Ameri-
can genus Brosimum Swartz, which ranges from
the West Indies and Central America to Brazil,
and the tropical American genus Coussapoa
Aublet, which has about 15 existing species
with a similar range and which is found fossil
in the Tertiary of Venezuela, southern Mexico
(Miocene and Pliocene), and Bolivia. For ex-
ample, the present species resembles a tropi-
cal American leaf figured by Ettingshausen and
called Artocarpus rigide Linné.  Whether
Ettingshausen confused the oriental Artocarpus
rigida of Blume or whether his leaf was an
Ameriean species of Coussapoa or some related
genus I do not know, nor is it material, for in
any case the resemblance between the fossil
and certain recent Moraceae is emphasized.

It is possible that these Wilcox forms are
more closely related to these last-named genera
than they are to Artocarpus, but they are
surely referable to the Moraceae. -

The present species is named for the col-
lector, Prof. O. M. Ball.

Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball.

1 Berry, E. W., U. 8. Geol. Survey Prof. Paper 91, p. 194, pl. 109,
fig. 5, 1916.

18 Schenk, August, Palaeophytologie, pp. 451, 477, 1890.

M Saporta, G. de, op. cit., p. 68, pl. 7, fig. 6, 1868.

13 Idem, p. 67, pl. 6, fig. 1.

18 Idem, p. 68, pl. 6, figs. 2-4.

Genus FICUS LINNE.
Ficus mississippiensis (Lesquereux) Berry.

Plates VI, VII, and VIII.

Cinnamomum massissippiensis Lesquereux, in Dana,
Manual of geology, 1st ed., p. 513, fig. 794, 1866;
Am. Philos. Soc. Trans., vol. 13, p. 418, pl. 19,
fig. 2, 1869.

Knowlton, Am. Geologist, vol. 16, p. 308, 1895; U. S.
Geol. Survey Prof. Paper 101, p. 320, pl. 89, fig. 2,
1917. .

Berry, U. S. Geol. Survey Prof. Paper 91, p. 298,
pl. 87, fig. 2, 1916.

Ficus planicostata Lesquereux, U. S. Geol. and Geog.
Survey Terr. Ann. Rept. for 1872, p. 393, 1873;
Tertiary flora, p. 201, pl. 31, figs. 1-8, 10-12, 1878.

?Newberry, U. S. Geol. Survey Mon. 35, p. 88, pl. 46,
fig: 1, 1898.

Cockerell, Colorado Univ. Studles, vol. 7, p. 151, 1910.

Ficus clintoni Lesquereux, U. 8. Geol. and Geog. Survey'
Terr. Ann. Rept. for 1872, p. 393, 1873.

Ficus planicostata goldiana Lesquereux, idem for 1873,
p. 399, 1874; Tertiary flora, p. 202, pl. 33, figs. 1-3,
1878.

Ficus pseudopopulus Lesqueleux, U. S. Geol. and Geog.
Survey Terr. Bull., vol. 1, p. 387, 1875; idem, Ann.
Rept. for 1874, p. 313 1876; Tertlary flora, p. 204,
pl 34, figs. 1a, 2

Berry, U.-S. Geol. Survey Prof. Paper 91, p. 200, pl. 37,
figs. 3-5; pl. 113, fig. 3, 1916.

Knowlton, U. S. Geol. Survey Prof. Paper 101, p. 304,
pl. 72, figs. 2—4; pl. 73, figs. 1, 2; pl. 112, fig. 3, 1918.

Ficus occidentalis (Lesquereux) Lesquereux, Tertiary
flora, p. 200, pl. 32, fig. 4, 1878; Mus. Comp. Zool.
Bull,, vol. 16, p. 50, 1888.

Penhallow Report on Tertiary plants of British
Columbia, p. 55, 1908.

Berry, U. S. Geol. Survey Prof. Paper 91, pp. 121,
197, pl. 28, fig. 3, 1916.

Knowlton, U. S. Geol. Survey Prof. Paper 101, p. 331,
pl. 72, fig. 1, 1918.

Dombeyopsis occidentalis Lesquereux, U. S. Geol. and
Geol. Survey Terr. Ann. Rept. for 1872, p. 380, 1873.

Ficus planicostata clintoni Knowlton, U. 8. Geol. Survey
Bull. 152, p. 103, 1898; U. 8. Geol. Survey Prof.
Paper 191, p. 303, pl. 76, fig. 3, 1918.

Ficus planicostata latifolia Lesquereux, U. S. Geol. and
Geog. Survey Terr. Ann. Rept. for 1872, p. 393,
1873; Tertiary flora, p. 202, pl. 31, fig. 9, 1878.

Berry, U. 8. Geol. Survey Prof. Paper 91, p. 199, 1916.

Ficus latifolic Knowlton (not Kunth, 1846), U. S. Geol.
Survey Bull. 152, p. 102, 1898; U. 8. Geol. Survey
Prof. Paper 101, p. 304, 1917.

Ficus cockerells Knowlton, U. S. Geol Survey Bull. 696,
p. 273, 1919.

Ficus planicostata mafima Berry, U. S. Geol. Survey Prof.
Paper 91, p. 199, pl. 34, fig. 8, 1916.

Ficus planicostata Lesquereux. Hollick, Louisiana Geol.
Survey Special Rept., p. 282, pl. 36, 1888.

BUREAU OF MINES LIBRARY
DENVER
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Ficus neoplanicostata Knowlton, U. S. Geol. Survey Prof.
Paper 101, p. 303, pl. 73, fig. 4; pl. 74, figs. 2, 3; pl.
76, fig. 4, 1918.
Berry, U. 8. Geol. Survey Prof. Paper 91, p. 198,
pl. 114, fig. 1, 1916.
Ficus richardsoni Knowlton, U. S. Geol. Survey Prof.
Paper 101, p. 305, pl. 76, fig. 1, 1918.

It would seem that if the systematic work of
paleobotany is to be made available for the
general purposes of geology and botany the
paleobotanist must take the time to coordinate
and digest the results of the work on local
floras. There are certain general principles
that should guide workers in founding new
species, and I am thoroughly in accord with
the principle which holds that analysis should
_ precede synthesis, and that in describing speci-
mens from a new horizon or a remote geo-
graphic locality the presumption should pre-
vail that they are distinct from previously
described forms unless identity can be con-
_ clusively shown. Likewise there are certain
forms in a different category, long known and
hence not ‘susceptible of this treatment—for
example, Podozamites lanceolatus, Asplenium
dicksonianum, or Sequota reichenbachi—which
are obviously composite and yet which do not
offer any criteria for segregation other than
those of a stratioraphic nature. These forms
may well remain as they are until the progress
of knowledge enables the paleobotanist to
treat them in a scientific manner.

In a recent study of a large and well-pre-
served collection from the Wilcox near Mans-
field, La., I have been profoundly impressed

with the graded variability in the leaves of

certain genera, particularly Ficus and Rhamnus.
In my report on the flora of the Wilcox group,
published in 1916, 18 different species of Ficus
were recognized, and in Knowlton’s recently
published report on the flora of the Raton
formation 17 species of Ficus are recognized.
In both works the comparisons made appear
legitimate, but in neither, apparently, had the
broader question of interrelationship in the
genus received adequate consideration. To
revert to the representation of Ficus in the
Wilcox fiora: Of the 18 identified forms a
reexamination appears to confirm the validity
of 13 beyond question. The remaining five
species, which were identified as- Ficus neo-
planicostata, pseudopopulus, planicostata mawzi-
ma, occidentalis, and denveriana, represent

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922.

ovate types with three basilar or subbasilar
primaries and percurrent tertiaries. As spar-
ingly represented in the original collections each
showed a certain 1nd1v1duahty, but in the later
collection, where bhey are abundant, they show
every gradatlon in size and in the ratio of width
to length.

I do not consider it possible to maintain
specific boundaries in this series, although the
extremes of size or of short-elliptical or long
and narrow ovate-acuminate outline are strik-
ingly different in aspect. '

This polymorphism, or better termed vari-
ability, led to the assembling of all the pub-
lished figures of the so-called species enumer-
ated in the foregoing synonymy. It was found
that these forms had been described at different
times by different workers and that the criteria
of separation were as follows:

1. Size. .

2. Relative proportions of width to length.

3. Shortening or lengthening of the apex.

4. Character of base ranging from various degrees of
cuneate through truncate to slightly cordate.

5. Number and spacing of the secondaries.

6. Position of the primaries, whether basilar, subbasilar,
or suprabasilar.

In all the species the general facies and
tertiary venation remain identical throughout.
It might be argued that these represent
generic features and that the foregoing criteria
of separation are legitimate specific features.
It may be noted, however, that most of the
features enumerated. above are interrelated .
and dependent upon the proportiens of the
leaves, and it may also be noted that leaves
which are normally large at maturity reach
that normal size by growth, so that mere
smallness is not a specific character. However,
I will not quarrel with my colleagues who
prefer to keep the species listed in the fore-
going synonymy distinct—the relationships
sketched below hold good, whatever cate-
gories are used. Some will doubtless incline
to consider them varieties of a single botanic
spemes but I can only think of them as varie-
ties in the praenuntial or formative state, with
the intermediate steps not yet extinct, and
it seems to me that all could probably have
been found on a single lower Eocene tree.
Were they ever found unassociated there
might be some justification for maintaining
their distinctness, but wherever adequate col-
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lections are availdble, whether it be from the
Denver formation, the Raton formation, or
the Wilcox group, all or nearly all the forms
are found associated in  the same stratum.
Fifteen to twenty species of a single genus do
not grow together in nature.

If these forms are considered to represent a
single variable species, then the earliest name
available is mississippiensts, given by Les-
quereux to what he regarded as a species of
Cinnamomum. It is true that this form was
rather small in size, but the type is no longer
in existence and the later material identified
as this species is larger. For example, the form
so named in the Raton flora is identical with
the associated forms referred to IFicus pseudo-
populus. The type of this last-mentioned
species was also based on small forms, which
do not, however, differ in any essential respect
from the larger leaves later determined, and
the maximum of size and elongation is furnished

by the forms from the Wilcox figured in the |.

present contribution. I have not included
Ficus denveriana in the foregoing synonymy,
as 1t prevailingly lacks the three primaries and
is pinnate veined. However, certain speci-
mens so called appear to belong here, as, for
example, the specimen shown in figure 5 on
Plate XXXIII of Lesquereux’s ‘Tertiary
“flora.” :

11

massissippiensis would be the transformation
of the basal secondaries into lateral primaries.
As triveined forms of Ficus are not uncom-
mon in the Upper Cretaceous the ancestral
stock of Ficus mississippiensis may go back to
some such form as Ficus ovatifolia Berry, of
the Coastal Plain Cretaceous, or Ficus prae-
trinervis Knowlton, of the Vermejo formation,
and Ficus denveriana may be unrelated or else
represent the transformation of lateral pri-
maries into basal secondaries.

Discussion may be eliminated by presenting
the supposed interrelationship diagrammati-
cally in terms of the specific names of the
above synonymy, as follows:

planicostata

N

planicostata maxima neoplanicostata

occidentalis pseudopopulus

The maxima of these two lines of variation
are shown in the accompanying figures, and
no detailed description of them is regarded as
necessary. A statement regarding the recorded
geographic and geologic range of the species
may not, however, be out of place. This may
be presented in tabular form, as follows:

Post-Laramie,
Laramie.” Wilcox. Raton. g)g'lcg[?uﬁtgi Clarno. Denver.
Evanston.
Cinnamomum mississippiensis. . .....|............ X X e
Ticus planicostata. ................. .. X ) X X €3] X
Ficus pseudopo_‘)ulus ............................ X X DG R P
Ficus occidentalis. . ................ B X D N I P X
Ficus planicostata maxima...........0 ... ... X ) G R PR PN
Ficus neoplanicostata. ...........o. ool X X e e
Ficus richardsoni.....coooieeiinnnoninnnaienaionnaaann < I O (S

Ficus  planicostata  Lesquereux = represents
variants with a foreshortened apex, although
the smaller leaves of this-so-called species as
figured by Lesquereux are indistinguishable
from the small leaves. of Ficus neoplanicostata
figured by Knowlton.

If the central stock of this variable species
is considered to have been an elliptical-ovate
penniveined form similar to the typical Ficus
denveriana Cockerell or to the young leaves
referred to Ficus neoplanicostate, then the
assumption of the specific character of Ficus

It may be noted that only one of these
species, namely, F. planicostata, is recorded
from a pre-Tertiary horizon, and that all are
found associated in both the Wilcox and Raton
floras, Ficus richardsoni Knowlton of the Raton
not being an exception to this statement, for it
is obviously identical with Ficus pseudopopulus.
Occurrences in the Wilcox range throughout
the group and are, as follows:

Ackerman formafion: Raglans Branch, Lafayette Coun-

ty, Miss. ; Colemans Mill, Choctaw County, Miss.; Hurleys,
Benton County, Miss.
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Upper Wilcox: Shreveport, Caddo Parish, La.; Mans-
field, Naborton and vicinity, De Soto Parish, La.; Old
Port Caddo Landing, Harrison County, Tex.; Elmendorf
clay pit, Elmendorf, Bexar County, Tex.; Carrizo sand-
stone half a mile west of Carrizo Springs, Dimmit County,
Tex.

Lagrange formation (middle and upper Wilcox age):
Puryear, Henry County, Tenn.; Sandy, Hardeman Coun-
ty, Tenn.

Order IBANALES.

Family MAGNOLIACEAE.
Genus MAGNOLIA Linné.
Magnolia angustifolia Newberry,
Plate IX.

Magnolia angustifolia Newberty, U. S. Nat, Mus. Proc.,
vol. 5, p. 513, 1882.
Berry, U. 8. Geol. Survey Prof. Paper 91, p. 214, 1916.
Knowlton, U. S. Geol. Survey Prof. Paper 101, p. 309,
pl. 79, fig. 1; pl. 80; pl. 81, fig. 1, 1917.
Magnolia attenuata Weber. Lesquereux, Tertiary flora,
p- 250, pl. 45, fig. 6, 1878.
Terminalia radobojensis Heer (not Unger). Lesquereux,
U. 8. Geol. and Geog. Survey Terr. Ann. Rept. for
1871, Suppl., p. 15, 1872.
Magnolia lanceolata Lesquereux. Hollick, Louisiana
Geol. Survey Special Rept. 5, p. 282, pl. ii, 1899.

This species, which is common in the Raton
formation and in the upper part of the Wilcox
group,is much more common west of the Missis-
sippi than east of-it. A’ specimen from Loui-
siana is figured in the present paper.

Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball.

Magnolia leei Knowlton.
" Plate X.

Magnolia lees Knowlton MS. Berry, U. S. Geol. Survey
Prof. Paper 91, p. 215, pl. 43, figs. 1, 2, 1916.
Knowlton, U. 8. Geol. Survey Prof. Paper 101, p. 813,
pl. 64, fig. 2; pl. 65, fig.2; pl. 81, fig. 2, 1918.

This well-marked species, which is abundant
in the Raton formation in Colorado and New
Mexico, appears to range from the bottom to
the top of the Wilcox group in the embayment
region. It has not heretofore been found in

that region west of the Mississippi but proves

"to be not uncommon in Louisiana.
Occurrence: Goss pit, half a mile east of

Mansfield, De Soto Parish, La.; collected by

O. M. Ball. ‘
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Family MENISPERMACEAE.
, Genus MENISPERMITES Lesquereux.
Menispermites cebathoides Berry, n. sp.
Plate X1, figure 1.

Leaves orbicular-ovate, about as wide as long,
with a wide truncate base and a broadly and
shortly pointed apex. Margins entire. Texture
thin. Length about 10 centimeters; maximum
width, below the middle, about 10 centimeters.
Petiole missing, but from the character of the
base it must have been of considerable length
and expanded where it joined the lamina; the
joint was at an angle with the plane of the
lamina. There are 7 primaries from the widely
expanded apex of the petiole at the extreme
base of the leaf. These diverge at acute regu-
larly spaced angles; all are curved, and the
midrib is slightly, if at all, stouter than the
lateral primaries. It is longer, however, and
at about one-third of its distance to the apex
it gives off, at acute angles, a pair of opposite
secondaries, which sweep upward and are camp-
todrome in the tip of the leaf. The lateral pri-
maries are all stout and prominent and decrease
in length from above downward. The basal,

| shortest, and straightest pair form angles of

about 70° with the midrib; they give off on the
outside three or four regularly spaced second-
aries, which are camptodrome close to the
margin; the tip joins the tip of the basal sec-
ondary of the primary next above by a simple
camptodrome arch close to the margin. The
second pair of primaries form angles of about
'50° with the midrib; they are longer and
slightly stouter than the basal pair and slightly
more curved, but less so than the third pair
of primaries; they give off on the outside two
to four regularly spaced stout secondaries,
which are camptodrome close to the margin;
their tip joins a simple camptodrome tertiary
from the lowest secondary of the third primary
by a simple camptodrome curve close to the
margin. The third pair of primaries form
angles of about 25° with the midrib; they are
more curved than the others and give off on
the outside four or five regularly spaced sec-
ondaries, which are simply camptodrome close
to the margins and the basal one of which may
have the caliber and appearance of a dichoto-
mous fork of the primary, as in the left side
 of the leaf figured; the tip of the third primary
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curves close to the margin to join a campto-
drome tertiary from the outside of the main
pair of secondaries from the midrib. The ter-
tiaries, with the exception of the camptodrome
ones a]tcudy alluded to, are thin and larcely
immersed, exceedingly refrular in their spacing,
and prevail'mgly percurrent, although they oc-
casionally fork and inosculate, as shown in the
figured specimen. The ultimate areolation is
fairly distinct in spots and must have been
entirely so in life; it shows relatively large and
prevailing subrectangular meshes.

This fine species is obviously new and forms
a striking addition to the Wilcox flora, as its
modern relatives are all climbing or twining
herbs or shrubs prevailingly of wooded or
stream-side habitats. It is similar in form to
the Wilcox species Cercis wilcoziana Berry but
entirely different in its venation characters and
obviously not related to that form. The pre-
viously known Wilcox species of Menispermites,
M. wilcoxensis Berry, is a much more typically
ovate form with a prolonged acuminate tip and
but three instead of seven primaries. The
tertiary venation and the camptodrome arches
close to the margins are the same in both, and
neither shows the tendency toward a lobation
of the lamina, which is so pronounced a feature
in so many of the existing species of this
family. ;

The existing species are too imperfectly
known and polymorphous to render detailed
comparisons with this Eocene form of much
value. The fossil is not unlike the leaves of
our common Menispermum canadense Linné,
which are nonlobate. It shows a similar
resemblance to the leaves of our common
Cebatha carolina (Linné) Britton, which are
nonlobate, and similar statements might be
made with regard to a large number of exist-
ing species of the family. Among fossil forms
the most similar is Cocculus (Cebatha) latifolius,
from the Pliocene of France, described by
Saporta and Marion,"” but this similarity is
of the same order as the comparisons with
recent forms just mentioned.

The polymorphism of the existing species
renders it desirable to refer this new form to the
genus Menispermaites, implying a fossil form of
Menispermaceae of undeterminable generic
affinity. It might very well be ancestral to the

1 Saporta, G. do, and Marion, A, F., Recherches sur les végétaux
fossiles do Moximioux, p. 264, pl. 31, figs. 4-7; pl. 32, fig. 1, 1876.
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genus Cocculus De Candolle, or Cebatha Forskal,
as modern taxonomists prefer to call it, as
Forskal’s name was published in 1775, or 43
years earlier than De Candolle’s proposal.

The existing species of Menispermaceae
number about 350 in about 60 genera. All are
twining or climbing woody or herbaceous
plants with alternate exstipulate leaves and-
drupaceous fruits. A majority of the species
are confined to moist tropical regions, but a
considerable number are found in both tem-
perate zones. None of the subfamilies are
confined to a single continental region, and
several of the genera are found on all the con-
tinents.

The existing species of Menispermum, but
two or three in number, are confined to Atlan-
tic North America and eastern Asia, which
indicates a wider range.during geologic time.
The genus Cebatha (Cocculus) is a large one for
this family, with about 30 species, its distribu- -
tion including all the continents except Europe
and extending to the Hawaiian Islands. Sev-
eral fossil species that have been referred
directly to it or to the form genus Cocculites go
back as far as the Upper Cretaceous. A well-
marked species is present in the later Tertiary
of the Mississippi embayment, and it would
perhaps not be far from the truth if the present
species were referred to this genus.

The family has 10 genera with about 75

species confined to the Western Hemisphere,

mostly in tropical South America. Asia has
13 peculiar genera; Africa, including Madagas-
car, has 14; and Australia has 7, all monotypic
and largely found in the peculiar environment
of Western Australia. The largest number of
existing species occur in tropical Asia, from
which about 150 are known, or about 50 more
than are known from America, which ranks
second in the number of existing forms.

The fossils of the narrow triveined form of
some species of Cocculus (Cebatha) are rather
difficult to determine, for they show more or
less resemblance to some leaves in the families
Smilacaceae, Lauraceae, Urticaceae, Pipera-
ceae, Melastomataceae, and others.

The wider leaves are more characteristic,
and species of Menispermum are recorded
from beds as early as the Oligocene of France.
The form genus Menispermites has numerous
Upper Cretaceous species, particularly of Ceno-
manian and Turonian age, and is recorded
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from Portugal, Bohemia, Greenland, Argen-
tina, and various localities in the United States
and Canada. It is especially Varled in the
Dakota sandstone.

Forms referred to Cocculus De Candolle,
Cocculites Heer, or Cebatha Forskal are re-
corded from the Upper Cretaceous of North
‘America, Europe, and Asia and from the
early Tertiary of Greenland, North America,
and Europe. It seems probable that some of
the forms referred to Unger’s genus Daphno-
gene belong to this family. The genus Mac-
clintockia Heer, of the Upper Cretaceous and
early Tertiary, particularly of the Arctic region,
is often referred to this family, as by Schimper.

Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
0. M. Ball.

Order ROSALES.
Family CAESALPINIACEAE.
Genus CASSIA Linne. '
Cassia emarginata Ber?y.

Cassia emarginata Berry, U. S. Geol. Survey Prof. Paper
91; p. 233, pl. 45, fig. 17b; pl. 48, fig. 5, 1916.

Heer * mentions a Cassta emdrginata of
Saporta, which would, if valid, necessitate
‘changing the name of this Wllcox species.
As near as I can discover, however, Cassia
emarginate Saporta was a nomen nudum. It
is not mentioned by either Schimper or Schenk,
and Saporta appears to have renamed the
form Caesalpinites latifolius when he actually
described it.*°

Family MIMOSACEAE.
Genus MIMOSITES Bowerbank.
Mimosites variabilis Berry.

Mimosites variabilis Berry, U. S. Geol. Survey Prof. Paper
91, p. 227, pl. 45, figs. 6-11, 1916.

This common middle and upper W]lcox
species has not heretofore been found south of
Grenada, Miss. It is contained in recent
collections from a locality 1 mile west of
Clayhatchee, Dale County, Ala.
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Family PAPILIONACEAE.
Genus DALBERGIA Linné fils.
Dalbergia puryearensis Berry, new name.
Dalbergia eocenica.Berry, U. 8. Geol. Survey Prof. Paper
91, p. 245, pl. 53, figs. 1, 2, 1916.

The name assigned to this Wilcox Dalbergia
in 1916 is antedated by Dalbergia eocenica
Ettingshausen,?® based on Protamyris eocenica
Unger,®* and I therefore propose that this
species be called Dalbergia puryearensis, in
allusion to the type locality.

Order SAPINDALES.
Family ICACINACEAE.

Genus CALATOLOIDES Berry, n. gen,

Calatoloides eocenicum Berry, n. s~
Plate X1V, figures 3-5.

The present species is based on casts of a
nutlike fruit which appears to be very close to
those of a recently described genus that is
referred with some doubt to the family Ica-
cinaceae and is based upon three new species
of existing arborescent forms of the Central
‘American region. In view of the incomplete-
ness of the fossil material and the lack of
certainty as to its identity with the recent
fruits in all particulars, it has seemed best to
propose & new genus for its reception. The
name suggested for this new genus implies &
relationship with the existing genus. The
fossil fruit as restored from casts is a moder-
ately prolate spheroid, 2.5 to 3 centimeters in
length and about 2.25 centimeters in diameter,
broadly rounded proximad and bluntly pointed
distad.. The ligneous shell is marked by some-
what irregular prominent branching and anas-
tomosing longitudinal ridges, connected by
low subordinate irregularly transverse ridges.
If it was like the existing form it contained a
single large seed.

I have had this Wilcox material in my pos-
session for a number of years without any idea
as to its botanic relationship. In collecting
recent fruits in Panama in 1919 I obtained
one which suggested the fossil. In seeking to
determine the Panania specimen at the United

18 Recherches sur le climat et la végétation du pays tertiaire, p 149,
1861.

18°'Saporta, G. de, Etudes sur la végétation du sud-est de la France &
Pépoque tertiaire, vol. 1, p. 140, 1863.

2 Ettingshausen, Constantin, Beitriige zur Kenntniss der fossilen
Flora von Sotzka, p. 73, 1858.

21 Unger, Franz, Die fossile Flora von Sotzka, p. 180, pl. 31, fig. 15,
1850.
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States National Herbarium I found that it
was identical with material from Costa Rica
which Messrs. Standley and Safford consid-
ered to represent a new genus, very probably
a member of the Icacinaceae. They have
since recognized three species of this genus—
two from Mexico and one from Costa Rica and
Panama. These are trees of considerable size,
with broadly lanceolate camptodrome-veined
leaves. The fruits have a thin flesh in life
and a single large spherical seed. The fossil
form is similar in shape and ornamentation
but is only about half the size of the recent
fruits and may therefore be considered as
standing in an ancestral relation to the modern
genus, for which Standley and Safford have
proposed the name Calatola.

The occurrence of a fossil representative of
the family Icacinaceae in the lower Eocene of
Texas is of very great interest. No member of
the family, so far as I know, has ever before
been found fossil. The family consists of
about 39 genera and 150 existing species, of
which only 8 genera, with less than 30 species,
are found in America, where they are for the
most part confined to the Tropics. None of
these genera except Mappria, a native of the
Antilles, occurs in any other geographic region,
and this genus is supposed to be represented
in Ceylon and farther India. As the forms
from farther India constitute the subgenus
Trichocrater and those from Ceylon the sub-
genus Eumappia, it seems doubtful if Mappia
is really an exception to the peculiar character
of the existing American members of this
family. The family as a whole is distinctly
oriental in the existing flora, with its center of
- dispersal in the south Asian region, for although
there is only a single monotypic genus con-
fined to southeastern Asia, this region pairs
with Africa, the East Indies, or Australia in
many occurrences: thus there are 8 genera with
23 species which are Malaysian, 6 genera with
34 species which are Asian and Malaysian,
3 genera with 19 species which are common to
Africa and southern Asia, and 1 genus with 4
species common to Malaysia and Australia.
Ten genera with 33 species are confined to
Africa, and 3 genera with 6 species are confined
to Australia.

The family contains 10 monotypic genera—
one of Guiana and all the remainder Old World
forms, as follows: Africa 3, southeastern Asia 1,
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East Indies 2, New Guinea 1, New Caledonia 2.
All the existing American forms belong to the
large subfamily . Icacinoideae, which is also
represented in all the other regions, so that its
origin or interrelationships are unknown.

Occurrence: Butler (West Point) salt dome,
in the eastern part of Freestone County, near
Trinity River, 6 miles northeast of Oakville,
Tex.; collected by O. B. Hopkins and O. C.
Funderbunk. .

Order RHAMNALES.
Family RHAMNACEAE.
éenus RHAMNUS Linné.
Rhamnus cleburni Lesquereux.

Rhamnus cleburni Lesquereux, U. S. Geol. and Geog. Sur-
vey Terr. Ann. Rept. for 1872, p. 381, 1873; Tertiary
flora, p. 280, pl. 53, figs. 1-3, 1878; U. S. Nat. Mus.
Proc., vol. 11, p. 24, 1888.

Knowlton, U. S. Geol. Survey Bull. 204, p. 80, 1902.
Berry, U. 8. Geol. Survey Prof. Paper 91, p. 283, 1916.
The present material, which is abundant,
emphasizes the great similarity and possible
identity between this form and Rhamnus cou-
shatta. Berry,? also the great variability in out-
line of these leaves, many of which are longer
and relatively narrower than the type and show
indications of grading into what I have called

Rhamnus marginatus apiculatus.?

Occurrence: Goss pit, half a mile east of

Mansfield, De Soto Parish, La.; collected by

O. M. Ball.

Rhamnus marginatus apiculatus Berry.
Plate XTI, figures 2, 3.

Rhamnus marginatus apiculatus Berry, U. S. Geol. Survey
Prof. Papér 91, p. 283, pl. 69, fig. 1, 1916.

At the time of the publication of the report
on the Wilcox flora this variety was represented
by a small number of specimens from the Acker-
man formation of Mississippi. Itis common in
later collections from Louisiana and shows con-
siderable variation in size and outline. All the
specimens are somewhat narrower than the
type; some have a very long acumen and others
lack a prominent acumen. Two of these speci-
mens are figured, the larger a leaf 21 centime-
ters in length and 4 centimeters in maximum
width.

2 Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 284, pl. 68, fig. 1,
1916.
93 Idem, p. 283, pl. 69, fig. 1.
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Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball.

Genus RHAMNITES Forkes.
Rhamnites knowltoni Berry, new. name.
Plate XII, figure 7.

Cornus studeri Lesquereux, U. S. Geol. and Geog. Survey
Terr. Ann. Rept. for 1871, p. 293, 1872 (not Heer,
1859); Tertiary flora, p. 244, pl. 42, figs. 4, 5, 1878.

.Hollick, in Harrisand Veatch, A preliminary report on

. the geology of Louisiana, p. 286, pl. 45, fig. 2, 1899.

Knowlton, U. 8. Geol. Survey Bull. 163, p. 68, pl. 15,

" fig. 3, 1900. :

Berry, U. S. Geol. Survey Prof. Paper 91, p. 331, pl.
68, fig. 3, 1916.

In the account of the Wilcox flora this species
was said to be represented by fragments from
a number of localities, the most complete speci-
men being the one figured from Coushatta, La.
Subsequent collections show that this form is
abundant in the Wilcox near Mansfield and con-
firm the previous statement that it differs from
Heer’s Swiss Miocene type and also is not prop-
erly referable to the genus Cornus. Although
in some of the features it is similar to species
that have been referred to Ficus, these features
are not like any in existing forms of that genus,
where the venation has certain characteristics
that are easily recognized. They are, on the
other hand, characteristic of certain members
of the families Sapindaceae and Rhamnaceae,
particularly the latter, and I have therefore
transferred the American forms to the genus
Rhammnites.

R. knowltoni may be desecribed as follows:

Leaves large, broadly ovate, many of them
slightly inequilateral, the tip somewhat nar-
rowed and acuminate and the bade rounded or
very broadly pointed. Margins entire, in some
specimens. faintly undulate. Texture subcori-
aceous. Midrib stout and prominent. Second-
aries stout, six to nine pairs, diverge from the
midrib at irregular intervals at angles of about
45°, camptodrome. Tertiaries thin, closely
spaced, percurrent, typically rhammaceous.
Size variable, some leaves being as much as 19
centimeters in length and 9.5 centimeters in
maximum width, which is in the lower half of
the leaf. A large specimen from Mansfield is
figured in the present paper. The single Louisi-
ana specimen has a length of 16 centimeters
and a maximum width, midway between the
apex and the base, of 8.75 centimeters.
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Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball. '

Order MALVALES.
Family MALVACEAE?

Genus MONOCARPELLITES Perkins.
[Vermont State Geologist Rept. for 1903-4, p. 180.]
Monocarpellites perkinsi Berry, n. sp
Plate X1I, figures 1-6.

Ligneous single-celled carpels, with numer-
ous seeds. General form spheroidal; whether
oblate or prolate is uncertain, as the material
has suffered much compression. Probably
nearly spheroidal in life, with 10 to 12 thin
longitudinal ribs. Apex mucronate-tipped.
Hilum large depressed, about 2 millimeters in
diameter.

This species is not uncommon at the locality
cited, but it is impossible to determine the
character of the interior. The conclusion that
the ribs do not represent keels or sutures of a

‘tardily dehiscent capsule rests upon their

somewhat unequal spacing, the lack of any
traces of sutures, and the fact that one speci-
men has undergone great compression in a
vertical plane without developing any indica-
tions ‘of a capsular nature. The conclusion
that these carpels were many seeded also rests
upon the manner in which compression has
occurred and the resulting irregularities of sur-
face, which differ from what would be shown if
one or a few large seeds had been present.

The genus Monocarpellites, to which the
present species is referred, is a form genus es-
tablished by Perkins in 1904 and based upon
abundant material from the Eocene lignite
deposits at Brandon, Vt. Specimens of Mono-
carpellites are among the most abundant fossils
at Brandon, and Perkins has described 11 dif-
ferent species based upon differential features
that are more or less well marked but quite
obviously not of specific grade. Although the
Wilecox Monocarpellites resembles several of
these so-called species from the Brandon lig-
nite it can not be conclusively identified with
any one of them, so that in the present unsatis-
factory state of our knowledge of fossil fruits
it must necessarily be considered to represent
a new species.

In this connection attention should be called
to the genus Hightea, which was described by
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Bowerbank ?* from the abundant pyritized
fruits found in the London clay of Sheppey
(Ypresian). As elucidated by Bowerbank the
genus Hightea possessed a one-celled valveless
pericarp with large 4 to 6 angled placena and
numerous down-bearing seeds, these fruits
having every appearance of being five or more
numerously valved capsules. Hightea is very
abundant at Sheppey, and Bowerbank de-
scribed no less than 10 so-called species, which
are subject to the same limitations as Perkins’s
numerous species of Monocarpellites.

Although it is impossible to advance conclu-
sive opinions without having studied a large
suite of specimens, it seems probable that
Hightea and Monocarpellites are congeneric,
thus affording an important item for the corre-
lation of these three widely separated deposits,
valuable chiefly for the evidence it affords of
the age of the Brandon lignite, as the parallel-
ism between the London clay and the Wilcox
is already well established.

Occurrence: Spink’s clay pit, near Paris,
Henry County, Tenn.

Family STERCULIACEAE.
Genus STERCULIA Linné.

Sterculia wilcoxensis Berry, n. sp.
Plate XIV, figures 1, 2; Plate. XV, figures 3, 4.
Sterculic  puryearensis Berry, U. S. Geol. Survey Prof.
Paper 91, pl. 72, fig. 3' (not other figures of this
gpecies), 1916.

Leaves (in discovered material) trilobate,
divided from one-half to two-thirds of the dis-
tance to the base into a median conical to
slightly ovate lobe and lateral, somewhat nar-
rower conical lobes. All are acuminate, and all
may be of equal length, or the median lobe may
be somewhat longer. The intervening sinuses
are open and rounded and of varying depth;
their degree of openness depends on the attitude
of the lateral lobes, for although the angle of
divergence of the lateral primaries with the
midrib is practically uniform, the lateral lobes
and the primaries forming their midveins may
be either incurved or recurved, as shown in the
accompanying illustrations. The margins are
entire and the texture coriaceous.
ranging from 12 to 16 centimeters; maximum
width, between the tips of the lateral lobes,
ranging from 9.75 to 15.25 centimeters and

Length’
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largely dependent on the attitude of .the lobes.
The petiole was evidently long and stout; it is.
preserved for 2 centimeters in one specimen..
The midrib is stout and prominent, approxi-
mately straight or variously curved. The
lateral primaries are approximately as stout
and prominent as the midrib. They diverge
from the midrib a considerable distance above:
the base, at angles between 35° and 45°, and.
are variously curved. The secondaries are thin.
and not especially prominent; they are numer-
ous, regularly spaced, and subparallel, diverge:
at wide angles, and are abruptly camptodrome..
The tertiaries are obscure.

The present species is, on the whole, well
marked. It is in many ways similar to the
European Oligocene species Sterculia labrusca
Unger #* and, like that and most other living
and fossil species, may have varied to a fewer
or greater number of lobes, although all the
specimens known at present are trilobate. It
may be properly considered ancestral to the
Claiborne species Sterculia labruscoides Berry,
a somewhat smaller form with more conical
lobes and rounded base.

A fragment of this species from Puryear,
Tenn., was figured in 1916 and referred to Ster-
culta puryearensis Berry. Recent collections
from Louisiana show that this fragment repre-
sents the present species, which is quite dis-
tinct from the much larger and more ovate
lobed and lobate Sterculia puryearensis. It
adds a second and striking representative of
this genus to the flora of the Wilcox group, in
which it is also represented by the fruits re-
ferred to the genus Sterculiocarpus.

Occurrence: Puryear, Henry County, Tenn.;
collected by E. W. Berry: Goss pit, half a mile.
east of Mansfield, De Soto Parish, La.; col-
lected by O. M. Ball. Carrizo sandstone half a.
mile west of Carrizo Springs, Dimmit County,
Tex.

Genus STERCULIOCARPUS Berry.

Sterculiocarpus eocenicus Berry.
Plate XV, figure 5; Plate XVI, figure 1.

Sterculiocarpus eocenicus. Berry, U. 8. Geol. Survey
Prof. Paper 91, p. 288, pl. 74, figs. 1-3, 1916.

The present specimen adds considerably to.

our knowledge of this form. It is relatively

slightly ‘longer and narrower than the type.

3+ Bowerbank, J. S., A history of the fossil fruits and seeds of the |

London clay, p. 25, pls. 7-9, 1840.

2% Unger, Franz, Die fossile Flora von Sotzka, p. 45, pl. 28, figs. 1-11,
1850.
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and shows that the capsules were tardily
loculicidally dehiscent and contained many
small elongated seeds on parietal placentae.
It thus differs from the other known species,
namely 8. sezannelloides Berry, in which the
placentae were axile and the dehiscence
septicidal.

Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
0. M. Ball.

Genus HELICTOXYLON Felix.
Helictoxylon wilcoxianum Berry, n. sp.

Plates XVIT and XVIII.

Transverse section: Vessels large, oval, very
numerous and closely spaced, generally single,
sometimes in oblique pairs. Rays undulating,
broad, several cells wide, charged with gum.
Parenchyma filling most of the space between
the rays and vessels. Prosenchyma well dis-
tributed as single or ‘double strands in the
parenchyma, with greatly thickened walls.

Radial section: Vessels reticulately marked
or obscurely pored. Parenchyma much sep-
tate, without discernible pitting. Prosenchyma
with pointed ends, sparingly septate, with
ray of very minute pores on the radial walls.
Rays high, the marginal cells square, the cen-
tral long and narrow. Pitting obscured by
gum.

Tangential section: Vessels often with ob-
lique scalariform perforations; walls reticulately
marked. Rays fusiform elliptical, 8 or 9
cells wide medianly, 25.to 35 cells high, the
normal ray frequently continued in one or

_both directions by uniserial large rectangular
cells. Parenchyma of short rectangular cells
without discernible pitting. Prosenchyma
sparingly septate, with a row of minute pores.

The wide rays, the abundance of xylem
parenchyma, and the prosenchyma with simpie
pits indicate that this wood represents some
species of Sterculiaceae, and the size and
abundance of the vessels suggest a liana. As
it is not possible to make comparisons with
recent material, nor desirable ‘to propose a

_new generic term such as Sterculioxylon, the |
species is referred to the genus Helictoxylon, |

proposed by Felix? for two species from the
Oligocene of Antigua. Species are also known
from the Tertiary of Java, Luzon, Galicia, and

26 Felix, J., Fossile Holzer Westindiens, p. 18, 1883.
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Hungary. The Wilcox species appear to be
entirely distinet  from previously described
forms. '

Occurrence: Two miles east of Naborton, De
Soto Parish, La.

Order THYMELEALES.
Family LAURACEAE.
Laurus verus Berry, n. sp.
Plate X VI, figures 2-7.

I am fortunate in having several specimens
of this fruit preserved as a ferric oxide replace-
ment in Wilcox sands. Several are detached
from the persistent calyx with the hilum ob--
scured, and their identity would be question-
able. were it not for the finding of specimens
with the calyx attached which came loose from
the calyx, showing the umbo. In form the
fruit is a considerably prolate spheroid varying
considerably in size, the minimum and maxi-
mum sizes observed being 11 millimeters in
length by 7 millimeters in maximum diameter
and 15 millimeters in length by 9.5 millimeters
in maximum diameter. The distal end comes
to a not very obvious point. The surface is
smooth and polished. The calyx is small,
thick, coriaceous, and gamosepalous, the sepals
represented by six conical or rounded upright
marginal teeth, 3.5 to 4.5 millimeters in diam-
eter and 2.5 to 3 millimeters high. Peduncle
stout and curved, 2.5 to 4 millimeters in length.
These are well shown in the accompanying
figures. The question of their proper generie
reference may be left in abeyance for the pres-
ent, as a considerablenumber of the genera of the
Lauraceae have comparable fruits. The term
Laurus is used in the present connection purely
as a form genus implying their reference to this
family. The only lauraceous leaves found in
association with these fruits are those of Oreo-
daphne salinensts Berry, and even these are rare.
It may be assumed that these fruits floated a
considerable distance from their point of origin,
as is frequently the case with modern lauraceous
fruits. I am inclined to consider these fossils
as representing the genus Cinnamomum, but
this is entirely a matter of personal opinion.

A considerable number of fossil fruits belong-
ing to this family have been described. Among
them those from the Oligocene of Trotha and
Bornstadt, in Saxony, described by Friedrich,

27 Friedrich, P., Beitriige zur Kenntniss der Tertiéirflora der Proving
Sachsen, pp. 128, 234, pl. 15, fig. 9; pl. 31, fig. 10, 1883.
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are exceedingly like the Louisiana fruits.
Without any pretense at citing records, atten-
tion may also be called to the Cinnamomum
fruits recorded by Friedrich #* from the Oligo-
cene and those recorded by Heer ?* from the
Miocene of Europe.

Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parlsh La.; collected by
O. M. Ball.

Genus LAURINOXYLON Felix.

Laurinoxylon branneri Knowlton.

Laurinoxylon branneri Knowlton, Arkansas Geol. Survey
Ann. Rept. for 1889, vol. 2, p. 256, pl. 9, figs. 8, 9;
pl. 10, figs. 1, 2; pl. 11, fig. 4, 1891.
Penhallow, Roy. Soc. Canada Trans., 3d ser.,
p. 98, figs. 6-8, 1908.
Berry, U. S. Geol Survey Prof. Papel 91, p- 314 pl.
16, figs. 6-10, 1916.

vol. 1,

This species was described in previous reports,
and doubtfully recorded from the Wilcox. It
occurs in the Claiborne of Arkansas and Texas,
according to the identifications of Knowlton
and Penhallow.

A specimen from the Wilcox at Shreveport,
La. (No. 207), appears to be identical with the
type. It is rather indifferently preserved and
adds nothing to our knowledge of the species.

Laurinoxylon wilcoxianum Berry, n. sp.
‘ Plate XIII.

Transverse section:- Vesselssingle or in radial
pairs or triplets, rarely more, occasionally in
tangential pairs or excentric. Well distributed
but sparse, no zonal arrangement or diminu-
tion in size throughout the year, oval in cross
section, thin walled. Prosenchyma abundant,
the walls scarcely thickened. Xylem paren-
chyma abundant, showing a tendency to an
arrangement in tangential bands. Rays undu-
lating, one to three cells wide, full of gum.

Radial section: Vessels full of tyloses, with
pitted walls. Rays varying in height from 2 to
18 cells; marginal cells square, about twice the

height and one-half thé length of the central| A :
“ana is figured in the present paper.

cells, their horizontal and end walls with
numerous simple pits. Rays mostly full of
gum. A constant feature is the large vertical
series of ray cells running from one ray to
another. Prosenchyma thin, fusiform; no
markings or septation seen, although in speci-

2 Tdom, p. 215, pl. 16, figs. 15, 16.
2 Ieer, Oswald, Flora tertiaria Helvetiae, vol. 2, pl. 91, fig. 8, 1856."
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mens from the Claiborne group that appear
to belong to this species the prosenchyma is
irregularly septate. Parenchyma about twice
as wide as the prosenchyma, abundantly sep-
tate; no pits seen in the Wilcox material but
Wlth numerous round pores in the Clalborne
material.

Tangential section: Rays closely crowded,
2 to 3 cells wide, connected by uniserial stringers
of large rectangular cells, all full of gum.

This species appears to be distinct from pre-
viously desctibed forms. ‘It is abundant in the
Wilcox but'is usually rather poorly preserved,
having suffered much from decay before silici-
ﬁcation. Much better preserved ‘material of
this species is present in the Yegua formation
of Texas and will be fully described and figured
in my account of the Claiborne and Jackson
floras,, Sections have been cut from trunks
from bhe following localities: Half a mile
southwest (214) and 1 mile west (212) of
Naborton, Do Soto Parish, La.; near Dabney
(242), Montgomery County, Miss.; Piney Creek
(238), 10 miles east of Bolivar, Hardeman
County, Tenn. All from beds of upper Wilcox
age except the last, W}nch is probably middle

Wilcox.
Order MYRTALES.

Family COMBRETACEAE.
Genus TERMINALIA Linné.
Terminalia lesleyana (Lesquereux) Berry. i
Plate X VI, figure 8.

Terminalia radobojensis Heer.
and Geog. Survey Terr.
Suppl., p. 15, 1872.

Magnolia lesleyana Lesquereux, Am. Philos. Soc. Trans.,
vol. 13, p. 421, pl. 21, figs. 1, 2, 1869; Tertiary flora,
p. 248, pl. 44, figs. 1-3, 1878; U. S. Geol. and Geog.
Survey Terr. Ann. Rept. for 1871, Suppl., p. 14,
1872.

Knowlton, U. S. Geol. Survey Prof. Paper 101 P.
-313, pl. 82, figs. 1, 2, 1917.

Terminalia lesleyana Beny, U. 8. Geol.

Paper 91, p. 323, pl. 89, 1916.

Lesquereux, U. S. Geol.
Ann. Rept. for 1871,

Survey Prof.

A large specimen of this species from Louisi-
Since my
account of the Wilcox flora was published
Knowlton 2 has given a very excellent ac-
count of the Raton flora. In that paper the
present species is transferred back to Mag-
nolia, although no reasons are given. I have
compared the fossil with a large amount of re-

30 U. S. Geol, Survey Prof. Paper 101, 1918,
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cent material of both Magnolia and Terminalia
and am satisfied ‘that the fossil is much more
like the latter than the former, which was
Lesquereux’s original identification before it
became the fashion to refer all large leaves to
Magnolia.

" Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball. ‘

Order GENTIANALES.

Family APOCYNACEAE.
Genus APOCY'NOPHYLI.UM Unger.
Apocynophyllum mississippiensis Berry.

Apocynophyllum mississippiensis Berry, U. 8. Geol. Suf-
vey Prof. Paper 91, p. 342, pl. 108, fig. 6, 1916.

The present material contains numerous
leaves of this species which average about 20
per cent larger than those previously collected,
indicating a leaf about 18 centimeters in length

by 4 centimeters in maximum width.

- Occurrence: Goss pit, half a mile east of
Mansfield, De Soto Parish, La.; collected by
O. M. Ball.

Apocynophyllum constrictum Berry.

Apocynophyllum constrictum Berry, U. S. Geol. Survey
Prof. Paper 91, p. 344, pl. 103, fig. 4, 1916.

This species was based on the single specimen
figured, which was collected from the Wilcox of
Benton, Ark. Additional material was col-
lected recently from the clay ironstone near
Somerville, Tenn: This is of importance in
showing that the constricted form that sug-
gested the name of this species was not anoma-
lous but the normal form of this lower Eocene
Apocynophyllum. It is also important in
confirming the conclusion that all the known

fossiliferous Wilcox in Arkansas, Louisiana, and |

Texas is of upper Wilcox age, and that the
Wilcox sediments were progressively trans-
gressive in the region west of the present Mis-
sissippi River. o
Occurrence: Half a mile south of Somerville-
Whiteville road, Fayette County, Tenn.; col-
lected by Russell F. Ryan. ‘

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922,

POSITION UNCERTAIN.

Genus PTEROBALANUS Berry, n. gen.

The genus has the characters of the type and
only known species. The name is derived trom
the Greek for winged fruit.

Pterobalanus texanus Berry, n. sp.

Plate XV, figures 1, 2.

Fruit of uncertain nature, either a many-
seeded indehiscent capsule or a drupe with a
readily flattened stone; the impression as pre-
served shows no trace of a stone and rather
points to its having been a many-seeded cap-
sule. The fact that the wings are so well
developed rather precludes the inference that
the central papillose portion of the specimen
represents the base from which the essential
part of the fruit had been broken away.

The remains consist of a stout stalk or
peduncle, about 2.25 centimeters in length,
slightly enlarged and curved proximad, ex-
panding distad to form the margin of a central
circular thickened papillose disk, which is 2
millimeters in diameter. From this margin
diverge in a semicircular fashion about twelve
wings or enlarged bracts. These are believed
not to be segments of a calyx, because of their
collective lack of symmetry, none being
developed on the proximal or inner side of the
central disk.

These bracts are separate lanceolate in out-
line, entire margined, acutely pointed, and
about 5 millimeters in length by 1.5 millimeters
in maximum width in their expanded median
region. Each appears to have two longitudinal
veins. ‘ :

The systematic position of this interesting
winged fruit is unknown, nor do I recall any-
thing similar in the existing flora or in described
fossil floras. It is based on the single speci-
men figured and its counterpart.

Occurrence: Carrizo sandstone at quarries
half a mile west of Carrizo Springs, Dimmit
County, Tex.
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CUPRESSINOXYLON WILCOXENSE BERRY.

1, Transverse section showing growth rings from Shreveport, La.; 2, similar section from Caddo Lake, La.; 3, radial section from
Caddo Lake, La.; 4, similar section from Shreveport, La.; 5, tangential section from Caddo Lake, La. All enlarged 20 diameters.
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CUPRESSINOXYLON WILCOXENSE BERRY.

Radial section from Shreveport, La., enlarged about 300 diameters.
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FOSSIL PLANTS OF THE WILCOX GROUP.

1. Marchantites stephensoni Berry, Jacksonville, Ark.; 2-4, Palmocarpon butlerensis Berry, near Oakville, Tex.;

5-7, Dryopteris cladophleboides Knowlton, Goss pit, near Mansfield, La. (6, gim\ule to show venation, enlarged 5
diameters; 7, fertile pinnules, enlarged 5 diameters); 8-10, Artocarpoides balli Berry, Goss pit, near Mansfield, La.
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ARTOCARPOIDES BALLI BERRY.

A large leaf from Goss pit, near Mansfield, La.
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FICUS MISSISSIPPIENSIS (LESQUEREUX) BERRY.

ear Mansfield, La.

Two of the large narrow forms from Goss pit, n
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FICUS MISSISSIPPIENSIS (LESQUEREUX) BERRY.

Shorter and wider form from same locality as those figured on Plate VI.
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MAGNOLIA ANGUSTIFOLIA NEWBERRY.

From Goss pit, near Mansfield, La.
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MAGNOLIA LEEI KNOWLTON.

From Goss pit, near Mansfield, La.
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FOSSIL. PLANTS OF THE WILCOX GROUP.

1, Menispermites cebathoides Berry; 2, 3, Rhamnus marginatus apiculatus Berry, small and large leaves. All from
(Goss pit, near Mansfield, La.
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FOSSIL PLANTS OF THE WILCOX GROUP.

1-6, Monocarpellites perkinsi Berry, from vicinity of Paris, Tenn. (1-3, upper, lower, and side views of a partly
compressed carpel; 4-6, lower, side, and upper views of a much compressed carpel); 7, Rhamnites knowltoni
Berry, from Goss pit, near Mansfield, La.
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LAURINOXYLON WILCOXIANUM BERRY.

From vicinity of Dabney, Miss. 1, Tangential section enlarged 20 diameters; 2, 3, transverse sections, enlarged 20 diameters:
4, tangential section, enlarged 300 diameters; 5, radial section, enlarged 300 diameters.
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FOSSIL PLANTS OF THE WILCOX GROUP.

1, 2, Sterculia wilcoxensis Berry, from Goss pit, near Mansfield, La.; 3-5, Calatoloides eocenicum Berry, from Butler
salt dome, Tex.
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FOSSIL PLANTS OF THE WILCOX GROUP.

1-2, Pterobualanus texanus Berry; 3-4, Sterculia wilcoxensis Berry (3, Puryear, Tenn.; 4, Goss pit, near Mansfield, La.);
5, Sterculiocarpus eocenicus Berry (side view), from Goss pit, near Mansfield, La.
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FOSSIL PLANTS OF THE WILCOX GROUP.

1, Sterculiocarpus eocenicus Berry (basal view); 2-7, Laurus verus Berry (2, persistent calyx from above; 3, calyx and
peduncle from side; 4, another calyx and peduncle from side; 5, detached fruit; 6, 7, frl_lits with persistent calices and
peduncles); 8, Terminalia lesleyana (Lesquereux) Berry. All from Goss pit, near Mansfield, La.
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WILCOXIANUM BERRY.

HELICTOXYLON

From vicinity of Naborton, La. 1, Radial section; 2, transverse section. Both enlarged about 300 diameters,
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HELICTOXYLON WILCOXIANUM BERRY.

From vicinity of Naborton, La. Tangential section, enlarged about 300 diameters.



A SECTION OF THE PALEOZOIC FORMATIONS OF THE GRAND CANYON AT
THE BASS TRAIL.

INTRODUCTION.

The thick series of horizontal strata of Paleo-
zoic age which makes the greater part of the
wall of the Grand Canyon is probably broadly
familiar to more people than the strata exposed
in any other area in the western United States.
Each detail of form or color in the wall is so
definitely associated with a bed or set of beds
in the series that these strata are the very ele-
ments of the canyon landscape. Consequently
they have been described not only by geologists
but by many writers who have been interested
in the Grand Canyon chiefly as a scenic spec-
tacle.

In few areas, however, where the general
character and succession of the rock formations
is so familiar are the details of the stratigraphy
soimperfectly known. In the Kaibab division
of the Grand Canyon, which lies within the bor-
ders of the Grand Canyon National Park and is
the best known and most visited part of the
canyon, sections of the Paleozoic formations
have been measured at four different places—
(1) at Nunkoweap Valley, by Walcott; ! (2) at
Congress Canyon (now known as Red Canyon),
along the Hance trail, by Frech;? (3) at
Bright Angel (Cameron) trail, by Darton * and
by me; ¢ and (4) in the region about Shinumo
Creek and Bass Canyon, by me.5

None of these sections shows in detail the
lithology of all the Paleozoic formations at any

1 Waleott, C. D., U. 8. Geol. Survey Tenth Ann. Rept., pt. 1, p. 584,
1860.

9 Freeh, F., Soction at Congress Canyon: Cong. géol. internat., 5 sess.,
Compto rendu, pp. 476-481, 1894.

8 Darton, N, II., A reconnaissance of parts of northwestern New Mexico
and northern Arizona: U, 8. Geol. Survey Bull. 435, p. 21, 1910; Guide-
book of tho western United States, I’art C, The Santa Fe Route: U. S.
Gool. Survey Bull. 613, pp. 124-130, 1915.

1Noblo, L. F., The geologic history of the Bright Angel quadrangle,
Ariz.: U. 8. Geol. Survey Bright Angel topographic map.

8 Noble, L. IF., The Shinumo quadrangle, Grand Canyon district, Ariz.:
. 8. Gool. Survey Bull. 549, pp. 60-73, 1914.

By. L. F. NoBLE.

one place, although some of them show the
lithology of one or two formations in detail.
Consequently none 15 adequate as a standard
for close and accurate comparison and cor-
relation of the formations from place to place -
in the canyon or for a detailed comparison
with Paleozoic rocks exposed elsewhere in
Arizona. - ‘ '

Realization of this lack of detailed strati-
graphic information has led me to undertake
a more thorough study of the Paleozoic rocks
in the Grand Canyon than has been attempted
previously. This work, begun in 1914 and
continued in 1916 and 1920, has supplied
material for a fuller description of the strata
than was heretofore possible.

The present report includes a complete
columnar section of the Paleozoic formations
at the Bass trail, columnar sections of the
Cambrian Tonto group at five other places in
the Kaibab division, and a discussion of the
age and correlation of the Paleozoic forma-
tions. Dr. Walcott has kindly furnished from
his notes material for a fuller description of
his section at Kanab Creek than has been
published, and I have used this material
freely in comparing and correlating the strata
exposed at Bass Canyon, in the Kaibab
division, with those exposed at Kanab Creek,
in the Kanab division. I have also included .
in the report a section of the strata exposed in
Cedar Mountain, a butte on the Coconino
Plateau 2 miles east of the rim of the Grand
Canyon nedr Tanner Canyon. This section
carries the Grand Canyon geologic column
up into the Mesozoic. The strata in Cedar
Mountain, which is capped by the Shinarump

®conglomerate, of Triassic age, are the only

remnants near the canyon rim of formations
23
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that once covered the region but have been
removed by erosion. ‘

A map of the Grand Canyon between Nun-
koweap Valley and Kanab Creek (fig. 1) shows
the localities cited in this report and indicates
the position of most of the displacements that
cut the Paleozoic strata in this region. A
key map (fig. 2) shows the localities where
I measured the section at the Bass trail.

The section at the Bass trail presented in
this report (Pl. XIX) supplants the Paleozoic

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922, -

section given in my report on the Shinumo
quadrangle,® because, except for the Bright
Angel shale, the section given in the Shinumo -
report is a generalized reconnaissance section
and is inaccurate in detail, the thicknesses
assigned to formations having been either
estimated or obtained by means of rough aner-
old measurement. Several of the formations
described in the Shinumo report are herein
redefined.

¢ Noble, L. ¥., op. cit., pp. 60-73.
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Numbers correspond to those given in the detailed section. Dotted lines show cliffs as follows: T, Tapeats sandstone; R,
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SECTION AT BASS TRAIL.

The section of Paleozoic rocks at the Bass
trail is given below in two forms—a brief sec-
tion showing the major subdivisions and a de-
tailed section with comments on the beds.

Section of Paleozoic rocks at Bass trail.
1. General section.

CARBONIFEROUS SYSTEM.

Kaibab limestone (Permian):

A. Gray crystalline limestone, very fossiliferous

: and somewhat cherty, passing at base
and top into alternating beds of very
cherty limestone and buff calcareous
sandstone; forms cliffs and steep slopes..

B. Bufi- and reddish fine-grained sandstone,
poorly consolidated and irregularly bed-

ded, containing beds of sandy breccia

near top; formsslope............. .. ...

C. Buff sandstone and limestone in alternating
beds, passing at top into massive siliceous
limestone; upper portion forms a strong

cliff; central portion forms cliffs and
ledges; lower portion forms a slope......

292

136

Coconino sandstone (Permian):

Pale-buff, uniformly fine-grained sandstone
characterized by crossbedding on a hige
scale; presents the appearance of a single
massive bed; forms the strongest and highest .
cliff in the upper wall of the canyon........

Hermit shale (Permian):

) Deep brick-red sandy shale a,nd fine-grained
friable sandstone; characterized in upper
portion by concretionary structure; beds
form 8lope..ccoeeon

Unconformity.

Supai formation (redefined; Permlan (?) and Penn-

sylvanian):

A. Alternating beds of red soft platy sandstone
and buff hard cross-bedded sandstone,
forming a ledgy slope broken by small
cliffs; passing down into reddish or pur-
plish to buff fine-grained cross-bedded
sandstone in heavy massive beds, which
form a strong cliff..... ... ... ... ... ...

B. Alternating beds of red friable shaly sand-
stone and massive cross-bedded calcareous
sandstone including a few thin beds of
limestone and a prominent bed of lime-
stone conglomerate and forming a steep’
ledgy slope broken by small cliffs; passing
down into reddish to buff fine-grained
calcareous sandstone in heavy beds
separated by thin layers of limestone or
red shale and forming a strong cliff.......

C. Alternating beds of red. shale, bluish-gray
or purplish-gray limestone, and reddish
to buff calcareous cross-bedded sand-
stone; passing down into alternating beds

of red sandy shale and bluish or purplish-
gray limestone contalmng red chert; form

330

439

306 |-
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ledgy slope broken by small cliffs; out-

crops of many beds concealed by talus.. 208

953

Unconformity (?).
Redwall limestone
Mississippian):

A. Bluish-gray massive crystalline limestone
in distinct beds, some of which are sepa-
rated by thin partings of red shale; forms
a succession of small cliffs and ledges
above sheer cliff of subdivision B...... 62
B. Bluish-gray massive crystalline limestone
in beds whose planes of separation are
inconspicuous, so that when seen from a
distance much of the limestone presents
the appearance of a single massive stra-
tum; forms sheerest and most sharply
defined cliff in the canyon wall; thick-
ness estimated. ... ... .. .. .. ...
C. Brecciated limestone; formsslope under cliff

(redefined al\ld restricted ;

+500

of subdivision B............ ... ... 8

+570

Unconformity (?). —

DEVONIAN SYSTEM.

Temple Butte limestone: !
Thin-bedded buff and pale-purplish sandy mag-
nesian limestone; more or less blotched and
mottled; harder, more massive beds alternate
with softer, more conspicuously laminated
beds; forms ledgy slope broken by small

cliffs. ... il 75

Unconformity.

CAMBRIAN SYSTEM (TONTO GROUP).

Muav limestone:
A. Buff massive dolomite; forms strong cliff. .. 63
B. Buff fine-grained -calcareous sandstone;
massive at top, thinly laminated and in
part micaceous and quartzose near base;
formscliff. .. . ... il 72
C. Alternating thinly laminated beds of impure
mottled limestone, intraformational con-
- glomerate, platy fine-grained micaceous
sandstone, and calcareous sandstone;
form steep slope......... ... .....lLL
D. Gray to buff hard thinly laminated mottled
limestone; contains partings of greenish
sandy shale for 10 feet at base; forms cliff. 97

473

241

Bright Angel shale:
A. Thin-bedded greenish and buff micaceous
shale and sandstone with interbedded °
layers of impure mottled limestone and
glauconitic snuff-brown dolomite at the
base; beds form steep slope or weak cliff. . 58
B. Thin-bedded greenish and buff micaceous
shale and sandstone with two beds of
snuff-brown dolomite and sandstone in
the middle portion which form two con-
spicuous brown cllffs in a long slope made
by the shales and sandstones............
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PLATE XIX

SECTION AT BASS TRAIL WITH PARTIAL SECTIONS AT HEPMIT TRAIL INSERTED TO SHOW STRATIGRAPHIC
FEATURES THAT ARE OBSCURE OR LACKING AT BASS TRAIL BY L F NOBLE
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PALEOZOIC FORMATIONS OF THE GRAND CANYON,

Tapeats sandstone: .
A. White cross-bedded sandstone; forms weak

Kaibab limestone:

of shale; forms steep ledgy slope........
C. Massive
sandstone; forms sheer cliff along rim of
Granite GOrge......ovoevueneenenaaaan

chocolate-colored  cross-bedded

35

Total thickness of Paleozoicrocks......
2. Detailed section.

A. 1. Limestone, buff, compact; effervesces

10.

strongly with dilute hydrochloric acid;
caps a small cliff on the rim of the
canyon at the head of Bass trail. Bass
Camp, on the Coconino Plateau, at
the head of the trail, is built upon this
stratum. Iligher beds, which form
the surface of the plateau just east of
the camp, are not included in this
section....... ... .. Lol

. Limestone (for analysis see p. 69), buff,

siliceous; texture compact, chalky;
contains small cavities lined with tiny
crystals. ... ...

. Sandstone, buff, fine grained, calcare-

ous; effervesces withacid............

. Alternating thin beds of variegated chert

and fine-grained calcareous sandstone.

. Limestone, gray, crystalline, very cherty,

fossiliferous. The chert occurs in nod-
ules and in bands; in places it con-
stitutes half of the rock. Aside from
the abundance of chert the limestone
resembles No. 6......................

. Limestone (for analysis see p. 69), gray,

hard, crystalline, somewhat cherty,
very fossiliferous; effervesces strongly
with acid. Beds differ greatly in
thickness; some are a few inches thick,
others several feet. The chert occurs
in scattered nodules and in bands but
is not a conspicuous feature of the
(0T

. Alternating beds of fine-grained buff

calcareous sandstone, buff limestone,
and chert; form small conspicuous cliff.

. Limestone, gray, hard, crystalline, some-

what cherty, fossiliferous; like No. 6 ..

. Sandstone, lemon-buff, fine-grained, cal-

careous; bedding irregular, gnarly;
forms a gentle slope covered in most
places by talus.......................
Limestone, thin-bedded, very cherty;
effervesces with acid. The chert con-
stitutes over half of the rock and occurs
in parallel bands whose average thick-
nessis2inches.............o. ... ..

25

40

126

10

60

10

w

292
[Nore.—The foregoing section of subdi-

vision A was measured .under the rim
of the canyon directly in front of Bass
Camp, at locality 1, figure 2.]

B. 1.

2.

o 1 O Ut

10.

11.

12.

13.

14.

Sandstone, buff, massive, fine-grained,

Breccia composed chiefly of angular
* fragments of evenly bedded buff fine-
grained sandstone embedded in a
matrix of fine lemon-buff sand; con-
tains a few fragments of siliceous lime-
stone. The fragments range in diam-
eter from less than an inch to over 4
feet. The contact of the breccia with
the underlying sandstone is wavy and
irregular, exhibiting in places ine-
qualities of several feet................

. Sandstone, buff, fine-grained, friable.

The component grains are quartz, as
in other sandstones of the Kaibab,
but are very loosely cemented, so that
the rock crumbles to sand when struck
with the hammer.......

. Sandstone like No. 3, but bright red....
. Buff sandstone like No. 3 .....cooooaooo.
. Bright-red sandstone like No. 4 .........
. Lemon-buff sandstone like No. 3........
. Bright-red sandstone like No. 4; con-

tains a 1-inch layer of pale-green sand-
stone in the central portion...........

. Sandstone, lemon-buff, fine-grained, fri-

able; bedding irregular, gnarly; con-
tact with underlying sandstone slightly
wavy and irregular. ..................
Sandstone, bright red, shaly; bedding
gnarly; contact with underlying brec-
cia wavy and irregular, exhibiting in-
equalitiesof 2 feetormore.............
Breccia composed of angular fragments
of fine-grained sandstone averaging 4
inchesin diameter. Very little ma-
trix between the fragments. The
appearance of the rock suggests that
it was crushed and shattered after it
was deposited. The contact with
the underlying sandstone is irregular,
exhibiting inequalities of several feet. .
Reddish-buff, loosely consolidated fine-
grained sandstone in indistinct but
fairly evén beds, some of which display
gnarly structure; forms débris-covered
slope; exposures poor. The upper 3
feet of the sandstone is bright red and
thinly laminated. ...................
Sandstone like No. 12 but more com-
pact, forming a weak cliff; gnarled
and twisted structure very pronounced;
color lemon-buff to reddish buff.......
Sandstone like No. 12, very soft, form-
ing a gentle slope that is covered
nearly everywhere by talus; no good
exposures obtainable. Colored white,
lemon-buff, greenish, and bright red.
In some places the color is in blotches
or streaks; in others a single color
characterizéseach bed............._.

27
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28

. [Note.—The foregoing section of sub-
division B was measured on the north-
east side of Fossil Mountain, at lo-
cality 2, figure 2.]

C. 1. Limestone, buff, dense, siliceous; in
heavy, massive beds; forms a strong
cliff; contains much chertin bands and
nodules and many small cavities lined
with crystals of quartz or calcite. In
appearance the rock suggests silicified
chalk. Some beds effervesce weakly

2. Limestone like No. 1 butin thinner beds
(1 foot or less) which are separated by
thin partings of buff fine-grained shaly
sandstone; forms a steep ledgy slope. ...

3. Limestone like No. 1;forms a cliff.......

4. Shaly sandstone, lemon-buff, soft, thin-
bedded, fine-grained; makes alcove
under overhanging cliff of No. 3.......

5. Limestone, buff, in heavy beds with
thin sandy partings, not notably sili-
ceous; effervesces strongly with acid;
forms eliff. ... ...l

6. Shaly sandstone like No. 4; makes alcove
under overhanging cliff of No. 5........

7. Limestone like No. 5 butin thinner beds
(1 foot orless); formsslope.............
8. Limestone, buff, dense, siliceous, in
heavy beds; contains numerous crystal-
lined cavities apparently formed by
the solution of brachiopods; does not
effervesce withacid.... .. ... ...
9. Limestone like No. 7, in beds separated
by very thin partingsofsand......___..

10. Sandstone, buff, fine-grained............

11. Limestone like No. 7, butin a single bed.

12. Sandstone, buff, fine-grained...........

13. Limestone, buff, siliceous, fossiliferous;

does not effervesce with acid; contains
numerous small cavities lined with cal-
citecrystals................o...o.L..

. Alternating beds of lemon-buff fine-

grained sandstone and buff limestone;
beds average 3 inches in thickness. ...

15. Limestone, buff, not notably siliceous;

1

N

effervesces strongly with acid......... )

16. Sandstone, lemon-buff, fine-grained. ...
17. Sandstone, red, fine-grained. The base
of this layer truncates inclined laminae
of the underlying Coconino sandstone,
whichdip15°S...coeeiainiiiiioL.

[Nore.—The foregoing section of sub-
division C was measured directly
above the point where the Bass trail
descends the Coconino sandstone, at
locality 3, figure 2.]

Coconino sandstone: Pale-buff fine-grained sand-

: stone, cross-bedded on a huge scale;
appears like single massive bed; forms
‘highest cliff in upper wall of canyon.
The base of the sandstone is marked by
an abrupt change from buff sandstone
to underlying red shale, and the con-
tact is an even line. In places the

12

" 16

8%

11

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922.

under surface of the sandstone shows
impressions of sun cracks. For 25 feet
above the base the cross-bedding is on
a small scale, and horizontal layers
alternate with cross-bedded layers;
then the coarse cross-bedding begins
and ‘continues upward until the sand-
stone is truncated by the level base of
the Kaibab. .. ... ... ...

[Nore.—The foregoing section of the Co-
conino sandstone was measured on the
Bass trail at the point where the trail
descends the sandstone, at locality 3,
figure 2. At Mount Huethawali, a
mile northwest of this point, the basal
layer of the Coconino is massive sand-
stone 5 feet thick which displays no
cross-bedding. ]

Hermit shale:

1. Sandstone, red, soft, fine-grained, mas-
sive, with a thin layer of green shale at
the top. Exhibits well-marked con-
cretionary structure; the concretions
are spheroidal forms which range from
half an inch to 4 feet in diameter and
consist of the general mass of the rock;
in weathering, the rock splits off in
concentric shells along the concretion-
ary surfaces............ ... il

2. Sandstone, fine-grained, massive; resem-
bles the Coconino sandstone in texture
and composition but is not cross-
bedded; lower half buff; upper half
red with buff blotches................

3. Concretionary sandstone like No. 1, in
massive layers. . ... ... ... ......

4. Shale, deep red, thinly laminated, sandy.

5. Beds of soft massive concretionary red
gandstone like No. 1 alternating with
thinner beds of deep-red shale like No.
4; sandstones and shales not conspic-
uously different in composition. . . ...

6. Shale, deepred, sandy.................

7. Sandstone, pink, hard, very fine grained;
contains cracks and cavities filled with

crystals of calcite (dog-tooth spar); rock:

. itself does not effervesce with acid;
forms small prominent cliff.._........
8. Shale, soft, brick-red, thinly laminated,

9. Sandstone, brick-red, friable, massive;
forms weak cliff. ... ... ... ...
All underlying beds of shale are like
No. 8; all underlying beds of sand-
stone like No. 9. The beds designated
shale and sandstone actually differ
little in composition; both consist es-
sentially of sandy mud colored red by a
strong ferritic pigment. The beds
designated sandstone are massive and
relatively compact, as contrasted with
the beds designated shale, which are
thinly laminated and soft. Both types
of rock are friable.

16
24

28
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10.

11.

12

13.
14.
15.

16.
17.
18.
19.
20.
2.
22.
23.
24.

PALEOZOIC FORMATIONS OF THE GRAND CANYON. -

Shale, containing beds of massive friable
sandstone near the top............... 33

Sandstone in massive beds; contains a
1-foot layer of shale in the middle por-

tion; forms weak cliffs................ 8
Shale. oo 11
Sandstone; forms weak cliff. ... ....... 10
Shale. ..o 33

Alternating lenticular beds of intraforma-
tional conglomerate and red fine-

. grained sandstone averaging 1 foot in
thickness; beds display indistinct sun
cracks and rain prints; form weak cliff.
The conglomerate consists chiefly of
flattened pebbles of fine-grained sand-
‘stone or sandy shale less than 1 inch in
diameter embedded in a matrix of red
sandy mud but contains some nodular
or concretionary fragments of limestone 6

Sandstone; forms weak cliff............ 5
Shale. .o 16
Sandstone; forms weak cliff...... N 5
Shale. ..ooivii i aaas 12

[Nore.—The foregoing section was meas-
ured at the east end of Mount Huetha-
wali, about a quarter of a mile north-
west of the point where the Bass trail
begins to descend into Bass Canyon, at
locality 4, figure 2.]

Supai formation:

AL

. Sandstone, pinkish buff, cross-bedded.. . 5%
. Red soft platy sandstone like No. 2;

. Massive buff sandstone like No. 3; hard;

Sandstone, white, fine-grained, cross-
bhedded, hard, calcareous; effervesces
with acid; contains many cracks lined
with calcite; forms a small conspicuous
cliff and determines a wide shelf at
the general level of the Esplanade
platform. At the point where the sec-
tion was measured the floor of the Is-
planade consists in part of this sand-
stone and in part of knolls of soft red
Hermit shale which overlie the sand-
stone. ...l

¥
o™

. Sandstone, red, soft, friable, platy, fine-

grained; forms a long, gentle slope. ... 16

. Sandstone, buff, fine-grained, massive,

weathers white; effervesces with acid;
unites with underlying bed in forming
acliff ....... 1

formsslope. . . ... ... ...l 43

forms strong cliff ... .. ... ... ... 12

. Red soft platy sandstone; forms slope. .. 7
. Pinkish-buff cross-bedded sandstone like.

No. 4; forms eliff..................... 5
91048°—23——3

A. 9. Soft platy beds of red sandstone alternat-
ing with harder, more massive beds;
form long ledgy slope.................

10. Pinkish-buff cross-bedded sandstone; up-
per surface weathers white; forms cliff.
11. Red soft platy sandstone; forms waste-
covered slope. . .......... ..ol
12. Pinkish-buff cross-bedded sandstone;
formscliff . ... ..o ool
13. Red soft platy sandstone; forms waste-
covered slope. . .....c.oiiioeiii....
14. Fine-grained sandstone in heavy, massive
beds, some of which are separated by
thin partings of red soft platy sand-
stone; cross-bedded throughout; in-
clined laminae dip south; séme heds
near ‘the base display an irregular,
gnarly structure. The prevailing color
of the upper 40 feet of the sandstone is
pale brick-red; that of the lower 125
feet ranges from pale purplish to buff.
The rock of most beds dfes ®ot effer-
vesce with acid.” A bed of sandy
limestone or very calcareous sandstone
2 feet thick occurs 35 feet above the
base of the sandstone.................

A. 15. Conglomerate, composed of subangular

fragments of sandstone embedded in a
matrix of fine sand of the same compo-
sition as the fragments; probably an
intraformational conglomerate; dis-
plays a rude concretionary structure;
fragments weather by splitting off in
concentric shells. Many of these shells
are embedded in the matrix. The con-
glomerate varies in thickness and in
places is absent; appears to rest upon a
slightly uneven surface.. .. ..........

29
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[Nore.—At the rim of Bass Canyon di-

rectly east of Mount Huethawali subdi- |

vision A of the Supai is cut by a fault
which breaks the strong cliff formed by
bed 14. The Bass trail descends the
cliff in a shattered zone along the fault.
The strata have been displaced about
130 feet by the fault, those on the east
side being relatively lowered. In
measuring subdivision A at Bass trail
it was necessary to divide the section
at the fault. Beds 1 to 13 and the
upper 40 feet of bed 14 were measured
west of the fault, in the slope between
the trail and the base of Mount Hue-
thawali, at locality-4, figure 2. Bed
15 and the lower 125 feet of bed 14
were measured on the trail just east
of the fault, at locality 5, figure 2.
The thickness which I have assigned
to bed 14 may be incorrect, because 1
could not locate equivalent layers in
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the bed on opposite sides of the fault,
owing to the homogeneity of.the sand-
stone.]

Magenta or reddish platy fine-grained
shaly ca.lcareous sandstone; effervesces
with acid; forms slope. ....... eeene-

. Hard massive sandy limestone or very

calcareous sandstone; effervesces
strongly with acid; unites Wlth under-
lying bed in formmg cliff..... e

. Gnarly sandstone blotched purplish : and

7

. Red fnable sandstone; forms slope. i
. Buff cross-bedded calca.reous sandstone;

. Red friable shaly sandstone; formsslope.
. Alternating lenticular beds of conglom-

erate and fine-grained sandstone, both
cross-bedded. Most of the conglom-
erate congists of well-rounded water-
worn pebbles 4 inches or less in diame-
. ter embedded in a matrix of red mud
and sand; most of the pebbles are
bluish-gray or purplish-gray .nodular
.limestone, but some are fine-grained
sandstone. Some beds exhibit the

peculiar concretionary structure that

characterizes bed 15 of subdivision A
.and consist of subangular fragments of
_sandstone ranging from less than 1inch

to more than 2 feet in diameter em-

bedded in sand of the same composi-
tion as. the fragments. The beds of
conglomerate and sandstone rest on an
uneven surface that exhibits a relief of
several feet... ... . ... .. .. .. ...

. Red friable shaly sandstone; forms slope.
. Pinkish-buff cross-bedded

calcareous
sandstone; unites with underlying bed
in forming cliff. .. ... ...l
Pink hard massive sandy limestone or
very calcareous sandstone; effervesces
strongly with.acid....................
Red friable soft sandstone; exhibits con-
“cretionary structure; forms slope......
Buff cross-bedded sandstone; forms cliff.
Beds of red shale and soft concretionary
calcareous sandstone; form alcove
under cliff of No. 12................
Light brick-red to pinkish-buff, rather
soft cross-bedded calcareous sandstone
with a few interbedded layers of red
shaly sandstone; forms a steep ledgy
slope broken by weak cliffs; some beds
contain . elongated rudely cylindrical
or conical forms which are lighter in
color than the mass of the rock and in
places weather out of the rock. These
forms are of various sizes, but most of
them are less than 1 inch in diameter.
They are undoubtedly organic.in ori-
gin and may be fucoids..... e
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B.15. Red friable soft thinly laminated sand- -

stone; formsslope.....................

16. Massive sandy limestone or very calca-
reous sandstone; rests on aslightly un-

even wavy surface that truncates in-
clined laminae of the underlying sand-
stone; caps cliff formed by the under-
lying sandstone......................

17. Buff fine-grained cross-bedded calcareous
sandstone; effervesces with acid. The
cross-bedding is on a coarse scale; sev-

eral wedges exceed 30 feetin thickness,

and. one wedge, exposed at the 4,857-

foot bench mark on the Bass trail, is as

thick as the entire bed. The Bass

trail descends the bed on the inclined
laminae of this wedge; inclined lami-

nae in all wedges dip south; curvature

of laminae not a conspicuous feature;
angular type of cross-bedding appears

to prevail; bed forms strong cliff.....

18. Alternating beds of red friable calcareous
sandstone and maroon soft thinly lam-
inated shale; form ledgy slope........

19. Light brick-red calcareous sandstone;
effervesces strongly with acid; contains
elongated cylindrical or conical forms
gimilar to those in bed 14 and numer-

ous obscure small branching forms
which may represent either fucoids or
worm burrows; makes a ledgy slope. ..

20. Nodular purplish-gray limestone; con-
tains large numbers of the obscure
forms noted in bed 19; caps cliff
formed by underlying bed. ..........

21. Buff cross-bedded calcareouy sandstone;
like No. 17, but the cross-bedding is on

a less coarse scale; forms strong cliff...

22. Beds of calcareous sindstone blotched
red and buff separated by thin beds of
maroon shale which exhibit sun-
cracked surfaces; form alcove under
cliff of No. 21. The Bass trail follows
_this alcove southward to a gulch in
which it descends a long rock slide to
the base of the Supai...............C
23. Hard pinkish or purplish fine-grained
limestone blotched greenish buff;

Al

crystalline in places; contains the ob--

scure forms noted in bed 19, also small
masses, largely calcite, whose outlines
suggest those of brachiopods; with
underlying beds forms strong cliff. ..
24. Beds of pinkish fine-grained limestone;
form cliff.... ...ooiiiiiiiia
25. Buff cross-bedded calcareous sandstone
like No. 21; forms cliff.. ... ........
26. Red shale; forms small alcove..
27. Buff cross-bedded calcareous sandstone
like No. 21, divided into two beds by
.a thin parting of red shale in the cen-
ter; forms strong cliff. The under

10

28

20
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surface of the lower sandstone bed ex-
hibits casts of sun cracks at the contact
with the underlying shale.._......._.
Maroonshale........c.coeiceeennn...
29. Massive buff calcareous sandstone; base
slightly uneven, wavy._ ..............

o

with red mud which imparts a blotched

or mottled appearance to the rock..
2. Maroon shale; exhibits concretmnary
tructure in part brecciated; cracks
between fragments 1nﬁltra,ted with
red mud; contact with underlying bed
UDEVEN, WAVY cetternernrnencnnncnen
8. Bluish-gray nodular limestone mixed with
purplish mud, some of which appears
to have been infiltrated along cracks;
in part brecciated; contains the ob-
scure forms, probably fucoids, noted
in B 14, 20, and other beds...........
[Nore.—Beds 13 28 and 29 and C 1,2,
and 3 form an alcove under the cliff
at the base of subdivision B. The

foregoing section, including all of sub- -

division B and beds 1 to 3 of subdivi-
sion C, was measured on or near the
Bass trail on the west side of Bass
Canyon, at locality 5, figure 2.]

4. Slope covered by talus, largely concealing
underlying rock. Exposed beds con-
sist of purplish platy calcareous sand-
stone or sandy limestone, blotched
buff, separated by thin layers of red

. PJ nkigh-buffhard cross-bedded calcareous

sandstone; forms cliff................

6. Red platy sandy shale.........c.cco.. ..

7. Bluish-gray compact crystalline cherty

limestone passing downward into hard

cross-bedded calcareous sandstone;

formsg eliff. .. ioeeii

8. Cross-bedded calcareous sandstone with

a 2-inch layer of red shale at the base;

forms steep slope....oveeeienii s

9. Purplish sandy limestone; unites with

underlying bed in forming a cliff; con-

tact with underlying bed uneven, ex-

hibiting inequalities of 2 feet in places.

10. Tlard cross-bedded calcareous sandstone.

11. Red soft shaly sandstone; in part cross-

bedded; forms a weak cliff...........

12. Red sandy shale; formsslope..........

13. Bluish-gray limestone with conspicuous

bands -of reddish or pink chert; in

places the limestone is mixed with red-

dish or purplish mud, which imparts a

mottled appearance to the rock......

14. Red sandy shale; forms slope. .. .......

15. Purplish sandy limestone, in part crystal-

ling; contains a few nodules of red
chert; forms slope. . ..

16. Red soft fine-grained shaly sandstone in

platy beds; forms slope. .

ot

. Bluish-gray nodular limestone mixed

2-4
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C.17. Buff hard fine-grained ca.lca.reous sand-

stone; forms strong cliff. . ..
18. Buff fine-grained shaly sandstone; in
part conglomerate composed of lumps
of chert and buff sandy limestone

averaging an inch in diameter; forms .

slope. ..o vl
19. Red shale;formsslope. . ...............
20. Bluish-gray limestone containing parallel
bandsof red chert....................
21. Purplish massive friable sandy shale
speckled with small circular buff spots,
passing down into bluish-gray nodular
cherty limestone. . ..................
22. Gmarly nodular bed composed of lumps of
purplish sandy shale mixed with pur-
plishmud. ... ... ... ..
23. Conspicuously banded bed composed of
bluish-gray limestone and white or red
chert; forms strong cliff; the alternat-
ing bands of chert and limestone aver-
age an inch in thickness; in places the
limestone at the summit of the bed is
mixed or infiltrated with red mud. ...
24. Gentle slope covered by talus which con-
ceals the bed so completely that no
outcrops can be found. The bed
appears to be a reddlsh or purplish soft

31
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208.

[NoTre.—The foregoing section was meas-
ured on the east sidé of Bass Canyon a
quarter of a mile northeast of the point
where the Bass trail descends a break
in the Redwall cliff at the head of the
canyon, at locality 6, figure 2. This
break is on the line of . a fault along the
axis of Bass Canyon. The strata are
displaced about 75 feet by the fault,
those on the west side of the canyon
being relatively lowered.]

Redwall limestone:

A. 1. Bluish-gray massive limestone in hea,vy

beds; contains a few scattered nodules
of chert; forms strong cliff............
2. Red, purple, or greenish-buff shale;
thinly laminated ; forms slope.........
3. Beds of bluish-gray limestone separated
in places by paper-thin partings of red
shale; form steep ledgy slope. ........
4. Bluish-gray limestone and red shale in
alternating beds which average 1 inch
thick; form slope. ........0....._....
5. Crystalline limestone; white on freshly
broken surfaces; effervesces strongly
with acid; contains a few chert nodules
and here and there a poorly preserved
fossil (see pp. 56-57); forms strong cliff.
6. Bluish-gray crystalline limestone in beds
less than 6 inches thick separated by
paper-thin partings of reddish or buff

38
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sandy shale; wastes back in a slope,
leaving a ledge at the summit of the
sheer cliff of subdivision B...........

o0

. ¢ .
[NorE.—The foregoing section was meas-

ured on the east side of Bass Canyon
directly under the place where sub-
division C of the Supai was measured,
at locality 6, figure 2.]

B. Massive crystallinelimestone forming a sheer

high cliff; upper portion heavily and
obscurely bedded; middle portion dis-
tinctly bedded and containing many
thin interbedded layers of chert and
sand; lower portion heavily bedded

scattered nodules of chert. Many con-
tain coarse crystals of calcite; some of
the calcite lines cavities; some of it
occurs in large masses in the rock;
some of it forms beds several inches to
a foot thick. Intercalated layers of
sand are commonly less than a foot
thick, are loosely cemented, and ex-
hibit gnarly structure; most of them
rest on irregular, wavy surfaces. In
many places the limestone cliff is
stained pink by ferritic pigment
washed over it from overlying red
shales; unstained surfaces of the lime-
stone weather bluish gray; freshly
broken surfaces are gray, buff, or white.
Subdivision' B is rudely divisible into
three members, as follows:

1. Obscurely hedded limestone, most of

which is in heavy beds; beds differ
greatly in thickness, some being over
20 feet thick, others only a few inches;
most of the limestone is finely crystal-
line, light gray or white on freshly
broken surfaces, and very pure (for

- analysis see p. 55); effervesces strongly

withacid. Contains a few thin beds of
sand, some chert, and much calcite in
coarse crystals. Surface of limestone
at top of cliff exhibits very poorly pre-
served fossils. - Thickness estimated. .

2. Distinctly bedded limestone in rather

uniform beds, most of which do not
exceed 5 feet in thickness; limestone

beds alternate with thin layers of chert’

or sand; effervesce strongly with acid;
some beds are very fossiliferous, but
fossils are poorly preserved. Owing to
its laminated character this member is
less resistant to erosion and recedes
faster than the overlying heavy-bedded
limestone, so that in many places it is
overhung by the overlying member.
This difference in erosion determines

- and magnesian. ‘Most beds contain

B. 3.

the formation of great niches or alcoves
in the Redwall cliff. Thickness esti-

Heavy-bedded magnesian limestone;
chemical composition near that of dolo-
mite (see analysis, p. 55); does not ef-
fervesce freely with acid; some beds
are separated by thin layers of loosely
consolidated sandstone; under Wal-
lace Butte the limestone rests on a
layer of loose gnarly sandstone 1 foot
thick. Thickness estimated.........

[Nore.—The foregoing section of subdivi-
sion B was examined along the Bass
trail, atlocality 6, figure 2. The thick-
ness assigned to subdivision B is the
thickness of its cliff under Wallace
Butte in Bass Canyon as measured on
the topographic map of the Shinumo
quadrangle.]

C. Brecciated limestone composed of suban-

gular fragments of limestone 6 inches
or less in diameter embedded in a
matrix of yellowish or purplish sand;
in places passes into gnarly calcareous
sandstone or into limestone containing
irregular masses of yellowish or pur-
plish sand; forms steep slope or weak
cliff under sheer cliff of subdivision B.
In places the base of this curious bed is
uneven; in places the summit is un-
even. Average thickness.............

[Nore.—The foregoing section of sub-
division C was measured under Wallace
Butte on the westside of Bass Canyon,
at locality 7, figure 2.]

Temple Butte limestone:

1. Thinly laminated sandy magnesian lime- '

o

W WD U

stone 'in rubbly beds mottled pale
purplish or buff; effervesces feebly
with acid; soft; forms slope. Some
mottled beds resemble beds in the
Muav limestone that have been bored
DY WOrms. . cueeein i

. Limestone like No. 1 but harder and

more massive; forms small cliff........

. Thin beds of limestone like No. 1 alter-

nating with thin beds of intraforma-
tional conglomerate composed largely
of flattened pebbles of limestone; form

. Limestone like No. 2; forms cliff......._.
. Limestone like No. 1; forms slope. .......
. Limestone like No. 2; forms small cliff. ..
. Limestone like No. 1; forms slope. .......
. Limestone like No. 2; forms strong cliff..
. Limestone like No. 2; forms cliff.........

4220
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Masgsive bed of purplish crystalline mag-
nesian limestone; forms cliff. ..........
Limestone like No. 2; forms cliff; surface
exhibits cross sections of poorly pre-
served cup corals (?)............ ...
Limestone like No. 1; forms slope........
Limestone like No. 2; forms cliff.........
Limestone like No. 1 (for analysis see
p. 52); very soft; forms gentle slope
above strong cliff at top of underlying
Muav limestone.......... e e

(=2

ot

~1
(=4

[Nore.—The foregoing section was meas-
ured under Wallace Butte on the west
side of Bass Canyon, at locality 7,
figure 2. At this locality the con-
tact between bed 14 and the un-
derlying Muav limestone exhibits no
irregularity in a distance of 1,000
feet, and the bed appears to rest con-
formably upon the Muav limestone,
butin Ruby Canyon, 2 miles southeast
of Bass Canyon, the contact is very
uneven, exhibits vertical inequalities
of 40 feet or more in horizontal dis-
tances of a few hundred feet, and
clearly represents a strong line of
erosion.]

Muav limestone:

ALl

2

3.

Buft hard massive crystalline dolomite in
heavy beds (for analysis see p. —); does
not effervesce with acid; forms cliff.
At one place on the east side of Bass
Canyon the thickness of the dolomite
is 25 feet less than it is under Wallace
Butte, on the west side of the canyon,
where this section was measured. Ap-
parently o depression in the surface of
erosion at the top of the Muav exists
at that point, but the feature is obscure
because fans of talus mask the strata
for some distance on both sides of the
CXPOSUTC. ..ottty et

Poorly exposed bed of soft rock, appa-
rently greenish-buff shaly sandstone;
determines a narrow ledge which
breaks the cliff formed by Nos. 1 and 3

Buff hard massive crystalline dolomite
in heavy beds; probably originally a
very fine calcareous sand; exhibits
indistinct cross-bedding; forms cliff..

B. Pale-buft to greenish-buff fine-grained cal-

carcous sandstone blotched purplish
in places; beds differ greatly in thick-
ness, ranging from a fraction of an inch
to G feet; some beds are massive; others
thinly laminated; some exhibit in-
distinct cross-bedding; massive beds
predominate in upper part of the sub-

<t
oo

division, thinly laminated beds in
lower part. The sand is prevailingly
calcareous; many heds effervesce read-
ily with acid, and specimens of these
beds tested in the Survey laboratory
show little magnesium; the rock in a
few massive beds, however, resembles
the overlying dolomite (A 3), effer-
vesces feebly, and is magnesian.
Some of the sand is finely micaceous,
and some is finely quartzose. A num-
ber of the beds contain tiny greenish
graing of glauconite. Some beds are
worm-bored. Beds of intraformational
conglomerate composed of flattened
pebbles of calcareous sandstone occur
at several horizons. A thin layer of
reddish sandy shale associated with a
bed of intraformational conglomerate,
40 feet above the base of the sub-
division, exhibits well-preserved sun
cracks. The laminated beds at the
base of the subdivision consist chiefly
of platy micaceous sandstone which
does not effervesce with acid..........

33

C. 1. Thin layers of calcareous intraformational

conglomerate, platy greenish micaceous
sandstone, greenish micaceous shale,

- and buff cross-bedded calcareous sand-

stone in countless alternations. The
intraformational conglomerate consists
essentially of small flattened pebbles of
gray and buff mottled limestone like
that of subdivision D and buff calcare-
ous sandstone; all parts of it effervesce
with acid. The pebbles have rounded
edges and are cemented together by
fine-grained ~ calcareous micaceous
sandy mud or by calcium carbonate.
Most of the rock contains worm bur-
rows and fucoidal casts filled with buff
sand. Bedsrange in thickness from less
than half an inch to 6 inches and are
lenticular; many wedge out in dis-
tances of 100 feet; some pass horizon-
tally into cross-bedded sandstone;
small local unconformities are common.
Some beds are blotched purplish.
Many layers of the micaceous sandstone
and shale are as thin as cardboard.
Much of the calcareous sandstone con-
sists almost entirely of calcium carbon-
ate and might be classed as limestone,
but the cross-bedding revealsits clastic
origin. In most places bed 1 and the
underlying beds 2 to 7 form cliffs . .. ..

2. Gray and buff mottled limestone like sub-

division D, but in beds separated by
partings of buff sand as thin as card-
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partings. .

. Intraformatlonal convlomera.te .........
. Mottled limestone in thin beds with sandy

partings. . ... ... ... o.oillL.

. Intraformational conglomerate. ... .. ...
. Beds of intraformational conglomerate

averaging 6 inches thick alternating

. Mottled limestone in thin beds with sandy :

with thin beds of gray and buff mottled

limestone; form steep cliff. ..........

. Hard massive bed of intraformational con-

glomerate; forms small cliff. . ........

-Beds like No. 8 but containing numerous

very thin partings of fine micaceous
and calcareous buff sandstone near
base; form slope.......... ... . ...
Buff ﬁne grained crystalline 11mestone
weathering  snuff-brown; effervesces
strongly with acid; exhibits indistinct
cross-bedding and is probably com-
posed of fine calcareous sand; hard;
forms small conspicuous brown cliff and
is a very persistent bed in the western
part of the Kaibab division, being
traceable throughout the Shinumo
“quadrangle. . . ..... ... ...l ...
Beds of gray and buff mottled limestone
and intraformational conglomerate in
countless alternations; contain many
thin partings of fine-grained buff or
greenish-buff micaceous and calcareous
sand; worm borings and fucoidal casts
abundant; beds form slope. In gen-
eral the beds of mottled limestone con-
tain more buff fine sandy material than
those which constitute the underlying
subdivision D, although some are com-
paratively pure.  An analysis of a
sample from a typical bed of the impure
mottled limestone 35 feet below the top
of No. 12 in Turquoise Canyon (see p. 43)
.shows that about a quarter of the rock
consists of insoluble material, probably
silica, whereas the remainder consists
essentially of calcium carbonate with
only a trace of magnesium. The beds
of intraformational conglomerate effer-
vesce as freely with acid as the mottled
limestone; tests indicate that they are
not magnesian and that they probably
differ little in chemical composition
from the impure mottled limestone. . ..

D. Gray and buff hard thin-bedded mottled

limestone; effervesces with acid; forms
strong cliff. The color of the pure
limestone is gray to bluish gray, but
many beds contain a varying amount of
buff fine calcareous, more or less
 micaceous sand or sandy mud which
imparts a mottled appearance to the
rock. The limestone contains numer-
ous fucoidal or coralloid forms, most of
which are composed of the buff sandy
material, but some of which are com-
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posed of the limestone itself.
most of these forms are filled worm
" burrows. At the base of the subdivi-
sion thin layers of platy buff sandstone
and greenish shale alternate with the
- mottled limestone for about 10 feet. ..

Probably -

97

[Nore.—The foregoing section of the
Muav limestone was measured under
Wallace Butte on the west side of Bass
Canyon, at locality 7, figure 2.]

Bright Angel shale:
A. Beds of greenish soft micaceous shale in

paper-thin laminae alternating with
beds of buff platy hard fine-grained
micaceous quartzose sandstone which
range in thickness from a quarter of an
inch to an inch; worm borings abun-
dant; beds form alcove under cliff of
subdivision D of Muav limestone. ....

2. Alternating thin beds of worm-worked

buff calcareous sandstone and greenish-
buff micaceous sandy shale; form steep

3. Thin beds of buff sandstone, greenish

shale, mottled limestone like subdivi-
vion D of the Muav, and snuff-brown
dolomite in countless alternations;
most beds less than 1 inch thick; worm
borings abundant; many layers of sand-
stone ripple-marked; beds form weak

4. Snuff-brown hard crystalline glauconitic

dolomite forming small cliff. The
glauconite appears to constitute from
~a quarter to a half of the rock and
occurs in tiny rounded grains scat-
tered through a groundmass of crys-
talline dolomite. Although the rock
is crystalline, weathered surfaces ex-
hibit distinct cross-bedding, showing
that the rock is of clagsic origin....:.

10

21

26

B. Thin beds of buff platy quartzitic sandstone

and greenish micaceous shale in count-
less alternations; glauconite very
abundant at top; a 4-inch bed of
magenta sandstone containing ground-
up remains of linguloid brachiopods
and much glauconite occurs 7 feet
above the base; neither sandstone nor
shale effervesces with acid; beds form
slope. - The sandstone beds average a
quarter of an inch in thickness and
consist chiefly of tiny transparent grains
of quartz but contain small flakes of
muscovite and scattered grains of
glauconite; most beds speckled with
small reddish or brownish spots; ripple
marks and worm buwrows abundant.
Much of the shale is in paper-thin
laminae whose surfaces exhibit a satiny
luster imparted by innumerable tiny
‘flakes of muscovite; many outcrops are
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covered with a whitish saline efflor-
escence. .

Magenta to dmk-«xeen glaucomtlc sand~
rock passing at top into a 6-inch bed of
snuff-brown glaucopitic. crystalline
dolomite; forms weak cliff. In places
the sandrock and dolomite pass into
intraformational conglomerate con-
taining broken shells of linguloid
brachiopods. The dark-green phase of
the sandrock owes its color to glauco-
nite; the magenta phase owes its color
to ferritic cement, largely hematite,
which makes the rock relatively heavy

. Buff platy sandstone and greenish shale

like No. 1; bedsformslope............

. Dark magenta cross-bedded sandstone

containing much glauconite; forms
small cliff... ... . ... . ... ... SR

. Buff platy sandstone and greenish shale

like No. 1; glauconite very abundant;
beds form slope......couee ..

. Thin beds of snuff-brown to buff fine-

grained calcareous sandstone forming
the upper of the two prominent brown
clifis in the middle of the Bright
Angel shale;- thin platy beds of finely
crystalline buff dolomite containing
ghells of linguloid brachmpods occur
intheupperbfeet. .............i....

. Buff platy sandstone and greenish shale

like No. 1; beds form slope and ledge
between the cliffs of Nos. 6 and 8;

gome thin beds consist almost wholly ’

of glauconite.......ooooveiiiaiinnnn.

. Heavy beds of snuff—brown massive crys-

talline dolomite (for analysis see p. 40), °
7 feet; passing down into beds of buff .
fine-grained cross-bedded glauconitic

sandstone, 5 feet; the dolomite and
sandstone form the lower of the two
brown cliffs in the middle of the
Bright Angelshale...................

. Buff platy sandstone and greenish shale

like No..1; a 4-inch bed of fossilii-
erous magenta glauconitic sandstone
occurs 34 feet above the base; beds
form geritleslope........... ... ...
Fossiliferous magenta glauconitic sand-
stone, 2 feet, passing up into buff
platy quartzitic sandstone, 2 feet;
beds form a weak cliff. ..............
Buff platy sandstone and greenish shale
like No. 1 but containing more platy
sandstone in proportion to the shale,
80 that the beds form a somewhat
steeper slope. Beds of magenta sand-
gtone containing hematite, glauconite,
and ground-up shells of linguloid brach-

iopods occur at 16, 23, 32, 34, and.

66 feetabove the base; these bedsrange
in thickness from 1 to 4 inches; part
of the hematite occurs as cement

17

2

60

13

38

13

38

12

66

. between the sand grains; part of it
coats the sand grains in tiny concen-
tric layérs, giving the rock an oolitic
appearance; most of the sand grains
are quartz or glauconite but some are
pink feldspar; some of the ferritic beds
resemble Clintonironore..............
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[Nore.—The foregoing section of the
Bright Angelshale was measured on the
east side of Bass Canyon about half a
mile south of Bedrock Tank, at loca.hty

8, figure 2.]

Tapeats sandstone:

A. White to greemsh -white cross-bedded sand-
stone in rather thick beds composed
chiefly of clean quartz sand; contains a
few lenses of soft greenish sandy shale;
" lenses of hard sandstone alternate with
lenses of softer sandstone which etch
out and form alcoves and shelves.
The sandstone is speckled with small
magenta or brownish spots which repre-
sent segregations of ferritic material. ..
B. Chocolate-colored sandstone in rather thin
beds separated by layers of greenish or
brownish shale; contains some cross-
bedded layers, but evenly bedded
layers predominate....................
C. Hard chocolate-colored cross-bedded sand-
stone; commonly a pebbly grit com-
posed chiefly of quartz sand; many
beds are indurated to quartzite; small
yellow rounded quartz pebbles, the
largest the size of peas, are a character-
istic constituent; thin ienses of shale
are rather abundant in the upper half
of the member; the lenses of the shale

‘ _or softer sandstone etch out and form -

alcoves and shelves. In many places
the lower half of the cliff is incrusted
with salt (sodium chloride), and in
some protected situations the salt forms
stalactites. Lenticular beds of con-
glomerate from 1 to 15 feet thick occur
throughout the sandstone but are more
abundant in the basal portion. Some
conglomerate beds consist of unassorted
angular fragments of the underlying
rocks; others consist chiefly of rounded
pebbles of quartz. In some places
where the sandstone rests against hills
of pre-Cambrian rock, beds of coarse
breccia occur in the sandstone at the
base of the pre-Cambrian hills; one of
these beds of breccia exposed in a cliff
on the north side of Colorado River,
half a mile southeast of the mouth of
Bass Canyon, contains blocks of pre-
Cambrian quartzite 30 feet in diameter.
The Tapeats sandstone rests on an
. eroded surface which in some places in
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. the Shinumo quadrangle exhibits a re-
lief of nearly 600 feet; consequently the
thickness of subdivision C at any point
depends on the topography of the’
underlying surface. Near the mouth of
Bass Canyon, where this section was
measured, subdivision C is 328 feet
thick, whereas a mile to the northeast,
under Dox Castle, it is absent. The
thickness of 250 feet which I have as-
signed to the subdivision represents
approximately the average thickness
in Bass Canyon. .......l............

[Nore.—The foregoing section of the
Tapeats sandstone was measured west
of the mouth of Bass Canyon, at the
point where a trail leading from Bed-
rock Tank to Copper Canyon ascends
a break in the cliff formed by the
sandstone, at locality 9, figure 2.]

4250

Total thickness of Paleozoic

THE PALEOZOIC ROCKS. .
CAMBRIAN SYSTEM.

TONTO GROUP.
GENERAL FEATURES.

In the region about Bass Canyon the Tonto
group is a series of conformable strata about
1,200 feet thick which lies at' the base of the
Paleozoic and is separated from underlying
pre-Cambrian rocks and from overlying De-
vonian and Carboniferous rocks by unconformi-
ties of erosion. In lithology the group as a
whole exhibits a passage upward from sand-
stone to limestone, roughly in three stages.
The strata at the base of the group are sand-
stones; those in the middle portion are chiefly
fine-grained sandstones and sandy shales;
and those in the upper portion are more or less

sandy calcareous rocks which pass at the top’

into magnesian limestone. These three litho-
logic stages afford a natural basis for dividing
the group into formations. Accordingly, in a
former report describing the region about Bass
Canyon’ I proposed a threefold division of the

Tonto group and used the names Tapeats sand-

stone, Bright Angel shale, and Muav limestone
to designate the formations. The name Ta-
peats sandstons is applied to the sandstone at
the base of the group, the name Bright Angel
shale to the sandstone and shale of the middle
portion, and the name Muav limestone to the

7Noble, L. F., The Shinumo guadrangle, Grand Canyon district,
Ariz.: U. S. Geol. Survey Bull. 549, p. 61, 1914,
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more or less calcareous strata that constitute
.the upper portion. Walcott had previously
adopted a similar threefold division of the
Tonto. He states® ‘I find among my notes
made after the trip to the Grand Canyon in
1901 * * * that I had given names to the
three divisions of the Tonto along the same
lines that you have, so I can readily agree with

1-your present subdivisions and nomenclature.”

At Bass Canyon the three formations are dis-

tinct in lithology and in topographic expression,
but farther southeast, in the region between the
Hermit and Grand View trails, where most
visitors see the Grand Canyon, the boundary
-between the Muav limestone and the Bright
Angel shale is indefinite, and the two forma-
tions do not appear at first sight to differ con-
spicuously, whereas the Tapeats sandstone and
the Bright Angel shale preserve their distinc-
tive characters and can be distinguished readily. .
Some uncertainty has therefore existed as to
the limits of the Muav limestone in the more
frequented part of the Grand Canyon, and the
propriety of a threefold division of the Tonto
‘has been questioned.

To determine whether the Muav limestone
as defined at Bass Canyon is actually traceable
into the region between the Hermit and Grand
View trails, I have measured six sections of the
Tonto group at different points in the south
wall of the Grand Canyon. These sections,
spaced from 3 to 8 miles apart, carry the lithol-
ogy of the Tonto through a distance of about
28 miles southeastward—from Garnet Canyon,
3 miles west of Bass Canyon, to Cottonwood
Creek, in the Grand View region—and, in con-
nection with a section measured by Walcott
at Nunkoweap Valley, 15 miles north of Cotton-
wood Creek, carry it practically through the
Kaibab division of the Grand Canyon. These
seven sections are shown on Plate XX. In
addition to recording the Tonto lithology I
have represented the unconformity at the sum-
mit of the Tonto by indicating diagrammat-
ically the amount of relief which the eroded
surface exhibits at each locality, and, where the
beds that lie between the unconformity and the
Redwall cliff were accessible, I have recorded
their character and succession. Owing to lack
of space in the drawing I have presented only
a brief description of the lithology of each sec-
tion. The Bass Canyon section is given in

8 Walcott, C. D., personal communication.
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COLUMNAR SECTIONS OF THE TONTO GROUP IN THE GRAND CANYON, FROM ‘GARNET CANYON TO COTTONWOOD CREEK
By L. F. Noble, W1th a section at Nunkoweap Valley, by C. D. Walcott
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PALEOZOIC FORMATIONS OF THE GRAND CANYON.

detail in the present report (see pp. 26-36),
but an account of the detailed lithology of the
other sections is beyond the scope of this
paper and will be reserved for another report.
In all six sections the Bright Angel shale and

Muav limestone were measured by hand level

and the Tapeats sandstone was measured by
aneroid barometer except at Bass Canyon,
where the level was used. The sections at
Garnet Canyon, Bass Canyon, Slate Creek, and

Hermit Creek are believed to be more accurate

than those at Pipe and Cottonwood creeks be-
cause they were checked over in detail during
a subsequent field trip, whereas the sections at
Pipe and Cottonwood creeks were not reviewed.

These sections show that the Muav limestone
as defined at Bass Canyon is representéd by
equlva;lcnt beds throughout the Kaibab divis-
ion, and that the punmpal subdivisions of the
Bass Canyon section preserve enough of their
original character to be recognizable in the
other localities, although large parts of the
formation become sandy southeast of Bass
Canyon, the proportion of sandstone to lime-
stone increasing southeastward. The appear-
ance of sandy materml in the lower part of the
Muav southeast of Bass Canyon makes it in-
creasingly difficult to define exactly the boun-
dary between the Bright Angel shale and the
Muav limestone in that direction, as will be
shown. C ‘

When I proposed the name Muav limestone
I used the term ‘““limestone’” because in the
type locality, near Bass Canyon, the formation
as a whole contains more limestone than sand-
stone and shale. Inasmuch as the formation
becomes increasingly. sandy southeast of Bass
Canyon it may be advisable eventually to
change the name ‘to Muav formation, but it
seems best to retain the name Muav limestone
for the present, until the formation has been
studied over a wider area than that covered in
this report.

TAPEATS SANDSTbNE.

Character.—The Tapeats sandstone is essen-
tially a medium to rather coarse sandstone,
grading here and there into a pebbly grit and
including beds of conglomerate and shale.
The prevailing color is chocolate-brown, al-
though many beds are buff or greenish buff and
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some beds are pale greenish white. The con-
glomerate forms lenticular beds that may occur-
at any horizon'in the formation but are more
abundant near the base, where as a rule the
conglomerate is arkosic and consists of poorly
assorted fragments of underlying rocks. Some
of the conglomerate, however, is well assorted
and consists of. rounded pebbles of quartz.
Most. of the shale occurs above the middle of
the formation in thin lenses between layers of
sandstone. In general the component mate-
rials of the formation become finer and better
assorted toward the top. The uppermost beds
at Bass Canyon are clean white or greenish-
white cross-bedded sandstone.

Among the distinctive features of the forma-
tion are hardness, which causes it to weather -
into sheer cliffs, prevailing chocolate color,
cross-bedding, and a rather coarse horizontal
banding due to the fact that the beds form
elongated horizontal lenses and differ in texture
and hardness. Here and there beds of shale
alternate with beds of sandstone, and at most
places the sandstone itself, although prevail-
ingly hard, exhibits wide differences in indura-
tion. A bed of sandstone which in one place
is cemented into compact vitreous quartzite
may be poorly consolidated a few hundred feet
away. Vertically beds of hard quartzitic sand-
stone succeed beds of softer sandstone in count-
less alternations. Erosion etches the bands of
softer material into long low alcoves overhung
by shelves of harder rock. These shelves and.
alcoves appear on every outcrop of the Tapeats

‘sandstone and are partlcularly conspicuous in

its great cliff, which is furrowed by tier upon
tier of them. (See Pl. XXI, A.) One who is
traveling through the canyon along the Tonto
platform, or “lower plateau,” soon learns to
appreciate the shelter which these “Tonto
shelves” afford and usually selects them for
his camp. Indeed, the selection is almost com-
pulsory, for in most tributary canyons water
comes to the surface in the dry watercourses
only at the point where the stream channel
crosses the summit of the Tapeats sandstone.

Another distinctive feature of the sandstone
is the occurrence in many beds of numerous
small yellow rounded quartz pebbles, the larg
est of which are the size of peas. Worm mark-
ings are common in the white sandstone at the
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top of the Tapeats and occur here and there in
the underlying chocolate-colored beds. I have
observed ripple marks at a few places in the
formation and sun cracks at one place. Glau-
conite occurs sparingly in scattered grains in
some beds. ‘ \ o

In many places in the Kaibab division the
Tapeats cliff is incrusted with salt. Commonly
the deposits are less than an inch thick, but
some of them may cover hundreds of square
feet. A sample from one of these salt deposits
in Garnet Canyon was tested in the laboratory
of the Survey and is reported to consist essen-
tially of sodium chloride. A spring that issues
from the contact between the Tapeats sand-
stone and the underlying crystalline rocks at
a point about half a mile west of Garnet Canyon
yields a heavy brine. Other brine springs
issue from this contact at several places in the
Kaibab division. The water of the intermit-
tent stream in Garnet Canyon is potable above
the middle of the Tapeats sandstone, but below
-the middle of the sandstone it is too salty to
drink. These occurrences indicate that the
Tapeats sandstone contains salt, although no
beds of salt have been found within the sand-

"stone. Perhaps a small amount of salt is

widely distributed in the sandstone but has
‘escaped observation because it is not concen-
‘trated in beds. Inasmuch as the Tapeats is a
marine deposit the salt is probably an original
constituent of the sandstone. '

The Tapeats sandstone exhibits little varia-
tion from place to place in lithology or in gen-
eral appearance and is readily .identifiable in
all parts of the Kaibab division.

Stratigraphic relations.—Both base and sum-
mit are well defined, the base by a great
angular unconformity that truncates under-
lying pre-Cambrian rocks and the summit by
a rather abrupt change from coarsely banded
white cross-bedded sandstone at the top of
the Tapeats to thinly laminated even-bedded
sandstone and sandy shale at the base of the
overlying. Bright Angel shale.

Subdivisions.—At Bass Canyon the forma-
tion is rudely divisible into three parts. (See
Pl. XX.) Subdivision A, at the top of the
formation, consists of white cross-bedded
sandstone which includes a few layers of
greenish shale. Subdivision B, beneath A,
consists of evenly bedded chocolate-colored

| feet.
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sandstone with partings of shale. Subdivi-
sion C, at the base, consists of chocolate-
colored cross-bedded sandstone and constitutes
by far the greater part of the formation. As
the Tapeats sandstone is traced southeastward

.| from Bass Canyon, subdivision A decreases

in thickness and becomes more and more
like C in lithologic character until it is practi-
cally indistinguishable from C, so that in the
three easternmost sections shown on Plate
XX the formation is divisible into only two
parts and consists essentially of chocolate-
colored cross-bedded sandstone capped by
white cross-bedded sandstone. Where hills
of pre-Cambrian rock project into the Tapeats
sandstone, beds of coarse conglomerate may
appear at any horizon in the sandstone where

"it rests against their steeper slopes, but these

conglomerates are local in extent and do not
persist many hundreds of feet.
Thickness.—The Tapeats sandstone varies
irregularly in thickness from place to place,
but the variations have no ultimate strati-
graphic significance because the sandstone
was deposited upon a surface which, although
remarkably even when considered in relation
to its vast horizontal extent, is uneven in de-
tail, exhibiting at some places a relief of 600
Thus at the point where the section at
Bass Canyon was measured. the sandstone
attains a thickness of 328 feet, whereas the
average thickness in Bass Canyon does not
exceed 250 feet; and a mile away, on the north
side of Colorado River, where a hill of hard
pre-Cambrian strata rises several hundred
feet above the general level of the pre-Cambrian
surface, the sandstone was not deposited. The
thickness assigned to the sandstone at Bass
Canyon is exceptional. Perhaps 200 feet
would be a fair estimate of the average maxi-
mum thickness in the Kaibab division.
Fossils.—No fossils have been found in the
Tapeats sandstone except near the top. Schu-
chert® has noted fragments of an obolid shell in
the white cross-bedded sandstone at the top of
the formation near Hermit Creek. Walcott *°

‘reports the following fauna “in ‘the Tapeats

sandstone about 300 feet above its ‘base at the
head of Nunkoweap Valley’:

9 Schuchert, Charles, The Cambrian of the Grand Canyon of Arizona:
Am. Jour. Sci., 4th ser., vol. 45, p. 363, 1918. )

19 Walcott, C. D., Cambrian geology and paleontology: Smithsonian
Misc. Coll., vol. 64, No. 5, pp. 373, 374, 1916. :
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Dolichometopus tontoensis.
Micromitra pealei.

Micromitra (Paterina) cremstna,.
Micromitra (Paterina) superba. °
Micromitra (Iphidella) pannula.
ODbolus zetus.

Obolus (Westonia) chuarensis.
Obolus (Westonia) englyphus.
Lingulella lineolata.

Lingulella perattenuata.
Billingsella obscura.
Alokistocare althea.

According to Walcott the thickness of the
Tapeats sandstone at Nunkoweap Valley is 300
feet (see Pl. XX), so that the beds from which
he obtained this fauna must lie at the very top
of the formation. The age of the fauna is
~ stated to be Middle Cambrian. Practically all
the forms listed occur also in the Bright Angel
shale.

The age of the summit beds of the Tapeats
sandstone is therefore Middle Cambrian. In-
asmuch as the formation appears to have been
deposited continuously, as is indicated by its
homogeneous character, and to have accumu-
lated rapidly, as is indicated by its relatively
coarse cross-bedded structure, it is not likely
that any part of it is older than Middle Cam-

brian.
BRIGHT ANGEL SHALE,

Character—The chief constituent of the
Bright Angel shale is fine-grained quartzose mi-
caceous sand, which forms innumerable platy
beds mostly less than a quarter of an inch thick.
Many beds of sandstone are separated by part-
ings of micaceous sandy shale, and at some
horizons the sandstone and shale are associated
with dolomitic limestone or with cross-bedded
glauconitic sandstone.

The distinctive features of the formation are
thin, platy lamination, a prevailingly dull
greenish-buff color, the occurrence of glauconite
in many beds, and the abundance of worm-
markings and fucoidal casts. Many beds are
Tipple-marked. Shells of obolid or linguloid
brachiopods are abundant at many hOI‘lZODS
and most of the shells are broken and worn,
showing marks of grinding and attrition. The
ripple marks indicate that the strata were de-
posited in shallow water, and the broken shells
indicate that the deposits were subjected to
repeated pounding by waves.

The formation as a whole is the least resist-
ant to erosion of all the formations in the can-

+ yon wall.
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It makes a more or less continuous
slope, which at most places has retreated far
back from the summit of the Tapeats cliff,
leaving the so-called ‘“‘lower plateau,” or Tonto
platform. It owes its weakness to the alterna-
tions of shale and sandstone and to the thin
platy lamination of the beds. Actually most

‘of the platy sandstone is well indurated, and

some of it is as compact as quartzite.
Glauconite is decidedly more abundant in
the Bright Angel shale than in the other two
formations of the Tonto group. It occurs
rather sparingly in most beds in tiny grains
scattered through the rock but is widely dis-

.tributed in the formation, both vertically and

horizontally. Apparently no beds consist en-
tirely of glauconite, but an examination of the
formation anywhere in the Kaibab division of
the Grand Canyon will disclose a few beds sev-
eral inches thick in which nearly half of the
rock is glauconite and many beds in which the
grains are sufficiently abundant to impart a
greenish tinge to the rock. The mineral is not
confined to the prevailing platy sandstone and
shale but occurs.in the dolomite, intraforma-
tional conglomerate, and cross-bedded sand-
stone described below. An interesting feature
of its occurrence is its association with deposits
that were obviously laid down in shallow water.
Interbedded with the platy sandstone and
shale are two types of rock which, although
they form only a subordinate part of the Bright
Angel shale, are particularly characterlstlc of
the formation. '
One of these rocks is a compact crystalline
limestone whose color is deep snuff-brown on
weathered surfaces and pale tan on freshly
broken surfaces. Beds of this limestone are
very resistant to erosion and make cliffs. In
the region about Bass Canyon two beds verti-
cally 35 feet apart appear in the Bright Angel
shale at a horizon about 125 feet above its
base and make two conspicuous brown' cliffs
in the slope above the Tonto platform. Each
cliff is about 12 feet high. The beds of snuff-
brown limestone, which determine the cliffs,
range in thickness from a few inches to 8 feet
and are associated with beds of green, magenta,
and brown cross-bedded sandstone. The cliffs

-are sharply defined and are wonderfully per-

sistent.

(See Pl. XXI, B.) Wherever possible

.the Tonto trail in this part of the canyon follows
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the narrow ledge at the top of one or the other of
these cliffs, because the ledges afford much
smoother going than the dissected and débris-
covered slopes of the Tonto platform below.
Other beds of snuff-brown limestone appear in
the Bright Angel shale between the twin cliffs
just described and the base of the Muav lime-
stone, but at Bass Canyon they are thin and do
not make conspicuous cliffs. Most of them are

associated with beds of greenish a,nd magenta -

cross-bedded sandstone.

The snuff-brown limestone effervesces weakly
with acid. Some beds contain no visible im-
purities, but others contain scattered grains of
glauconite and tiny rounded grains of quartz
and exhibit cross-bedding. Many beds contain
broken shells of brachiopods. In places the
limestone passes laterally into an intrafor-
mational conglomerate composed chiefly of
rounded, flattened fragments of limestone but
containing glauconite, quartz sand, and broken
shells.

The following analysis of a specimen of the
snuff-brown limestone forming the lower of the
-twin cliffs at Bass Canyon (see p. 35) probably

‘represents approximately the composition of

the purer limestone. The bed from which the
specimen was taken contains no visible glau-
conite or quartz and appears to consmt entlrely
of coarsely crystalline limestone.

Partial chemical analysis of snuff-colored limestone from
' Bright Angel shale.

[Alfred A. Chambers, analyst.]

Insoluble. - i e

(Al, Fe)sOgncevmniiniii et 5. 44
Ca0 e FU 29. 54
MgO. 18. 26

TFrom this analysis it appears that the rock
is an impure dolomite. The presence of quartz
‘grains in beds closely associated with the one
analyzed suggests that the insoluble impuri-
ties are largely quartz sand, and the fact that
the rock weathers brown suggests that the
other impurities are largely iron. Inasmuch as
the snuff-colored limestones effervesce weakly
with acid and differ from one another chiefly
in the amount of impurities that they contain
I have called them all dolomites in this report.

Another characteristic rock in the Bright
Angel shale is dark-green or magenta cross-
bedded sandstone. Most of this sandstone

forms rather massive beds, which range in
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“section (pp. 34-35).

1922,

thickness from a few inches to several feet.

The component grains are rather coarse and

m most beds are loosely cemented, so that the

rock crumbles easily. Some beds, however,

form weak cliffs. The chief constituent of the

sandstone is quartz, but many beds contain

glauconite and many contain a large amount

of ferritic sandy mud and more or less hema-

tite. DBroken shells of brachiopods are abun-

dant in some beds. These green and magenta

sandstones are readily distinguishable from the

prevailing platy sandstone by their deep colors,

cross-bedding, absence of thin lamination, and

relatively coarse texture. The colors of some

beds are very striking, green shading into deep*
bottle-green and magenta into deep purplish

brown. In places these colors are mingled in

blotches in the same bed, producing a curious

mottled effect. The greenish beds owe their
color largely to glauconite, and the magenta.
beds owe theirs to ferritic material. Some beds

associated with snuff-colored dolomite weather
brown.

At Bass Canyon the thickness of the Bright
Angel shale is 391 feet and I have divided it in-
to two members—subdivision A, at the top, 58
feet thick, and subdivision B, below, 333 feet
thick. Both subdivisions consist essentially
of thin-bedded greenish and buff micaceous
shale and sandstone, with which snuff-brown
dolomite and greenish and magenta sandstone

of the types just described are interbedded at

irregular intervals. The character and suc-
cession of the beds are recorded in the columnar
In general composition
subdivision A differs from B only in that it con~
tains, near the base, a few beds of mottled
limestone similar to those which constitute
subdivision D of the overlying Muav limestone.
In a former report'' I included subdivision A
in the Muav limestone, placing the base of the
Muav at the lowest point where mottled lime-
stone appears in the Tonto group, but in the.
present report I have included subdivision A
in the Bright Angel shale, which as here de-
fined includes all strata between the white
cross-bedded sandstone at the top of the Ta-
peats and the cliff-making gray and buff mot-
tled limestone that constitutes subdivision D
of the Muav. This definition is in accord with

"Walcott’s observations at Kanab Creek. Wal-

11 Noble, L. F., op. cit., p. 65.
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A. TYPICAL EXPOSURE OF TAPEATS SANDSTONE ON COLORADO RIVER OPPOSITE MOUTH OF
ELVES CHASM, SHINUMO QUADRANGLE, ARIZ.

@, Muav limestone; b, Bright Angel shale: ¢, twin cliffs of snuff-colored dolomite of Bright Angel shale; d, Tapeats
sandstone; ¢, Vishnu schist.

B, TYPICAL EXPOSURE OF BRIGHT ANGEL SHALE, MUAV LIMESTONE, TEMPLE BUTTE LIME-
STONE, REDWALL LIMESTONE, AND SUPAI FORMATION IN NORTH WALL OF GRAND CANYON
OPPOSITE GARNET CANYON, SHINUMO QUADRANGLE, ARIZ.

a,b, ¢, Supai formation, subdivisions A, B, C;d, Redwall limestone; ¢, Temple Butte limestone; f, Muav limestone;
g, Bright Angel shale; &, twin cliffs of snuff-colored dolomite in Bright Angel shale; i, Tapeats sandstone.



PALEOZOIC FORMATIONS OF THE GRAND CANYON.,

cott’s section at Kanab Creek (see Pl. XX)
shows 100 feet of greenish micaceous shale and
sandstone (d) beneath beds of mottled lime-
stone (c) that are evidently equivalent to sub-
division D of the Muav limestone of my Bass
Canyon section. He states 12 that a mile or two
east of Kanab Creek, where more of the green-
ish micaceous shale and sandstone (d) is ex-
posed, the shale and sandstone pass downward
into mottled gray limestone, calcareous and
micaceous shale, and dark indurated sand-
stonc. Probably this mottled gray limestone
is equivalent to the mottled limestone that
appears in thin beds at the base of subdivision
A of the Bright Angel shale in my Bass Canyon:
section, so that subdivision d of Walcott’s sec-
tion at Kanab Creek is roughly equivalent to
my subdivision A at Bass Canyon. Walcott
states : “I find on my locality label 75 that
the thin-bedded sandstone and shale (d) at
Kanab Creek is placed in the Bright Angel
shale and the overlying mottled limestone (c)
in the Muav limestone.” .
The columnar sections of the Tonto group
shown on Plate XX trace the lithology of the
Bright Angel shale through the greater part of
the Kaibab division. They show that although
the formation exhibits little change in general
composition from place to place the interbedded
layers of green and magenta sandstone and
snuff-colored dolomite increase in number and
become thinner and more widely distributed
through the prevailing platy sandstone and
shale toward the southeast. This change is
shown clearly in the profiles of the different
sections. Thus, at Garnet and Bass canyons
the formation contains only two prominent
sets of beds of green and magenta sandstone
and snuff-brown dolomite, so that only two
cliffs break the long slope formed by the platy
beds. But southeast of Bass Canyon, at Slate,
Hermit, and Pipe creeks, two other sets of beds
of sandstone and dolomite have appeared above
the lower pair, so that the slope is broken by
four cliffs instead of two. These four cliffs are
strongly defined at Slate Creek, fairly well
defined at Hermit Creek, and poorly defined at
Pipe Creek because the beds become thinner
toward the southeast. Southeast of Pipe
Creek, at Cottonwood Creek, these beds are so
widely distributed in the platy sandstone and

12 Waleott, C. 1., unpublished notes.
1 Personal communication.

41

shale and are all so thin that no bed or set of
beds makes a prominent cliff. Here the whole
formation presents a continuous slope. Three
miles east of Cottonwood Creek, at ‘“ Congress
Canyon” (Red Canyon), that part of Frech’s
section of the Tonto group * which represents
the Bright Angel shale is similar in lithology
to my section of the Bright Angel shale at
Cottonwood Creek.

Southeast of Bass Canyon beds of green and
magenta sandstone are more abundant in the
Bright Angel shale than beds of snuff-colored
dolomite. In the region between Slate and
Pipe creeks these sandstones have attracted
attention as a possible source of platinum and
at one time were extensively prospected. No
samples of the rock examined by the Survey
have yielded platinum, but some of the rock
when crushed and panned yields a small
amount of magnetite. At Slate Creek some of
these sandstones, near the base of the Bright
Angel shale, contain considerable hematite and
form thin beds that are conspicuous by their
bright-red color. Between Bass Canyon and
Garnet Canyon some ferritic’ beds at this
horizon exhibit oolitic structure. (See p. 35.)

‘Probably the beds of snuff-brown dolomite
and sandstone that make the twin cliffs at Bass
and Garnet canyons are traceable far west of
the area covered by the present report, because
a section of the Bright Angel shale at the
mouth of the Grand Canyon ** shows a double
cliff of snuff-colored sandstone that is said to
be continuous throughout the Shivwits' divi- .
sion, Gilbert having traced it from the Grand
Wash to Diamond Creek.

Southeastward from Bass Canyon the thin-
beds of mottled limestone at the base of sub-
division A gradually give way to calcareous
sandy shale and finally disappear southeast of
Hermit Creek.

Few hills of pre-Cambrian rock rise far into
the Bright Angel shale, but one hill on the north
side of Colorado River about 3 miles east of
Bass Canyon rises nearly to the top of sub-
division B. So far as known, this is the
highest hill of pre-Cambrian rock in the Grand
Canyon.

Thickness.—The thickness of the Bright
Angel shale decreases gradually from northwest

14 Frech, F., Cong. géol. internat., 5¢ sess., Compte réndu, p. 479.
1 U. 8. Geog. and Geol. Surveys W. 100th Mer. Rept., vol. 3, p: 199,

| figs. 86, 87, 1875.
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to southeast. Thus the formation is 402 feet
thick at Garnet Canyon, 391 feet at Bass Can-
yon, 392 feet at Slate Creek, 344 feet at Hermit

Creek, 325 feet at Pipé Creek, and 334 feet

(estimated) at Cottonwood Creek. At Nun-
koweap Valley, 15 miles north of Cottonwood
Creek, it is 325 feet thick. The beds equivalent
to subdivision A of the Bass Canyon section
decrease from 60 feet at Garnet Canyon to 42
feet at Pipe Creek, and the beds equivalent to
subdivision B decrease from 342 feet at Garnet
Canyon to 283 feet at Pipe Creek. At Cotton-
wood Creek the two subdivisions -can not be
separated with certainty. ‘
Fossils.—Fossils are abundant at several

horizons in subdivision B of the Bright Angel
shale. The following species listed in my report
" on the geology of the Shinumo quadrangle *°
were collected by Walcott or by me at several
horizons in subdivision B in the region about
Bass Canyon and Shinumo Creek:

Lingulepis spatulus.

Lingulella acutangula.

Lingulella lineolata,

Lingulella perattenuata.

Obolus (Westonia) themis,
Indlana. faba.

At 25 foet above the base of subd1v1s1on B in
Serpentine Canyon I have collected and Edwin
Kirk has identified Micromitra (Paterina)
superba and Lingulella lineolata, and at, 165 feet
above the base of subdivision B near Hermit
Creek Obolus ( Westonia) chuarensis and . Micro-
mitra (Iphidella) pannula.

. At 100 to 120 feet above the base of subdivi-
- sion B near the Bright Angel (Cameron) trail
Walcott ¥ has collected the following species:

Obolus (Westonia) chuarensis.

Eocystites? undet. sp.

Hyolithes.

Alokistocare althea.

Dolichometopus productus.

Dolichometopus tontoensis.

The age of this fauna is stated by Walcott
to be Middle Cambrian. :

In 1915 Schuchert studied the Bright Angel
shale at Hermit Creek and collected fossﬂs at
several horizons. He states!s:

‘When the sandy muds were forming, seaweeds (Palae-
ophycus) were common, along with a great abundance of
burrowing annelids. Trailings and fucoidal casts are

16 Noble, L. F., op. cit., p. 64.

17 Walcott, C. D Cambrian geology and paleontology Smithsonian
Mise. Coll., vol. 64, No 5, p. 374, 1916.

18 SchuchertA Charles, op. cit.,p. 367.

-shale.
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nearly always to be seen, and also the vertical burrowings
of worms like Arenicolites. * * * In spite of the fact
that almost no good fossils are to be had in the Bright
Angel formation, yet the physical phenomena show that
the epeiric sea of this time must have been rich in life.
This is proved by the abundance of fucoidal casts, trailings,
and annelid burrows. Further, in some of the sandstones
obolid fragments teem, and at times their shells make up
one-third of a stratum. When the obolid shells are preva-
lent, glauconite is also common, and the formation of this
mineral ig probably conditioned by the decomposition
of the organic remains. On the other hand, there are
entire beds of glauconite up to a few inches thick that are
almost devoid of fossils. When glauconite is very abun-
dant, there are algo apt to be thin beds and even zones a
few feet thick of low-grade iron ore.

Palaeophycus casts are very common and well preserved
at 15 feet above the Tapeats sandstone, and 150 feet
higher is a glauconitic sandstone replete with the brachio-
pods Micromitra (Iphidella) pannule (White) and Obolus
(Westonia) chuarensis. Ten feet higher occur abundantly
in thin-bedded sandstones Obolus zetus and rarely Obolus
(Westonia) themis and Lingulella acutangula.

The most prominent horizon for fossils, consisting
almost entirely of obolids, is the one just mentioned,
which occurs from 150 to 170 feet above the base of the
Bright Angel formation and is at the same time a general

| level for thin-bedded sandstones.

It is evident that the age of at least the
lower 170 feet.of subdivision B of the Bright'
Angel shale is Middle Cambrian, as shown by
fossils. I have found no determinable fossils
in the upper part of the subdivision but have
noted in a bed near the top small fragments of
obolid shells similar to those that occur in the
lower 170 feet. I have found no fossils in
subdivision A at Bass Canyon, nor in beds
that occupy the equivalent horizon at localities
where I measured the other Tonto sections.
But inasmuch as subdivision A differs in
general lithologic character from subdivision
B ouly in that it contains a few layers of mot-
tled limestone, which gradually disappear east
of Bass Canyon, and is evidently equivalent to

"a set of beds at Kanab Creek in which Walcott

has found Middle Cambrian fossils and which
he includes in the Bright Angel shale (see p. 41),
I believe the entire Bright Angel shale as de-
fined in this report is Middle Cambrian.

MUAV LIMESTONE.

Character—At Bass Canyon the Muav lime-
stone consists chiefly of impure limestone and
calcareous sandstone but includes much platy
sandstone and shale that do not differ from
those which occur throughout the Bright Angel
Platy or shaly lamination is a prominent
feature except at the top of the formation, but
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unlike the Bright Angel shale the Muav, as a
whole, is fairly resistant to erosion and makes
cliffs or steep slopes. The prevailing rock is a
peculiar gray and buff mottled limestone, which
occurs in countless beds averaging less than an
inch thick. The lower two-thirds of the forma-
tion consists largely of this mottled limestone
and partly of platy sandstone and shale; the
upper third consists of calcareous sandstone
overlain by massive magnesian limestone.
Subdivisions.—At Bass Canyon four subdi-
visions with persistent features can be differen-
tiated, although the boundaries between them
are not sharp. The massive magnesian lime-
stone at the top of the Muav constitutes sub-
“division A, 63 feet thick, and forms a strong
cliff. The underlying calcareous sandstone
constitutes subdivision B, 72 feet. This sand-
stone, massive at the top but thin-bedded at the
base, makes a set of weak cliffs that in most
places unite with the cliff formed by the over-
lying limestone. Beneath subdivision B is 241
feet of thin-bedded mottled limestone contain-
ing many interbedded layers of platy sandstone
and shale. These alternating beds constitute
subdivision C and form a steep slope. Beneath
them is a cliff-making bed of relatively pure
mottled limestone 97 feet thick, which consti-
tutes subdivision D, at the base of the Muav.
In appearance the mottled limestone of the
Muav is unlike any other rock in.the Paleozoic
section. Characteristically it is a hard thin-
bedded impure limestone, whose -outcrops when
seen from a distance resemble outcrops of shale.
The beds range in thickness from less than an
eighth of an inch to several inches but com-
monly do not exceed half an inch. The purer
limestone is gray, but most of the rock contains
a considerable amount of buff material which
was originally a fine-grained micaceous sandy
mud. Some of this material forms shaly part-
ings between the beds of limestone, and some
* of 1t is mixed with the limestone, so thatin most
beds the gray and buff colors are mingled.
Many limestone beds are intraformational con-

glomerates composed of small flattened rounded.

pebbles of mottled limestone embedded in a
matrix which in some places consists of crystal-
line limestone and in others of buff calcareous
material. Nearly every bed of limestone or
conglomerate exhibits numerous coralloid or
fucoidal markings. These markings, which
Newberry and other early observers ascribed to

‘burrows are most prevalent in the calcareous zones.
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branching corals but which Schuchert and Wal-
cott have shown to be largely the work of
worms, are one of the distinctive features of the
mottled limestone. Schuchert *° states:

Where the calcareous materials become more dorninant
the beds are completely riddled with vertical and anas-
tomosing worm burrows. These are usually filled with a
very fine sand, and it is this feature that gives so much of
the Muav its mottled appearance and that led Gilbert
many years ago to call the formation in the western part of
the Grand Canyon the ‘‘mottled limestone.”” Throughout
the middle third of the Muav many of the shaly limestones
are intraformational conglomerates with the pebbles small,
flat, and more or less rounded on the edges. It is an
interesting shallow-water, near-shore marine deposit.
This is shown in the great abundance of annelid burrows,
in the intraformational conglomerates, and in the variable
nature of the calcareous deposits. * * * The writer
has not seen a Paleozoic marine deposit more bored into
and consumed by mud eaters than this one, and these
Worm
castings are often well preserved in the thin-bedded shale
zones and occur as little confused heaps or in circular
sausage-like strings, .

Most beds of the mottled limestone effervesce
freely with acid. An analysis of a. typical
specimen from a bed that exhibits the usual
mixture of gray limestone and buff sandy ma-
terial is given below.

Partial chemical analysis of mottled limestone from Muav
limestone.

[Albert A. Chambers, anab st.]

Insoluble. ... ... ... il 23.46
(AL Fe)yOge il 2.54
1071 O 48.25
MgO. .. Trace

This analysis shows that the limestone is not
magnesian and indicates that the sandy im-
purities constitute about a quarter of the rock.

Subdivision D, at the base of the Muav, con-
sists almost wholly of the thin-bedded mottled
limestone just described and contains very
little limestone of the intraformational-
conglomerate type. In the basal 10 feet of the
subd1v131on thin layers of fine-grained platy
sandstone are interbedded with the limestone.
These alternating beds define the lower limit of
the Muav limestone, and their separation from
the underlying greenish shale and platy sand-
stone of the Bright Angel shale is distinct at
Bass Canyon, although they represent a transi-
tion in lithology rather than an abrupt change.
Owing to the hardness of the mottled limestone
subdivision D forms a strong cliff, a feature

10 Schuchert, Charles, op. cit., pp. 368, 362
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which at once distinguishes it from the over-
lying subdivision C and from the underlying
Bright Angel shale, which forms slopes. Just
beneath the cliff are the soft underlying green-
ish shale and sandstone, which persist over a
considerable area east and west of Bass Canyon
and etch out everywhere, leaving a small alcove
overhung by the cliff. The alcove will guide
the observer to the contact between the Bright
Angel shale and the Muav limestone.
Subdivision C consists chiefly of thin-bedded
mottled limestone but unlike subdivision D
contains many thin interbedded layers of sand-
stone and shale. The character and succession
of the strata, which are variable in composi-
tion and occur in countless alternations, are
shown in the detailed section on pages 33-34.
Some parts of the subdivision contain as much
sandstone and shale as mottled limestone, but
other parts contain considerably more mottled
limestone than any other rock, and large parts
consist almost entirely of mottled limestone.
The mottled limestone in subdivision C,
unlike that in the underlying subdivision, is
chiefly of the intraformational-conglomerate
type. In general the beds contain more
worm markings than those of subdivision D
and vary more in thickness and composition.
Some beds attain a thickness of a foot or more,
and many are from 4 to 6 inches thick, although
most are less than 1 inch. The thicker beds
of intraformational conglomerate are lenticular,
exhibiting considerable variation within hori-
zontal distances of a few hundred feet. Glau-
conite occurs sparingly in some strata. Most
of the interbedded sandstone and shale resem-
ble those which prevail in the Bright Angel
shale. Thesandstoneis finegrained, quartzose,
and micaceous and occurs in thin platy layers;
the shale is greenish, soft, micaceous, and
sandy. Some of the sandstone, however, is
calcareous and resembles that which occurs

in the overlying subdivision B. A prominent
bed of hard brownish-buff cross-bedded calca-

reous sandstone 8 feet thick appears at a
horizon 142 feet above the base of subdivision C
and makes a small conspicuous and persistent
brown cliff that is traceable over many miles
in the region about Bass Canyon. Other beds
of calcareous sandstone are interbedded with
intraformational conglomerate and platy
quartzose sandstone at the top of the subdi-

¥
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vision. Some of these upper beds exhibit
purplish spots and mottlings similar to those
which appear in the rocks of subdivision B,
and some of the intraformational conglomerates
are purplish.

Subdivision B consists chiefly of fine-grained
calcareous sandstone but includes beds of
platy quartzose sandstone, sandy micaceous
shale, crystalline limestone, dolomite, and in-
traformational conglomerate. The prevailing
color of the strata is pale buff, but pinkish,
purplish, and greenish hues occur. Many beds
contain pinkish or purplish blotches and mot-
tlings. The upper portion of the subdivision
is relatively thick bedded, many beds attain-
ing a thickness of 2 feet or more. The lower
portion contains some beds as much as 1 foot
thick but in general is thin bedded. Toward

‘the base the lamination -becomes shaly and

many layers are as thin as cardboard. Most
of the subdivision forms a cliff or a steep ledgy
slope broken by cliffs.

The typical calcareous sandstone is hard,
compact, and fine grained, effervesces with
acid, and is easily scratched with a knife.
Weathered surfaces feel gritty and display
indistinct cross-bedding, although freshly bro-
ken surfaces may exhibit no cross-bedded
structure. Some beds are crystalline and con-
sist entirely of calcareous material. Others
contain more or less fine quartzose and mica-
ceous sand. It is-difficult to decide whether to
classify some beds as limestone or as calcareous
sandstone, but the cross-bedded structure
indicates that the component material, what-
ever its composition, is of clastic origin.

The upper half of the subdivision is com-
posed largely of the calcareous sandstone just
described. Here and there a bed of pinkish or
purplish crystalline limestone is interbedded
with the calcareous sandstone. Beds of fine
quartzose sandstone, sandy shale, and intra-
formational conglomerate appear at several
horizons, and near the top of the subdivision
there is a bed or two of dolomite similar to that
in the overlying subdivision A. The lower
half of the subdivision is composed partly of
calcareous sandstone and partly of platy
quartzose micaceous sandstone, sandy mica-
ceous shale, and intraformational conglomerate.
Worm markings are abundant, and some beds
exhibit sun cracks and ripple marks. Scat-
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tered grains of glauconite occur in some beds.
Most beds in the lower part of the subdivision
do not effervesce with acid.

Although intraformational conglomerate may
appear at any horizon in subdivision B it does
not form thick sets of beds and is not abundant
in the subdivision as a whole. Most of it differs
in composition from the conglomerate in the
underlying subdivision in that, although com-
posed chiefly of small flattened rounded pebbles,
it is not essentially a limestone. Most of the
pebbles are fine-grained sandstone, and the
matrix is fine sand.

Subdivision A, at the top of the Muav, con-
sists of hard buff limestone which forms massive
beds from 2 to 10 feet thick. Thin partings of
sandy shale separate some beds. The lime-
stone is entirely crystalline and exhibits no
bedded structure on freshly broken surfaces,
but weathered surfaces show faint traces of
cross-bedding. Most of the rock contains
small cavities, some of which are filled with
crystalline material. Some beds exhibit pur-
plish blotches and mottlings. Most beds do
not effervesce with acid, although some effer-

vesce feebly. The following analysis shows the '

composition of a typical specimen of the lime-
stone from a bed 15 feet above the base of the
subdivision in Bass Canyon.
Partial chemical analysis of limestone from subdivision A,
Muav limestone.
[Alfred A. Chambers, analyst.]

Insoluble......ccoiiiiiiiiiiiiaaa.. 1.52
(Fe, Al)gOge et 80
(07X O I 30.10
MaO. o 20. 78

From this analysis it appears that the rock
is a magnesian limestone that differs little in
composition from typical dolomite. The small
amount of insoluble material which the rock
contains suggests that if, as the indistinct cross-
bedding indicates, the rock was composed
originally of detrital sand, the sand was calca-
reous, not siliceous.

These massive dolomites of subdivision A
are the most resistant strata in the Tonto group
and in consequence of their hardness weather
everywhere into strong cliffs. In appearance
they are wholly unlike the thin-bedded strata
of the Bright Angel shale and lower Muav, re-
sembling rather beds at the base of the great
cliff formed by the Redwall limestone. How-

91048°—23—4 )
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ever, they are separated from the Redwall cliff
in Bass Canyon by 75 feet of thinly laminated
beds that form a slope, so that the observer
will experience no difficulty in distinguishing
them from the Redwall strata. The upper
limit of subdivision A is an unconformity of
erosion, which is described on pages 49-51.

Thickness and correlation.—The columnar
sections in the Kaibab division of the Grand
Canyon (see Pl. XX) in connection with Wal-
cott’s section at Kanab Creek (see Pl. XIX)
trace the lithology of the Muav limestone
through a distance of 50 miles southeastward.
These sections show that the formation thins
steadily from northwest to southeast. The
thickness at Kanab Creek is 685 feet; at Garnet
Canyon, 504 feet; at Bass Canyon, 473 feet; at
Slate Creek, 429 feet; at Hermit Creek, 419
feet; at Pipe Creek, 383 feet; and at Cotton-
wood Creek (estimated), 238 feet. At Nunko-
weap Valley the thickness is 425 feet, but this
locality is 15 miles north of Cottonwood Creek.
Thus the formation loses about two-thirds of
its thickness in the 50 miles between Kanab
Creek and Cottonwood Creek. The thinning
is due primarily to-decrease in deposition, not
to erosion, although at some places—for ex-
ample, at Cottonwood Creek—more beds have
been removed below the erosional unconformity
at the top of the Muav than at others.

The chief lithologic units into which the for-
mation is divisible at Bass Canyon are rec-.
ognizable in all the other sections, although
it is difficult to trace from one locality to
another the exact boundaries that limit the
subdivisions, because the strata undergo gradual
changes in composition from place to place
and the subdivisions grade into one another
vertically. Broadly the lower two-thirds of
the formation everywhere is thin bedded and
consists of mottled limestone and interbedded
sandy material, whereas the upper third is
comparatively thick bedded and consists of
calcareous sandstone below and massive lime-
stone above. Large parts of the formation,
however, become increasingly sandy toward
the southeast. At Kanab Creek the forma-
tion consists chiefly of limestone, whereas at
Cottonwood Creek, 50 miles southeast of Kanab
Creek, and at Nunkoweap Valley, 15 miles
north of Cottonwood Creek, it consists chiefly
of calcareo-arenaceous rocks.
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Most of the lithologic change occurs in sub-
divisions C and D. (See Pl. XX.) Thus at
Bass Canyon subdivision D, at the base of the
Muav, is 97 feet: thick and consists almost
wholly of mottled limestone. Only 10 feet of
limestone, at the base of the subdivision, con-
tains interbedded layers of sandstone. At
Slate Creek, southeast of Bass Canyon, the
mottled limestone of subdivision D is 50 feet
thick, and the basal 44 feet of the subdivision
is made up of alternating beds that consist
chiefly of sandstone and shale but include a few
layers of mottled limestone. That these pre-
vailingly sandy beds are actually a part of sub-
division D as defined at Bass Canyon and are
not, equivalent to beds included in the Bright
Angel shale at Bass Canyon is clear, because
the conspicuous soft green shale that marks
the upper limit of the Bright Angel shale at
Bass Canyon (see p. 34) is traceable continu-
ously from Bass Canyon to Slate Creek. At
Hermit Creek the mottled limestone of sub-
division D is 40 feet thick and the underlying

sandy beds 42 feet; and at Pipe Creek, still.

farther southeast, the mottled limestone is 34
feet thick and the sandy beds 51 feet. At the
last two localities the mottled limestone inter-
bedded with the sandy beds is very impure, so
that the beds do not differ conspicuously from
the Bright Angel shale and are difficult to sep-
arate from it. At Cottonwood Creek, south-
east of Pipe Creek, the mottled limestone at
the top of subdivision D is only 25 feet thick
and overlies beds of greenish sandstone which
contain layers of impure mottled limestone in
the upper 17 feet. Here I have placed the
base of subdivision D at a point 37 feet below
the 25-foot bed of mottled limestone. This
horizon, as nearly as I could determine, is
equivalent to that which marks the top of the
Bright Angel shale at Bass Canyon, but the
horizon is not actually traceable between Bass
Canyon and Cottonwood Creek. Probably,
however, my estimate of its position at Cotton-
wood Creek is correct within 25 feet. '

West of Bass Canyon, at Garnet Canyon, the

mottled limestone is 122 feet. thick and occupies
all of subdivision D. "A few thin layers of
sandy material are interbedded with the basal
6 feet of the limestone.

Thus subdivision D decreases in thickness
and undergoes a gradual change in composition
southeastward through the Kaibab division.
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It decreases from 122 feet at Garnet Canyon
to 62 feet at Cottonwood Creek, 28 miles
southeast of Garnet Canyon. At Garnet
Canyon it consists almost entirely of mottled
limestone; at Cottonwood Creek it contains
only a third as much mottled limestone as
sandstone and shale, the limestone measuring
only 25 feet. The increase of sandy material
in the lower part of the subdivision makes its
separation from the Bright Angel shale in-
creasingly difficult southeast of Bass Canyon.
Subdivision C, like subdivision D, de-
creases in thickness southeastward. At the
type locality, at Bass Canyor, it is 241 feet
thick. Southeast of Bass Canyon equivalent
beds are 225 feet thick at Slate Creek, 215 feet
at Hermit Creek, 185 feet at Pipe Creek, and
176 feet at Cottonwood Creek. These correla-
tions are necessarily approximate, because
subdivision C is nowhere separated from the
overlying and underlying subdivisions by
sharp lithologic changes, but in general the
limits of the beds correlated with subdivision
C are believed to be correctly placed within
25 feet. - At all localities. the subdivision is
prevailingly calcareous but variable in com-
position, thin beds of mottled limestone, in
traformational conglomerate, sandstone, and
shale succeeding one another in countless
alternation, yet it contains much more lime-
stone in proportion to sandy material at Garnet
Canyon than at Cottonwood Creek and thus,
like subdivision. D, becomes increasingly sandy
toward the southeast. Glauconite, which oc-
curs sparingly in the subdivision at Garnet
and Bass canyons, becomes increasingly abund-
ant southeast of Bass Canyon. .
Subdivisions C and D together constitute
that part of the Muav limestone in which
thin-bedded mottled limestone is the prevail-
ing rock and occupy the lower two-thirds of
the formation. I have separated them at
Bass Canyon, (1) because at that locality
subdivision D consists essentially of mottled
limestone, whereas subdivision C includes many
interbedded layers of sandstone and shale;
(2) because practically no limestone in sub-
division D is of the intraformational-conglom-
erate type, whereas most of the limestone in
subdivision C is intraformational conglomerate;
and (3) because the two subdivisions differ in
topographic expression, D forming a cliff and
C forming a slope. *Walcott in his sections at
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Kanab Creek and Nunkoweap Valley (see
Pls. XIX and XX) does not subdivide this
part of the Muav in which mottled limestone
is the prevailing rock.

The mottled limestone at Kanab Creek is
described by Walcott 2° as follows:

- The limestone is hard and brittle, breaking into angular
fragments. Avenaceous shaly partings occur at various
horizons, and there is considerable arenaceous detrital
matter mixed with the limestone. At the base a massive
bed 70 feet in thickness occurs, which is followed by
several hundred feet of thin-bedded limestones. Many
layers are gray limestone full of small flattened fragments
[intraformational conglomerate?]. Toward the summit
the upper 85 feet is essentially a repetition of the 70 feet
at the base. The entire mass has a thickness of 450 feet.
The coralline mottling, as it has been called by authors,

extends from base to summit. That a portidn of the-

mottling is produced by the former presence of branching
corals may be true, but that such is usually the case is
questioned. A study of the various forms of ramifying
annelid trails and borings in the shales beneath prepares
us to look for the origin of the mottling in that direction.
On the surface of the intercalated arenaceous shales and
also of the shaly sandstone layers these trails are seen in
abundance. They may be traced into the limestone
from the surface. Where the matrix is arenaceous they

arc frequently calcareous, and in the calcareous layers

they are often silicified. Usually of a purplish color,
they may be gray or buff according to the material by
which they have been replaced. * * * T sghould
assign to annelids by far the greater share in the origin of
the mottling of the limestone.

The 450-foot mottled-limestone member just
described constitutes subdivision ¢ of Wal-
cott’s section at Kanab Creek and is undoubt-
edly roughly equivalent to subdivisions C and
D of my Bass Canyon section. At Nunko-
weap Valley it constitutes subdivision 3 of
Walcott’s section, is 340 feet thick, and is a
series of mottled and variegated calcareo-
arenaceous rocks. Thus it decreases from 450
feet at Kanab Creck to 338 feet (the aggregate
thickness of subdivisions C and D) at Bass
Canyon, 30 miles southeast of Kanab Creek.
Between Bass Canyon and Nunkoweap Valley,
30 miles to the northeast, the thickness changes
very little, but between Bass Canyon and Pipe
Creek, 18 miles to the southeast, it decreases
from 338 to 270 feet, and at Cottonwood Creek,
southeast of Pipe Creek, it appears to be less
than it is at Pipe Creek. Walcott’s descrip-
tions indicate that the member is much less
sandy at Kanab Creek than at Nunkoweap
Valley and somewhat less sandy at Kanab

20 Walcott, C. D., unpublished notes.
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Creek than at Bass Canyon. It is therefore
evident that the member as a4 whole becomes
increasingly sandy southeastward from Kanab
Creek. 4 ’

Subdivisions A and B, which constitute the
upper third of the Muav at Bass Canyon, are
represented by equivalent strata in all the
sections shown on Plates XIX and XX, except
in the section at Cottonwood Creek, where
they have been removed by erosion.

The relatively thick-bedded calcareous sand-
stone in the upper part of subdivision B of my.
Bass Canyon section is evidently equivalent
to the gray and buff calciferous sandrock, 50
feet thick, which constitutes subdivision B of
Walcott’s section at Kanab Creek, and to the
yellowish sandstone, 25 feet thick, which con-
stitutes subdivision 2 of his section at Nun-
koweap Valley. Probably subdivision B as
defined by me includes a wider range of strata
than the corresponding subdivision as defined .
by Walcott, and if so the thin-bedded sand-
stones of variable composition in the lower
part of my subdivision B may be equivalent
to beds of limestone at the top of Walcott’s
subdivision C at Kansgb Creek and to beds of
calcareo-arenaceous rocks at the top of his
subdivision 3 at Nunkoweap Valley. Sub-
division B as defined at Bass Canyon does not
appear to undergo any significant lithologic
changé in the area between Garnet Canyon
and Pipe Creek. The thick-bedded calcareous
sandstone in the upper portion maintains a
thickness of about 35 feet, whereas the sub-
division as a whole varies irregularly in thick-
ness, being 78 feet thick at Garnet Canyon, 72
feet at Bass Canyon, 95 feet at Slate Creek, 93
feet at Hermit Creek, and 87 feet at Pipe Creek.
The fact that the boundary between subdivi- -
sions B and C is indefinite suggests that these
variations may be only apparent, because in
measuring some sections I may have included
in subdivision B beds that are actually equiv-
alent to beds in the underlying subdivision C
of the Bass Canyon section.

Subdivision A as defined at Bass Canyon
consists of massive buff crystalline limestone
‘whose composition is approximately that of
dolomite and which appears to be formed
largely of calcareous or dolomitic sand. This
subdivision is constant in lithologic character
in all the sections between Garnet Canyon and

Pipe Creek but exhibits many irregularities
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in thickness, owing .to the fact that its upper
surface is an unconformity of erosion. Its
thickness is 70 feet at Garnet Canyon, 63 feet
at Bass Canyon, 15 feet at Slate Creek, 29 feet
at Hermit Creek, and 26 feet at Pipe Creek.
In the region between Bass Canyon and Hermit
Creek the beds of subdivision A have .been
entirely removed at many places and a large
part of the underlying subdivision B has been
removed at some places. - These variations in
thickness show the character and relief of the
surface produced by erosion after the beds of
subdivision ‘A were deposited but afford no
evidence concerning the original thickness of
the beds. ‘

Subdivision A is apparently equivalent to
the massive mottled limestone, 60 feet thick,
which constitutes subdivision 1 of Walcott’s
section at Nunkoweap Valley and to the mas-
sive arenaceous and more or less mottled lime-
- stone, 185 feet thick, which constitutes subdi-
vision a of his section at Kanab Creek. At
Kanab Creek, at Nunkoweap Valley, and in the

area between Garnet Canyon and Pipe Creek
these limestones lie at. the top of the Muav.
Everywhere, therefore, they occupy the same
stratigraphic position with regard to the under-
lying beds of calcareous sandstone of subdivi-
-sion B. Moreover, if it is assumed that the
sand in Walcott’s limestones is calcareous,
they do not appear to differ conspicuously
from the equivalent beds in the area between
Garnet Canyon and Pipe Creek. Some of the
beds in this intermediate area exhibit purplish
blotches and mottlings, and all of them, like
Walcott’s beds, are massive. Inasmuch as the

top of subdivision A is eroded at Kanab Creek

and at Nunkoweap Valley as well as in the in-

termediate area it is impossible anywhere to

determine the original thickness of the subdi-
vision and consequently of the Muav limestone.
Frech’s section? at ‘“Congress Canyon”

(Red Canyon), 3 miles east of Cottonwood. |

Creek, shows only 129 feet of strata at the sum-
mit of the Tonto group that can be confidently
assigned to the Muav limestone. Probably he

has included strata in the Redwall limestone

which are actually equivalent to the Muav and
Temple Butte limestones, because the thick-
ness of 1,000 feet which he assigns to the Red-
wall at that locality is certainly too great by
several hundred feet.

" 2t Frech, ¥.. op. cit., p. 479,

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922,

Fossils.—Fossils are scarce in the Muav
limestone. At Kanab Creek, from the lower
bed of mottled limestone in subdivision ¢ of
his section, Walcott? obtained the following
species:

Hyolithes primordialis?
Lingulepis prima?’
Acrotreta? sp.
Orthisina sp.
Ptychoparia sp.
Bathyurus? sp.

This bed of mottled limestone is probably
roughly equivalent to my subdivision D of the
Muav at Bass Canyon. (See pp. 43-44.)

From the upper bed of mottled limestone
in subdivision ¢ at Kanab Creek Walcott-
obtained the forms listed above and in addi-

‘tion a species of Lingula. -This mottled lime-

stone is probably equivalent to beds in the
upper part of my subdivision C at Bass Canyon.

From beds in the upper part of the Muav
limestone at Kanab Creek which are probably

- equivalent to my subdivision A at Bass Canyon

Walcott obtained a species of Trematis and an
imperfect specimen of Discina.

At Nunkoweap Valley the beds at the top of
the Muav which are equivalent to my subdi-
vision A: at Bass Canyon are reported by Wal-
cott to contain Lingulepis and Ptychoparia.
(See columnar section at Nunkoweap Valley,
Pl XX.) ‘

In the area covered by my sections between
Garnet Canyon and Cottonwood Creek I have
obtained fossils from the Muav limestone at
only one locality. At Hermit'Creek, from a
bed of mottled limestone in subdivision C,
118 feet above the base of the subdivision, I
collected

Finkelnburgia sp.
Syntrophia sp.
Anomocarella sp.
Pagodia? sp.
Ptychoparia? sp.

The locality is on the west slope of Cope
Butte a few hundred feet north of the Hermit
trail. The fossils were identified by Edwin
Kirk, who states:

The fauna as shown in the collection might be either
Middle or.Upper Cambrian. I think more extensive col-
lections are needed definitely to prove its age. In this
connection a faunal list given by Walcott 2* might be of
interest. This fauna is cited from the Tonto at Kanab
Creek and is given as Upper Cambrian.

22 Walcott, C. D., unpublished notes.
2 Walcott, C. D., U. S. Geol. Survey Mon. 51, p.214, locality 75, 1912.
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At Hermit Creek, from a bed in subdivision
C, 50 feet lower than that in which I found the
fossils listed above, Schuchert * obtained
pyfrldla of Saukia and of Neolenus. In dis-
cussing the fossils collected at Hermit Creek he
states, ““ These fossils, and more especially the
trilobites, show that the Muav is of Upper
Cambrian age.” ‘

Regarding the age of the Muav limestone
Walcott ?° states:

As far as can be determined from the present collections
I should include the Muav limestone in the Upper Cam-
brian; the Bright Angel shale and Tapeats sandstone in
the Middle Cambrian. However, it is very desirable that
larger collections be made from the Muav limestone.

Therefore I have assigned the Muav lime-
stone to the Upper Cambrian in the present
report, although I realize that further collec-
tions of fossils are necessary before its age
can be fixed definitely. A careful search for
fossils at the top of the formation may yield
interesting results, for if the Muav is in fact
Upper Cambrian it is conceivable that strata
younger than Cambrian and older than Upper
Devonian may be preserved in some places
beneath the surface of erosion at the top of
the formation.

UNCONFORMITY BETWEEN CAMBRIAN AND
DEVONIAN SYSTEMS.

Walcott has shown that both at Kanab
Creek ?° and in the region about Nunkoweap
Valley,”” 50 miles southeast of Kanab Creek,
the upper limit of the Tonto group is an un-
conformity. The unconformity at Kanab
Creek he describes as a strong line of erosion
that in places exhibits vertical irregularities
of 80 feet within horizontal distances of a few
hundred feet. In studying the Tonto group
between Garnet Canyon and Cottonwood
Creek I have traced this unconformity through
a distance of about 28 miles in the south wall
of the Grand Canyon in the Kaibab division.
(See Pl. XX.) Probably, therefore, it ex-
tends continuously from Kanab Creek to
Nunkoweap Valley. TFurther study may show
that it extends far west of Kanab Creek.

Inasmuch as the unconformity lies within
horizontal strata it can not be detected by

24 Schuchert, Charles, op. cit., p. 369.

28 Walcott, C. D., personal communication.

26 Walcott, C. D., The Permian and other Paleozoic groups of the
Kanab Valley, Ariz.: Am. Jour. Sci., 3d ser., vol. 20, pp. 221-225, 1880.

7 Walcott, C. D., Pre-Carboniferous strata in the Grand Canyon of
tho Colorado, Ariz.: Am. Jour. Sci., 3d ser., vol. 26, p. 438, 1883."
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discordance of dip and is plainly recognizable
only where the eroded surface exhibits strong
relief. In places where the eroded surface
is level or nearly level, as, for example, at
Bass Canyon and at Cottonwood Creek, the.
unconformity is obscure. Even where the
surface is moderately irregular, as in the re-
gion about the Hermit and Bright Angel
trails, the visitor may at first experience
considerable difficulty in recognizing the un-
conformity until he knows exactly where to:
look for it.

At present the Hermit and Bright Angel
trails afford the visitor the easiest opportunity
to examine the unconformity. If he will
deseend either of these trails to a point about
a hundred feet below the base of the sheer
cliff formed by the Redwall limestone, pick -
out the beds of massive cliff-making dolomite
that constitute the topmost subdivision of the
Muav limestone (see Pl. XX), and follow
their upper surface, he will find broken-down
areas in the top of the dolomite cliff, which at
first sight may appear to be caused by masses
of rock breaking off from the cliff but which
close inspection will show to be hollows
eroded in the dolomite and filled by overlying
strata. As a rule the strata in the hollows
exhibit pale purplish or pinkish tints, which
contrast slightly with -the prevailing buff or
gray of the dolomite, although in many places:
their color is obsc¢ured by buff and gray stains.
washed over them from overlying beds. More-
over, they are softer than the dolomite and
are irregularly bedded, so that they weather
more easily than the dolomite and form.
"slopes. Commonly, these slopes are ‘wholly or
partly covered with talus.

In the canyon of Garden Creek, through
which the Bright Angel trail desccnds from
the rim of the Grand Canyon at El Tovar, a
hollow of the type just described is well ex-
posed near the north end of the promontory
that separates the canyon of Garden Creek
from that of Pipe Creek. This hollow lies
about half a mile east of Indian Garden and
may be reached by leaving the trail near
Indian Garden and climbing thc long slope of
Bright Angel shale and Muav limestone east
of the Garden Other hollows are exposed
in the canyon of Garden Creek which the vis-
itors will easily discover when he has learned

where to look for them. The canyon of Pipe.
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Creek, east of Garden Creek, contains at least
ten of them. Several are exposed in each of
. the canyons west of Garden Creek, between
Garden Creek and Hermit Creek.

Temple Butte
limestone
UNCONFORMITY

ey

Approximate scale
O 100 200 300 400 500 FEET

FIGURE 3.—Diagrammatic sketches showing general character of uncon-
formity between Temple Butte limestone and Muav limestone at
eight localities between Garnet Canyon and Cottonwood Creek, Grand
Canyon, Ariz. @, Garnet Canyon; b, Bass Canyon; ¢, Ruby Canyon;
d, Turquise Canyon; ¢, Slate Creek; f, Hermit Creek; ¢, Pipe Creek;
h, Cottonwood Creek. 3

In the canyon of Hermit Creek a hollow
nearly 80 feet deep lies in the northern slope of
Cope Butte just east of and above the Hermit
trail. To reach this hollow the visitor should
leave the trail at the lower end of the tangent

A .
Muav limestone
B
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called “Long Drag’’ and climb eastward several
hundred feet up the steep ledgy slope formed by
subdivisions C and B of the Muav limestone,
following a contact between bare rock on his
left and talus on his right. The hol-
low is difficult to find, because all
but the north end of it is concealed
, by talus, and the observer may
doubt its existence until he actually reaches it.
The north end of the hollow affords good expo-
sures of the gnarly, irregularly bedded pinkish
or purplish calcareous sandrock that consti-
tutes the typical deposit of known Devonian
age in this part of the Grand Canyon (see p. 51),
so that to one interested in the stratigraphy
the hollow is. well worth a visit because of its
accessibility. A similar hollow is exposed on
the west side of the canyon of Hermit Creek
about a mile west of the hollow just described.
It lies near the north end of the promontory

| that separates the canyon of Hermit Creek from

the next large canyon west of it.

By far the best exposures of the unconformity
which T have seen in the Grand Canyon are in
the region between Hermit Creek and Bass-
Canyon, in the long straight canyons that head
behind Diana, Pollux, and Castor temples,
namely, Slate Creek; Agate, Sapphire, and Tur-
quoise canyons; also in Ruby Canyon, 24 miles
southeast of Bass Canyon. In all these can-

| yons the surface of erosion is irregular in many

places, so that the unconformity is plainly evi-
dent at first sight, even when viewed from a con-
siderable distance. This interesting region,
however, is not easily accessible to the tourist.

The accompanying sketches of the uncon-
formity (fig. 3) show the topographic character
of the eroded surface at eight different localities
between Garnet Canyon and Cottonwood Creek.
The photographs reproduced in Plates XXII
and XXIII, 4, show details of the uncon-
formity. At Garnet Canyon the surface is com-
paratively even and exhibits no narrow hollows.
Depressions are eroded in it, but they appear
to be so broad and flat that the general aspect
of the surface is mesa-like. At Bass Canyon, 3
miles from Garnet Canyon, the surface is prac-
tically level, and I have observed only one
irregularity in it in a distance of several thou-
sand feet. This irregularity is a steplike drop
of about 25 feet from one mesa-like level to
another. At Ruby Canyon, 24 miles from
Bass-Canyon, the surface is very uneven. The
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UNCONFORMITY BETWEEN TEMPLE BUTTE LIMESTONE AND MUAV LIMESTONE IN WEST WALL
OF CANYON OF SLATE CREEK, SHINUMO QUADRANGLE, ARIZ.

@, Redwall limestone; b, Temple Butte limestone; ¢, Muav limestone; y, 2, subdivisions A, B of Muav limestone. The
human figure just at the right of the sharp bend in the unconformity in 4, gives an idea of the scale of the photograph.
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A. UNCONFORMITY BETWEEN TEMPLE BUTTE LIMESTONE AND MUAV LIMESTONE IN WEST
WALL OF TURQUOISE CANYON, SHINUMO QUADRANGLE, ARIZ.

@, Redwall limestone; b, Temple Butte limestone; ¢, conglomerate; d, Muav limestone: ¥, Z, subdivisions A, B of Muav
limestone.

B. UNCONFORMITY BETWEEN HERMIT SHALE AND SUPAI FORMATION AT RED TOP, ON HERMIT
TRAIL, BRIGHT ANGEL QUADRANGLE, ARIZ.

@, Kaibab limestone; b, Coconino sandstone; ¢, Hermit shale; d, Supaiformation; ¢, artificial fill below trail.
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depressions in it are numerous, irregular in pro-
file, and comparatively narrow. Some of these
hollows are 40 feet deep. At Turquoise Can-
yon, 24 miles from Ruby Canyon, the hollows
are less numerous but are broader and deeper
than they are at Ruby Canyon. Some are 80
feet deep. In profile they are irregular, like
those at Ruby Canyon. At Slate Creek, 3 miles
from Turquoise Canyon, the hollows are broad
and deep but are more symmetrical in profile
than those at Ruby Canyon. At Hermit Creek,
5 miles from Slate Creek, they are symmetrical;
broad, and deep but ‘are much less numerous
thah at'Slate Creek. At Pipe Creek, 54 miles
from-Hermit Creek; they are shallower and nar-
rower than at Hermit Creek but otherwise re-
semble those at Hermit Creek. Southeast of
Pipe Creek they disappear, and at Cottonwood
Creck, 7 miles from Pipe Creek, the unconfor-
mity is represented by a slightly wavy surface
which does not appear to exhibit vertical irregu-
larities of more than 3 or 4 feet in horizontal
distances of hundreds of feet.

In the region between Ruby Canyon and
Pipe Creek the hollows look like cross sections
of ancient stream valleys. If they are, I be-
lieve it would be possible by studying and map-
ping the hollows between Slate Creek and Ruby
Canyon to identify certain ancient valleys in
opposite walls of a canyon, trace them through
the narrow promontories separating the can-
yons, and thus by restoring in imagination their
courses over a considerable area determine their
direction and grade.

DEVONIAN SYSTEM.
TEMPLE BUTTE LIMESTONE.

Although the upper limit of the Tonto group
is clearly defined by the unconformity just de-
scribed, the correlation of the beds that lie
between this unconformity and the sheer cliff
of the Redwall limestone is a difficult problem.
The beds differ from place to place in thickness,
character, and succession and are not separated
from the overlying Redwall strata, of known
Mississippian age, by a sharp stratigraphic
break like the unconformity at the summit of
the Tonto. Some beds are unquestionably of
Devonian age, and others may be Mississippian,
but owing to their variation in character and
succession and to the absence of sharp strati-
graphic breaks their separation can be estab-
lished definitely only by the aid of fossils.
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Many beds contain obscure traces of life, but °
determinable forms are scarce and the beds are
difficult to reach in many places where it seems
desirable to study them. It will be necessary
to make a more thorough study of the beds than
T have yet attempted, and particularly to make
a systematic search for fossils in them, before

“their age and corrélation can be established in

detail. Meanwhile the correlations presented
in this report (see PL. XX) should be regarded
as tentative.

Fortunately one type of deposit that can be
recognized wherever it is present by its peculiar
lithologic. character has yielded fossils at one
locality which conclusively establish. its age
as Devonian. This deposit is an irregularly
bedded, gnarly pinkish or purplish calcareous
sandrock which fills hollows in the surface
marked by the unconformity. It is exposed
most typically in the canyons between Ruby
Canyon and Pipe Creek (see fig. 3 and Pl. XX)
and is apparently represented by equivalent
beds at Garnet Canyon and at Cottonwood
Creek. It is not exposed at Bass Canyon.
Apparently it is the oldest deposit laid down
upon the post-Tonto surface in this part of the
Grand Canyon.

The locality where I found fossils in the de-
posit is in Sapphire Canyon, at an elevation of
about 3,700 feet, in the main stream course of
the canyon. At this point the deposit fills a
depression about 50 feet deep eroded in the
Muav limestone. It consists essentially of
irregularly bedded calcareous sandrock whose
component grains are chiefly calcareous or
dolomitic sand; the rock might thus be classed
either as limestone or as sandstone. Some
beds, however, are compact crystalline lime-
stone or dolomite, and some are coarse conglom-
erate. A few beds consist of bright-red fine-
grained friable sandstone or sandy shale which
resembles the Hermit shale higher in the
canyon wall. (See p.64.) In places this red
sandstone shows concretionary structure, and
some beds exhibit sun cracks. Practically
all the calcareous sandrocks and associated
beds are in lenticular layers which are highly
irregular and are of no great horizontal extent,
commonly wedging out within distances of less
than 100 feet. Local unconformities are com-
mon between the beds.. No two verticel sec-
tions of the deposit are alike, even in the same
hollow. The prevailing color of the beds is
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+ pinkish or purplish gray, but some beds display
green or yellowish tints, and some are white or
. cream-colored. In many places the colors are
mingled in blotches and streaks. - Most of the
rock is moderately fine grained, and nearly all
of it exhibits cross-bedded structure. * In many
parts of the deposit, but particularly at the top,
the bedding is curiously gnarled and contorted.
Probably this gnarly structure is an irregular
form of cross-bedding.

The fossils occur in the lower part of the
deposit, most of them within 3 feet of the base.
They are abundant but are fragmentary and
poorly preserved. A few fragments are scat-
tered through higher beds. The following
analysis of a representative sample of the rock
in which the fossils occur shows that the rock
is an impure dolomite.

Partial chemical analysts of limestone from Sapphzre Canyon.
{Alfred A. Chambers, analyst.]

Insoluble. ... ... . ... ... ....... 10. 96
(Al Fe)yOy o oo 2.89
CaO .. e 27.43
MgO . 17. 88

The fossils are scales and plates of fishes.
The material which I collected was examined
by J. W. Gidley, who writes:

I have gone over your collection critically and find only
Bothriolepis represented in the lot. The material is too
fragmentary to be determined specifically. However, the
form represented appears to agree rathet more closely with
an Eastern species, B. mitidus, found in the Catskill
formation, than it does with the common western form,
B. canadensis. This, however, is not important for your
purpose, except that it certainly indicates Upper Devo-
nian.

So far as I know, Bothmolems is characteristic of the
Upper Devonian and is not known to occur below the
Middle Devonian.

In addition I may state that in the character of the rock
and broken condition of the fish remains your collection
is very similar to the Catskill material.

The deposits of the type just described can
therefore be assigned without question to the
Devonian Temple Butte lirnestone, which,
according to Walcott,® ‘‘is unmistakably
marked by thin purplish-colored layers of
* fine-grained sandstone that pass into calcareous
sandrock and limestone in which cyathophyl-
loid corals, casts of brachiopods and gastropods
and plates of placoganoid fishes usually occur.’
Fossils will probably be found in other local-
ities than the one in Sapphire Canyon when
systematic search is made for them.

28 Walcott, C. D., Pre-Carboniferous strata in the Grand Canyon of the
Colorado, Ariz.: Am. Jour. Sci., 3d ser., vol. 26, p. 438, 1883.
f}

"At Turquoise Canyon, for example,
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The deposits just descrlbed are essentially
similar wherever they are exposed, although
they may differ somewhat in lithologic detail.
they
contain many lenses of conglomerate, whereas
at many other localities they may contain
little or none. At some places they may
contain no bright-red sandstone or shale, and
at some places little or.no limestone or dolomite.
Calcareous sandrock characterized by gnarly
or contorted bedding, however, is always
present. At Turquoise and Sapphire canyons
and at the canyons of Slate and Hermit
creeks the upper part of the deposits consists
wholly of gnarly sandrock, which forms a
massive, rather distinct bed from 20 to 25 feet
thick. Commonly the upper part of this bed

‘| extends over the top of the higher Cambrian

knolls to a depth of 5 to 15 feet.

At Bass Canyon. the massive dolomite (sub-
division A) at the top of the Muav limestone is
overlain by 75 feet of thin-bedded purplish to
white sandy limestone which is mottled in
places by worm markings and contains a few
beds of intraformational conglomerate similar
to that in the Muav limestone. This thin-
bedded limestone contains no determinable fos-
sils, although one bed contains obscure forms
that- are probably cup corals. A detailed
section of the limestone is given on pages 32-33.
The following analysis shows the composition
of a sample of the limestone taken from bed
14, at the base of the section:

Partial chemical analysis of limestone from bed 14, Temple
Butte limestone.

[Alfred A. Chambers, analyst.}

Insoluble. ... . ........... ... ... 24, 41
(Al Fe)oOg. oo ... 183
CaO .. ..... [ 22. 95
MO oo, 15. 01

The rock is therefore an impure magnesian
limestone or dolomite. The insoluble impuri-
ties are probably largely quartzose sand.

The beds of sandy limestone are overlain by a
massive bed of brecciated limestone (see p
32), which lies at the base of the Redwall cliff. '
Both upper and lower surfaces of this brecciated
limestone are wavy, but I am not. sure that
they represent planes of erosion. At any rate
the brecciated bed marks an abrupt change in
lithology, and I have placed it at the base of
the Mississippian Redwall.
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At most places in Bass Canyon the contact
between the thin-bedded sandy limestone and
the underlying massive dolomite of the Muav
limestone is an even line, so that the two forma-
tions appear to be conformable. But at
Garnet Canyon, 3 miles west of Bass Canyon,
and at Ruby Canyon, 2 miles southeast of
Bass Canyon, the thin-bedded sandy limestone
is separated from the Muav by a plain line of
erosion. (Seefig.3.) The contact is therefore
an unconformity.

I have assigned the 75 feet of thin-bedded
sandy limestone exposed at Bass Canyon to the
Devonian Temple Butte limestone, because at
Garnet Canyon (see Pl. XX) similar beds
overlie a gnarly purplish conglomeratic sand-
rock that resembles the deposit in which fish
remains occur in Sapphire Canyon and are
overlain by other beds of gnarly conglomeratic
sandrock and red shale, so that at Garnet
Canyon the thin-bedded sandy limestone is
actually included within beds that are litho-
logically identical with the known Temple
Butte limestone.

POSSIBLE UNCONFORMITY BETWEEN DEVONIAN
AND CARBONIFEROUS SYSTEMS.

Walcott ?® has shown that at Kanab Creek
the Redwall limestone is separated from under-
lying Devonian beds by a line of erosion, but I
am unable confidently to trace this unconfor-
mity in the region between Garnet Canyon and
Cottonwood Creek and at all places to separate
Devonian beds from the Redwall limestone.

At Hermit Creek the sequence of beds be-
tween the Devonian Temple Butte limestone
and the Redwall strata of known Mississippian
age is as follows:

Section in western slope of Cope Butte, near Hermit trail.

[For profiles of section sec Pls, XIX and XX.]

. R Feet.
Massive gray magnesian limestone of known
Mississippian age forming lower part of sheer
Redwalleliff. . ... ... .. .. 804-
1. Alternating beds of gray magnesian limestone,
" buff sandstone, and chert; partly concealed;
form slope.....cooiii e 15
2. Massive gray vesicular crystalline magnesian
limestone; cavities contain coarse crystals of
of calcite; formscliff.................. ...l 11
3. Concealed beds; form slope................... 6
4. Limestone like bed 2; cliff.................... 7

% Walcott, C. ., The Permian and other Paleozoic groups of the Ka-
nab Valley, Ariz.: Am. Jour. Sci., 3d ser., voL. 20, pp. 221-225, 1880.
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. Band of chert layers; weathering black........ 1
. Limestone like bed 2; cliff........ ... ......... 7
. Buff sandstone with bands of chert............ 5
. Limestone like bed 2; cliff.......... ... .. ... 7
. Buff sandstone with bands of chert............ 2
. Limestone like bed 2 but sandy; slope......... 4
. Sandy conglomerate composed largely of frag-
ments of calcareous sandrock; cliff; base of
bed uneven, wavy...... e
Gnarly purplish and white calcareous sandrock
of known Devonian age (Temple Butte lime-
stone) lying in hollow eroded in Muav lime-
stone; upper surface of sandrock uneven, -
wavy; in places exhibits inequalities of 3

- O W 00O,

o

The following analysis of a representative
sample of the limestone forming bed 8 of the
foregoing section probably shows approxi-
mately the composition of beds 2, 4, and 6 as
well, because none of these beds differ in
appearance.

Partial chemical analysis of limestone from bed 8, Cope Buite.
{Alfred A. Chambers, analyst.|

Insoluble. .. . ... .. ...l 0.47
(ALFe)Og.ceoiiiii i, .41
Ca0. e 31.79
MgO. . i 19. 65

The limestone is therefore a practically pure
dolomite, and it is interesting to note that the
chemical composition of this rock is almost ex-
actly that of the overlying limestone, which
forms the lower part of the Redwall cliff (see
analysis, p. 55) and from which, indeed, the
limestone of bed 8 is almost indistinguishable -
in appearance, differing only in the thickness
of the bedding. ‘

Because the limestones in the series of beds 1
to 11 of the above section are lithologically
identical with the beds at the base of the over-
lying Redwall limestone I have assigned the
series to the Redwall limestone. The litho-
logic change from these beds to the gnarly
sandrock underlying them is sharp, and it is
possible that the wavy line at their base marks
an erosional unconformity which separates the
Devonian from the Mississippian. However, I
do not wish unduly to emphasize the import-
ance of the latter feature, because wavy sur-
faces occur at many horizons in the Redwall
and Temple Butte limestones and are not neces-
sarily of widespread stratigraphic significance.

Massive beds of gray vesicular magnesian
limestone that alternate with layers of sand or
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chert and are similar to the series at Hermit
Creek just described are exposed at Turquoise
Canyon and in the canyons of Slate, Pipe, and
Cottonwood creeks, where I have also assigned
them to the Redwall limestone.  (See P1. XX.)
Apparently the series thickens southeastward
and attains a thickness of more than 100 feet
in the region about Cottonwood Creek, but I
have examined it in detail only at Hermit
Creek. At Turquoise Canyon and Slate Creek
1t is underlain by 15 to 20 feet of thin-bedded
sandy purplish and whitish magnesian lime-
stones; those at Slate Creek I have assigned
tentatively to the Temple Butte limestone
(see Pl. XX), because they resemble the thin-
bedded Temple Butte limestone at Bass Can-
yon (see pp. 51-53), although itis possible that
they belong at the base of the Redwall lime-
stone, for they are separated from underlying
gnarly sandrock of Devonian age by a slightly
wavy surface. At Bass Canyon no beds at
all resembling the massive vesicular limestones
of Hermit Creek appear below the base of the
Redwall cliff. The lithologic change from
typical Redwall beds to-the thin-bedded pur-
plish sandy limestone of the Devonian takes
place at a brecciated bed at the very base of
the cliff, and the plane-of separation, as stated
on page 53, may or may not be an unconformity.
" At Garnet Canyon all beds above the known
Devonian are inaccessible. An uneven surface
" is exposed there at the top of the highest
-beds that I could reach, but I do not know
whether this surface is an unconformity sepa-
rating Devonian and Mississippian or only a
local unconformity in the Temple Butte lime-
stone. ‘
In brief, if an unconformity separates the
Temple Butte limestone and the Redwall lime-

stone in the region which I have examined, it.

is so obscure and exhibits so little irregularity
that it can be detected only by obtaining deter-
minable fossils in the strata within which it
lies. Certainly no surface of erosion exists
which is at all comparable in irregularity with
that which separates the Tonto group from
overlying beds. '

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.
REDWALL LIMESTONE (RESTRICTED).

Definition.—In previous publications the
Redwall limestone has been classified as of
Pennsylvanian and Mississippian age. As orig-
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inally defined by Gilbert *° the formation was
“named from the red appearance of its escarp-
ments on either sidé of the Grand Canyon” and
included in its top 200°to 510 feet of alternating
sandstones and limestones of ““Coal Measures”’
(Pennsylvanian) age. Later writers have also
included these Pennsylvanian beds in the Red-
wall, although Darton * in 1910 expressed the
belief that they properly belonged to the over-
lying Supai formation. In the present report
these beds of Pennsylvanian age are transferred
to the Supai formation, to which, by reason of
their lithology, age, and probable unconform-
able contact with the Mississippian rocks, they
seem more properly to belong. The name Red-
wall limestone is therefore here restricted to the
massive gray crystalline. limestones of Missis-
sippian: age, and this restricted definition has
been adopted by the United States Geological
Survey.

Character—The Redwall limestone as here
restricted consists almost wholly of bluish-gray
crystalline limestone whose distinctive features
are massive appearance, hardness, and rela-
tively great thickness. The massive appear-
ance of the limestone is due partly to the thick-
ness and homogeneity of the beds but chiefly
to the fact that the planes of separation be-
tween many beds are inconspicuous, so that
when viewed from a distance large parts of the
formation present the appearance of a single
stratum. The hardness and thickness of the
limestone cause it to make the sheerest and
most continuous cliff in the canyon wall.

At Bass Canyon the Redwadll limestone is
about 570 feet thick and is divisible into three
parts which differ in topographic expression.
Subdivision C, at the base of the formation,
makes a slope that unites with the steep ledgy
slope formed by the Temple Butte limestone
(see p. 32) and is a bed of sandy breccia 8§ feet
thick whose fragments consist chiefly of gray
limestone. It is overlain by bluish-gray mas-
sive crystalline limestone, obscurely bedded at
the base and top, which makes a cliff approx-
imately 500 feet high, This cliff-making lime-
stone constitutes subdivision B. Subdivision
A, at the top of the formation, consists of dis-
tinctly bedded bluish-gray crystalline lime-
stone which includes a few thin partings of red

80 Gilbert, G. K., U. 8. Geog. and Geol. Surveys W. 100th Mer. Rept.,
vol. 3, pp. 161, 162, 177, 178, 185, fig. 82, 1875.

31 Darton, N. H., A reconnaissance of parts of northwestern New
Mexico and northern Arizona: U. 8. Geol. Survey Bulil. 435, p. 22, 1910.



PALEOZOIC FORMATIONS OF THE GRAND CANYON,

shale. This subdivision, 62 feet thick, makes
a succession of small cliffs and narrow ledges
above the sheer cliff formed by subdivision B.
The character and succession of the Redwall
beds are described in the sections given on pages
31-32, and the profiles of the subdivisions are
shown in the columnar section (Pl. XIX).

. Subdivisions A and C can not be traced
with certainty far from Bass Canyon, but
subdivision B, the main cliff-making portion
of the Redwall, is constant in lithology and in
appearance and is readily recognizable every-
where in the Kaibab division of the Grand
sanyon. The upper and lower portions of
the subdivision are obscurely and heavily
bedded, whereas the middle portion is dis-
tinctly bedded and contains many thin layers
of chert and sand. Most beds in the sub-
division contain a few scattered nodules of
chert, but chert is conspicuously abundant
only in the middle, distinctly bedded portion.
Many beds contain coarse crystals of calcite,
some of which line cavities, some of which
form large irregular masses in the rock, and
some of which form layers a few inches to a
foot thick. Interbedded layers of sandstone
occur throughout the subdivision but are
numerous only in the middle portion. As a
rule the sand is loosely cemented and exhibits
gnarly structure. Many beds rest on irregular,
wavy surfaces. In many places the limestone
cliff is stained pinkish or pale rose color by
ferritic pigment washed over it from overlying
red shales in the Supai formation. Unstained
surfaces of the limestone commonly weather
- gray or bluish gray. Freshly broken surfaces
are gray, buff, or white.

The following analyses show the compo-
sition of representative samples of limestone
from subdivision B at Bass Canyon. No. 1
represents the obscurely bedded limestone
(No. 1, p. 32) that forms the upper part of the
subdivision; No. 2, the heavily bedded lime-
stone (No. 3, p. 32) that forms the lower part.
Partial chemical analyses o{ limestone from subdivision B,

Redwall limestone.

[Alfred A. Chambers, analyst.

1 2
Insoluble. ...coviieei . 0. 48 0.82
AL Fe)gOgemneenmannaananeannnn. .10 . 40
7Y 0 55. 50 32. 54
MgO. . . ] .08 19. 52
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These analyses show that the limestone at
the top of the subdivision is practically pure,
whereas that at the base is-magnesian and is
essentially dolomite. The composition of the
limestone forming the middle, laminated mem-
ber of the subdivision was not determined by
analysis, but inasmuch "as this limestone
resembles that in the overlying obscurely
bedded member in appearance and effervesces
freely with acid, it is probably not magnesian.
The limestones in subdivision A resemble
those in the upper part of subdivision B and
effervesce freely with acid. It would appear,
therefore, that the limestone in the whole
upper portion of the Redwall is comparatively
pure and only that in the basal member of -
subdivision B is magnestan.

Southeastward from Bass Canyon subdi-
vision B diminishes gradually but steadily in
thickness. At Bass Canyon it is approxi-
mately 500 feet thick; at Hermit Creek, .13
miles southeast of Bass Canyon, 475 feet; and
at Red Canyon, 16 miles farther southeast, 375
feet. Red Canyon is 4 miles east of Cotton-
wood Creek. This decrease in the thickness
of subdivision B is readily apparent to most
observers in the diminished height of the Red-
wall cliff when seen from Grandview or Desert,
View, as contrasted with the height of the
cliff when seen from the head of the Hermit
trail or from Bass Camp.

Subdivision A as defined at Bass Canyon is
traceable southeastward at least as far as
Hermit Creek (see columnar sections, Pl. XIX),
but subdivision C is not traceable southeast of
Ruby Canyon, 2 miles from Bass Canyon. At
Slate Creek, 8 miles southeast of Bass Canyon,
and in the region southeast of Slate Creek (see
Pl. XX) subdivision B is underlain by a series
of gray vesicular magnesian limestones and
interbedded sandstones which make a steep
ledgy slope beneath the cliff of subdivision B.
A section of these alternating limestones and
sandstones at Hermit Creek is given on page 53.
This series, which I have assigned to the Red-
wall limestone (see p. 53), apparently occupies
a lower horizon in the Redwall than subdi-
vision C, which actually is probably a local bed
at the base of subdivision B. The alternating
limestones and sandstones thicken southeast-
ward, for they are 68 feet thick at Hermit Creek
and at least 130 feet (estimated) at Red Can-
yon. I have not measured them at Slate,
Pipe, and Cottonwood creeks.
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Thickness.—The Redwall limestone de-
creases in thickness in the 29 miles between
Bass Canyon and Red Canyon. It is 570 feet
thick at Bass Canyon, 538 feet at Hermit
Creek, and a little over 500 feet at Red Canyon.
The decrease in thickness in the formation as
a whole is not so great as the decrease in its

- cliff, because the series of alternating limestones
and sandstones at the base of the formation
increases in thickness southeastward as the
overlying cliff-making limestone diminishes.
At Kanab Creek, 30 miles northwest of Bass
Canyon, the formation is a little over 700 feet
thick. (See P1. XIX.)

Fossils.—Fossils are scarce in the Redwall
limestone at the Bass, Hermit, and Bright
Angel  trails. Commonly they are poorly
preserved and are difficult to collect unless
they are weathered out of the rock. In 1914
I made small collections at two localities. - At
Bass Canyon T obtained from the middle,
distinctly bedded member (2) of subdivision
B Fenestella sp. and Schuchertella chemungen-
sts. This locality is at the Bass trail near the
bottom of the narrow part of Bass Canyon in
the Redwall. ’ ,

In the canyon of Hermit Creek I obtained
from the same middle member of subdivi-
sion B

Monilipora? sp.
Crinoid stems.
Fenestella, several sp.
Rhipidomella sp.
Camarotoechia sp.

Spirifer centronatus.
Syringothyris? sp.

The fossils were identified by G. H. Girty,
who writes:

Although these fossils are poor and constitute a very
small fauna, they indicate with but little uncertainty a
Mississippian (Madison) age and thus confirm previous
-determinations of the age of the lower and major part of
the Redwall limestone. It is true that an undoubted
Pennsylvanian fauna has been cited by Meek from the
upper part of the Redwall limestone of this general region,
but these fossils came from beds that are now being trans-
ferred to the Supai formation.

In 1920 I collected fossils from beds near.

the top of the Redwall limestone at two locali-
ties.

One collection, which I labeled lot C, I
obtained at the very top of the Redwall
cliff in the eanyon of Garden Creek directly
under El Tovar. The locality is about an
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eighth of a mile east of the point where the
Bright Angel (Cameron) trail descends the
Redwall cliff and may be reached by leaving
the trail at this point and walking eastward
along the narrow bench at the summit of the
cliff. The fossils weather from the upper
surface of the limestone that underlies this.
bench, and the horizon appears to be equivalent.
to the very top of subdivision B of the Bass
Canyon section.

The other collection, which I labeled lot A,
I obtained from bed 5 of subdivision A in
Bass Canyon. (See p. 31.) The locality is on
the west side of Bass Canyon about a quarter
of a mile north of the point where the Bass
trail descends the break in the Redwall cliff
at the head of the canyon. It may be reached
by following the first bench above the top
of the sheer cliff of subdivision B that is wide
enough for a man to walk upon. The fossilif-
erous horizon is about 14 feet above the top

“of the cliff.

Regarding these two collections Mr. Girty
writes:

Lot C contains an abundant fauna, though one showing
but little diversity and represented by very unsatisfactory
specimens. I-recognize in it the following forms:

Diphyphyllum? sp. (probably the same form shown
by bétter specimen in lot A).
. Camarotoechia? n. sp.
Spirifer centronatus.
Spirifer aff. S. incertus.,
Composita? sp.
Bellerophon sp.
Euomphalus? sp.

Lot A contains Diphyphyllum (Lithostrotion?) sp., Cama-
rotoechia? (apparently the same form as in lot C), and a
fucoid.

These two lots contain essentially the same fauha and are
of the same geologic age. As between Pennsylvanian and
Mississippian, I should refer them with little question to
the Mississippian. As between lower Mississippian and
upper Mississippian—that is, as between Madison and
Brazer—a definite conclusion can not be reached. So
few occurrences of upper Mississippian rocks are known
in this southwestern region that a general probability is
established that these faunas belong to the lower horizon.
The facies of the faunas corresponds so far as it goes with
the lower Mississippian faunas, as we know them now, but
the forms contained in these collections are so few, so
poorly represented, and in some cases so ambiguous that
one can not deny the existence of a possibility that the
geologic age may be upper Mississippian. To state the
matter briefly, as I see it, the evidence so far as it goes
suggests lower Mississippian, but it does not go far enough
definitely to establish the lower Mississippian age of the
horizon. My personal convictions, I may add, are strong
that the age is actually lower Mississippian.



PALEOZOIC FORMATIONS OF THE GRAND CANYON.

Schuchert, who has collected fossils in the
Redwall at the Hermit trail, states: %

The base of the Redwall on the Hermit trail consists of
three thick beds. The upper one is from 10 to 12 feet
thick, and the lowest bed is 8 feet thick, of a vesicular
gray dolomite with the cavities filled with calcite. The
upper bed has Syringopora cf. surculeria. Between these
two dolomite beds is a yellowish-white sandstone, 4 feet
thick.®

The Redwall may be studied on the Hermit trail below
the Cathedral Stairs, but the sequence can not be made
out with certainty because all of it has slumped and-slid
down in a huge landslide. The parts are mixed, and even
some of the Supai is included with blocks of the Redwall.
One entire day was devoted to collecting fossils from it,
but the results were very unsatisfactory. Toward the
middle of the Redwall were seen sections of a few corals,
of Menophyllum and Clisiophyllum, and a number of cri-
noidal columnals, besides Spirifer centronatus. Of the few
fossils taken away there is a Syringopora like 8. surcularia
Girty, Menophyllum excavatum Girty, Fenestella and Poly-
-pora in several species, and a finely striate Spirifer.

These fossils are seen to belong to the same fauna as those
identified by Girty from near Nelson, Ariz., and collected
by W.T. Lee. The time indicated by them is that of the
Madison limestone so widely distributed in the Rocky
Mountain country, or of the older half of the Mississip-
pian of the Mississippi Valley.

In 1879 Walcott collected fossils at Kanab
Creek at many horizons in beds which he
designated subdivisions b and ¢ of the Redwall
limestone. (See Pl. XIX.) These two sub-
divisions and the underlying subdivision d of
Walcott’s section correspond closely in lithology
with the Redwall of my Bass Canyon section
and constitute the Redwall as it is here rede-
fined. Subdivision a, at the top of Walcott’s
Redwall at Kanab Creek, corresponds in
lithology to my subdivision C of the Supai
formation at Bass Canyon and undoubtedly
properly belongs in the Supai. (See p. 62.)

These collections from subdivisions b and ¢
at Kanab Creek were never worked up in detail
by Walcott and in the course of time have be-
come badly mixed with collections made from
other Carboniferous beds in the general region.
However, Mr. Girty, who has examined the
material, makes the following statement con-
cerning as much of it as he is able to assign to
tho collections from b and c:

The faunas are much more extensive and conclusive
than the one contained in your lots A and C, and I refer

them without hesitation to the lower Mississippian, to that
‘widespread limestone formation which has commonly been

2 Schuchert, Charles, op. cit., pp. 360-361.
33 The three dolomite bieds described by Schuchert are probably beds
2,4 t0 6, and 8 of my section at Cope Butte given on page §3.—L. F. N.
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called the Madison limestone but which in New Mexico
has received the name Lake Valley limestone. I do not
myself feel in doubt, although the evidence is not entirely
conclusive, that the entire Redwall limestone, so far as it
is embraced within the horizons represented by your
collections A and C and by Mr. Walcott’s collections from
Kanab Canyon, is of lower Mississippian age and belongs
in a general alinement with the Madison liméstone.

The type locality of the Redwall limestone
selected by Darton 3¢ is Redwall Canyon, in the
Shinumo Amphitheater, only 4 miles north of
Bass Canyon. The section at Bass Canyon,
given in the present report, is so near Redwall
Canyon that it may be assumed practically to
represent the formation at the type locality.
The evidence just presented indicates that at
the type locality the entire Redwall as here
restricted is of lower Mississippian age, although
it is conceivable, but highly improbable, as
Girty states, that the beds at the top of the
formation in which I found fossils may be upper
Mississippian.

No evidence has been found which indicates
that any part of the Redwall as here recognized
in the Kaibab division of the Grand Canyon is
younger than Mississippian.

Ransome,®® who has examined the Redwall
in the Jerome region, where he collected fossils
in it that Girty identified as lower Mississip-
pian, states: “No evidence was obtained at
Jerome to indicate that any of the Redwall
limestone is as young as the Pennsylvanian.”
In the Jerome region the beds assigned to the
Redwall aggregate only 250 feet and probably
belong to the lower part of the formation.

PROBABLE UNCONFORMITY BETWEEN MISSIS-
SIPPIAN AND PENNSYLVANIAN SERIES.

The top of the Redwall limestone is very
difficult to reach, except at places near the
trails that descend the canyon wall, and I have
so far been able to examine it only at the Bass .
trail, at the trail which ascends the northern
wall of the Grand Canyon through Muav
Canyon, and at the Hermit, Bright Angel, and
Hance (Red Canyon) trails. Viewed from a
distance it appears to exhibit no irregularity
at most places in the Kaibab division of the
canyon. ’

At Bass Canyon the contact between the
typical bluish-gray limestone of the Redwall

3¢ Darton, N. H., A reconnaissance of parts of northwestern New
Mexico and northern Arizona: U. S. Geol. Survey Bull. 435, p. 21, 1910.

3 Ransome, F. L., Some Paleozoic sections in Arizona and their
correlation: U. 8. Geol. Survey Prof. Paper 98, p. 162, 1916,
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and the red shale at the base of the overlying
Supai appears to be remarkably even, and the
only evidence of a stratigraphic break is the
abrupt change from limestone to shale. How-
ever, actual exposures of the contact are not
to be found, owing to the softness of the shale,
which makes a slope at this horizon that is
entirely concealed by talus.

At Muav Canyon the surface of the Redwall
is uneven, but the beds are shattered along the
axis of a faulted flexure, so that it is uncertain
whether the unevenness is due to shattermg or
to erosion.

At the Hermit, Bright Angel (Cameron), and
Hance trails the appearance of the top of the
Redwall suggests that it was exposed to erosion
before the overlying Supai beds were de-
posited, as I shall show.

Near the Hermit trail, just south of the
point where the trail descends the Redwall,
the upper surface of the Redwall limestone is
decidedly uneven, and in places jagged knolls
of the limestone project 25 feet or more above
the general level of the surface. At this
locality the basal deposit. of the Supai is a
bright reddish or purplish-sandy shale. Some
parts of the shale exhibit no bedded structure
whatever; other parts exhibit gnarly, irregular
bedding and are more or less concretionary,
whereas still other parts are evenly and thinly
. bedded. Thin lenses of conglomerate occur at
some horizons in the shale. The pebbles in the
conglomerate are. well r<unded and are coated
with black “desert varnish.” Most of them
are composed of chert. derived, apparently,
from the underlying limestone. The shale
varies considerably in thickness from place to
place. Above the tops of the higher limestone
knolls the thickness may not exceed 45 feeét,
but between the knolls, where the deposit ap-
pears to fill depressions, the thickness may
exceed 70 feet. The deposit becomes more
evenly bedded toward the top, and the upper
21 feet comsists of thinly laminated soft red-
dish shale. Above this shale are alternating
-beds of red sandy shale, purplish and gray lime-
stone containing red chert, and reddish to buff
calcareous sandstone. The thickness of these
alternating beds is 132 feet. The section just
described, 202 feet in total thickness, is shown
diagrammatically on Plate XIX. The beds
are undoubtedly equivalent to subdivision C
of the Supai at the Bass trail.

(See p. 61.)
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The upper surface of the Redwall limestone is
infiltrated with red mud, and the overlying
irregularly bedded, more or less structureless
red shale appears to represent just such a de-
posit of red clay as one would expect to find
above a weathered limestone surface. It is
possible that the roughness of the top of the
Redwall is due to shattering of the beds in this
locality, because the formation has slumped in a.
landslide at the point where the trail descends
it. TFor this reason the evidence just presented
should be regarded as inconclusive. Never-
theless the lithologic change from the massive
limestone of the Redwall to the structureless
red deposit above it is so sharp that it indicates
a stratigraphic break at this horizon, and the
variation in thickness of the red shale is also
suggestive. The bed is 72 feet thick at the
Hermit trail, whereas the shale at the corre-
sponding horizon in Bass Canyon is not over 14
feet thick. (See p. 31; also Pl. XIX.)

At the Bright Angel (Cameron) trail the
summit of the Redwall is irregular, but here
also the evidence is inconclusive, because the
Redwall is shattered by a fault in the vicinity
of the trail.

"At Red Canyon the. summit of the Redwall
is well exposed near the 4,955-foot bench
mark, where the Hance trail descends the
Redwall on the east side of the canyon. This.
locality is some distance east of a fault that
coincides with the axis of Red Canyon, so that
the ‘beds here have not been disturbed by the
fault. Near the bench mark the surface of the
Redwall is wavy, and the limestone is more or
less infiltrated with red mud, but the best
evidence of a stratigraphic break at the top of
the limestone is found in the lithologic char-
acter of the overlying Supai beds. The Supai
begins abruptly with a bed of conglomerate,
which exhibits great variations in thickness..
At one place it is 20 feet thick, at many places.
5 to 10 feet thick, and at some places entirely
absent. The conglomerate contains both angu-
lar and rounded pebbles of chert and lime-
stone, derived, apparently, from the underlying
Redwall. The pebbles range in diameter from.
a fraction of an inch to 6 inches but avérage
about half an inch. The conglomerate is
gravelly and contains very little matrix.
Where present the matrix consists of red sandy
clay. Where the conglomerate is thickest it
appears to fill shallow depressions in the Red-

¢
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wall. Above the conglomerate is 100 feet of
red friable sandy shale that is more or less
calcareous and in places exhibits concretionary
structure, and above the shale are alternating
beds of shale, limestone containing red chert,
and calcareous sandstone, some of which is
cross-bedded. The conglomerate, red shale,
and overlying alternatlno' beds just described
are undoubtedly equwalent; to subdivision C
of the Supai as exposed at the Hermit and
Bass trails.

Walcott,* in describing the upper part of the
Redwall at Kanab Creek, states:

Toward the close of the 700 feet of limestone and its
intercalated cherty bands evidences of an approaching
change occur. The horizontal bedding is broken by
gradually increasing curves of depression and elevation
of the previously level surface. The limestone becomes
more and more interstratified with white chert, weathering
black. Arenaceous layers of a detrital origin come in, with
pink chert and chalcedony replacing the white chert of
the beds beneath.

Massive layers of brecciated chert in a quartzitic matrix
denote the increasing change of conditions, and soon the
sandstone epoch of the Lower Aubrey group opens. The
transition beds (a) have filled the hollows and leveled off
the uneven surface of the limestone beneath, and, 255 feet
above, the great sandstone group begins with a massive
crors-bedded sandstone stratum (e), 50 feet in thickness.

The transition beds to which Walcott refers
are the beds that constitute subdivision a of
his Redwall at Kanab Creek (see Pl. XIX),
which is now transferred to the Supai (see p.
62). Therefore the uneven surface which he
describes actually lies at the top of the Redwall
limestone as here restricted, and the horizon
occupied by the uneven surface is equivalent to
that at the Hermit, Bright Angel (Cameron),
and Hance trails which I have just described.

Schuchert,®” who has examined the Redwall-
Supai contact on the Hermit trail, writes:

The contact may be studied just beneath the signpost
“Cathedral Stairs” that stands on Supai strata. It is of
the disconformable type, and the Redwall is more or less
eroded. Where the contact was studied this limestone-
dolomite series terminates in thin-bedded deposits, with
the beds varying in thickness from 12 to 20 inches. The
Supai begins at once with its characteristic sandy and
rain-pitted shales and muddy sandstones. This discon-

formity has far greater significance than the physical phe-
nomena as seen on the Hermit trail would seem to indicate,

v
38 Walcott, C. D., unpublished notes.
87 Schuchert, Charles, op. cit., p. 358.
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for the fossils of the Redwall are here all of early Mississip-
pian age. Nothing of later Mississippian time is present,
and the land interval preceding Supai deposition was cer-
tainly longer than all 6f Redwall time.

Ransome ' reports that 8 miles north of
Jerome what he regards as the base of the
Supai is a limestone conglomerate 2 to 3 feet
thick in which the pebbles are generally less
than 2 inches in diameter. He states that
layers of a similar conglomerate also occur a
little higher in the formation.

In brief, although the evidence just pre-
sented is inconclusive, it establishes a strong
probability that the upper limit of the Redwall
is an unconformity of erosion.

PENNSYLVANIAN AND PERMIAN (%) ROOKS.

SUPAI FORMATION (REDEFINED).

Definition.—As originally defined by Dar- -
ton *° the name Supai formation was applied to
about 800 feet of red sandstones and shales, the
latter in part sandy, underlying the Coconino
sandstone, overlying the Redwall limestone,
and composing the lower part of the Aubrey
group in northern Arizona. ' Darton’s Redwall
limestone, like Gilbert’s and Walcott’s Red-
wall, included rocks of Mississippian and Penn-
sylvanian age. In this report the Supai for-
mation is redefined by cutting off at the top
about 300 feet of deep brick-red sandy shale
and fine-grained friable sandstone of Permian
age, to which the new name Hermit shale is
herein applied, and by adding at the bottom
about 250 feet of red sandy shale, purplish and
gray limestone with red chert, and reddish to
buff calcareous sandstone of Pennsylvmma.n age
that have heretofore been included in the Red-
wall limestone. This redefinition of the Supai
formation has been adopted by the United
States Geological Survey. As thus defined the
Supai formation is of Pennsylvanian and Per-
mian (?) age and rests with probable uncon-
formity on the underlying Mississippian Red-
wall limestone. The accompanying table
shows the different classifications of the Car-
boniferous rocks of the Grand Canyon.

38 Ransome, F. L., op. cit., p. 162.
39 Darton, N. H., A reconnaissance of parts of northwestern New

| Mexico and northern Arizona: U. S. Geol. Survey Bull. 435, pp. 25-27,

1910.
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Classifications of the Carboniferous rocks of the Grand Cunyon.
) - « C.D. Walcott, 1880.
G. K. Gilbert, 1875. L N. H. Darton, 1910. c
: (Am. Jour. Sci. 4 L. F. Noble, 1922.
U. 8. Geog. and Geol. S ‘W. 100th Mer. * | (U. 8. Geol. S P 4 Age.
( Ropte, vol. 3, pp. 161-186, Ag. 82.) 30 ot porcl 20 (U. 5 Ggol, Survey (This report.) g0
Chst?)r(’)c};e(laitmestone, 200~ Upper Aubrey. Kas'tlggg lime- | goibab limestone.
Cross—l;edded and other .
Aubrey group. ?g:tdstones, 300-1,000 COsCt(Z)IIllIGITO sand- Coconino sandstone. | Permian.
: Lower Aubrey.
Red and white shales . Hermit shale.
and sandstones, 800 Suili)g]ll forma-
feet. . ~Unconformity
Alternating sandstones Supai formation (re- Pell;mian (1?) and
and compact lime- defined). nierlllnsy va-
stones, 200-500 feet. an.
—Unconformity (?)—
Redwall limestone, . .
Redwall lime- sheer escarpment, 800 | Redwall lime- | Redwall lime-
stone group. feet. stone. stone.
Redwall limestone
(restricted to Mis- | Mississippian.
Limestones in lesser es- sissippian  lime-
carpments and cal- - stones).
careous shales, 800-
1,365 feet.
Character of beds.—The Supai formation as | sandstone. Commonly, however, their grains

here redefined consists chiefly of sandstone but
includes many beds of sandy shale and a few
beds of limestone. Much of the sandstone is in
thick, massive beds that make strong cliffs.
The shales and beds of laminated sandstone
make slopes. As seen from a distance, the dis-
tinctive features of the formation are its pre-
vailingly red color and its steplike profile, which
consists - 6f a succession of cliffs and slopes
carved from the alternating hard and soft beds.
Close inspection shows that the red color of the
formation is derived from the shales. The
outcrops of the sandstones are stained reddish
by ferritic pigment washed over them from the
interbedded shales, but the natural color of the
sandstones, as shown on freshly- broken sur-
faces, is buff or pinkish buff.

The sandstones of the Supai are uniformly
fine grained. Some of them are regularly
bedded and exhibit thin, platy lamination, but
most of them are conspicuously cross-bedded,
and in the thicker layers the cross-bedded struc-
ture is on a coarse scale. In uniforfn fineness
of grain and in coarseness of cross-bedding the
more massive layers resemble the Coconino

are bound together by calcareous cement,
whereas the binding material in the Coconino is
siliceous. Curiously, the prevailing dip of the

“inclined laminae in the cross-bedded sandstones
of the Supai is south, just as it is in the Coco-

nino. - Most of the shale in the Supai resembles
that of the overlying Hermit shale and is
essentially a red sandy mud. Some beds ex-
hibit sun cracks and ripple marks, but these
features are not conspicuous at the Bass trail.
Two types of limestone occur in the Supai.
One type, which is clearly of detrital origin,
consists of grains of calcareous sand, exhibits
faint cross-bedded structure on weathered sur-
faces, and in places passes into cross-bedded -
sandstone. Some beds of this type are crystal-
line, and others granular; most of them are
pinkish buff. The other type of limestone is
bluish or purplish gray, massive, and crystal-
line and contains nodules of red chert. Beds
of this type occur only in the lower third of the
Supai. Many of them resemble the limestone
in the underlying Redwall.

Subdivisions.—At Bass Canyon I have divided
the Supai into three members, which in lithol-
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ogy and in topographic expression are suffi-
ciently constant to be recognizable throughout
. the Kaibab division of the Grand Canyon.
These members I have designated subdivisions
A, B, and C. ‘

Near the top and just below the middle of the
Supai the cross-bedded sandstones are excep-
tionally thick and massive and make strong,
conspicuous cliffs. Between these two sets of
cliffs and below them the strata make steep
ledgy slopes. The strata that make the upper
set of cliffs constitute subdivision A; those that
make the lower set of cliffs and the ledgy slope
above the cliffs constitute subdivision B; and
those that make the slope at the base of the
Supai constitute subdivision C.

Subdivision A consists chiefly of sandstone
but includes a few beds of sandy shale; sub-
division B consists chiefly of sandstone but
includes beds of sandy shale and a feiv beds of
limestone; and subdivision C consists of sand-
stone, shale, and limestone in about equal
proportions. Broadly, therefore, although the
Supal consists chiefly of sandstone, it exhibits
a passage upward from shale and limestone to
sandstone.

Subdivisions A and B rest on slightly wavy
surfaces at Bass Canyon. However, similar
wavy surfaces occur at other horizons in the
Supai (see sections of subdivisions B and C,
pp.29-31), and some of these surfaces aremore
irregular than those at the base of subdi-
visions A and B. Without further study it is
impossible to determine whether any of them
have widespread stratigraphic significance.

The order, character, and thickness of the
strata that constitute the three subdivisions
just outlined are described in the section of the
Supai given on pages 29-31, and the topo-
graphic profile of the beds is shown in t;he
columnar section, Plate XIX. )

Subdivision C, at the base of the Supai, 208
feet thick, begins at the bottom with alter-
nating beds of red sandy shale and bluish-gray
limestone carrying nodules of red chert, and
the shales and limestones pass upward into
alternating beds of red - shale, bluish-gray
hmcstone, and reddish to buff calcareous sand-
stone, a part of which is cross-bedded. The
limestones and harder sandstones form small
cliffs, and the shales and softer sandstones
form slopes. Outcrops of many softer beds
are concealed by talus. The contact between

91048°—23——5 :
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this subdivision and the underlying Redwall
limestone is described on pages 57-59, where
I have presented evidence indicating that it is
a plane of unconformity by erosion.
Subdivision B, the middle member of the
Supai; 439 feet thick, begins at the base with
heavy, cliff-making beds of buff cross-bedded
sandstone, 200 feet in aggregate thickness,
which are separated by thin layers of limestone
or red shale. These massive sandstones pass
upward into alternating beds of red friable
shaly sandstone and cross-bedded calcareous
sandstone that contain thin interbedded layers
of limestone and, 66 feet below the top of the
subdivision, a prominent bed of limestone
conglomerate 28 feet thick. This conglome-
rate (see p. 30), which occurs in highly lentic-
ular layers and consists chiefly of rounded peb-
bles of limestone embedded in a matrix of red
sandy mud, appears to be continuously trace-.

‘able not only through the Kaibab division of the

canyon but far beyond. I have noted it on the
Bright Angel (Cameron) and Tanner trails,
respectively 18 and 32 miles southeast of Bass
Canyon, and in the Aubrey ClLiff, near Seligman,
70 miles southwest of Bass Canyon. At all
these localities the conglomerate occupies
approximately the same horizon in the Supai
that 1t does at Bass Canyon. At the Bass trail
and the Bright Angel trail it rests on an uneven
surface which exhibits vertical irregularities
of several feet within horizontal distances of
100 feet. It is conceivable that the conglom-
erate marks a stratigraphic break in the Supai
that is more significant than. the contact be-
tween subdivisions A and B.

Near Pine, in the Jerome region, Ransome
has noted a bed of limestone conglomerate in
what he regards as the Supai at a horizon
about 450 feet above the base of the formation.
The conglomerate is 12 feet thick and overlies
a seam of impure lignite.

Subdivision A, at the top of the Supai, 306
feet thick, begins at the base with massive beds
of pinkish, purplish, or buff cross-bedded sand-
stone which form a set of cliffs nearly 200 feet
in height. Above these sandstones are alter-
nating beds of soft red platy sandstone and
hard buff cross-bedded sandstone which form
a series of cliffs and slopes. .

At the top of subdivision A is a broad red
platform known as the Esplanade, which begins -

4 Ransome, F. L., op. cit., p. 160.
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at Bass Canyon and extends far.westward in
the interior of the Grand Canyon. I have
described this platform in a previous report #
and have shown that, like every other ledge
in the canyon wall, it is a structural bench
determined by the hardness of the beds that
underlie it and the softness of the beds that
overlie it, and that it does not necessarily, as
Dutton supposed,*? represent a temporary base-
level of erosion produced by a pause in the
uplift of the region during the cutting of the
Grand Canyon. West of Bass Canyon the
Esplanade is so broad that it is by far the most
striking feature in the canyon . landscape.
East of Bass Canyon it shrinks to a narrow
ledge and is inconspicuous as a .topographic
feature but is nevertheless traceable contin-
uously through the Kaibab division. Inas-
. much as this bench is cut on the summit beds
.of the Supai it constitutes a landmark that
enables the observer everywhere to distinguish
the Supai formation from the overlying Hermit
shale. In theregion between Bass Canyon and
the Hermit trail it marks a conspicuous uncon-
“formity between the Supai formation and the
Hermit shale. (See pp. 63-64.)
. Fossils.—No determinable fossils have been
found in the Supai formation in the Kaibab
division of the Grand Canyon. The available
evidence concerning its age may be summed
up as follows:

Subdivision a of Walcott’s Redwall at Kanab
Creek (see Pl. XIX), “arenaceous beds with
pink chert passing down into. shaly limestone,
brecciated arenaceous cherty beds, and gray
limestone with red chert,” not only corresponds
closely with subdivision C of the Supai as I
have defined the formation at Bass Canyon
but is overlain at Kanab Creek by massive
cross-bedded sandstone (subdivision e of Wal-

cott’s “Lower Aubrey group’) that corre-
sponds to the massive sandstone at the base
of subdivision B of the Supai at Bass Canyon
and is underlain at Kanab Creek by massive
limestone which is obviously equivalent to the
upper part of the Redwall as defined at Bass
Canyon. Therefore there can be no reason-
able doubt that subdivision a of Walcott’s
Redwall is subdivision C of the Supai as here

« Noble, L. F., U. 8. Geol. Survey Bull, 549, pp. 21, 73-75, 1914.
4 Dutton, C. E., Tertiary history of the Grand Canyon district: U. S.
Geol. Survey Mon 2, p. 121, 1882.
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' subdivision B. However,

1922,

redefined. Subdivision 8 of Walcott’s Red-

"wall is division 5 of Gilbert’s Paleozoic section

at Kanab Creek, ¢ purple and white arenaceous
limestone with pink chert, in one bed passing
into cross-bedded sandstone.” Walcott *® states
that although at Kanab Creek he obtained no
fossils from these beds nor from any part of the
overlying sandstones, “ the beds elsewhere have
given evidence of their upper Carboniferous
age by the presence of a fauna rich in many
species.” This fauna is the Pennsylvanian
fauna described by Meek and listed by Gilbert,*
who says concerning it: ¢ The fauna of the up-
per portion [of the Redwall] is rich in species
and, while differing from that of the Aubrey
limestone, is equally referable to the Coal Meas-
ures.” By the “upper portion of the Redwall”
Gilbert means not the upper portion of the

.Redwall as the formation is here restricted,

but the beds that constitute division 5 of his
section at Kanab Creek* and division 4 of his
section at the mouth of the Grand Canyon,*
which are equivalent to the lower part of the
Supai as here defined. Recently Longwell
has found Pennsylvanian fossils in the Grand
Wash Cliffs north of the mouth of the Grand
Canyon “near the top of beds which apparently
correspond to Noble’s basal Supai in the Grand
Canyon.”

The evidence just presented mdlcates that
subdivision C, at least, of the Supai is of
Pennsylvanian age. The Supai is overlain by
the Hermit shale, which contains Permian fossils,
and the two formations are separated by an
unconformity of erosion, but inasmuch as no
determinable fossils have been found in sub-
divisions A and B of the Supai there is no
conclusive evidence that the unconformity
separates Pennsylvanian and Permian beds.
Therefore the Pennsylvanian-Permian contact
may lie at. any horizon in the Supai between
the summit of the formation and the base of
no stratigraphic
break as great as the unconformity at the base
of the Hermit shale appears to occur within
the Supai itself, so I am inclined to regard the
entire Supal as probably of Pennsylvanian age.

43 Walcott, C. D., unpublished notes.

44 Gilbert, G. K., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept.,
vol. 3, pt. 1, p. 178, 1875.

4 Tdem, p. 162.

46 Longwell, C. R., Geology of the Muddy Mountains, Nev., with a
section to the Grand Wash Cliffs in western .Arizona: Am. Jour. Sci.,
4th ser., vol. 50, p. 47, 1921.
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Robinson # has reported Pennsylvanian fos-
sils from the Redwall limestone at Elden
Mountain, near Flagstaff. He states that at
this locality “the limestone becomes thinner
bedded than usual and gives way to red calca-
reous shale and sandstone. The limestone
immediately overlying these beds contains
many fragments of shale and includes at one
point & patch of conglomerate.” The fossils
determined as Pennsylvanian came “from the
uppermost strata’ at this locality. In my
opinion, Robinson’s description of the beds
 indicates that they are equivalent to strata

exposed in the basal part of the Supai in the
Grand Canyon, and not to any part of the
Redwall limestone as here restricted.

Lee * has also reported a Pennsylvanian
fauna from the top of the Redwall limestone
in Truxton Canyon, near Yampai. The fossils
are stated to have been obtained “near the
top of the exposed section.” Probably the
limestone beds in which Lee found the Penn-
sylvanian fossils are also correlatives of lime-
stones that lie in the basal part of the Supai at
Bass Canyon.

UNCONFORMITY BETWEEN SUPAI AND HERMIT
FORMATIONS.

In Hermit Basin, 12 miles southeast of Bass
Canyon, a strong unconformity of erosion'sepa-
rates the Supai formation as here redefined
from the overlying red sandy shale here named
the Hermit shale. The unconformity is beau-
tifully exposed on the Hermit trail just under a
signpost marked ‘“Red Top.” (See P1. XXIII,
B.) At this locality the top of subdivision A
of the Supai consists of alternating beds of
hard pinkish or buff cross-bedded sandstone
and friable red platy sandstone. These beds
make a succession of small cliffs and ledges just

under the bench that forms the floor of Hermit

Basin and locally represents the Esplanade
platform. Just under the “Red Top’’ sign a
sharp hollow 40 feet deep in these Supai beds
is filled with the soft red sandy layers that con-
stitute the Hermit shale.
shale in the hollow determines a break in the
small cliffs at the top of the Supai, and the trail
takes advantage of this break to descend the

¢ Robinson, H. H., The San Franciscan volcanic field, Ariz.: U. S.
Geol. Survey Prof. Paper 76, pp. 21-22, 1913,

4 Leo, W. T., Geologic reconnaisance of a part of western Arizona:
U. 8. Geol. Survey Bull. 352, p. 15, 1908.
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cliffs to a ledge on the summit of the massive
sandstone that forms the main cliff of subdivi-
sion A. When the observer has examined the
unconformity in the fine exposure under Red
Top he will have no difficulty in following it
with his eye all around the rim of the canyon of
Hermit Creek, where it is in plain sight for sev-
eralmiles. The unconformity marks the change
from the highest cliff-making stratain the Supai
to the softer, shaly beds that overlie them.
It is difficult to recognize the unconformity at
first sight because the beds above and below it.
are stained the same color, a deep brick-red.
Many fine exposures of the unconformity may,
however, be studied by following the trail that
leads westward along the general level of the
Esplanade from Red Top to Dripping Spring.
The sketch in figure 4, a, and the photograph
reproduced in Plate XXTIV, A4, show an expos-
ure of the unconformity on this trail at a point
about a quarter of a mile west of Red Top.
As seen in the canyon of Hermit Creek the un-
conformity is comparable in irregularity to the
unconformity at the top of the Tonto (see pp.
49-51), which,indeed, it strongly resembles, the
eroded surface exhibiting in places irregulari-
ties of 50 feet or more.

I discovered the unconformity in 1916 at the
end of afield trip when I came out of the canyon
over the Hermit trail, and I furnished Prof.
Schuchert with a sketch of it which he pub-
lished in his paper on the Carboniferous forma-
tions of the Grand Canyonin 1918.# However,
until 1920 I had no opportunity to examine the
horizon of the unconformity at other localities,
to learn something of its extent, but in the fall
of that year I was ‘able to examine it at sev-
eral points in the south wall of the Grand Can-
yon northwest and southeast of Hermit Creek.
Northwest of Hermit Creek the unconformity
is traceable at least 11 miles, being plainly rec-
ognizable from the rim of the Grand Canyon in
the walls of Ruby Canyon, 2 miles southeast of
Bass Canyon. Figure 4, b, shows it just under
Havasupai Point, the end of the promontory
that forms the west wall of the Ruby Canyon.
The sketch was drawn from the Grand Scenic
Divide, a spur of the Esplanade a mile west.of
Havasupai Point, and may be incorrect in de-
tail, for I could not reach and examine the
locality shown by the sketch. At Bass Canyon

4 Schuchert, Cha les, op. cit., p. 356.
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I could not detect the unconformity, but the
beds at its horizon are poorly exposed at that
locality.

At the Bright Angel (Cameron) trail, 5 miles

-southeast of Hermit Creek, the unconformity

can be detected by very careful inspection, but
the eroded surface exhibits so little relief that
it would probably be unrecognizable to one
who had not first examined it at the Hermit
trail. At Tanner Canyon, 20 miles southeast
of the Hermit trail, I could not detect it. In
that region the Hermit shale is readily distin-
guishable from the underlying Supai formation
both topographically and lithologically, but
the contact with the Supai is so even that if it
represents an unconformity of erosion the
eroded surface is practically level.

‘Hermit shale

e smmemas oo

S Unconformity

PERMIAN SERIES.

HERMIT SHALE. .

Definition.—At Hermit Basin above the un-
conformity just described there is a series of
deep brick-red sandy shales and fine-grained
friable sandstones whose thickness is 317 feet .-
measured from the base of the deepest depres-
sion and 267 feet measured from the summit
of the highest knoll in the unconformity.
(See P1. XIX.) Formerly these strata were
included in the Supai formation and were des-
ignated “shale of the Supai formation” or
“Upper Supai shale,” * but because they have
been. found to be separated from the under-
lying beds by an unconformity, because they
contain determinable fossils of Permian age,
and because they are constantin
lithology and are distinet from
the underlying beds in topo-
graphic expression everywhere
in the Kaibab division, I have
proposed that they be designated
the Hermit shale, and the name -
has been adopted by the United
States Geological Survey. The
name is taken from Hermit Basin,
where the beds are typically ex-
posed. The formation is conform-
ably overlain by the Coconino
s‘f%;;ﬁzaﬁon sandstone. Plate XXIV, B, shows

an exposure of the Hermlt shale
in Tapeats Amphitheater, north-

formation

Hermit shale

FIGURE 4.—Diagrammatic sketches showing character of u.nconformlty between Hermit west of Powell Plateau.

, shale and Supai formation in Grand Canyon, Ariz. a, On trail between Red Top and
" Dripping Spring, Bnght Angel quadrangle, b, under Havasupai Point, Shmumoqua,d

rangle.

In brief, although the Supai forma-tion is

A separated from the overlying Hermit shale by

an unconformity of erosion which is contin-
uously traceable for at least 15 miles in the
Kaibab division, study of a wider area than I
have covered .will be necessary before it can
be stated confidently that the unconformity is
a widespread feature in the Grand Canyon
district.

In the area which I have covered the un-

" “conformity coincides with the general level of

the Esplanade. If this association is signifi-
cant, the unconformity may extend over a
very wide area, for the Isplanade extends
many miles west of the Kaibab division in the
Grand Canyon.

Character and  thickness.—At
Bass Canyon the Hermit shale is
332 feet thick. The character and succession
of the beds are given in the section on pages
28-29 and their profileis shown in the columnar
section, Plate XIX. The beds differ little
from one another in composition and con-
sist essentially of sandy mud colored red
by ferritic pigment. -The beds that I have
designated sandstone in the section are massive
and relatively compact as contrasted with the
beds that I have designated shale, which are
thinly laminated, but the distinction between
sandstone and shale is unimportant. All the
strata are friable. Many beds exhibit sun
cracks and rain prints, and some beds are
ripple-marked. One bed (No. 15, p. 29) con-

50 Noble, L. F., op. cit., p. 69.
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A. UNCONFORMITY BETWEEN HERMIT SHALE AND SUPAI FORMATION ON TRAIL BETWEEN RED
TOP AND DRIPPING SPRING, BRIGHT ANGEL QUADRANGLE, ARIZ.

@, Kaibab limestone; b, Coconino sandstone; ¢, Hermit shale; d, Supai formation.

B. TYPICAL EXPOSURE OF HERMIT SHALE IN TAPEATS AMPHITHEATER, NORTHEAST OF POWELL
PLATEAU, KAIBAB QUADRANGLE, ARIZ.

@, Kaibab limestone; b, Coconino sandstone; ¢, Hermit shale; d, ¢, f, subdivisions A, B, C of Supai formation.
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A. FOSSIL TRACKS ON SLAB OF COCONINO SANDSTONE AT HERMIT TRAIL,
BRIGHT ANGEL QUADRANGLE, ARIZ.

B. CEDAR MOUNTAIN, VISHNU QUADRANGLE, ARIZ., FROM DESERT VIEW CAMP.

a, Surface of Coconino Plateau; b, Shinarump conglomerate, capping Cedar Mountain; ¢, Moenkopi formation; d, Kaibab
limestone,
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sists of intraformational ‘conglomerate. Near

-the top of the formation many beds exhibit

concretionary structure. Lithologically the
Hermit shale resembles many beds of sandy
shale in the Supai, but unlike the Supai it
contains no massive hard layers of cross-
bedded sandstone, and the more.sandy beds in
the Hermit are prevailingly reddish, not buff,
as they are in the Supai. Thin, platy lami-
nation is the most prominent structural charac-
toristic of the Hermit shale. Everwhere the
formation makes a slope which is in strong
topographic contrast with the sheer cliff of the
overlying Coconino sandstone and with the
steplike cliffs and ledges of the underlying
Supai. :

Although the Hermit shale is constant in
lithology throughout the Kaibab division of the
Grand Canyon its thickness varies considerably.
In the region about Tanner Canyon, in the east-
ern part of the Kaibab division, it is less than
100 feet thick (estimated) and may be less than
75 feet. At Bass Canyon it is 332 feet thick,
and west of Bass Canyon, at the west end of
the Kaibab division, more than 500 feet. . The
widening of the Esplanade west of Bass Canyon
is caused, as I have shown,® by the increase in
thickness of the soft Hermit shale, which
wastes back from the floor of the platform, in
conjunction with a corresponding shrinkage in
the overlying hard Coconino sandstone, which
defends the retreat of the wall above the plat-
form. Apparently the Hermit shale continues
to increase in thickness at least as far as Kanab
Creek, for Walcott’s subdivisions al, a2, and
a3 of the Aubrey group at Kanab Creek, which
I believe represent the Hermit shale, are 775
feet in aggregate thickness. (See Pl. XIX.)

Beds in Gilbert’s section at the mouth of the
Grand Canyon,* which he designates division
3 and which may represent the Hermit shale,
are said to be 800 feet thick at that locality.

In the Aubrey cliff 4 miles north of Selig-
man beds identical in lithology with the typi-
cal Hermit shale underlie the Coconino sand-
stone and overlie a cliff-making portion of the

' Supai that corresponds in lithology and in

stratigraphic position to subdivision A of the
Supai as defined at Bass Canyon. The beds
between the Supai and Coconino formations
are 80 feet thick, are soft and thinly laminated,

8 Noble, L. F., op. cit., p. 70.
@ Qilbert, G. K., op. cit., p. 162.
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and make a slope above a bench at the top of
the Supai that corresponds to the Esplanade.
Undoubtedly they are the Hermit shale. In
this region the Coconino sandstone, although
it is nearly 450 feet thick, does not make a cliff
but weathers into a slope that is little steeper
than that formed by the Hermit shale. The
actual cliff-makers in the Aubrey cliff are the
Supai formation and the Kaibab limestone.

Describing the beds in the Jerome region
that were believed to represent the Supai,
Ransome % writes: o

At this locality [mouth of Sycamore Creek, 8 miles north
of Jerome] the lower 700 feet of the Supai consists chiefly
of fine-grained cross-bedded sandstone in beds less than 6
feet thick, with a smaller proportion of deep-red shale.
The general color is not brilliant, and some -of the sand-
stone bedsincline to a tawny hue. The upper beds of this
division of the formation are fairly massive and form an
outer bench in the plateau escarpment at this locality.
Overlying them and under the Coconino sandstone are
apparently softer beds of much brighter red, with an esti-
mated thickness of 200 to 300 feet. As seen through field
glasses at a distance of 2 or 3 miles they show conspicuous
cross-bedding and appear to grade upward with no sharp
break into the Coconino sandstone.

Perhaps the soft beds noted by Ransome

"beneath the Coconino sandstone and the rock

bench formed by the Supai are the Hermit
shale. ‘

Fossils.—Schuchert was the first geologist
to find fossils in the Hermit shale. He states:5

Just below the sign “Red Top in the lower turn of the
Hermit trail [in Hermit Basin] and immediately above
the thick upper sandstone [of the Supai] are seen thin.
bedded red shaly sandstones alternating with deep-red
zones of shale. The surfaces of the glistening and smooth
platy sandstones are replete with fillings of the small
prisms of interbedded sun-cracked shales, are often rain-
pitted, and further marked by the feet impressions of
fresh-water amphibians described elsewhere in this num-
ber of the Journal by Prof. Lull % as Megapezia? coloraden-
sis and Evocampe? delicatula. Some of the tracks are
distinct impressions of the feet, and others are mere strokes
of the toes. In these same beds also occur plant remains
in very fragmentary condition which were badly macer-

ated and coated with a slime of red mud during their

entombment. They are therefore difficult to determine,
but after much effort Dr. David White tentatively identi-
fied  them as Callipteris sp. cf. C. conferta, Walchia cf.
W. gracilis, Gigantopteris, and cf. Sphenophyllum. * * *

The plants listed above and found associated with the
tracks led White in his letter to the writer dated June 27;
1916, to the following conclusions: “The condition of
preservation of the fragments is so bad that caution is

8 Ransome, F. L., op. cit., p. 162.

&4 Schuchert, Charles, op. cit., pp. 353-354.

5 Lull, R. S., Fossil footprints from the Grand Canyon of the Colorado:
Jour. Am. Sci., vol. 45, pp. 337-346, May, 1918.
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necessary in basing conclusions of any kind on the material
submitted. However, the presence of Giganiopteris,
Walchia, and probably of Callipteris, if my tentative
generic identification of the latter is correct, points to
lower Permian age of the flora. * * * In any event,
it appears probable that the flora, when it is better known,
will be found to indicate a level not below the highest
stage of the Pennsylvanian.”

In 1916 I made a small collection of plant
material from beds at the base of the Hermit
shale resting in depressions in the unconformity
near Red Top in Hermit Basin. The collection
was examined by Mr. White, who made the
following report: \

The fossils are very obscure on account of the maceration
of the plant substance, the washing of the surface with
mud slimes, with more or less curling, and deformation
produced apparently by shrinkage in the sun, so that the
nervation is in general obliterated, even the midribs
being imperfectly represented in some cases. - Curling of
the leaves obscures or even conceals their true forms.

One of the specimens probably belongs to the genus
Pecopteris. Two other fragments may represent a species
of Alethopteris. Another fragment has the outline of
Callipteris. 1f the outline is not misleading as the result
of shrinkage and curling of the borders of the leaf, the
plant probably is a Callipteris, in which case the evidence
of the fossils will conform to the tentative age determina-
tions based upon the collection submitted by Prof. Schu-
chert, namely, that the beds are Permian in age, or possibly
referable to the latest Pennsylvanian.

Pending the collection of additional material, some of
which it is hoped will be found better preserved, the refer-
ence of the extremely obscure and imperfect fragments to
the Permian must be considered as provisional. I antici-
pate, however, that more material will point more strongly
to the Permian age of the upper part of the Supai forma-
tion. Should this prove to be the case, the unconformity
at the base of the Permian in northern Arizona will remind
geologists of the strong angular conformity beneath the
Permian ‘“Red Beds” on the south flank of the Ouachita
Mountains in southern Oklahoma and the presence of in-

. conspicuous conglomerate in or near the base of the Per-
mian in northern Oklahoma and southern Kansas.

In 1920 I returned to Hermit Basin and
searched the Hermit shale in the hope of get-
ting material that would prove to be specifi-
cally determinable, and at a point 50 feet
above the base of the formation, a quarter of a
mile west of Red Top on the trail to Dripping
Spring, at the locality shown in the sketch and
photograph (fig. 4, a, and Pl. XXIV, 4), I ob-
tained among other specimens a well-preserved
part of a fernlike frond, concerning which Mr.
White writes: :

A close inspection shows it to belong to the genus Callip-
teris, which the world over is everywhere recognized as

8 White, David, personal letter.
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the most characteristic and widespread exclusively Per-
mia.p fern. I judge that the specimen is not even varie-
tally distinguishable from Callipteris conferta. Accord-
ingly this evidence practically confirms conclusively the
opinions based on fragments previously collected by you
and Prof. Schuchert and 1is of itself probably adequate
to prove the Permian age of the Hermit shale. Taken
in connection with the plant fragments previously trans-
mitted by Prof. Schuchert and you, it can be only
Permian.

In 1920 I noted imperfect fragments of plant
impressions here and there in the Hermit shale
near the Bass trail and near the Bright Angel
trail. The fragments are not confined to any
particular bed in the formation but occur at
various horizons. They are not nearly so
abundant as they are at Hermit Basin.

In the light of the evidence just presented
the Hermit shale may be confidently assigned
to the Permian.

COCONINO SANDSTONE.

COharacter.—The Coconino sandstone is a
pale-buff fine-grained cross-bedded sandstone
whose distinctive features are its massive ap-
pearance, the huge scale of the cross-bedding,
and the uniform fineness of the component
grains of sand. The massiveness of the sand-
stone, which is due ‘to. the coarseness of the
cross-bedding, causes it to weather into the
highest and most precipitous cliff in the upper
wall of the canyon.

The formation is made up of lenticular beds,
each of which is truncated by the bed above it
in such a way that, as outlined in cross section
or cliff faces, the beds commonly form irregu-
lar wedges whose sides are sweeping curves.
Each -wedge consists of innumerable thin in-
clined laminae. Horizontal bedding is absent
except near the base of the formation, where
it is inconspicuous. The wedges differ greatly
in thickness. One wedge, near the Bass trail,
is more than 75 feet thick; most are between
10 and 75 feet; some are less than 10 feet. In
every wedge the laminae dip in a general
southerly direction ranging from southeast to
southwest, but the dip is not uniform in all
parts of the wedge. Thelaminae form parallel
curves that flatten downward. Commonly at
the top of a wedge they are inclined at angles
of 15° to 25° or exceptionally 30°, but near
the base of a wedge they bend and become
horizontal or nearly horizontal. The prevail-
ing dip of the laminae is south wherever the

Coconino sandstone is exposed in northern



PALEOZOIC FORMATIONS OF THE GRAND CANYON.

Avizona. This feature causes the formation
to make a more continuous cliff in the southern
wall of the Grand Canyon than it does in the
_northern wall, because where the outcropping
edges of the sandstone face south, as they do
in the northern wall, the sandstone breaks
down here and there into slopes on the dip of
the laminae. A break. of this character per-
mits the Hermit trail to descend the sandstone
in Hermit Basin, and another permits the Bass
trail to descend it near Bass Camp. At both
places the Coconino cliff faces southwest in an
alcove cut at right angles to the prevailing dip
of the beds.

The sandstone is cut by many vertical joints.
In weathering, it splits into blocks along these
joints or into slabs along the inclined lammae
rather than along contacts between the wedges.
Although the prevailing color of the sandstone
is pale buff, some wedges are rusty buff, pinkish,
or pale red. The reddish color, where present,
is strongest, as a rule, at the base of a wedge.
The constituent grains of the Coconino sand-
stone are quartz, and they are bound together
by siliceous cement; the rock does not effer-
vesce with acid. Commonly the grains are
uniformly small, translucent to transparent,
and rudely globular or subangular rather
than broken or angular, but fresh surfaces of
the rock feel gritty and sparkle in the sunlight.
Exceptionally the grains are rather coarse, are
well rounded, and are dull on the surface, like
ground glass. These dull, rounded grains
commonly form thin bands or streaks.

Ripple-marked or sun-cracked surfaces are
very rarely seen in the Coconino sandstone. I
have never seen ripple marks in it, but Schu-
chert’” has noted them at one place, near the
Hermit trail. Near the Bass trail the under
surface of the formation contains distinct im-
pressions of sun cracks, but these impressions
are derived from the upper surface of the
underlying Hermit shale. The only sun cracks
I have noted that are unmistakably within the
Coconino itself are on a block in a talus shde
near the Hermit trail.

At the Bass, Hermit, and Tanner trails the
sandstone at the base of the Coconino is in
horizontal layers for 5 to 25 feet above the
Coconino-Hermit contact, and some of these
layers do not exhibit cross-bedding. At the
Tanner trail these horizontal beds of sandstone

o7 Schuchert, Charles, op. cit., p. 349.
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alternate with layers of red shale, so that the
bounda,ly between the Hermit sha,le and Coco-
nino sandstone is not sharp. At the Bright
Angel (Cameron) trail the cross-bedding
begins abruptly at the base of the Coconino.

"At the Hermit and Bright Angel trails the
beds at the top of the Hermit shale are cut
here and there by vertical fissures that do not
extend upward into the Coconino sandstone.
These fissures, some of which extend down-
ward 15 to 20 feet into the Hermit shale and
are 6 inches to a foot wide at the top, are filled
with the buff sand that constitutes the overly-
ing Coconino sandstone. Probably they are a -
widespread feature of the Coconino-Hermit
contact, for a few of them are exposed under
Fossil Mountain, near Havasupai Point, 11
miles from the Hermit trail. I have not
seen them at Red Canyon or at Tanner Canyon,
but the contact is poorly exposed at those
localities.

The Coconino-Hermit contact is the most
favorable horizon for springs in the upper part
of the canyon wall, because the upper surface of
the relatively impervious Hermit shale checks
the downward movement of ground water per-
colating through the more pervious Coconino
sandstone. Many small springs issue at this
contact in the Kaibab division of the canyon.
Dripping Spring, at Hermit Basin, and a
spring at the Muav Saddle, near the head of
Muav Canyon, are examples. '

Thickness.—In the region between Kanab

Creek and the east end of the Kaibab division

the thickness of the Coconino sandstone in-
creases steadily southeastward and is every-
where in inverse ratio to that of the underlying
Hermit shale. For example, the Coconino is
only 30 feet thick at Kanab Creek (see section
by Walcott, Pl. XIX), where beds believed to
represent the Hermit shale are 775 feet thick;
250 feet thick at the west end of the Kaibab
division, where the Hermit shale i1s 550 feet;
330 feet at the Bass trail, where the Hermit
shale is 332 feet; 350 feet at the Hermit trail,
where the Hermit shale is 267 to 317 feet; 550
feet (estimated) at Red Canyon, where the
Hermit shale is 130 feet (estimated); and 550
to 650 feet in the eastern end of the Kaibab
division, between the Tanner trail and the Lit-
tle Colorado, where the Hermit shale is 75 to
100 feet. The height of the Coconino cliff as.
seen from Desert V1ew near the Tanner trail is
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thus almost double the height of the cliff as
seen from the head of the Hermit trail or from
Bass Camp. .

Fossils—The only traces of life that have
been found in the Coconino sandstone are fossil
footprints of small animals. The locality is on
the Hermit trail between 140 and 200 feet
above the base of the sandstone and is easily
accessible. The tracks occur on the upper sur-
faces of inclined laminae of the sandstone that
dip 15°-25° SW., and they are found over a
considerable area between the elevations stated.
The beds that contain the tracks have a slightly
darker color than most of the Coconino sand-
stone exposed on the trail, weathering a rusty
buff. The tracks are hard to recognize at first,
as they are small, like those of a squirrel or a
small cat, and the impressions are faint, but
the tracks are abundant, and the observer will
see a great many of them after he has become
familiar with their appearance. Most of them
appear to have been made by animals walking
up the slope of the inclined laminae. A large
number will be found in place on the outcrop-
ping inclined surfaces of the sandstone, but
many loose slabs of rock scattered about the
trail contain good impressions. The photo-
graph reproduced in Plate XXV, A, shows im-
pressions on one of these slabs. Specimens of
two kinds of tracks collected by Prof. Schuchert
in 1915 and by me in 1916 have been described
by Lull *® as Laoporus schucherti and Laoporus
noblei. He regards the animals that made
them as ancestral amphibia. He states:

The creatures which made the footprints were quadru-
peds of moderate size, with broad, stumpy feet, appar-
ently clawed, and having at least four toes in front and
five behind. The hind foot, which issomewhat the larger,
bore a proportionately greater share of the creature’s
weight, especially in the smaller species. The limbs
were apparently short, with a wide trackway, implying
abulky body. -No trace of a dragging trail is discernible on
any of the specimens, and the body was evidently carried
clear of the ground. Several known genera of Paleozoic
footprints may be compared with the present species, but
none agrees with sufficient closeness to warrant the in-
clusion of these forms. They therefore seem to pertain to
a new genus, which will be called Laoporus and the affin-
ities of which, from the criteria which they present, seem
to lie with the genus.Limnopus Marsh, from the Kansas
Coal Measures.

Probably the specimens described do not
represent all kinds of tracks obtainable at this
locality, for in examining the locality more

s Lull, R. §., op. cit., pp. 338-341.
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carefully in 1920 I noted tracks that differ
from those already described.

In origin I believe the Coconino sandstone is
essentially a dune deposit, because it resem-
bles in many structural and lithologic features
parts of younger formations exposed in the
Navajo country, notably the DeChelly, Navajo,
and Wingate sandstones, which, as Gregory *°
has shown, are almost certainly dune deposits.
Thin sections cut from specimens of the Coco-
nino sandstone that I have collected for study
may throw more light on the origin of the sand.
This material, however, which also includes
thin sections cut from beds in other Paleozoic
formations of the Grand Canyon, has not yet
been studied, and I will reserve a discussion of
it for another report. '

EKAIBAB LIMESTONE.

Character—The Kaibab limestone forms the
surface of Coconino and Kaibab plateaus, which
border the Grand Canyon, and makes the first
cliffs that drop away at the rim of the canyon.
It is composed of limestone and sandstone and
at some horizons contains large amounts of
chert. Fragments of chert weathered from

.the formation are abundant nearly everywhere

on the surface of the plateaus. The beds of
limestone are hard and make cliffs in the canyon
wall; the sandstones are soft and make slopes.
Relatively the Kaibab is not a heavily bedded
formation, like the Redwall. Some limestone
beds are over 6 feet thick, but many are from a
few inches to 5 feet thick. The bedding planes
are distinct throughout the formation. The
prevailing colors of the limestones and of most
of the sandstones are buff, cream, or gray,
but some of the sandstones, notably in the
middle part of the formation, are red or yel-
low. The limestones in the upper part of the
formation are the most fossiliferous rocks in the
Grand Canyon, some beds being composed al-
most entirely of the remains of sea animals,
chiefly bryozoans, sponges, brachiopods, and
gastropods. Fossil Mountain, a dissected prom-
ontory of the Coconino Plateau near Bass Camp,
is carved from these fossiliferous beds and is so
named because the fossils, weathered from the
limestone, litter its southwest slope.

At Bass Canyon the Kaibab limestone is
divisible into three members which in lithology
and in topographic expression are distinct from

% Gregory, H. E., Geology of the Navajo country U. 8. Geol. Survey
Prof. Paper 93, pp. 31«34 53-55, 57-59, 1917.
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one another everywhere in the Kaibab division.
Subdivision A, at the top of the formation, 292
feet thick, consists of gray crystalline limestone
which passes at the base and top into alternat-
ing beds of fine-grained sandstone and very
cherty limestone. Subdivision B, in the middle
of the formation, 136 feet thick, consists of
more or less irregularly bedded buff, yellow,
and red fine-grained sandstone and contains
beds of sandy breccia. Subdivision C, at the
base of the formation, 134 feet thick, consists
of alternating beds of bufl sandstone and lime-
stone which pass up into a very massive bed of
siliceous limestone. Subdivision A forms cliffs
and steep slopes, B forms a slope, and C forms
a succession of cliffs and slopes. The order,
character, and succession of the beds that con-
stitute these subdivisions are described in the
section on pages 27-28, and the profile of the
subdivisions is shown in the columnar section,
Plate XIX.

Two analyses of limestone in subdivision A
follow. One analysis shows the composition of
a sample taken from a bed (No. 2, p. 27) just
under the rim of the canyon at the Bass trail.
This limestone is associated with the sandy
beds in the upper part of the subdivision. Itis
dense but not crystalline, feels dull or earthy
when struck by the hammer, and in appearance
suggests silicified chalk. Similar beds higher
in the Kaibab limestone are exposed on the
Coconino Plateau east of Bass Camp but are
" not included in my section.

This rock is an impure dolomite. The second
analysis shows the composition of the limestone
that forms the greater part of the subdivision.
This limestone is hard, gray, more or less cherty,
very fossiliferous, and entirely crystalline. The
sample analyzed was taken from bed No. 6
at the Bass trail. (See p. 27.) The analysis
shows that this limestone is not magnesian,
although it is relatively impure. Probably the
insoluble impurities are largely the silica that
forms nodules of chert associated with the lime-
stone; for the rock represented by the sample,
analyzed contains no detrital sand.

Partial chemical analyses of limestone from subdivision A,

Kaibab limestone.
[Alfred A. Chambers, analyst.]
1 2
Insoluble. ..o, 6. 98 11. 15
FN I 0 X .56 . .71
80.. e 29.98 43. 68
MgO. e 18. 68 .00
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The sandstones of subdivision B consist en-
tirely of quartzose sand which in composition,

‘fineness, and uniformity of grain resembles the

sand in the Coconino sandstone. Much of the
sandstone is loosely consolidated and crumbles
to sand when struck with the hammer. The
cement appears to be siliceous, for the rock
does not effervesce with acid. Some beds are
evenly laminated; others exhibit curious gnarly
structure like that in parts of the Devonian
Temple Butte limestone (p. 51). Wavy, irreg-
ular surfaces separate many beds. A bed of
brecciated sandstone occurs at the top of the
subdivision at Bass Canyon, and a similar bed
occurs near the middle. (See p. 27.) It is dif-
ficult to determine from the exposures at this

locality whether the brecciated structure is

detrital in origin, the fragments representing
boulders in a conglomerate, or whether the
structure was acquired after the beds were
consolidated, the beds caving in and breaking
because some soluble mineral, perhaps gypsum,
was leached out of them. The sandstones of
the subdivision contain no gypsum at the Bass
trail, but equivalent beds at Kanab Creek de-
scribed by Walcott (see Pl. XIX) contain gyp-
sum, as also.do equivalent beds at Cataract
Creek described by Newberry.®* Cataract Creek
is about 20 miles southwest of Bass Canyon.
The prevailing reddish and yellowish hues
of the sandstones that constitute subdivision B
contrast strikingly with the pale buffs and grays
of the strata in the overlying and underlying
subdivisions of the Kaibab and enable the
observer readily to distinguish the subdivision.
In general appearance the limestone in the
massive cliff-making bed at the top of sub-
division C (see p. 28) resembles that in the
bed at the top of subdivision A, whose com-
position is shown by the analysis on this page
to be near that of dolomite. Probably the rock
is a siliceous dolomitic limestone. The sand-
stones that alternate. with the limestones
below this bed do not appear to differ con-
spicuously in composition from those in
subdivision B, but all of them are evenly
bedded, and some exhibit shaly lamination.
The contact between subdivision C and the
underlying Coconino sandstone is level and
even, and the bottom bed of the subdivision,

6 Newberry, J. 8., Report upon the Colorado River of the West,
explored in 1857-58 by Lieut. J. C. Ives, pt. 3, Geological report, 1861.
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a fine-grained reddish to yellowish sandstone,
rests everywhere on the truncated edges of
inclined laminae of the Coconino sandstone.
Thickness.—The Kaibab limestone is 562
feet thick at the Bass trail and about, 25 feet
thicker a short distance east of the trail, but
inasmuch: as the summit of the formation is
the eroded surface of the Coconino Plateau,
the original thickness can not be determined.
In fact, the only place where it can be deter-
mined in the Kaibab division is in the area
between the rim of the Grand Canyon and
Cedar Mountain, 35 miles southeast of Bass
Canyon. At Cedar Mountain, 2 miles from
the rim of the canyon, the Kaibab is overlain
by younger beds that have not been removed
by erosion, and the top of the Kaibab is
exposed beneath these beds at the southern
base of the mountain. As shown on page 72
certain beds at the top of the Kaibab at the
base of the mountain can be identified with
beds exposed at the top of the Kaibab at the
rim of the canyon 2 miles away. Therefore
the original thickness of the Kaibab can be

obtained by measuring the formation in the.

canyon wall at this point and adding the
thickness of Kaibab beds exposed under
Cedar Mountain that have been removed at
the rim of the canyon. These measurements
have not been made. '

Although the three subdivisions of the
Kaibab limestone .are everywhere readily
distinguishable from one another they exhibit
variations in thickness and lithology as they
are traced southeastward through the Kaibab
division from Bass Canyon. At Red Canyon,
" on the Hance trail, 30 miles southeast of Bass
Canyon, subdivision C, at the base of the
formation, is 75 feet thick, whereas at Bass
Canyon it is 134 feet thick. The cliff-mak-
ing bed of buff limestone at the top of the
subdivision is about equally thick at both
localities, but the alternating sandstones and
limestones - between  this bed and the Co-
conino sandstone have shrunk from 86 feet
at Bass Canyon to 30 feet at Red Canyon.

Subdivision B is 143 feet thick at Red
Canyon, practically of the same thickness as
at Bass Canyon, and the component beds.of
sandstone differ very little at the two localities.
The subdivision contains brecciated sandstone
at Red Canyon, as it does at Bass Canyon,
but at Red Canyon the brecciated sandstone
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occupies a horizon near the middle of the sub-
division, whereas. at Bass Canyon it occurs
at both the middle and the top. At Red Can-
yon the brecciated sandstone forms a bed 15
feet thick and consists of angular fragments
of red and buff sandstone as much as 4 feet in
diameter embedded in a matrix of gnarled
and twisted sandstone. At this locality the
brecciated sandstone appears to represent a
conglomerate, not a bed shattered after de-
position and consolidation. Undoubtedly these
brecciated beds are a constant feature of
subdivision B, for I have seen them at all
localities where I have examined the sub-
division between Bass Canyon and Red Canyon.
One of these beds is exposed on the Hermit
trail. . ’

Subdivision A is 355 feet thick at Red
Canyon and 292 feet thick at Bass Canyon, but
the summit is eroded at both places, so that
the differences in thickness may not. be signifi-
cant. At Red Canyon, as at Bass Canyon,
chert is less abundant in the middle of the sub-
division than near the base and top and is
most abundant near the top. The limestone
in the subdivision at Red Canyon, however, is
not nearly so pure as it is at Bass Canyon, is
not prevailingly crystalline, and most beds are
earthy, sandy, or siliceous, resembling the buff
magnesian- limestone at the top of the Bass
Canyon section rather than the gray crystalline
limestone that constitutes the greater part of
the subdivision at Bass Canyon. Thus sub-
division A as a whole becomes sandier and more
siliceous southeastward from Bass Canyon.
The limestones are decidedly more sandy at
the Hermit trail than they are at the Bass
trail and more sandy at Red Canyon than they
are at the Hermit trail.

- Fossils.—Fossils are very abundant at many
horizons in subdivision A. At Bass Canyon
they are most abundant in the beds of gray
crystalline limestone designated 5 and 6 in
my section (p: 27). The following list of a
collection in the possession of G. H. Girty
obtained at Parusi-Wompats Spring, just north
of ‘the: Shinumo region, includes most of the
forms that occur near Bass Canyon:®

Sponges.
Lophophyllum n. sp. .
Crinoid stems.
Fistulipora sp.

16 Noble, L. ¥., op. cit., p. 71.
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Meekopora sp.
Stenopora sp.

_Septopora sp.
Polypora sp.
Lingulidiscina convexa?
Derbya sp.
Meekella pyramidalis.
Chonetes aff. C. hillianus.
Producus occidentalis.
Productus ivesii.
Productus aff. P. irginae.
Productus subhorridus var. rugatulus.
Productus sp.
Pugnax osagensis var:
Heterelasma n. sp.
Squamularia guadalupensis?
Spiriferina campestris?
Composita subtilita.
Aviculipecten, 2 sp.
Acanthopecten occidentalis.
Pseudomonotis aff. P. hawni.
Pseudomonotis? sp.
Anisopyge perannulata?

These and other fossils constitute the so-
called Productus vesit fauna. Girty regards
this fauna as Permian and tentatively corre-
lates the Kaibab limestone with the San
Andres limestone in the Manzano group of
New Mexico. .

No fossils have been found in subdivision
B, the sandstone member of the Kaibab, but
a few occur in subdivision C." So far as I know,
no fossils have been collected and described
from these two lower subdivisions of the
Kaibab limestone in the Grand Canyon, and
it is therefore conceivable that the lower part
of the formation may contain a fauna differing
somewhat from that in the upper part. How-
ever, Newberry’s section at Cataract Creek
mentions Productus tvesit in beds equivalent to
those at the base of subdivision C. Inasmuch
as the Hermit shale beneath the Kaibab con-
tains Permian plant remains, no part of the
Kaibab can be older than Permian.

BEDS OVERLYING THE KAIBAB LIMESTONE AT
CEDAR MOUNTAIN.

No beds younger than the Kaibab limestone
are exposed in the wall of the Grand Canyon in
the Kaibab division, but Cedar Mountain, a
flat-topped butte on the Coconino Plateau only
2 miles east of the rim of the canyon near
Desert View Camp, is carved from younger
beds. These beds at Cedar Mountain consti-
tute two formations—the Shinarump conglom-

62 Nowberry, J. S., op. cit.
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erate, 25 feet thick, which makes a cliff en-
circling the top of the mountain and determines
its flat summit, and the Moenkopi formation,
481 feet thick, which makes the slopes of the
mountain. . The age of these two formations is
Mesozoic, the Moenkopi being regarded as
Lower Triassic and the Shinarump as probably
Upper Triassic. The Moenkopi formation,
which is relatively soft, owes its preservation to
the hard Shinarump conglomerate that caps it.
Cedar Mountain is accessible by a rather poor -
road or may be reached by walking 3 or 4 miles
across country from Desert View Camp, which
is connected with El Tovar by a good road. It
is interesting not only because it affords evi-
dence that the Moenkopi and Shinarump forma-
tions once covered the Grand Canyon region,
but because the Shinarump -conglomerate,
which caps it, contains petrified wood. Plate
XXV, B, shows Cedar Mountain as seen from
Desert View Camp. -

Inasmuch as the formations in Cedar Moun-
tain are exposed within 2 miles of the rim of the
Grand Canyon they may be considered a part
of the Grand Canyon stratigraphic section, and
I have therefore included a section of them in
the present report. This section, which fol-
lows, is probably inaccurate in detail, because
I obtained the thicknesses of the beds by rough
aneroid measurement and because the expos-
ures of many beds are poor owing to the apron
of débris that cloaks the slopes of the mountain.
However, the section serves to give a general
idea of the character and succession of the beds.

Section of beds exposed on south side of Cedar. Mountain,
Vishnu quadrangle.

Feet.
Shinarump conglomerate (Upper? Triassic): Hard
siliceous conglomerate or pebbly grit
composed chiefly of pebbles of quartz
or jasper embedded in a matrix of
quartzose sand ; caps Cedar Mountain and
formsstrong cliff. Cross-bedded through-
out; texture variable, some beds fine
grained, others coarse grained. Rounded
pebbles of white quartz a quarter of an
inch to an inch in diameter predominate
in the coarser beds; the jasper pebbles are
of different colors and are banded and
variegated; probably the jasper is petri-
fied wood. Several logs of petrified
wood are embedded in the conglomerate.
The constituent pebbles of the conglom-
erate are unidentifiable with any rock

in the underlying Moenkopi............ 25
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Uncc;n.formity .
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The contact between the Shina-
rump conglomerate and the underlying

shale is concealed nearly everywhere by .

talus. The only exposure noted, a few
feet in horizontal extent, shows conglom-
erate resting on reddish-brown sandy
shale; lithologic change from shale to
conglomerate very sharp. ‘

Moenkopi formation (Lower Triassic):

1.

10.

11.

Slope; practically all covered by débris.
The few outcrops. consist of thinly
laminated reddish-brown shale or shaly
sandstone .. ... ..c.oiiiiiiiiiiiaiaaaas

. Strong cliff; very massive reddish-brown

ﬁne-gramed strongly cross-bedded sand-

. Slope; soft, thinly laminated tan tb_reddish—

brown sandy shale. Outcrops covered
with white saline efflorescence, indicating

Feet.

60

80

the presence of much saline material in

therock. ... oo ooe i

. Weak cliff; rather massive buff sandstone

exhibiting indistinct cross-bedding....

. Slope; thinly laminated tan sandstone or

sandy shale. ... ... ..ol

. Cliff; light yellowish-buff to creamy-buff

fine-grained rather massive cross-bedded
sandstone.. ... ...l

. Long, gentle slope almost entirely covered

by talus. The few outcrops are mostly
thinly laminated soft brownish or reddish
shale. The upper part of this member,
just under the overlying buff sandstone,
is bright-vermilion shale; the basal por-
tion is slabby fine-grained thin-bedded
sandstone which exhibits lemon and tan
tints and is markedly calcareous........

. Tiny cliff; greenish-buff, thinly laminated

crystalline limestone, somewhat sandy
in places. .

. Slope; platy, very thml y la,mmated greemsh

and brownish-buff calcareous shaly

. sandstone, passing up into brownish-buff
and vermilion beds of the same character
Curious gnarly cherty bed. In places a
conglomerate of angular chert fragments;
in places a massive gnarly sandy chert.
Thickness variable. . ...... ... ... ...
Massive yellowish-buff fine-grained sand-
stone. Thickness variable.............

130

16

18

150

Unconformity (?). Theirregularity of the bedsat this

horizon and the presence in them of
brecciated chert indicate a surface of
erosion, but the outcrops are not of suffi-
cient extent to afford conclusive evi-
dence.

Feet. .
Kaibab limestone (Permian):

1. Massive buff sandstone containing lenses,
of chert and many casts of fossils; casts of
Productus? are the most abundant.
Thickness of bed variable and its surface
APPEAI8 WAVY . .iieieneenienanannn

2. Partly concealed bed, making slope.
Apparently consists of alternating thin
layers of chert and lemon-buff sand-

2-6

4. Not measured Thin layers of rubbly chert
and fine-grained lemon-buff to pinkish-
buff sandstone. Thickness at least 40
feet. The beds forming this cherty
series are plainly equivalent to similar
cherty beds in the Kaibab limestone that
are exposed in the wall of the Grand
Canyon just under the rim at Desert View,
3 miles away.

The section just given may be compared
with Gregory’s type section of the Moenkopi
formation for the Little Colorado Valley,
measured 5 miles below Tanner Crossing, in the
wall of the valley.® Tanner Crossing is about
20 miles southeast of Cedar Mountain. Both
sections include the entire Moenkopi, with the.
Shinarump -conglomerate exposed above it
and the top of the Kaibab limestone exposed
below. Gregory’s, section of the Moenkopi is
389 feet thick, whereas the section at Cedar
Mountain above the Kaibab limestone measures.
481 feet. The Cedar Mountain section differs.
from Gregory’s section chiefly in that it con-
tains massive beds of cross-bedded sandstone
in the upper part, and it is conceivable that
this massive sandstone at Cedar Mountain
represents the De Chelly sandstone of the
Navajo country, ‘which, as Gregory has shown,
is sporadic in occurrence and occupies a
stratigraphic position between the Moenkopi
formation and the Shinarump conglomerate.
However, great and sudden variability in
lithology both vertically and horizontally is
a normal feature of the Moenkopi, as Gregory
has pointed out. Moreover,cross-bedded sand-
stone is not uncommeon in the Moenkopi, so that
its presence at Cedar Mountain is not neces-
sarily significant. Unconformities between the
Shinarump and Moenkopi and between the
Moenkopi and Kaibab can not be..determined -
by conclusive evidence at Cedar Mountain,

63 Gregory, H. E., op. cit., p. 24.



PALEOZOIC FORMATIONS

because the exposures of the contacts between
the formations are of small extent, but inas-
much as Gregory has shown conclusively that
these unconformities exist in" the general
region and are widespread, it ig.highly probable
that the features I have described as occuring
at the contacts between the formations at
Cedar Mountain indicate their presence.

I obthined no fossils in the Moenkopi at
Cedar Mountain, but fossils collected in it by

\

OF THE GRAND CANYON,

73

Longwell * in Nevada and determined by
Girty show that its age is Lower Triassic.
Therefore the probable unconformity between
the Moenkopi formation and the Kaibab
limestone separates deposits of the Paleozoic
and Mesozoic eras. ‘
Gregory % has tentatively assigned the Shin-
arump conglomerate to the Upper Triassic.

64 Longwell, C. R., op. cit., p. 50.
65 Gregory, H. E., op.cit., p. 41.






THE SHAPES OF BEACH PEBBLES.

By Caester K. WENTWORTH.

PURPOSE OF THE STUDY.

There is much confusion in geologic litera-
ture as to the shapes of fluvial and beach
pebbles and the differences between them, if
differences exist. Though the contrary has
been asserted, most geologists who have
written on the subject appear to hold the view
that beach pebbles are generally flatter than
river pebbles, having discoid, lozenge-shaped,
ellipsoid, or oval forms.! It is asserted by
some that these forms are produced by push-
ing of the rock fragments to and fro by the
waves.? Others have considered that the
shapes of the original fragments and the in-
‘herent, structure of the rock are dominant in
determining the shapes of beach pebbles,® and
with this view the writer is in accord. That
beach pebbles, even those composed of massive
igneous rocks, are commonly of & flattened
oval form seems certain, as has been stated
elsewhere,' but this fact is probably to be
attributed to the development of such forms
from original flat fragments or from rocks of
schistose structure or to the segregation of
such forms under the peculiar action of the
waves, rather than to their production by a
specialized wave abrasion.

Though many opinions on the subject have
been expressed, no one, so far as known to the
writer, has made any quantitative test of the
development of such shapes on a beach. It
was the writer’s good fortune during the sum-
mer of 1921 to visit two localities on the At-
lantic coast of New England where pebbles are

1 Suess, ., Der Boden der Stadt Wien, pp. 64, 65, 1882 (quoted from
Qrabau, A. W., Principles ofs tratigraphy, p. 595, 1913).

Hocrnes, R., Gerdlle und Geschiebe: K.'k. geol. Reichsanstalt Verh.
No. 12, pp. 42 et seq., 1911 (quoted from Grabau, A. W., op. cit., p. 595).

Cole, G. A.J., Rocxs and their origins, p. 71, Cambridge Univ. Press,
1012.

Trowbridge, A.C., Classification of common sediments: Jour. Geology,
vol. 22, p. 435, 1914.

Stephenson, L. W., The Coastal Plain of North Carolina: North Caro-
lina Geol. and Econ. Survey, vol. 3, pp. 274-275, 1912,

Gelkie, A., Textbook of geology, vol. 1, p. 569, 1803,

3 Suess, E., op.cit. Hoernes, R., op.cit. Cole, G. A.J., op. cit.

3 Qrabau, A. W., Principles of stratigraphy, pp. 715-716, 1913.

Dunn, E. J., Pebbles, p. 7, Sydney, G. Robertson & Co., 1911.

‘ Woutwort.h C. K. Quautltatn estudies of the shapes or pebbles (un-
published thesis, Iowa State Univ.).

being produced by wave abrasion of igneous
rock in place. At these localities he measured
more than 300 pebbles with the hope of obtain-
ing evidence that would be conclusive, at least
so far as these localities are concerned. The
results obtained are presented on the following
pages. It is the writer’s hope that geologists
acquainted with localities where similar meas-
urements might be made or where conditions
of -wave abrasion are especially effective or
peculiar will refer him to such places.

BEACH CONDITIONS.

The first locality visited was at the south
extremity of Nantasket Beach, at the point
shown on the topographic map of the Boston
Bay quadrangle under the capital A of “At-
lantic.”” Here, on the east side of the point, is
a beach about 200 feet in length which is com-
posed of material ranging from sand to blocks
and boulders a foot or more in diameter. At
each end the beach is terminated by low prom-
ontories of the local hght-green to gray igneous
rock, which is included in the Mattapan vol-
canic complex as mapped by Emerson.® The
greater part of the gravel of the beach is de-
rived from the adjacent outcrops, which show,
however, great variations in type within short
distances, including some pyroclastic and sedi-
mentary derivatives of the igneous rock. In
addition to the local rock there is a considera-
ble admixture of pebbles of granite, porphyry,
breccia, felsite, and many other kinds of igneous
rock from other parts of eastern Massachusetts
which have been transported by glacial ice,
by streams, and by shore currents. The
general character of the beach gravel is shown
in Plate XXVI. The conditions of abrasion
at this point are those of a pocket beach. The
tides rise and fall, shifting the zone of abrasion
by several feet in height and about 75 to 100
feet horizontally. Storm waves break high
over the north-south beach ridge and both ad-
jacent rock promontories. Gravel is not trans-
ported to any extent from the beach, either

s Emerson, B, K., U. 8. Geol. Survey Bull. 597, p. 200, 1917.
75
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alongshore or out to deep water, and remains

indefinitely in the zone of effective abrasion.
The coast at this place trends northwest, and
the beach is exposed to the full force of waves
from the northeast, but not so much to those
from south of east. '

The site of the second series of measurements
was the rocky shore at the entrance to New
Haven Harbor, near Fort Hale, Conn. Here,
for a distance of several hundred feet, is a wave-
cut cliff and abrasion platform cut in the end of
a north-south ridge of Triassic trap that
reaches the shore. Along the cliff and strewn
in both directions on the beach is considerable
gravel composed of trap from the local ex-
posure. This gravel extends only a few hun-
dred feet in each direction, giving way to sand
and finer materials. Mingled with the trap
pebbles of the gravel are a few pebbles and
larger pieces from the glacial till that overlies
the bedrock at the top of the cliff and is exposed
lower down along the adjacent parts of the
shore. These are readily identified by inspec-
tion. The general character of the shore and
gravel at this point is shown in Plate XXVII.

On this beach wave action is far less effective
as an agent of abrasion than at Nantasket.
Not only are the waves in this part of Long
Island Sound less violent than those of the
Atlantic Ocean at Nantasket, but the pebbles
here are not confined in a pocket beach.

METHODS OF MEASUREMENT.

Three diameters mutually at right angles
were measured for each pebble with a steel
tape. The radius of curvature of the sharpest
edge of each was measured with the convexity
gage described elsewhere.® All measurements
were in millimeters. The data were recorded
in several groups as follows:

Nantasket: Pebbles.
A. Random selection, all materials.............. 61
B. Miscellaneous rock types: : :
Quartzite.......... ... .. ... .. .. 20
Red porphyry...... ... ... ... 20
Black porphyry........... ... ol.. 10
Granite..................o.ioiL. 10
: , : — 60
C. Local volcanic rock....... Teeeines e 80
201
Fort Hale:
D. Local trap......ooooeinooioi oo, e 101

' ¢ Wentworth, C. K., Quantitative studies of the shapes of pebbles
(unpublished .thesis, Iowa State Univ.), p. 61,-1921. See also Went-
worth, C. K., The shapes of pebbles: U. S. Geol. Survey Bull. 730, pp.
91-114, 1922,
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LABORATORY DETERMINATIONS.

The relative resistance of the local rocks at
the two beaches was determined by an abra-
sion test in the tumbling mill. Four pebbles
of each rock were ground at one end on a lap
to a sharp 90° edge. They were then sub-
jected to abrasion in the mill for a total dis-
tance of about 80 miles. Measurements of the
convexity of the prepared edge were made at
intervals, and the resulting data were used in
comparing the durability of the two types of
rock.

COMPUTATIQNS.

Computations were made as follows for each
pebble: ‘

Mean diameter,” computed approximately by
the formula D=~v'D’D"’D’”" where D’, D",
and D’’’ are the length, breadth, and thick-
ness as measured in the field.

r,_2r

R D’
radius of curvature in millimeters of the
sharpest edge and R is the mean radius of the
pebble. DD

Flatness ratlo, W or the average of the

length and breadth divided by the thickness.

All these values were computed to two sig-
nificant figures by the use of graphic charts.
Further description of these ratios and methods
of computation has been given elsewhere.?

Roundness ratio, where r, is’ the

RESULTS.

‘The results of the measurements are plotted
on the graphs of figures 5 to 10. The varia-
tions of the roundness ratios are so great that
for practical considerations it seems better to
average thesé ratios by subgroups. These
averages were made as described below, and
the subgroups are indicated by the large dots
in figure 5 and by all the dots in figures 6 to 10,
where the number of pebbles represented by
each dot is shown by the small accompanying
figures. In the subgroups marked X under

7 The writer’s usé of the term “mean diameter” is open to the objec-
tion that in the use of the approximate formula given above the true
value of the arithmetic mean of all diameters (the ideal concept of the
term) is not derived. The writer does not consider the objection to be
serious, for it applies in varying degree to all physical constants that
are based on empirical data. It is customary to speak of the values
derived for these constants as the theoretical constants the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>