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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922 .. 

ADDITIONS TO THE FLORA OF THE WILCOX GROUP. 

By EnwAHD WrLBEH. BEH.HY. 

A rather full account of the extensive flora 
contained in the lower Eocene strata of the 
:Mississippi embayment which are r'eferred to 
tho Wilcox group was published in 1916.1 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 semns eminently desirable to 
plt"tce the results of this study on record, for 
although much of ,the material had suffered 
gren,tly from decay before silicification, some 
of it is fairly well preserved and shows, among 
other results, that conifers were individually 
nniCh n1ore plentiful during Wilcox time than 
would be inferred from t4e almost total ab
sence of their foliage in the very large collec
tions of remains of this class that have been 
studied. 

1\ioreover, these coniferous woods show well
Inarked 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 flqra is equally opposed to this alter
native. As ·both the pines and the· bald 
cypress in the existing flora at their sout}:wrn 
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 Borry, 1~·. W., U.S. Goo!. Survoy 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 Wi~cox 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, conta.ins 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, 
definitely 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 indel;>ted to Mr. 0. M. Ball for 
a large collection obtained near Mansfield, La. 

1 
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In Professwnal 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 

1
well preserved and charac

teristic lauraceous fruits. Other novelties are 
a · liverwort ( Marchantites ,) the fern genus 
Dryopteris, palm nuts, the genus Monocarpel
.lites (which helps to prove that the lignites of 
Brandon, Vt., are Eocene 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. Th~ 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 
Tecognizable, 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. 
N ectandra glenni Berry. 
Oreodaphne salinensis Berry. 
Sapindus mississippiensis Berry. 

The following are additions to the flora from 
a 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. TI?-ese 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 led Knowlton. 
Myrcia veni. Berry. 
Nectandra puryearensis Berry. 
Oreodaphne mississippiemts 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. 
N ectandra 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 tw9 following 
Wilcox species : 

Pteris pseudopinnaeformis Lesquereux. 
Simaruba eocenica Berry. 

The following plants were c.ollected by 0. l\1. 
Ball at the Goss pit, half a mile east of :Mans
field, De Soto Parish_, La. : 
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Apocynophyllum mississippiensis Berry. 
Artocarpoides ba1li Berry. 
Bombacites formosus Berry. 
Piospyros wilcoxiana Berry. 
Dryopteris cladophleboides Knowlton. 
Dryophyllum sp. 
]~uonymus splendens Berry. 
Ficus artocarpoides Lesquereux. 
Ficus mississippiensis (Lesquereux) Berry. 
Inga laminafolia Berry. 
Juglans schimperi Lesquqreux. 
Laurus vera Berry. 
Magnolia angustifolia New berry. 
Magnolia leei Knowlton. 
Metopium wilcoxianum Eerry. 
Oreodaplme salinensis Berry. 
Rhamnus eoligniticus Berry. 
Rhamnus marginatus Lesquereux. 
Rhamnus marginatus apiculatus Berry . 
. H.hamnites knowltoni Berry. 
Sterculia wilcoxensis Berry. 
Sterculiocarpus eocen.;i.cus Berry. 
Terminalia hilgardiana (Lesquereux) Berry. 
'l'erminalia lesleyana (Lesquereux) Berry. 

The following were contained in a collection 
from a locality 10 1niles south-southwest of 
Palestine, Anderson County, Tex., in Post Oak 
Prairie, 2 miles south of Need1nore (collectors, 
0. B. I-Iopkins and 0. C. Funderbunk): 

Canavalia eocenica Berry? 
Lygodium binervatum (Lesquereux) Berry. 
N ectandra 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 then1 and they show conclusively that 
the Carrizo sandstone is of upper Wilcox age, 
b.ut 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 Ehnendorf 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 Ficns mississippi
ensis (Lesquereux) Berry, Nectandra sp., and 
Sapindus linearifolius Berry. The manager 
of the Elmendorf plant informed 1ne that the 
clay formerly mined came fr01n the flooded 
part of the pit and was full of impressions of 
leaves. 

The Wilcox is well exposed along N ueces 
River in Zavalla County. Fossil plants were 
collected fron1 the right bank 1 1nile below the 
Pullian1 ranch house. The following species 
are represented : 

Anona ampla Berry. 
Anona eolignitica Berry. 
Cyperites sp. Rollick. 
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 2t .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 N u.eces 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 recognized. 

From the crossing southward the Carrizo 
sandstone is exposed. At an outcrop in a 
deep arroyo along the left bank 1! 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 crossing, is full of leaves. The follow
ing species, which indicate upper Wilcox age, 
were c<1llected: 

Banksia yuryeareJ?-sis Berry. 
Eugenia gren~densis Berry. 



4 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1922. 

Gleditsiophyllum eocenicum Berry. 
Mespilodaphne coushatta Berry. 
Myrcia vera Berry. 
Persea longipetiolatum (Hollick) Berry. 
Sabalites grayanus Lesquereux. 

The type exposure of the Carrizo sands tone 
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 ~e 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. 
\Janavalia eocenica Berry? 
Cassia tennesseensis Berry. 
Cinnamomum vera Berry? 
Dryophyllum tennesseensis Berry? 
Ficus mississippiensis (Lesquereux) Berry. 
N ectandra 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. Now here, however, did 
th.ese fragments suggest Clai}?orne forms, but 
all were believed to represent well-known up-
per Wilcox specie·s. · 

Near the Rio Grande the Carrizo 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 C~~nty, exposes the following 
materials: 

Sandstone. 
Brownish laminated clay with leaves. 
Local unconformity. 
Ripple-marked sandstone. 
Clay parting. 
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: · 

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 Lesque.reux. 
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,2 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 N ueces. 

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 rn the present contribution is given 
below. 

Phylum BRYOPHYTA. 

Class HEPATICAE . 

Order MARCHANTIALES. 

Genus MARCHANTITES Brongniart. 

Marchantites stephensoni Berry, n. sp. 

Plate IV, figure 1. . 

Plant body thallose, consisting of a linear, 
repeatedly dichotomously forked thallus thick
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, 3 from 

2 Stephenson, L. W., U.S. Geol. Survey Prof. Paper 90, p. 177, 1915. 
a Saporta, G. de, Prodrome d'une fiore fossile des travertins anciens 

de Sezanne, 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 a:lso much like .J.11archantia 
zJealei ICn.owlton/ of the Fort Union formation 
of Montana. 

Thalloid liverworts are so rarely found in 
the geologic record that any of them are note
worthy. Si1nilar remains are ·recorded from 
several Jurassic and Lower Cretaceous out
crops both in this country and abroad, and 
several Eocene and Oligocene species have 
been described. 

The present species is named for the col
lector and comes from the· upper Wilcox de
posits near Jackson\7 ille, Pulaski County, Ark. 

Phylum PTERIDOPHYTA. 

Class LEPTOSPORANGIATAE. 

Order POLYPODIALES. 

Family POLYPODIACEAE 

Genus DRYOPTERIS Adamson. 

Dryopteris cladophleboides Knowlton. 

Phi.te IV, figures 5-7. 

Dryopteris? cladophteboides Knowlton, U. S. Geol. Survey 
Prof. Paper 101, p. 28,1, 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 
angl~s 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 
shaP.e anc;I degree of separation of the pinnules. 

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

• Knowlton, F. H., U.S. Nat. M:us. Proc., vol. 35, pp. 157-159, pl. 25, 
1908. 

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 silnilar 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 ~terile pinnules; about halfway between 
the midrib and the m~rgin each lateral shows 
the impression of a small; approximately circu
lar and prominent sorus, and these decrease in 
si~e 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 ~ilcox flo'ra, in 
which ferns are unusually scarce. 

Both the sterile and fertile pinnules are simi
lar to those of certain species of Alsophila. and 
Oya.thea, and they are practically identical with 
a number of existing species of Dryopteris, as 
for example Dryopteris concinn1..tm Mettenius, 
D. molle Swartz, and D. pteroides Swartz. I 
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 5 unites them all in a single genus . 
divided into 10 subgenera, many of which are 
entitled to generic rank, as I have pointed out 
several times in · d~scribing Tertiary species of 

6 Christensen, C., On a natural classification of the species of Dryopteris: 
Saertryk afBiologiske Arbeijdner Tilegncde E. Warming, pp. 73-85, 1911. 
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Goniopteris, of which there is a very characteris
tic form in the Claiborne.6 The dryopterids are 
widely distributed and mainly tropical, although 
Christensen's subgenus Eudryopteris, with about 
Ioo· species, is largely confined to the North 
Temperate Zone. , 

Occurrence : Goss pit, half a mile east of 
Mansfield, De So to Parish, La.; collected by 
0. l\1. Ball. 

Genus ACROSTICHUM Linne. 

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 PmALES. 

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 i·n 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 ~bietinean 
pitting (which is present in a few species); pits in the radial 
walls of the rays generally circular or oval, simple, small, 
and in groups of one to six, seldom more, per tracheid 
field. i 

Cupressinoxylon wilcoxense Berry, n. sp. 

Plates I-III. 

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

a 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. 16i, 

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 
N aborton, La., the spring wood co~sists of 45 to 
70 radial rows of tracheids of uniform size sepa
rated by two rows of sumn1er wood in which 
the size of the tracheids or the celll umen 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 for1n.s 
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 tl?.e Rocky 
Mountain region. It is of course possible that 
the present species exten.ded its range westward 
through Colorado and that some of these large 
trunks may have been brought down fron1 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. 

'rransverse section: Growth rings 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 pnly one or two they may be in juxtaposition for a short dis
rows of cells. · tance or in double rows, either in pairs or 

Radial section: Tracheids with one or two alternating for short distances, as shown in the 
rows of mostly well-spaced circular-bordered enlarged figure. In this section the rotted and 
pits: When in single rows the pits are some- spirally fractured walls of the tracheids are very 
what lru:ger, and when in double rows the pits obvious, and ·care is necessary to distinguish 
are almost invariably in pairs, although occa- them when in this condition from normal 
sionally they may alternate for a short distance, spirally thickened tracheids, which are not 
as in the specimen figured; usually well- present in this genus. In this section the 
spaced occasional rows are in contact, as shown cross sections of tl;le bordered pits of the radial 
in the :figure. The rims of Sanio are often walls of the tracheids often come out beauti
promjn.ently shown in the sections of the tan- fully, and they can even be seen in the figure 
gential walls. The septate xylem parenchyma enlarged but 20 times. 
is conspicuous in this section, the partitions This well-marked .species is perfectly dis
being at right angles to the walls and from tinct from Oupres.sinoxylon calli, described by 
three to four times the diameter or sligp_tly Knowlton 8 from material collected in ·beds of 
farther apart, usually containing more or less possible Wilcox age in Arkansas. It also 
resin. 'I'he diameter of the xylem parenchyma appears to be unlike the rather numerous de
is about the same as that of the tracheids but scribed species of Oupressinoxylon from other 
IDI1Y be slightly greater. It is not excessively horizons or areas. The incompleteness of 
abtm.dru1t, as in some other species of Oupres- large numbers of the descriptions of pre
sinoxylon, nor is it generally completely filled viously known forms renders detailed com
with resin. No traumatic or other resin canals parisons futile. The distinction between the 
are obsenrable. Ray cells uniform in character .present species and those forms of fossil wood 
seen1 to be radially elongated, with a radial referred to the genus Podocarpoxylon Gothan, 
length of 1! to 2 tracheid fields and a height as amended by Stopes 9 to include Gothan's 
about one-fourth their length. End walls Podocarpoxylon and Phyllocladoxylon, aFe not 
smooth (without abietinean pitting), mostly especially obvious and rest on the size, form, 
trru1sverse and rarely much oblique; one or and number of the pits on the radial walls of 
more in each ray partly resiniferous; radial the ray cells, which are larger, fewer, and more 
walls with two small oval pits per tracheid eccentric in Podocarpoxylon. :More recently 
field; these pits are relatively large for this Seward 10 has proposed the form genus Mesem
genus and appear to have their long axis brioxylon for these. These differences are all 
uniformly inclined about 40° from the vertical. relative and hardly generic in character, as a 

Tangential seption: The distribution and series· of species can be S!3lected which connect 
i'elati,.,e abundance and variation in the rays the extremes. 
are well shown in the .figure of a large ·area In the present state of our knowledge of wood 
under low magnification (20 diameters). The anatomy, even among the comparatively well 
rays are uniformly .uniseriate, of relatively. known group of conifers, it is not feasible to 
large, thin-walled, roundish quadrangular cells, attempt to pomt out the most closely allied 
one or more of which. may b~ resiniferous; they existing representative of the present species. 
range in height from 2 to 17 cells and consist The genera Glyptostrobus and Taxodium are 
prevailingly of alternations of rays 2 to 4 cells represented by foliage and seeds in the Wilcox, 
.high with those of rays 6 to 8 cells high. There and it may well be that this abundant wood 
are rarely four rows of tracheids between type represents one or the other of these 
adjacent rays, the normal number being two. genera. 
·The xy~em parenchyma, as in the radial sec- Occurrence: Caddo and De So to parishes, 
tions, is generally bordered ·by rays. The La. Figured specimens, northwest corner sec. 
tangential walls of the tracheids are marked 

· 1 · 1 b d d · b h lf 8 Knowlton, F. H., Arkansas State Geologist Ann. Rept. for 1889, Wit 1 cu·cu ar- or ere p1ts a out one- a the vol. 2, p. 254, pl. 9, figs. 3-7, 1891. 

size of the pits on the radial walls. These pits 9 Stopes, M:. c., The Cretaceous flora: British :Mus. Cat., pt. 2, p. 210, 
1915. 

:&'e USUally in a single rOVT f.tnd Well Spacec;i, but 1o Soward, 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 N aborton (205, 
206); 4-! miles southeast of N aborton (216); 4 
miles southeast of N aborton (208); 3 miles south
east of N aborton (209, 211); 2tmilessoutheastof 
N aborton (204) ; 1 mile southeast of N aborton 
(268); half a mile southeast of N aborton (213); 
6 miles southeast of Mansfield (270); 1-! miles 
north of Ma.nsfield (266). 

Phylum ANGIOSPERMOPHYTA. 

Class MONOCOT:YLEDONAE. 

Order ARECALES. 

Family ARECACEAE. 

Genus PALMOCARPON Lesquereux. 

Palmocarpon butlerensis Berry, n. sp. 

· Pia te IV, figures 2-4. 

Fruit apparently a small, thin-fleshed ~rupe, 
in form a prolate spheroid-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 
seconelary 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 f878 and supposed to· have 
come from the Denver formation. There is the 
same ·variation in size in both, and although 
Lesquereux makes the :flatteniJlg 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 Palmocarpon truncatum 
except for the definite and repeated statement 
by Lesquereux that the Golden form was 
smooth, which the Wilcox form is not. In any 
event the two are closely, r~lated. Lesque
reux 11 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-

u 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 t<> 
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 
pahn, Royston~a 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 Oakville, Freestone County, Tex.; 4 
miles sou~hwest 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. Margin~ 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. Terilia:cies 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 fr~m Puryear, Tenn., was 
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described as Artocarpoides wilcoxensis.U This 
was more elliptical in outline, widest medianly 
and pointed at botli ends, with fewer, thinner. 
secondaries, less closely set tertiaries, and more 
<>pen areolation. · 

The genus Artocarpoides was founded· by 
Saporta for certain forms from the Paleocene 
Df Sezanne, France, that he compared with the 
existing entire-leafed species of Artocarpus, 
which they really greatly resemble. Schenk 13 

considered them to be related to the Juglanda
ceae, but I fail to see any basis for this c!)m
parison. Among the French forms a consider
able resemblance to the present species is 
shown by Artocarpoides conocephaloidea Sa
porta, 14 a relatiYely sn1all form, and a very 
great resemblance by Protoficus sezannensis Sa
porta 15 and P. insignis Saporta.10 Among 
existing forms of l\1oraceae considerable re
semblance is also shown by the tropicalJ\..meri
can genus Brosimum Swartz, which ranges from 
the West Indies and C<;Jntral America to Brazil, 
and the tropical American genus Ooussapoa 
Aublet, which has about 15 existing species 
with a si1nilar range and which is found fossil 
in the Tertiary of Venezuela, southern Mexico 
(Miocene and Pliocene), and Bolivia. For ex
mnple, the present species resembles a tropi
cal American leaf figured by Ettingshausen and 
called Artocarpus rigida Linne. Whether 
Ettingshausen confused the oriental Artocarpus 
rigida of Blume or whether his leaf was an 
Ameri~an species of Ooussapoa 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 ar~ 
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
leutor, Prof. 0. M. Ball. 

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

u Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 10·1, pl. 109, 
flg. 5, 1916. 

u Schenk, August, Palaeophytologie, pp. 451, 477, 1890. 
H Saporta, G. do, op. cit., p. 68, pl. 7, fig. 6, 1868. 
1~ Idem, p. 67, pl. 6, fig. 1. 
10 Idem, p. 68, pl. 6, figs. 2-<!. 

Genus FICUS L~NE. 

Ficus mississippiensis (Lesquereux) Berry. 

Plates VI, VII, and VIII. 

Cinnamomttm ?nississippiensis 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. 37, fig. 2, 1916. 

Fiws planicostata Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1872, p. 393, 1873; 
Tertia-ry 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. Studies, vol. 7, p. 151, 1910. 
Ficus clintoni Lesquereux, U. S. 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 J)Settdopopttltts Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Bull., ~ol. 1, p. 387, 1875; idem, Ann. 
Rept. for 1874, p. 313, 1876; Tertiary flora, p. 204, 
pl 34, figs. la, 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 Pro~. 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. S. Geol. Survey 
Bull. 152, p. 103, 1898; U. S. Geol. Survey Prof. 
Paper 191, p. 303, pl. 76, fig. 3, 1918. 

Ficus planicostata latijolia 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.S. Geol. Survey Prof. Paper 91, p. 199, 1916. 
Ficus latijolia Knowlton (not Kunth, 1846), U. S. Geol. 

Survey Bull. 152, p. 102, 1898; U. S. Geol. Survey 
Prof. Paper 101, p. 304, 1917. 

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

Ficus planicostata maxima Berry, U.S. Geol. Survey Prof. 
Paper 91, p. 199, pl. 34, fig. 3, 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. S. 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 pre$umption should pre
vail that they are distinct from previously 
described forms unless identity can be con.:. 
elusively shown. Likmyise there are certain 
forms in a different category, long known and 
hence not ·susceptible of this treatment-for 
example, Podozamites Zanceolatus, Asplenium 
dicksonianum, ·or Sequoia reichenbachi-which 
are obviously composite and yet which do not 
offer any criteria for segregation other than 
those of a stratigraphic nature. These forms 
may well remain as th~y 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, partic.ularly 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 flora: 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 maxi
ma, occidentalis, and denveriana, represent 

ovate types with three basilar or subbasilar 
primaries and percurrent tertiaries. As spar
ingly represented in the original collections each 
showed a cert~in individuality, but in the later 
col~ection, where they are abundant, they show 
every gradation 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, sub basilar, 

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 proportions 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 
species, 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 fou;nd 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 avaihtble, whether it be from the 
Denver formation, the Raton formation, or 
the Wilcox group, all or nearly all the oforms 
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 mississippiensis, 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 Ficus 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 it 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." 

mississippiensis 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 ovat~folia 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 basd 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 

planicostata maxima neoplanicostata 

I I 
occidentalis pseudopopul us 

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: 

Laramie.· Wilcox. Raton. 
Post-Laramie, 
Black Buttes 
coal group, or Clarno. Denver. 

Cinnamomum mississippiensis. . . . . . . . . . . . . . . . . . . X 
Ficus plani.costat~t.................... X (?) 
:~~~cus pse~1dopop_ulus.. . . . . . . . . . . . . . . . . . . . . . . . . . . X 
.bcus occ1dentahs ................. .' ............ ·. X 
Ficus planicostata maxima........... . . . . . . . . . . . . X 

Evanston. 

X 
X 

(?) X 

X 

:10cus n.eoplanico.stata ....................... · ... :. . X 
li1cus nc:hardsoru ............................................ . 

X 
X 
X 
X 
X 
X 
X 

Ficus planicostata. Lesquereux represents 
variants with a foreshortened apex, although 
the smaller leaves of this ·so-called species as 
figured by Lesquereux are indistinguishable 
fr01n 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 
p~nniveined form similar to the typical Ficus 
denveriana Cockerell or to the young leaves 
referred to Ficus neoplanicostata, 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 ~tatement, for it 
is obviously identical with Ficus pseudopopulus. 
Occurrences in the· Wilcox range throughoct. 
the group and ar~ .. as follows: 

Ackerman fotmafio~: 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 format:i,on (middle and upper Wilcox age): 
Puryear, Henry Co,mty, Tenn.; Sandy, Hardeman Coun
ty, Tenn. 

Order RANALES. 

Family MAGNOLIACEAE. 

Genus MAGNOLIA Linne. 

Magnolia angustifolia Newberry. 

Plate IX. 

Magnolia angustijolia Newberry, U. S. Nat. Mus. Proc., 
vol. 5, p. 513, 1882. 

Berry, U.S. 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. 
Terrninalia radobojensis Heer (not Unger). Lesquereux, 

U.S. 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 ea;st of· it. A· specimen from Loui
siana is figured in the present' paper. 

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

Magnolia leei Knowlton. 

Plate X. 

Magnolia leei Knowlton MS. Berry, U. S. Geol. Survey 
Prof. Paper 91, p. 215, pl. 43, figs. 1, 2, 1916. 

Knowlton, U.S. Geol. Survey Prof. Pape! 101, p. 313, 
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 Missis~ippi but proves 

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

Mansfield, De Soto Parish, La.; collected by 
0. M. Ball. 

Family MENISPERMACEAE. 

o Genus MENISPERMITES Lesquereux. 

Menispermites cebathoides Berry, n. sp. 

Plate XI, 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 
ba~e it must have been of considerable length 
and expa~ded where it joined the lamll;la; 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 t!p of the basal sec
ondary of the primary next above by a simple 
camptodrome arch close to the margin. The 
second pair of primaries forrri angles of about 
'50° wi.th 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 f9ur regularly spaced stout secondaries, 
which are camptodrome close to. the margin; 
their tip joins a simple camptodrome tertiary 
from thelowest 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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~urYes close to the margin to join a campto
arome tertiary from the outside of the main 
pair of secondaries from the midrib. The ter
tiaries, with the exception of the camptodrome 
ones already alluded to, are thin and largely 
imn1ersed, exceedingly regular i:ri their spacing, 
nnd. prevailingly percurrent, although they oc
casionally fork and inosculate, as shown in the 
figured specimen. The ultimate arpolation is 
fairly distinct in spots and must have been 
entirely so in life; it shows relatively large and 
prmTailing subrectangular meshes. 

This :ti.ne species is obviously new and forms 
a striking addition to the Wilcox flora, as its 
modern relatives a:r:e ·an climbing or twining 
herbs or slu·ubs prevailingly of wooded or 
stre11m-side habitats. It is similar in form to 
the Wilcox species Oercis wilcoxia.na. Berry but 
entirely different in its venation characters and 
obviously not related to that form. The pre
viously known Wilcox species of ]1enispermites, 
]1. 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 camptodron1e 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 ca.na.dense Linne, 
which are nonlobate. It shows a similar 
resemblance to the leaves of our common 
Oebatha. carolina. (Linne) Britton, which are 
nonlobate,· and similar statements might be 
made with regard to a large number of exist=
ing species of tlie family. Among fossil forms 
the most similar is Oocculus ( Oeb'a.tha) latifolius, 
from the Pliocene of France, described by 
Saporta and Marion/7 but this similarity is 
of the same order as the comparisons with 
recent fonns just mentioned. 

The polymorphism of the existing species 
renders it de'sirahle to refer this new form to the 
genus ]1enispermites, imp-lying a fossil form of 
Menispermaceae of undeterminable generic 
affinity. It might very well be ancestral to the 

n Saporta, G. do, and Marion, A. :F., Recherches sur les vegetaux 
fossiles do Moximicux, p. 2G4,pl. 31, figs. 4-7; pl. 32, fig. 1, 1876. 

91048°-23-2 

genus Oocculus De Candolle, or Oeba.tha. 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 o·f Menispermum, but 
two or three in number, are confined to Atlan
t~c North America and eastern Asia, which 
indicates a wider. range. during geologic time. 
The genus Oeba.tha. ( Oocculus) is a large one for 
this family, with about 30 species, its distribu- · 
tion including all the continents except Europe 
and extending to the IIawaiian Islands. Sev
eral fossil species that. have been referred 
directly to' it or to the form genus Oocculites go 
back as far as the Upper Cretaceous. A well
m.arked 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 n1onotypic 
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 Oocculus ( Oebatha) 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 varied 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 So to Parish, La.; collected by 
0. M. Ball. 

Order ROSALES. 

Family CAESALPINIACEAE. 

Genus CASSIA Linne. 

Cassia ernarginata Berry. 

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

Heer 18 mentions a Cassia emarginata of 
Saporta, which would, if valid, necessitate 
changing the. name of this Wilcox species. 
As near as I can discover, however, Cassia 
emarginata Saporta was a nonien. nudum. It 
is not mentioned by either Schimper or Schenk, 
and Saporta appears to have renamed the 
form Caesalpinites latifolius when he actu~lly 
described it.19 · · 

Family MIMOSACEAE. 

Genus MIMOSITES Bowerbank. 

Mirnosites 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 Wilcox 
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. 

1s Recherches sur le climat et Ia vrgetation du pays tertiaire, p. 149, 
1861. 

ID"Saporta, G. de, Etudes sur Ia vegetation du sud-est de Ia France a 
l'epoque tertiaire, vol. 1, p. 140, 1863. 

Family PAPILIONACEAE. 

Genus DALBER~IA Linne fils. 

Dalbergia puryearensis Berry, new name. 

Dalbergia eocenica Berry, U. S. 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,Z0 based on Protamyris eocenica 
Unger,21 and I therefore propose that this 
species be called Dalbergia puryearensis, in 
allusion to the type locality. 

Order SAPINDALES. 

FamilyiCACINACEAE. 

Genus CALATOJ:.OIDES Berry, n. gen~ 

Calatoloides eocenicurn Berry, n. sr 

Plate XIV, 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 a new genus for its reception. The 
name suggested for this new genus implies a 
relationship with the existing genus. The 
fossil fruit as restored from casts is a moder
ately prolate spheroid, 2.5 to 3 centimeters i'n 
length and about 2.25 centimeters in diameter, 
broadly ~ounded 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
sessionfor 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 Panama specimen at the United 

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

21 Unger, Franz, Die fossile ]!'lora von Sotzka, p. 180, pl. 31, fig. 15, 
1850. 
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States National I-:Ierbarium I fotmd that it 
was identical with 1naterial fron1 Costa Rica 
which Messrs. Standley and Safford consid
ered to represent a new genus, very probably 
a n1emper of the Icacinaceae. They have 
since recognized three species of this genu·s
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 
stn,nding in an ancestral relation to the modern 
genus, for which Standley and Safford have 
proposed the na1ne Oalatola. 

The ·occurl'ence 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 Mappia, 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 
fn,mily. 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, 

East Indies 2, New Guinea I, 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 Connty, near 
Trinity River, 6 miles northeast of Oakville, 
Tex.; collected by 0. B. IIopkins and 0. C. 
Funderbunk. 

Order RHAMNALES. 

Family RHAMNACEAE. 

Genus RHAMNUS Linne. 

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. S. 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,22 also the g;reat 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 marginat1ts apiculatus. 23 

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

Rhamnus marginatus apiculatus Berry. 

Plate XI, figures 2, 3. 

Rhamnus marginatus apiculatus Berry, U. S. Geol. Survey 
Prof. PapE~r 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. It is 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. 

22 Berry, E. W., u.S. Geol. Survey Prof. Paper 91, p. 284, pl. 68, fig.l~ 
1916. 

sa Idem, p. 283, pl. 69, fig. 1. 
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Occurrence: Goss pit, half a mile east of Occurrence: Goss pit, half a mile east of 
Mansfield, De So to Parish, La.; collected by Mansfield, De So to Parish, La.; collected by 
0. M. Ball. 0. M. Ball. 

Genus RHAMNITES Forbes. 

Rhamnites knowltoni Berry, new. name. 

Plate XII, figure 7. 

Comus 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 Harris and Veatch, 'A preliminary report on 
. the geology of Louisiana, p. 286, pl. 45, fig. 2, 1899. 
Knowlton, U. S. 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. 

Order MALVALES. 

Family MALVACEAE 1 

Genus MONOCARPELLITES Perkins. 

[Vermont State Geologist Rept. for 1903-4, p. 180.] 

Monocarpellites perkinsi Berry, n. sp; 

Plate XII, 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 

In the account of the Wilcox flora this species nearly spheroidal in life, with 10 to 12 thin 
was said to be represented by fragments from longitudinal ribs. Apex mucronate-tipped. 
a number of localities, the most complete speci- Hilum large depressed, about 2 millimeters in 
men being the one figured from Coushatta, La. diameter. 
Subsequent collections show that this form is This species is not uncommon at the locality 
abundant in the Wilcox near Mansfield and con- cited, but it is impossible to determine the 
firm the previous statement that it differs from character of the interior. The conclusion that 
Heer's Swiss Miocene type and also is not prop- the ribs do not represent keels or sutures of a 
erly referable to the genus Oornus. Although ·tardily dehiscent capsule rests upon their 
in some of the features it is similar to species somewhat unequal spacing, the lack of any 
that have been referreG to Ficus, these features traces of sutures, and the fact that one speci
are not like any in existing forms of that genus, men has undergone great compression in a 
where the venation has certain characteristics vertical plane without developing any indica
that are easily recognized. They are, on the tions ·of a capsular nature. The conclusion 
other hand, characteristic of certain members that these carpels were many seeded also rests 
of the families Sapindaceae and Rhamnaceae, upon the manner in which compression has 
particularly the latter, and I have therefore occurred and the resulting irregularities of sur
transferred the American forms to the genus face, which differ from what would be shown if 
Rhamnites. one or a few large seeds had been present. 

R. knowltoni may be described as follows: The genus Monocarpellites, to. which the 
Leaves large, broadly ovate, many of them present species is referred, is a form genus es

slightly inequilateral, the tip .somewhat nar... tablished by Perkins in 1904 and based upon 
rowed and acuminate and the. ba~e rounded or abundant material from the Eocene lignite 
very broadly pointed. Margins entire, in some deposits at Brandon, Vt. Specimens of Mono
specimens. faintly undulate. Texture subcori- carpellites are among the most abundant fossils 
aceous. Midrib stout and prominent. Second- at Brandon, .and Perkins has described 11 dif
aries stout, six to nine pairs, diverge. from the ferent species based upon differential features 
midrib at irregular intervals at angles of about that are more or less well marked but quite 
45°, camptodrome.. Tertiaries thin, closely obviously not of specific grade. Although the 
sp.aced, percurrent, typically rhamnaceous. Wilcox Monocarpellites resembles several of 
Size variable, some leaves being as much as 19 these so-called species from the Brandon lig
centimeters in length. and 9.5 centimeters in nite it can not be conclusively identified with 
maximum width, which is in the lower half of any one of them, so that in the present unsatis
the leaf. A large specimen from Mansfield is factory state of our knowledge of fossil fruits 
figured in the present paper. The single Louisi- it must necessarily be considered to represent 
ana specimen has a length of 16 centimeters a new species. 
and a maximum width, midway between the In this connection attention should be called 
apex and the base, of 8. 75 centimeters. to the genus Hightea, which was described by 
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Bowerbank 24 from the abundant pyritized 
fruits found in the London clay of Sheppey 
(Ypresian). As elucidated by Bower bank the 
genus Hightea possessed a one-celled valveless 
peri carp 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 
H'ightea and Monocarpellites .are congeneric, 
thus nffording an important item for the corre-
lation of these three widely separated deposits, 
valuable chiefly for the evidence it affords of 
tho ago of tho Brandon lignite, as the parallel
ism between tho London clay and the Wilcox 
is already well established. 

Occurrence: Spink's clay pit, near Paris, 
I-Ienry County, Tenn. 

Family STERCU:LIACEAE. 

Genus STERCULIA Linn~. 

Sterculia wilcoxensis Berry, ri. sp. 

Plato XIV, figures 1, 2; Plate.XV, figm:es 3, 4. 

Sterculia Jmryearensis Berry, U. S. Geol. Survey Prof. 
Paper 91, pl. 72, fig. 3 · (not other figures of this 
species), 191G. 

Lea-ves (in discovered material) trilobate, 
divided fron1 one-half to two-thirds of the dis
tance to the base into a median conical to 
slightly oYate lobe and lateral, somewhat nar
rower conical lobes. All a,re a,cuminate, and all 
may be of equal length, or the median lobe may 
be somewhat longer. The intervening sinuses 
nro open and rounded and of varying depth; 
their degree of openness depends on the atti.tude 
of tho la,tora,l lobes, for although the angle of 
divergence of tho la,teral 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. Length' 
ranging from 12 to 16 centlln.eters; maximum 
width, between the tips of the lateral lobes, 
ranging from 9.75 to ~5.25 centimeters and 

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 25 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
culia 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 tho 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 So to Parish, La.; col
lected by 0. 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. S. 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. 

24 l3owcrbank, J. S., A history of the fossil fruits and seeds of the · t5 Unger, Franz, Die fossile Flora von Sotzka, p. 45, pl. 28, figs. 1-11,. 
London olay, p. 25, pis. 7-9, 1840. 1850. 
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and shows that the capsules were tar.dily 
loculicidally dehiscent and contained many 
small elongated seeds on parietal placentae. 
It thus differs from the other known species, 
namely S. sezannelloides Berry, in which the 
placentae were axile . and the dehiscence 
septicidal. 

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

Genus HELICTOXYLON Felix. 

Helictoxylon wilcoxianum Berry, n. sp. 

Plates XVII and XVIII. 

Hungary. The Wilcox species appear to be 
entirely distinct from previously described 
forms. · 

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

Order THYMELEALES. 

Family LAURACEAE. 

Laurus verus Berry, n. sp. 

Plate XVI, 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-

Transverse section: Vessel.s large, oval, very able were it not for the finding of specimens 
numerous and closely spaced, generally single, -w~ith the calyx attached which came loose from 
sometimes in oblique pairs. Rays undulating, the calyx, showing the um~o. In form the 
broad, several cells wide, charged with gum. fruit is a considerably prolate spheroid varying 
Parenchyma filling most of the space between considerably in size, the minimum and maxi
the rays and vessels. Prosenchyma well dis- mum sizes observed being 11 millimeters in 
tributed as single or ·double strands in the length by 7 millimeters in maximum diameter 
parenchyma, with greatly thickened walls. and 15 millimeters in length by 9.5 millimeters 

Radial section: Vessels reticulately marked in maximum diameter. The distal end comes 
or obscurely pored. Parenchyma much sep- to a not very obvious point. The surface is 
tate, without discernible pitting. Prosenchyma smooth and polished. The calyx is small, 
with pointed ends, sparingly septate, with thick coriaceous, and gamosepalous, the sepals 
ray of very minute pores on the radial walls. repre~ented by ~ix conical or rounded upright 
Rays high, the marginal cells square, the cen- marginal teeth, 3.5 to 4.5 millimeters in diam
tral long and . narrow. Pitting obscured by eter and 2.5 to 3 millimeters high. Peduncle 
gum. . stout and curved, 2.5 to 4 millimeters in length. 

Tangential sectiori: Vessels often w1th ob- These are well shown in · the accompanying 
liqu~ scalariform perforations; walls reticulately figures. The question of their proper generic 
marked. Rays fusiform elliptical, 8 or 9 reference may be left in abeyance for the pres
cells wide medianly, 25 ·to 35 cells high, the ent, as a considerable number of the genera of the 
normal ray frequently continued in one or Lauraceae have comparable fruits. The term 
both directions by uniserial large rectangular Laurus is used in the present connection purely 
cells. Parenchyma of short rectangular cells as a form genus i~plying their reference to this 
without discernible pitting. Prosenchyma family. The only lauraceous leaves' found i~ 
sparingly septate, with a row of minute pores. association with these fruits are those of Oreo-

The wide rays, the abundance of xylem daphne salinensis Berry, and even these are rare. 
parenchyma, and the prosenchyma with simple It niay be assumed that these fruits floated a 
pits indicate that this wood represents some considerable distance from their point of origin, 
species of Sterculiaceae, and the size and as is frequently the case with modern lauraceous 
abundance of the vessels suggest a liana. As fruits. I am inclined to consider these fossils 
it is not possible to make comparisons with as representing the genus Ginnamomum, but 
recent material, nor desirable ·to propose a this is entirely a matter of personal opinion. 
new generic term such as Sterculioxylon, the A considerable number of fossil fruits belong-

. species is referred to the genus Helictoxylon, · ing to this family have been described. Among 
proposed by Felix 26 for two species from the them those from the Oligocene of Trotha and 
Oligocene of Antigua. $pecies are also known Bornstadt, i~ Saxony, .described by Friedrich,27 

from the Tertiary of J a:va, Luzon, Galicia, a:nd 

26 Felix, J., Fossilc HOlzer Westindiens, p. 18, 1883. 
21 Friedrich, P ., Beitrli.ge zur Kenntniss dcr TcrWi.rflora der ProvW 

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 n1ay also be called to the Oinnamomum 
fruits recorded by Friedrich 28 from the Oligo
cene and those recorded by Heer .29 from the 
Miocene of Europe. 

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

Genus LAURINOXYLON Felix. 

Laurinoxylon branneri Knowlton. 

Laurinoxylon branneri Knowlton, Arkansas Geol. Survey 
Ami. Hept. for 188!), 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., vol. .1, 
p. 98, figs. 6-8, 1908. · 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 314, pl. 
16, figs. 6-10, 1916. ·· 

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 speci1nen from the Wilcox at Shreveport, 
La. (No. 207), appears to be identical with the 
type. It is rather indifferently prese!·ved and 
adds nothing to our knowle9,ge of the species. 

Laurinoxylon wilcoxianum Berry, n. sp. 

Plate XIII. 

Transverse section:· Vessels single or in radial 
pairs or triplets, rarely n1ore, occasionally in 
tangential pairs or excentric. Well distributed 
but sparse, no zonal arrangement or diminu
tion in size throughout the year, oval in cross 
seetion, 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 frorri 2 to 
18 cells; marginal cells square, about twice the 
height and one-half the length of the central 
cells, their horizontal and end walls with 
nun1erous simple pits. Rays 1nostly full of 
gum. A constant feature is the large vertical 
series of ray cells running from one ray to 
apother. Prosenchyma thin, fusiform; no 
markings or septation seen, although in speci-

2s Idom, p. 215, pl. Hl, figs. 15, 16. 
29 lloor, Oswu.Jd, }?lora tortiaria Holvctiao, vol. 2, pl. 91, fig. 8, 1856.· 

mens from the Claiborne group that appear 
~o 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 
with numerous round pores in the Claiborne 
material. 

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

This species· appears to be distinct from pre
viously desci'ib.<?d forms. ·It is abundant in the 
Wilcox bu(i·~r\Isually rather poorly preserved, 
having suffered much from decay before silici
fication. Much ·better preserved · n1aterial of 
this species is present in the Y egua formation 
of Texas and will be fully described and figured 
in my account of the Claiborne and Jackson 
floras~. 1 Sections have been cut fr<?m trunks 
from . t~<p following localities: Half a mile 
southwes.t . (214) and 1 mile west (212) of 
N aborton, De So to Parish, La.; near Dabney 
(242), Montgomery County, l\1i~s.; Piney Creek 
(238), 10 miles east of Bolivar, Hardeman 
County, Tenn. All from beds of upper Wilcox 
age except the last, which is probably middle 
Wilcox. 

Order MYRTALES. 

Family COMBRETACEAE. 

Genus TERMINALIA Linne. 
-. 

Terminalia le~leyana (Lesquereux) Berry. ~; 

Plate XVI, figure 8. 

Ter-minalia radobo.iens"is Heer. Lesquereux, U. S. Geol. 
and Geog. Survey Terr. Ann. Rept. for 1871, 
Suppl., p. 15, 1872. · 

:Magnolia lesleyana Lesquereux, Am. Phi los. 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. 

Terniinalia lesleyana Berry, U. S. Geol. Survey Prof. 
Paper 91, p. 323, pl. 89, 1916. 

A large specimen of this species from Louisi-
. ana is figured in the present paper. Since n1y 
account of the "\iVilcox flora was published 
Knowlton 30 has given a very excellent ac
count of the Raton flora. In that paper the 
present sp.ecies is transferred back to Mag
.nolia, although no reasons are given. I have 
compared the 'fossil with a large amount of re-

ao 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 mor.e 
like the latter than the former., which was 

POSITION UNCERTAIN. 

Genus PTEROBALANUS Berry, n:. gen. 

Lesquereux's original identification before it The genus has the characters of the type and 
became the fashion to refer all large leaves to mily known species. The name is derived from 
Magnolia. . the Greek for winged fruit. 
·. Occurrence: Goss pit, half a mile east of 
Mansneld, De So to Parish, La.; collected by 
0. M. Ball. 

Order GENTIANALES. 

Family APOCYNACEU. 

Genus APOCYNOPHYLLU~ Unger. 

Apocynophyllum mississippiensis Berry. 

Apocynophyllum mississippiensis Berry, U. S. Geol. Sur
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 iarger than those previously collected, 
indicating a leaf about 18 centimeters in ~ength 
by 4 centimeters in maximum width. 

Occurrence: Goss pit, half a mile east of 
Mansfield, De So to Parish, La.; collected by 
0. 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 
showi~g that the constricted form that sug
gested the name of tl;lis species was not anoma
lous but the normal for:q1 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. . 

Occurrence: Half a mile south of Som.erville
Whiteville road, Fayette County, Tenn.; col
lected by Russell F. Ryan. 

Pterobalanus texan~s 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 cll.rved 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 
vmns . 

. 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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1 2 

4 5 
CUPRESSINOXYLON WILCOXENSE BERRY. 

l, Transverse section showing growth rings from Shreveport, La ; 2, similar section from Caddo Lake, La.; 3, radial seotion 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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CUPRESSINOXYLO WILCOXENSE BERRY. 

Tangential section from Shreveport, La., enlarged about 300 diamet.crs. 
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Hadial section from Shreveport, La., enlarged about 300 diameters. 
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9 10 
FOSSIL PLANTS OF THE WILCOX GROUP. 

1. Marchantites stephensoni Berry, J acksonville, Ark.; 2- 4, Palmocarpon butlerensis Berry, near Oakville, Tex.; 
5-7, Dryopteris cladophleboides Knowlton, Goss pit, near M a nsfi eld, La. (6, p_innule to show venation, enlaq;ed 5 
diameters; 7, fertile pinnules. enlarged 5 diameters) ; 8-10, Artocarpoidcs balli Berry , Goss pit, near Mansfield, La. 
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ARTOCARPOIDES BALLI BERRY. 

A large leaf from Goss pit, near Mansfi eld, La. 
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2 

FICUS MISSISSIPPIENSIS (LESQUEREUX) BERRY. 

Two of the large narrow forms from Goss p it, near Mansfield, La. 
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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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FICUS MISSISSIPPIE SIS (LESQUEREUX) BERRY. 

Widest form from same locality as those figured on P late VI. 
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MAG OLIA A GUSTIFOLIA EWBERRY. 

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

From Goss pit, near Mansfield, La. 
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2 
FOSSIL PLA TS OF THE WILCOX GROUP. 

1, ?vlenispermitcs cebathoides Berry; 2, 3, Rhamnus marg inatus apicu latus Berry, small and Ia_rge leaves. All from 
Goss pit, ncar l\fansfield, La . 
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6 
7 

FOSSIL PLA!'!TS OF THE WILCOX GROUP. 

1-6, Monocarpellitcs perkinsi Derry, from v icinity of Paris. Tenn. ( l -3, upper , lowe r, and side vie,\S of a partly 
compressed carpel; 4-6, lower, side, and upper v iews of a much compressed carpel ) ; 7, RhamniLes knowltoni 
Berry, from Goss pit, ncar Mansfield, La. 
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1 

5 
LAURINOXYLON WILCOXIANUM BERRY. 

From vicinity of Dabney, MiS3. 1, T angential section enlarged 20 diameters; 2, 3, transverse secLioos, enla rged 20 diameters: 
4, tangential section, enla rged 300 dia meters; 5, radial section, enla rged 300 diamclcrs. 
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3 

4 

FOSSIL PLANTS OF THE WILCOX GROUP. 

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

1-2, Jlt.erobalanus texanus Berry; 3-4, Sterculia wilcoxensis Berry (3, Puryear, Tenn.; 4, Goss P.i.L, near Mansfield, La.); 
5, Sterculiocarpus eocenicus Berry (side view), from Goss pit, near Mansfield, La. 
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6 7 

8 
FOSSIL PLANTS OF THE WILCOX GROUP. 

I, Sterculiocarpus eoccnicus 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, fruits with persistent calices and 
peduncles); 8, Tcrminalia lesleyana (Lesquereux) Berry. AJI from Goss pit, near Mansfield, La. 
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HELICTOXYLON WILCOXIA UM BERRY. 

From vicinity of N aborton, La. 1, R ad ia l section; 2, transverse section. Both enla rged about 300 diameters. 
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IIELICTOXYLON WILCOXIANUM BERRY. 

From vicinity of N aborton , La. T angential sec tion, enlarged abou L 300 diameters. 



A SECTION OF TIIE PALEOZOIC FORMATIONS OF THE GRAN_D· CANYON AT 
THE BASS TRAIL. 

By L. F. NoBLE. 

INTRODPCTION. 

The .thick series of horizon tal strata· of Paleo
zoic age which makes the greater part of the 
wall of the Grand Canyon is probably broadly 
famjliu.r to n1ore 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 
de:fiuitely associated with a bed or set of beds 
in the series that these strata are the very ele
ments o.f the canyon landscape. Consequently 
they have been described not only by geologists 
but by 1nany writers who have been interested 
in the Gntnd Canyon chiefly as a scenic spec
tacle. 

In few areas, however, where the general 
·character and succession o.f the rock formations 
is so fn,milin,r are the details of the stratigraphy 
so imperfectly 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 n1ost visited pt1rt of the 
canyon, sections of the Paleozoic fonnations 
J1ave been 111easured at four different places
(1) at Nunkoweap Valley, by Walcott; 1 (2) at 
Congress Canyon (now known as Red Canyon), 
.along the IIance trail, by Frech; 2 (3) at 
Bright Angel (Cmneron) trail, by Darton 3 and 
by n1e; 4 and (4) in the region about Shinumo 
Creek and Bass Canyon, by n1e. 5 

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

I Wt\lcott, C. D., U.S. Gool. Survey 'l'onth Ann. Rept., pt. 1, p. 584, 
1890. 

9 Frech, F., Section at Congress Canyon: Cong. gl~Ol. intornut., 5• sess., 
·Compte rendu, pp. 476-481, 1894. 

u Dm·ton, N.H., A reconnnissa.nco of parts ofnorthwcstcrn New Mexico 
and northern Arizona: U.S. Geol. Survey Bull. 435, p. 21, 1910: Guide
book of tho western United States, J'art C, 'l'he Santa Fe Route: u. S. 
Goo!. Survey Bull. 613, pp. 124-130, 1915. 

• N oblo, L. F., 'J'ho geologic history of tho Bright Angel quadrangle, 
Ariz.: U. S. Geol. Survey Bright Angel topographic map. 

a Noble, I,. F., 'l'ho Shinumoquadrangle, Grand Canyon district, Ariz.: 
U. S. Goo!. Survey Dull. 549, pp. 6Q-73, 1914. 

one place, although some of them show the 
lithology of one or two formations in detail. 
Consequently none is 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 con1plete 
cohnnnar section of the Paleozoic formations 
at the Bass trail, cblumnar sections of the 
Can1brian Tonto group at five other places in 
the ICt1ibab 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 I{anab Creek than has been 
published, and I have used this n1aterial 
freely in cmnparing and correlating the strata 
exposed at Bass Canyon, in the ICaibab 
division, with those exposed at ICanab Creek, 
in the ICanab 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 near 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 I section given in my report on the Shinumo 
removed by erosion. quadrangle, 6 because, except for the Bright 

A map of the Grand Canyon between Nun- , Angel shale, the section given in the Shinumo 
koweap Valley and Kanab Creek (fig. 1) shows report is a generalized reconnaissance section 
the localities cited in. this report and indicates and is inaccurate in detail, the thicknesses 
the position of most of the displacements that assigned to formations having been either 
cut the Paleozoic strata in this region. A estimated or obtained by means of rough aner
key map (fig. 2) shows the localities where oid measurement. Several of the form,ations 
I measured the section at the Bass trail. described in the Shinumo report are herein 

The section at the Bass trail presented in redefined. 
this report (Pl. XIX) supplants the Paleozoic -sN_o_b-Ie-, L-.-F-.,-0-p-. c-it-.,-p-p.-6-0--73-. ---------

EXPLANATION 
I Bass trail 
2 Boucher trail 
.3 Herm1t trail 
4 Cameron trail 
S Berry tra,il 

3ff 6" Hance (Red Canyon) traii--------:Lf~----:f;):--l..-A--;::;--+~=.;,;~:---------I 
7 Tanner trail .., 

FIGURE 1.-Map of Grand Canyon, Ariz~, between ~b Creek and Nunkoweap Valley. 
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PALEOZOIC :E'ORMATIONS OF THE GRAND CANYON. 25 

l'lounE 2.-0ntlino map of area about Bass trail, Shinumo quadrangle, Ariz., showing localities whero different parts of Paleozoic section were 
mousnrcd. Numbers correspond to thoso given in the detailed section. Dotted lines show clitis as follows: ·r, Tapeats sandstone; R, 
Hcdwnlllilncstonc; S, Supai formation (uppermost cliti); C, Coconino sandstone. Hachurcs along rim of Grand Canyon and at Mount 
Huothawall show uppermost clifl' formed by the Kaibab limestone. 
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SECTION AT BASS TRAIL. 

The section of Paleozoic rocks at the Bass 
trail is given below in two forn1s-a brief sec
tion showing the major subdivisions and a de
tailed section w:ith conunents 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, pas13ing at base 
and top into alternating beds of very 
cherty limestone and buff calcareous 
sandstone; forms cliffs and steep slopes .. 

B. Buff· and reddish fine-grained sandstone, 
poorly consolidated and irregularly bed
ded, containing beds of sanely breccia 
near top; forms slope ............ _ ...... _ 

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 ..... . 

Coconino sandstone (Permian): 
Pale-buff, uniformly fine-grained sandstone 

characterized by crossbedding· on a hlige 
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 sanely shale and fine-grained 

friable sandstone·; characterized in upper 
portion by concretionary structure; beds 
form slope ................................. . 

Unconformity. 
Supai formation (redefined; Permian(?) and Penn-

sylvanian): · 
A. Alternating beds of red soft platy sandstone 

and buff hard cross-bedded sandstone 
forming a ledgy slope broken by smali 
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 reel sandy shale and bluish or purplish
~ray limestone containing red chert; form 

292 

136 

134 

562 

330 

332 

306 

439 

ledgy slope broken by small cliffs; out
crops of many beds concealed by talus .. 

Unconformity (?). 
Red wall limestone (redefined a~d restricted; 

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 

208. 

95~ 

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 ....................... _. ±500> 

C. Brecciated limestone; forms slope under cliff 
of subdivision B... . . . . . . . . . . . . . . . . . . . . . 8 

±570 
Unconformity(?). 

DEVONIAN SYSTEM. 

Temple Bvtte 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 .................... _ ............... _ . 75 

Unconformity. 

CAMBRIAN SYSTEM (TONTO GROUP). 

Muav limestone: 
A. Buff massive dolomite; forms strong cliff ... 
B. Buff fine-grained calcareous sandstone; 

massive at top, thinly laminated and in 
part micaceous and quartzose near base; 
forms cliff ......... _ . _ ......... _ ...... . 

C. Alternating thinly laminated beds of impure 
mottled limestone, intraformational con
glomerate, platy fine-grained micaceous 
sandstone, and calcareous sandstone; 
form steep slope ................. · ..... . 

D. Gray to buff hard thinly laminated mottled 
limestone; contains partings of greenish 
sandy shale for 10 feet at base i forms cliff. 

Bright Angel shale: 
A. Thin-b.edded 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 .. 

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 cliffs in a long slope made 
by the shales and sandstones ........... . 

63-

7'1;. 

241 

97 

473 

58· 

333 

391 
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PALEOZOIC FORMATIONS OF THE GRAND CANYON. 27 

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

cliff.................................... 35 
B. Chocolate-colored sandstone with partings 

of shale; forms steep ledgy slope........ 43 
C. Massive chocolate-colored cross-bedded 

sandstone; forms sheer cliff along rim of 
Granite Gorge.......................... 250 

328 

Total thickness of Paleozoic rocks...... ±4,014 

2. Detailed section. 
Kaibab limestone: 

A. 1. Limestone, buff, compact; effervesces 
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 Phiteau, at 
the head of the trail, is built upon this 
stratum. Higher beds, which form 
the surface of the plateau just east of 
the camp, are not included in this 
section .. _........................... 2 

2. Limestone (for analysis see p. 69), buff, 
siliceous; texture compact, chalky; 
contains small cavities lined with tiny 
crystals............................. 6 

3. Sandstone, buff, fine grained, calcare-
ous; effervesces with acid. . . . . . . . . . . . 5 

4. Alternating thin beds of variegated chert 
and fine-grained calcareous sandstone. 25 

5. 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...................... 40 

6. Limestone (for analysis see p. 69), gray, 
hard, crystalline, soinewhat 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 consJ~icuous feature of the 
rock................................ 126 

7. Alternating beds of fine-grain.ed buff 
calcareous sandstone, buff limestone, 
and chert; form small conspicuous cliff. to 

8. Limestone, gray, hard, crystalline, some-
what cherty, fossiliferous; like No. 6 . . 60 

9. Sandstone, lemon-buff, fine-grained, cal
careous; bedding irregular, gnarly; 
forms a gentle slope cove1·ed in most 
places by talus....................... 10 

10. Limestone, thin-bedded, very cherty; 
effervesces with acid. The chert con
stitutes over hal~ of the 1·ock and occurs 
in parallel bands whose ave1·age thick-
ness is 2 inches ....................... · 8 

292 
[No·m.-'l'he 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. Sandstone, bl.tff, massive, fine-grained, 
ca~careous; effervesc.es weakly with 
ac1d ................................ . 

2. 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 cliam-
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 ............... . 

3. Sandstone, buff, fine-gra~ned, 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 .................... . 

4. Sandstone like No.3, but bright red ... . 
5. Buff sandstone like No. 3 .............. . 
6. Bright-red sandstone like No: 4 ........ . 
7. Lemon-buff sandstone like No. 3 ....... . 
8. Bright-red sandstone like No. 4; con

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

' 9. Sandstone, lemon-buff, fine-grained, fri
able; bedding irregular, gnarly; con-
tact with underlying sandstone slightly 
wavy and irregular .................. . 

10. Sandstone, bright red, shaly; bedding 
gnarly; contact with underlying· brec-
cia wavy and irregular, exhibiting in-
equalities of 2 feet or mo:re ............ . 

11. Breccia composed of angular fragments 
of fine-grained sandstone averaging 4 
inches in diameter. Vexy little ma-
trix between the fragments. The 
appeara~ce 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 .. 

12. Reddish-buff, loosely consolidated fine
grained sandstone in indistinct but 
fairly even beds, some of which display 
gnarly structure; forms debris-covered 
slope; exposures poor. The upper 3 
feet of the sandstone is bright red and 
thinly lamina ted ................... . 

13. Sandstone like No. 12 but more com
pact, forming a weak cliff; gnarled 
and twisted structure very pronounced; 
color lemon-buff to reddish buff ...... . 

14. 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 
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characterizes each bed. . . . . . . . . . . . . . . 58 
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[N OTE.-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 chert in bands and 
nod~les and many small cavities lined 
with crystals of quartz or calcite. In 
appearance the rock suggests silicified 
chalk. Some beds effervesce weakly 
with acid. . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

2. Limestone likeN o. 1 but in thinner beds 
(1 foot or less) which are separated by 
thin partings of buff fine-grained shaly 
sandstone; forms a steep leclgy slope.... 12 

3. Limestone like No. 1;fotms a cliff....... 16 
.4. Shaly sandstone, lemon-buff, soft, thin

bedded, fine-grained; makes alcove 
under overhanging cliff of No. 3....... 2 

5~ Limestone, buff, in heavy beds with 
thin sanely partings, not notably sili
ceous; effervesces strongly v;rith acid; 
forms cliff............................ 8! 

6. Shaly sandstone like No.4; makes alcove 
under overhanging cliff of No.5........ 3 · 

7. Limestone likeN o. 5 but in thinner beds 
(lfoot orless)'; forms slope............. · 11 ' 

8. Limestone, buff, dense, siliceous, in 
heavy beds; contains numerous Cl-ystal
lined cavities apparently formed by 
the solution of brachiopods; does not 
effervesce mth acid.. . . . . . . . . . . . . . . . . 5! 

9. Limestone like No. 7, in beds separated 
by very thin partings of sand........... 5 

10. Sandstone, ·buff, fine-grained............ 5 
11. Limestone like No.7, but in a single bed. 1! 
12. Sandstone, buff, fine-grained........... 6 
13. Limestone, buff, siliceous, fossiliferous; 

does not effervesce with acid; contains 
numerous small cavities l~ned with cal-
cite crystals........... . . . . . . . . . . . . . . . 1! 

14. Alternating beds of lemon-buff fine
grained sandstone and buff limestone; 
beds average 3 inches in thickness.... 6 

15. Limestone, buff, not notably siliceous; 
effervesces strongly mth acid......... ! 

16. Sandstone, lemon-buff, fine-grained.... 2 
17. Sandstone, red, fine-grained. The base 

of this layer truncates inclined laminae 
of the underlying Coconino sandstone, 
which dip 15° S..................... ! 

[NoTE.-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 
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under surface of the sandstone shows 
impressions of sun cracks. For 25 feet 
above the base the c.ross-bedding is on 
a small scale, and horizontal layers 
alternate mth 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......................... 330 

[NoTE.-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: 
l. Sandstone, red, soft, fine-grained, mas

sive, mth 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........ . . . . . . . . . . . . . . . . . . 5 

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 'vith buff blotches........ . . . . . . . . 6 

3. Concretionary sandstone like No. 1, in 
massive layers. . . . . . . . . . . . . . . . . . . . . . 16 

4. Shale, deep red,.thinly laminated, sandy. 24 
5. Beds of soft massive concretionary red 

sandstone like No. 1 alternating \vith 
thinner beds of deep-red shale like No. 
4 · sandstones and shales not conspic-
u~usly different in composition. . . . . . 28 

6. Shale, deep red, sandy................. 16 
7. Sandstone, pink, hard, very fine grained; 

contains cracks and cavities filled \vith 
crystals of calcite (dog-tooth spar); rock 

, itself does not effervesce with acid; 
forms small prominent cliff........... 6 

8. Shale, soft, brick-red, thinly laminated, 
sandy............................... 28 

9. Sandstone, brick-red, friable, massive; 
forms weak cliff. . . . . . . . . . . . . . . . . . . . . 2 

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 ''rith 
the beds designated shale, which are 
thinly laminated and soft. Both types 
of rock are friable. 
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10. Shale, containing beds of massive friable 
sandstone near tl~e top............... 33 

11. Sat)dstone in massive beds; contai1is a 
1-foot layer of shale in the middle por-
tion; forms weak cliffs................ ·8 

12 Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
13. Sn.ndstone; forms weak cliff. . . . . . . . . . . . 10 
14. Shale. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 33 
15. 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 ftne-grained sand

·stone or sa~1dy shale less than 1 inch in 
diameter embedded in a nu~ti'ix o·f red 
sandy mud but contains some nodular 
or concretionary fragments of limestone 

16. Shale ................................ . 
17. Sandstone ........... : ............... . 
18. Shale.----------------------------~·--· 
19. S:tndstone ........................... . 
20. Shale .............. .' ................. . 
21. Sandstone;. forms weak cliff. .......... . 
22. Shale ................................ . 
23. Sn,ndstone; forms weak cliff. .... _._ .... . 
24. Shale ..... ~ .......................... . 

6 
11 
3 

40 
2 
6 
5 

16 
5 

12 
:332 

(NoT1~.-The foregoing section was meas---
uted at the east end of Mount Huetha-
wali, about a quarter of a mile north-
west of the point where the B~ss trail 
begins to descend into Bass Canyon, at 
locality 4, figure 2.] 

Supai formation: 
A. l. Sandstone, white, fine-grained, cross

bedded, harcl, 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· t4e Esplanade 
platform. At the point where the sec
tion was measured the floor of the Es
planade consists in part of this sand
stone and in part of knolls of soft red 
Hermit shale which overlie the sand-
stone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2! 

·2. Sandstone, reel, soft, friabie, platy, fine-
grained; forms a long, gentle slope. . . . 16 

3. Sandstone, buff, fine-grained, massive, 
weathers white; effervesces ·with acid; 
unites with underl)ring bed in forming 
a diff . . ... .. .. .. . . . . . . . . . . . . . . .. .. . . 1 

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

forms slope .......... , . . . . . . . . . . . . . . 4~ 

6. Massive buff sandstone like No. 3; hard; 
forms strong cliff...... . . . . . . . . . . . . . . 12 

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

No.4; forms cliff..................... 5 

91048°-23-3 

A. 9. Soft platy beds of red sandstone alternat
ing' with harder, more massive beds; 
form long ledgy slope................. 44 

10. Pinkish-buff cross-bedded sandstone; up-
per surface \veathers white; forms cliff. 10~ 

11. Red soft platy sandstone; forms waste-
covered slope. . . . . . . . . . . . . . . . . . . . . . . 6 

12. Pinkish-buff cross-bedded sandstone; 
forms cliff . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

13. Red soft platy sandstone; forms waste-
cover'ecl slope. . . . . . . . . . . . . . . . . . . . . . . 15 

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; some heels 
near 'the base display an irregular, 
gnarly structure. The prevailing color 
of the upper 40 feet of the sandstone is 
pale brick-reel; that' of the lower 125 
feet ranges from pale purplish to buff. 
The rock of most beds dO"es·!fot effer
vesce with acid. · A bed of sandy 
limestone or very calcareous sandstone 
2 feet thick o<;curs 35 feet above the 
hase of the sandstone................. 165 

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 conc~·etionary 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.. . . . . . . . . . . . . 0-5 

[NoTE.-At .the rim of Bass Canyon di
rectly east of Mount lluethawali subdi
vision A of the Supai is cut by a fault 
which breaks the str~ng cliff formed by 
bed 14. The Bass trail descends the 
cliff in a shattered zone a ~ong the fault. 
The strata have been clisplaced 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 I 
could not locate equivalent layers in 

306 
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the bed on opposite sides of the fault, 
owing to the homogeneity of. the sand
stone.l 

B. 1. Magenta or reddish platy fine-grained 
shaly calcareous sandstone; effervesces 
with acid;. form~ slope ......... · ... · .. . 

2. Hard mas~ive sandy limestone or very 
calcareous sandstone; effervesces 
strongly with acid; unites wlth under-
lying bed in forming cliff.~ ... · ...... . 

3. Gnarly sandstone blotched purplish and 
buff ............................... . 

4. Red friable ~andstone; forms slope.· .. ~' .. 
· 5. Buff cross-bedded calcareous sandstone; 

forms cliff ........................... . 
6. Re~ friable shaly sandstone; forms slope. 
7. Alternating lenticular beds of conglom

erat~ and pJ+e-grained sandstone, both 
cros~-bedd~d. Most of the conglom
era.te co~i~ts of well-rounded water
wo~ PE:J~bles 4 inches or less in diame-

.. ter embedd!3d,in a ma~rix of red mud 
and sand; most of the. pebbles are 
bluish-gray qr p11rpUsh-gray .nodular 

.. limestone, bu.t some. arE).,fine-grained 
sandstone. Some beds exhibit ·the 
peculiar concr.~tionary stn~cture t4at 
characterizes bed 15 _of subdiv~sion A 

. and consist of subangular fragments of 
. sandstone ranging from less than 1 inch 

to more than 2 feet i~ diameter em
bedded in sand o~ the sal)le composi
tion as. the fragments. The beds of 
conglomerate and sandfltone rest on an 
uneven surface that exhibits~ relief of 
several feet .. : .. ...................... . 

8. Red friable shaly,sandstone; forms slope. 
9. Pinkish-buff cross-bedded calcareous 

sandstone; unites with underlying bed 
in forming cliff. : ................... . 

10. Pink hard massive sandy limestone or 
very calc.areous sandstone; effervesces 
strongly with. acid ................... . 

11. Red fr,iable soft sandstone; exhibits con
. cretionary structure; forms slope ..... ~ 

12. Buff cross-bedded sandstone; forms cliff. 
13. Beds of red shale and soft concretionary 

calcareous . sandstone; form alcove 
under cliff of No. 12 ....... ~ ....... . 

14. Light brick-red to pinkish-buff, rather 
· soft cross-bedded calcareous sandstone 

with a few interbedded layers of red 
shaly sandstone; forms a steep I edgy 
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 
thell). are less than 1 inch il). diameter. 
They are undoubtedly organic.in ori-
gin and may be fucoids ..... · ....... .. 
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B. 15. Red friable soft thinly laminated sand-
stone; forms slope ..... ~. . . . . . . . . . . . . . . 10 

16. Massive sandy limestone or very calca
reous sandstone; rests on a slightly un
even wavy surface that truncates in
clined laminae of the underlying sand
sto.ne; caps cliff formed by the under-
lying sandstone...................... 3 

17. Buff fine-grained cross-bedded calcareous 
sandstone; effervesces with acid. The 
cross-bedding is on a coarse scale; s.ev
eral wedges exceed 30 feet in 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. . . . . 44 

18. Alternating beds of red friable calcareous 
sandstone and maroon soft thinly lam-
inated !3hale; form ledgy slope........ 28 

19. Light brick-red calcareous sandstone; 
effervesces strongly with acid; contains 
elongated cylindrical or conical forll).s 
similar to those in bed 14 and numer
ous obscure small branching fo~ms 

which may represent either fucoids or 
worm burrows; makes a ledgy slope. . . 6 

20. Nodular purplish-gray limestone; con
tains large numbers of the obscure 
forms noted in bed 19; caps cliff 
formed by underlying bed........... 1 

21. Buff cross-bedded calcareoutl s:;~,ndstone; 
like No. 17, but the cross-bedding is on 
a less coarse scale; forms strong cliff.. . 20 

22. Beds of calcareous sandstone 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 ~ gulch in 
which it descends a long rock slide to 
the base of the Supai ............... ~ 6 

23. Hard pinkish or purplish fi~e;grained 
limestone blotched greenish buff; 
crystalline in places; contains the ob-· 
scure forms noted in bed 19, also small 
masses, largely calcite, whose outlines 
suggest thqse · of brachiopods; with 
underlying beds forms strong cliff. . . 3 

24. Beds of pinkish fine-grained limestone; 
form cliff.. .. .. .. . .. . . .. . .. . .. . .. . . .. .. 10 

25. Buff cross-bedded calcareous sandstone 
like No. 21; forms cliff............... 35 

26. Red shale; forms small alcove.... . . . . . . . 1 
27. Buff cross-bedded calcareous sandstone 

like No. 21, divided into two beds by 
a thin parting of red sh!lle in the cen
ter; forms strong cliff. 'l'he under 
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surface of tl1e lower sandstone bed ex
hibits casts of sun cracks at the contact 
with the underlying shale ........... . 

]3. 28. :Maroon shale ...............•............ 
29. Massive buff calcareous sandstone; base 

34 
! 

slightly uneven, wavy............... 1! 

C. 1. Bluislt-gray nodular limestone mixed 
with red mud which imparts a blotched 
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or mottled appearance to the rock. . . . 1 
2. Ivt'aroon shale; exhibits concretionary 

structure; in part brecciated; crac!cs 
between fragments infiltrated with 
red mud; contact with underlying beP. 
uneven, wavy....................... 2-4 

3. Bluish-graynodularlimestonemixed 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 13 14, 20, and other beds........... 3 

[N OTE.-Beds B 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 Band beds t 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 calcareol.1s s~ncl
stone or sandy limestone, blotched 
buff, separated by thin layers of red 
shale................................ 28 

5. Pinkish-buffharcl cross-bedded calcareous 
sandstone; forms cliff. . . . . . . . . . . . . . . . 10 

6. Reel platy sanely shale................... 3 
7. Bluish-gray compact crystalline cherty 

limestone passing downward into hard 
cross-bedded calcareous sandstone; 
forms cliff............. . . . . . . . . . . . . . . . 14 

8. Cross-bedded calcareous sandstone with 
a 2-inch layer of red shale at the base; 
forms steep slope.............. . . . . . . . . 11 

9. Purplish sanely limestone; unites with 
underlying bed in forming a cliff; con-
tact with underlying bed uneven, ex
hibiting inequalities of 2 feet in places. 1-3 

10. JJard cross-bedded calcareous sandstone. 2-4 
11. Heel soft shaly sandstone; in part cross

bedded; forms a weak cliff... . . . . . . . . 30 
12. J{,ed sandy shale; forms slope. . . . . . . . . . 22 
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 appeai·ance to the rock...... 2 

14. Red sanely shale; forms slope. . . . . . . . . . 4 
15. Ptu·plish sanely limestone, in part crystal

line; contains a few nodules of red 
chert; forms slope. . . . . . . . . . . . . . . . . . 5 

Hi. :Reel soft fine-grained shaly sandstone in 
pla.ty beds; forms slope. . . . . . . . . . . . . 6 

C. N. Buff hard fine-grained calcareous sand-
. stone; forms strong cliff. . . . . . . . . . . . . 9 
18. Buff fine-grained shaly sandstone; 'in 

part conglomerate composed of lumps 
of chert and buff sandy limestone 
averaging an inch in diameter; forill.s . 
slope.............................. 5 

19. Red shale; forms slope................. 12 
20. Bluish-gray limestone containing parallel 

bands of red chert.. . . . . . . . . . . . . . . . . . . 2 
21. Purplish massive friable sandy shale 

speckled with small circular buff spots, 
passing down into bluish-gray nodular 
cherty limestone. . . . . . . . . . . . . .. . . . . . 5. 

22. Gnarly nodular bed composed of lumps oi 
purplish sandy shale mixed with pur-
plish mud ....... .- . . . . . . . . . . . . . . . . . . I. 

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.... 1(}· 

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 reddish or purplish soft 
shale ......... ~.................... 14 

[N OTE.-The foregoing section was meas
ured on the east side 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 
brea\c is on the line of.~ 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 l~werecl.] 

Reel wall limestone: 
A. 1. Bluish-gray massive limestone in heavy 

beds; contains a few scattered nodules 

208. 

of chert; forms strong cliff............ 38' 
2. Red, purple, or greenish-buff shale; 

thinly laminated; forms slope... . . . . . . 1 
3. Beds of bluish-gray limestone separated 

in places by paper-thin partings of red 
shale; form steep ledgy slope. . . . . . . . . 7 

4. Bluish-gray limestone and red shale in 
alternating beds which average 1 inch 
thick; form slope ......... :. . . . . . . . . . 2 

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. 

6. Bluish-gray crystalline limestone in beds 
less than 6 inches thick separated by 
paper-thin partings of reddish or buff 
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sandy shale; wastes back in a slope, 
leaving a ledge at the summit of the 
sheer cliff of subdivision B........... 8 

62 
t = 

[N OTE.-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 crystalline limestone forming a sheer 
high cliff; upper portion heavily and 
ol:>scurely bedded; middle portion dis
tinctly bedded and containing many 
thin interbedded layers of chert and 
sand; lower portion heavily bedded 
and :nagnesian. <~fost beds contain 
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 reel 
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 bedded limestone, most of 
which is in heavy beds; beds differ 
greatly in thickness, some being over 
20 feet thi.ck, others only a ~ew inches; 
most of the limestone is finely crystal-
line, light gray or white cin freshly 
broken surfaces, and very pure (for 
analysis seep. 55); effervesces strongly 
with acid. 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· .. ±200 

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 reced.es 
faster than the overlying heavy-bedded 
limestone, so that in many places it is 
overhung by the overlying member. 
This difference in erosion determines 

the formation of great niches or alcoves 
in the Redwall cliff. Thickness esti-
mated .................. · ........... ±220 

B. 3. 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 l~osely 
consolidated sandstone; under Wal
lace Butte the limestone rests on a 
layer of loose gnarly sandstone 1 foot 
thick. Thickness estimated ......... ±80 

[NoTE.-The foregoing section of subdivi
sion B was examined along the Bass 
trail, at locality 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. J 

C. Brecciated limestone composed of suban
gular fragments of limestone 6 inches 
or less in diameter embedded in a 
matrix of yellowish or purpfish 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-

±500 

even. Average thickness....... . . . . . . 8 

[N OTE.-The foregoing section of sub
division C was measured under Wallace 
Butte on the west side of Bass Can von 
at locality 7, figure 2.] · ' 

Temple Butte limestone: 
1. Thinly laminated sandy magnesian lime

stone ·in ruhbly beds mottled pale 
purplish or buff; effervesces feeblv 
with acid; soft; forms slope. Som~ 
mottled beds resemble beds in the 
Muav limestone that have been bored 
byworms ........................... 10 

2. Limestone like No~ 1 but harder and 
more massive; forms small cliff........ 3 

3. Thin beds of limestone like No. 1 alter
nating with thin beds of intraforma
tional conglomerate composed largely 
of flattened pebbles of limestone; form 
slope ...... _ ............. __ ... _ . . . . . . 5! 

4. Limestone like No. 2; forms cliff......... 4~ 

5. Limestone like No. 1; forms slope .... _... 21 
6. Limestone like No. 2; forms small cliff._. 1 
7. Limestone like No. 1; forms slope .. _..... 6 
8. Limestone like. No.2; forms strong cliff.. 3 
9. Limestone ]ike No. 2; forms cliff ...... _.. 3 
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10 .. Massive bed of purplish crystalline mag-
nesian limestone; forms cliff .......... . 

11. Limestone like No.2; forms cliff; surface 
exhibits cross sections of poorly pre-
served cup corals(?) ................ . 

12. Limestone like No. 1; forms slope ... ~ ... . 
13. Limestone like No.2; forms cliff. ....... . 
14. Limestone like No. 1 (for analysis see 

p. 52); very soft; forms gentle slope 
above strong cliff at top of underlying 
Muav limestone .......... · ............ . 

[N o·rE.-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, 
but in Ruby Canyon, 2 miles southeast 
of Bass Canyon, the contact is very 
uneven, exhibits vertical inequalities 
of 40 feet or mo1·e in horizontal dis
tances of a few hundred feet, and 
cleru·ly represents a strong line of 
erosion.] 

Muav limestone: 
A. l. Buff 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 a depression in the sm·face of 
erosion at the top of the Muav exists 
at tha.t point, but the featme is. obscme 
because fans of talus mask the strata 
for some distance on both sides of the 
exposure ..................... : ..... . 

2. 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 

3. Huff l~itrd massive Cl'ystalline dolomite 
in heavy beds; probably originally a 
very fine calcareous sand; exhibits 
indistinct cross-bedding; .forms cliff.. 

B. Pale-buff to green.ish-bui'f fine-grained cal
careous sandstone blotched purplish 
in places; beds differ greatly in thick
ness, ranging from a fraction of an inch 
toG feet; some beds are massive; others 
thinly laminated; some exhibit in
distinct Cl'OSS-bedding; massive beds 
predominate in upper part of the sub-

1 

3 
6 
3 

5 

i5 

52 

1 

10 

63 

division, thinly laminated beds in 
lower part. 'l'he sand is prevailingly 
calcareous; many beds 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 qua1·tzose. A num
ber of the beds contain tiny greenish 
grains of glauconite. Some beds ru·e 
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. . . . . . . . . . 72 

C. 1. Thin layers of calcareous intraformational 
conglomerate, platy greenish micaceous 
sandstone, greenish micaceous shale, 

· and buf-f cross-bedded calcareous sand
stone in countless alternations. The 
intraf<;n·mational 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 ar!3 cemented together by 
fine-grained · calcareous mica ·ceo us 
sandy mud or by calcium carbonate. 
Most of the rock contains worm bur
rows and fucoidal casts filled with buff 
sand. Beds range in thickness from less 
than half an inch to 6 inches and are 
lenticular; many wedge out in dis
tances o£ 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 card board. 
Much of the calcareous sandstone con
sists almost entirely of calcium carbon
ate and might be classed as limestone, 
but the cross-bedding reveals its clastic 
ongm. 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-
board ........... · ................... . 

3. Intraformational conglomerate like that in 
bed 1 ............................. . 

8 

2 
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C. 4. Mottled limestone in thin beds with sandy 
partings. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

5. Intraformational conglomerate. . . . . . . . . ! 
6. Mottled limestone in thin bedswithsandy 

partings. . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
7. Intraformational conglomerate. . . . . . . . . 1 
8. Beds of intraformational conglomerate 

averaging 6 inches thick alternating 
with thin beds of gray. and buff mottled 
limestone; form steep cliff. . . . . . . . . . . 32 

9. Hard massive bed of intraformational con-
glomerate;- forms small cliff. . . . . . . . . . 1 

10. Beds like No.8 but containing numerous 
very thin partings of fine micaceous 
and calcareous buff sandstone near 
base; form slope .............. ·. . . . . . . 43 

11. Buff fine-grained crystalline limestone, 
weathering snuff-brown; effervesces 
strongly ~ith 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. . . . . . . . . . . . . . . . . . . . . . . . . 8 
12. 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 b~ff 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 
ofNo.12 in Turquoise Canyon (seep.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 t~ace of magnesium. The beds 
of intraformational conglomerate effer
vesce as freely with acid as the mottled 
limestone; tests indicate tpat they are 
not magnesian and that they probably 
diffE)r little in chemical composition 
from the impure mottled limestone .... 0 142 

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-

posed of the limestone itself. Probably · 
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. . . 97 

[N OTE.-The foregoing section of the 
Muav limestone was measmed 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..... 10 

2. Alternating thin beds of worm-worked 
buff calcareous sandstone and greenish
buff micaceous sandy shale; form steep 
slope...... . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

3. Thin beds of buff sandstone, greenish 
shale, mottled limestone like subdivi
l:!ion D of the Muav, a_nd 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 
cliff. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

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 
th_at the rock is of classic origin .... ~. 1 

----gs 

B. Thin peds 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 bmrows abundant. 
Much of the shale is in paper-thin 
laminae whose smfaces 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 ..................... - . - -. -. -

B. 2. Magenta to dark-gree.n glaticonitic ·saud
rock passing at top into a 6-inch bed of 
snuff-brown glauco\}itic. 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 fenitic cement, largely hematite, 
which makes the rock relatively hea'ry 

3. Buff platy sandstone and greenish shale 
like No. 1; beds form slope ......... - . -

4. Dark magenta cross-bedded sandstone 
containing much glauconite; forms 
small cliff .................... _. ..... . 

. 5. Buff platy sandstone and greenish shale 
like No. 1; glauconite very abundant; 
beds form slope ............... - - .. ---

6. Thin beds of snuff-brown to buff fine
grained calcareous sandstone forming 
the upper of the two prominent brown 
cliffs in the middle of the Bright 
An(l'el shale;. thin platy beds of finely 
cry;talline buff dolomite containing 
shells of linguloid brachiopods occur 
in the upper 5 feet ............ -- ~- - . -

7. ,J3uff platy sandstone and greenish shale 
like No. 1; beds form slope and ledge 
between the c~iffs of Nos. ~ ~nd ~; 
some thin beds c~nsist almost wholly .. 
of glauconite ...... : .... : ............ . 

8. Heavy beds of snuff-brown massive crys
talline dolomite (for analysis seep. 40), : 
7 feet; passing dow:tt into beds of bt.tff . 
fine-grained cross-bedde~ glauc~mitic 
sandstone, 5 feet; the dolomite and 
sandstone form the' lbwer of the two 
brown cliffs in the middle of the 
Bright Angel shale ................ ---

9. Buff platy sat;tP,stone and greenish shale 
like No .. 1; a 4-inch bed of fossilif
erous magenta glauconitic sandstone 
occurs 34 feet above the base; beds 
form gerttle slope .... : ... ~ ..... - - - .... 

10. Fossiliferous magenta glauconitic sand
stone, 2 feet, passing p.p into buff 
platy quartzitic sandstone, 2 feet; 
beds form a weak cliff .............. . 

11. Buff platy sandstone and greel).ish shale 
like No. 1 but containing more platy 
sandstone :in proportion to the shale, 
so that the beds form a somewhat 
steeper slope. Beds of magenta sand
stone containing hematite, glauconite, 
and ground-up shells oflinguloid brach
iopods occur at 16, 23, 32, 34, and 
66 feet above the base; these beds range 
in thickness from 1 to 4 inches; part 
of the hematite occurs as cement 

17 

60 

1~ 

38 

13 

38 

12 

66 
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between the sand grains; part of it 
coats the sand grains in tiny concen
tric layers, giving the rock an oolitic 
appearance; most of the sand grains 
::tre quartz or glauconite but some are 
pink feldspar; some of the fert·itic beds 
resemble Clinton iron ore ............. . 

[NoTE.-The foregoing section of the 
BriO'ht An(l'el shale was measured on the 
east side ;f Bass Canyon about half a 
mile south of Bedrock Tank, at locality 
8, figure 2.] 

Tap eats -sandstone: 
A. White to greenish-white cro~-bedded sand

stone in rather thick beds composed 
chiefly of clean qttartz sand; contains a 
few lenses of soft greerush 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 hy 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 lenses 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
O'lomer~te from 1 to 15 feet thick occur t> . 

throughout the sandstone but are more 
abundant in the basal portion. Some 
conglomerate beds consist of unassorted 
angular fragments of the· underlying 
rocks; othen~ 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 
thi~kness of subdivision Cat any point 
depends on the topography of the· 
underlying surface. Near the mouth of 
Bass Canyo:ri, where this section was 
measured, subdivision C is 328 feet 
thick, whereas a mile to the northeast, 
under Dox Castle, it is absent. Th~ 
thickness of 250 feet which I have as
signed to the subdivision represents 
approximately the average thickness 
in Bass Canyon. _______ : ____________ ±250 

[N OTE.-The foregoing section of the 
Tapeats sandstone was measured west 
of the mouth of Bass. Canyon, at t1le 
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.] 

Total thickness of Paleozoic 
beds .. _. _______ . ____ . ______ . ±4014 

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 
w:hol_e 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 les~ 
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 7 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 sandston0 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 

7 Noble, L. F., The Shinumo quadrangle, Grand Canyon district. 
Ariz.: U. S. Geol. Survey Bull. M9, p. 61, 1914. · 

more or less calcareous strata that constitute 
. the upper portion. Walcott had previously 
adopted a similar threefold division -of the 
Tonto. He states,S "I find among my notes 
made after the tr!p to the Grand Canyon in 
1901 * * * that I had given names to the 
t?ree divisions of the Tonto along the same 
hnes that you have, so I can readily agree with 

·-your present subdivisions and nomenclature." 
At Bass Canyon the three formations are dis

tinct in lithology ~nd in topographic expression, 
but farther southeast, in the region between the 
fiermit and Grarid 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 n1ore 
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-fr_om 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 T~:mto by indicating diagrammat
ically the amount of relief which the eroded 
surface exhibits a.t each locality, and, where the 
beds that lie between the unconfonnity 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 1s given in 

8 'Valeott, C. D., personal co=unication. 
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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 si.~ 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, 
whe're the level was used. The sections· at 
Garnet Canyon, Bass Canyon, Slate Creek, and 
I-Iennit Creek are beli~ved 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 li1nestone 
as defined at Bass Canyon is represented by 
equivalent beds throughout the Kaibab divis
ion, and that the principal 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 san~y 1naterial in the lo~er part of the 
Muav sout];least '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. · .. ·. 

When I proposed the·name Muav limestone 
I used the term "limestone" be.cause 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, 1mtil the formation has been 
studied 0'7 er a wider area than that covered in 
this repoi't. 

TAPEATS SANDSTONE. 

Oharacter.-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 

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, ~s ·well assorted 
and consists of. rounded pebbles. of quartz. 
Most of th~ shale occurs above the n1iddle of 
the formation in thin lenses between layers of 
sandstone. In general the component mate
rials of the fonnation become finer and better 
assorted toward the top. The uppern1ost 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, prevailir~.g chocolate color, 
cros~-bedding, and a rather coarse horizqntal 
banding clue to the fact that the peds 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 diff~rences 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 :r:ock. These shelves and. 
alcoves appear on every outcrop of the Tapea-ts 

·sandstone and are particularly 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 c·amp. 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 ro-qnded quartz pebbles, the larg-: 
est of which are the size of peas. Worm mark
ings are common in the \vhite· 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 grajns in 
some beds. · 

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 cqnsist 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 wi.thin 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 dep.osit 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 g(m
eral appearance and is ~eadily .ide'nti~able 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-Cam brian rock,s and the summit by 
a rather abrupt change from coarsely banded 
white cross-be~ded 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 

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 !'andstone 
was deposited upon a surface which, although 
remarkably even when considered in relation 
to its vast horizontaJ extent, is uneven in de
tail, exhibiting at some places a relief of 600 

·feet. 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 s~ndstone 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 9 has noted fragments of an obolid shell in 
the white cross-bedded sandstone at the top of 
the formation near Hermit Creek. Walcott 10 

·reports the following fauna "in 'the Tapeats 
sandstone about 300 feet above its base at the 
head of N unkoweap Valley'' : 

9 Schuchert, Charles, The Cambrian of the Grand Canyon of Arizona: 
Am. Jour. Sci., 4th ser., vol. 45, p. 365, 1918. · 

10 Walcott, C. D., Cambrian geology and paleontology: Smithsonian 
Misc. Coil., vol. 64, No.5, pp. 373, 374, 1916. 
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Dolichometopus tontoensis. 
Micromitra pealei. 
Micromitra (P,aterina) crenistria. 
~ficromitra (Paterina) superba. 
Micromitra (Iphidella) pannula. 
Obolus zetus. 
Obolus (Westonia) chuarensis. 
Obolus (Westonia) englyphus. 
Lingulel1a lineolata. 
Lingulella perattenuata. 
Billingsella obscura. 
Alokistocare althea. 

According to Walcott the thickness of th~ 
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
asinuch 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 relativ·ely 
coarse cross-bedded structure, it is not likely 
that any part of it is older than Middle Cam
brian. 

BRIGHT ANGEL SHALE. 

Oharacter.-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 cro~s-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 
ripple-marked. Shells of obolid or linguloid 
brachiopods are abundant at many horizons, 
: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. It makes a more or less continuous 
slope, which at most places has retreated far 
ba~k from the summit of the Tapeats cliff, 
leaving theso-called "lower plateau," or Tonto 
platform. It owes its weakness to the alterna
tions of shale and f3andstone 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 a~d 
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 suffi~iently 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 w:ith 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 particul.arly characteristic of 
the formation. 

One of these rocks is a compact crystalline 
liri::testone 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 bro~ 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 narro·w ledge at the top of one or the other of 
these cliffs, because the ledges afford much 
sinoother going than the dissected· and debris
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 and 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 qontain 
broken shells of brachiopods. In places the 
limestone passes laterally into an intrafor
mational conglomerate co.rnposed 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 Iirriestone forming the lower of the 

·twin cliffs at Bass Canyon (seep. 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 consist entirely 
of coarsely crystalline limestone. · 

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

[Alfred A. Chambers, analyst.] 

Insoluble ..................... : ....... ' 2. 66 
(AI, Fe)20 3••••••••••••••••••••••••••• 5. 44 
CaO .................... : .... ·.· ....... 29. 54 
MgO ................................. 18.26 

From 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 impuri.ties are largely iron. Inasmuch as 
the snuff-colored limestones effervesce weakly 
\vith 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 

thickness from a few inc.hes to several feet~ 
The component grains are rather coarse and 
in 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. Broken shells of brachiopods are abun
dant in some beds. These green and magenta 
sandstones are readily distinguishable from the. 
prevail~ng platy sandstone by their deep .colors, 
cross-bedding, absence of thin lamination, and 
relatively coarse text.ure. 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 c~rious 
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, belmv, 333 feet 
thick. Both subdivisions consist essentially 
of thin-bedded greenish and buff micaceous. 
shale and .sandstone, with which ~nuff-brown 
dolomite and greenish and magenta sandstone 
.of the types just describ~d are interbedded at. 
irregular int~rvals. The character and suc
cession of the beds are recorded in the columnar 

·section (pp. 34-35). 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 11 I included subdivision A. 
in the Muav limestone, placing the base of the 
Niuav 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 theTa
peats and the cliff-making gray and buff mot-· 
tied limestone that constitutes subdivision D 
of the Muav. This definition is in accord with 
Walcott's observations at Kanab Creek. Wal-· 

u Noble, L. F., op. cit., p. 65. 
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A. TYPICAL EXPOSURj!: OF TA.PEA.TS SA.NDSTO E ON COLORADO RIVER OPPOSITE MOUTH OF 
ELVES CHASM, SHINUMO QUADRANGLE, ARIZ. 

a, Muav limestone; b, Bright Ange l shale; c, twin cliffs of snuff-colored dolom ite of Bright Ange l shale; d, Tapeats 
sandstone; e, Vishnu schist. 

B. TYPICAL EXPOSURE OF 13IUGI1T ANGEL SHALE, MUAV LIMESTO E, T E MPLE BUTTE LIME
STO E, REDWALL LIMESTONE, AND SUPAI FORMATION IN NORTH WALL OF GRAND CANYON 
OPPOSITE GAR ET CA YO , SHINUMO QUADRANGLE, ARIZ. 

a, b, c, Supai form ation, subdivisions A , B , C; d, Hedwull limestone; ~1.. 'I'cmple Buue limestone ; /, Muav limestone, 
g, Bright Angel shale; h, twin cliffs of snuff-colored dolomite in llright Angel shale; i, T apcats sandstone. 
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cott's section at Kanab Creek (see Pl. XX) 
shows 100 feet of greenish micaceous sh~le 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 1nore of the green
ish n1icaceous shale and sands tone (d) is ex
posed, the shale and sandstone pass downward 
into n1bttled gray lin1estone, calcareous and 
micaceous shale, and dark indurated sand
stone. Probn,bly this mottled gray li1nestone 
is equivalent to the mottled limestone that 
appears in thin beds at the base of subdivision 
A of the Br.igh t Angel shale in 1ny Bass Cttnyon
section, so that subdivision d of Walcott's sec
tion at Kanab Creek is roughly equivalent to 
1ny subdivision A at Bass Canyon. Walcott 
stn,tes ta: "I find on 1ny locality label 75 that 
the thin-bedded sandstone and shale (d) at 
Kanab Creek is plac~d in the Bright Angel 
shale and the overlying mottled limestone· (c) 
in the Muav li1nestone." , 

The colun1nar sections of the Tonto group 
shown on Plate L~ trace the lithology of the 
Bright Angel shale through the greater part of 
the Kaibab division. They show that although 
the for1nation 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 · ~hange is 
shown clearly in the profiles· of the different 
sections. Thus, at Garnet and Bass canyons 
the fornuttion 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, 
I-Iernlit, and Pipe creeks, tw~ other sets of beds 
of sandstone and dolomite have appeared above 
the lower pn,ir, so that the slope is broken by 
four clifrs instead of two. These four cliffs are 
strongly defined at Slate Creek, fairly well 
de:fined at I-Iermit Creek, and poorly defined at 
Pipe Creek because the beds become tllinner· 
toward the southeast. Southeast of Pipe 
Creek, at Cottonwood Creek, these beds are so 
widely distributed in the platy sandstone and 

a Wrucott, C. D., unpublished notes. 
1a Personal communication. 

shale. and are all so tllin that no bed or set of 
beds· makes a pro min en t cliff. I-I ere 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 14 which represents 
the Bright Angel shttle is similar in lithology 
to my section of the Bright Angel shttle 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 ttt 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 15 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 n1ottled limestone at the base of sub
division A gradually give way to calcareous 
sandy shale and finally disappear southeast of 
I-Iermi t Creek. 

Few hills of pre-Cambriap. 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 

u Frech, F., Cong. geol. internat., 5• sess., Compte rendu, p. 479. 
15 U.S. Geog. and Goo!. Surveys W. lOOthMer.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 Pipe 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 16 

were collected by Walcott or by me at several 
horizons in subdivision B in the region about 
Bass Canyon and Shimlillo Creek: 

Lingulepis spatulus. 
Lingulella acutangula. 
Lingulella lineolata. 
Lingulella peratteiluata. 
Obolus (Westonia) themia. 
Indiana faba. 

At 25 feet above the base of subdivision 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 ( Westo~ia) chuarensis and _ffificro
mitra (Iphidella) pann1.lla. 

At 100 to 120 feet above the base of subdivi
sion B near the Bright Angel (Cameron) trail 
Walcott 17 has collected the following species: 

Obolus (Westonia) chuarensis. 
Eocystites? u,ndet. 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 fossils at 
several horizons. He states 18

: 

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

1a Noble, L. F., op. cit., p. 64. 
11 Walcott, C. D., Cambrian geology and paleontology: Smithsonian 

Misc. Coil., vol. 64, No.5, p. 374, 1916. 
Is Schuchert. Ci!larles, op. cit., p. 367. 

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 is probably conditioned by the decomposition 
of the organic re"mains. On the other hand, there are 
entire beds of glauconite up to a few inches thick that are 
almost devoid of fo8sils. When glauconite is very abun
dant, there are also apt to be thin beds and even zones a 
few feet thick Qf low-grade iron ore. 

Palaeophycus casts are very common and well preserved 
at 15 feet above the Tapeats ~andstone, and 150 feet 
higher is a glauconitic sandstone replete with the brachio
pods Micromitra (Iphidella) pannula (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 th~-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 only 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 inclu4es in the Bright Angel shale (seep. 41), 
I believe the entire Bright Angel shale as de
fined in thisreport is Middle Cambrian. 

MUAV LIMESTONE. 

Oharacter.-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 
-shale. Platy or shaly la1nination is a prominent 
feature except at the top of the formation, but 
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unlike the Bright Angel shale the ¥uav, as a brari.ching corals but which Schuchert and Wal
whole, is fairly resis~ant to erosion and makes cott have .shown to be largely the work of 
cliffs or steep slopes. The prevailing rock is a worms, are one of the distinctive features of the 
peculiar gray and buff mottled limegtone, which mottled limestone. Schuchert 19 states: 
occurs in countless beds averaging less than an Where the calcareous materials become more dominant 
inch thick. The lower two-thirds of the fori:na- the beds are completely riddled with vertical and anas
tion consists largely of this mottled limestone tom.osing worm burrows. These are usually filled with a 
and partly of platy sandstone and shale; the very fine sand, and it is this feature that gives so much of 
upper third consists of calcareous sandstone the Muav its mottled appearance and that led Gilbert 

many years ago to call the formation in the western part of 
overlain by massive magnesian limestone.. the Grand Canyon the "mottled limestone." Throughout 

Subdivisions.-At Bass Canyon four subdi- the middle third. of the Muav many of the shaly limestones 
visions with persistent features can be differen- are intraformational conglomerates with the pebbles small, 
tiated, although the boundaries between them flat, and more or less rounded on the edges. It is an 
are not sharp. The massive magn. esian lim. e- interesting shallow-water, near-shore marine deposit. 

This is shown in the great abundance of annelid burrows, 
stone at the top of the Muav constitutes sub- in the intraformational conglomerates, and in the variable 

. division A, 63 feet thick, and forms a ~trong natu~e of the calcareous deposits. * * * The writer 
cliff. The underlying calcareous sandstone has not seen a Paleozoic marine deposit more bored into 
constitutes subdivision B, 72 feet. This sand- and consumed by mud eaters than this one, and these 
stone, massive at the top but thin-bedded at the burrows are most prevalent in the calcareous zones. Worm 

castings are often well preserved in the thin-bedded shale 
base, make$. a set of weak cliffs that in most zones and occur as little confused heaps or in circular 
places unite with the cliff formed by the over- sausage-like strings, • 

lying limestone. Beneath subdivision B is 2;±1 M b. d f h ost e s o t e mottled limestone effervesce 
feet of thin-bedded mottled limestone contain- freely with acid. An analysis of a. typical 
ing many interbedded layers of platy sandstone specimen from a bed that exhibits the usual 
and shale. These alternating beds constitute mixture of gray limestone and buff sandy rna
subdivision C and form a steep ~lope. Beneath terial is given below. 
them is a cliff-making bed of relatively pure 
mottled limestone 97 feet .thick, which consti- Partial chemical analysis of mottled limestone from Muav 

tutes subdivision D, at the base of the Muav. limestone. . . 

In appearance the mottied limestone of the 
Muav is unlike any other rock in .the Pale~zoic 
section. Characteristically it is a hard thin
bedded impure limestone, whose ·o'!ltcrops when 
seen from a distance resemble outcrops of shale. 
l'he beds range in thickness from less than an 
eighth of an inch to several inches but cqm
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 o.:f this 1naterial forms shaly part
ings between the beds of limestone, and some 

· of it is mixed with the limestone, so that in most 
beds the gray and buff colors . are mingled. 
~1any 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 

[Albert A. Chambers, analyst.] 

Insoluble ........................... 23.46 
(AI, Fe)z03 •••••••••••••••• : •••• ~..... 2. 54 
CaO .................. · ............... 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, a£ the base of the Muav, con
sists almost wholly of the thin-bedded mottled 
limestone just described and contains ver3T 
little limestone of the intraformational
conglomerate type. In the basal 10 feet of the 
subdivision thin layers of fine-grained platy 
sandstone are interbedded with the limestone. 
These alternating beds define .the lower limit of 
the Muav limesto~e, and therr 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 liinestone 
subdivision D forms a strong cliff, a feature 

19 Schuchert, Charles, op. cit., pp. 368, 369. 
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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 
1nottled limestone but unlike subdivision D 
contains many thin interbedded layers of sand
stone and shale. The character and succession 
of the strata, \vhich are variable in composi
tion and occur in countless alternations, ~re 

shown in the detailed ·section on pages 33-3~. 
Some parts of the subdivision contain a~ much 
sandsto.ne and shale as mottled limestone, but 
other parts contain considerably n1ore 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 subd.ivision, is 
chiefly of the· intraformational-conglomerate 
type. In general the beds contain more 
worm markings than those of subdivision D 
and v~ry 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 hundr~d 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. The sandstone is fine grained, 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-

VlSlOn. 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 th~ strata is pale buff, hut 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 a·s 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 illterbedded 
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 aped or two of dolomite similar to that 
in the overlymg subdivision A. The lower 
half of the subdivision is composed partly of 
calcareous sandstone and partly of platy 
quartzose micaceous sandstone, sa:o.dy 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 forn1 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 roUJlded pebbles, 
it is not essentially a limestone. Most of the 
pebbles are fine-grained sandstone, and the 
matr.ix 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 lim~
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 
sn1all 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· 
con1position of a typical specimen of the lime
stone fron1 a bed 15 feet above the base of the 
subdivision in Bass Canyon. 

Partial chem,ical analysis of l·imestone from subdivision A, 
.Muav limestone. 

[AICrocl A. Chrunbers, analyst.] 

Insoluble ..................... :. . . . . 1. 52 
(Fe, Al)20 3 •••••••••••••••••••••••••• • 80 
Ca.() ..•.................•....•....... 30. 10 
1\:l'gO .....••...........•.•.......•.... 20.78 

Frmn this analysis it appears that the rock 
is a nutgnesian limestone that differs little in 
con1position fr01n typical dolomite. The small 
mnount of insoluble 1naterial which the rock 
contnins 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 
arc the 1nost resistant strata in the Tonto group 
and in consequence of their hardness weather 
evoi·ywhere into strong cliffs. In appearance 
tl1ey 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 forn1ed by the Redwalllimestone. How-

910480-23-4 

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 fr01n 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. L\::) in connection with W al
cott's section at Kanab Creek (see Pl. XIX) 
trace the lithology of the :M:uav 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 pri~arily to .decrease in deposition, not 
to erosion, although at some places-for ex
ample, at Cottonwood Creek-more beds have· 
been removed belo\v 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 pl,ace 
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 liine
stone above. Large parts of the forrp.ation, 
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. 

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 
separatio"n frpm 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 Canyon, 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 
tra;formational conglomerat.e, 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 sectio~s at 
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Kanab Creek and .N unkoweap Valley (see 
Pis. 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 20 as follows: 

The limestone is hard and brittle, breaking into angular 
fragments. Arenaceous 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 hundi·ed feet of- thin-bedded limestones. Many 
byers are gray limestone full of small flattened fragments 
[intraformational conglomerate?]. 'l'oward the summit 
the upper 85 feet is essentially a repetition of the 70 feet 
at the base. The entiTe mass has a thickness of 450 feet. 
The coralline mottling, as it has been called b~ authors, 
extends from base to summit. 'l'hat a portion 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 drrection. 
On the surface of the intercalated arenaceous· shales and 
also of the shaly sandstone layers these trails are seen in 
abqndance. 'l'hey may be traced into the limestone 
from the surface. Where the ri1atrix 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. * * * I should 
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 c ·of W al
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 
vVaicott'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 Creek to 338 feet (the aggregate 
thickness of subdivisions C and D) at Bass 
Canyon, 30 miles southeast of Kanab Creek. 
Between Bass Canyon and N unkoweap 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 t<? be less 
than it is at Pipe Creek. Walcott's descrip
tions indicate that the 1nember is much less 
sandy at· Kanab Creek than at Nunkoweap 
Valley and somewhat less sandy at Kanab 

20 Walcott, C. D., unpublished notes. 

Creek than at Bass Canyon. It is therefore 
evident that the member as a whole beco~es 
i~creasingly sandy southeastward from Kanab 
~ook. · 

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 St1ndrock, 50 
feet thick, which constitutes subdivision B of 
Walcott's section at Kanab Creek,· and to the 
yellowish sandstone, 25 feet thick, w4ich 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 Kanab 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 litholqgic 
change 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 Cis 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 Siate Creek, 29 feet 
at Hermit Creek, and 26 feet at Pipe Cre.ek. 
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 N unkoweap 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 tJ;at the 
sand in Walcott's limestones is calcareous, 
they do not appear to differ conspicuously 
from the ~quivalent beds in the area between 
Garnet Canyon an~ 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 N unkoweap Valley as well as in the in-. 
termediate area it is impossible anywhere to 
determine the original thickness of the su bdi
vision and consequently of the Muav limestone. 

Frech's section 21 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. Pro?ably he 
has included strata in the Redwall hme~tone 
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. 

21 Frech, F .. op. cit., p. 479. 

FossiZs.-Fossils are scarce in the Muav· 
limestone. At Kanab Creek, from the lower 
bed of mottled limestone in subdivision c of 
his section Walcott 22 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 c 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 Cat 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 W al
cott to contain Lingulepis and Ptychoparia . 
(See columnar section 'at N unkoweap V all,ey, 
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.Uppet Cambrian. I think more extensive col
lections are needed definitely to prove its age. In this 
connection a faunal list given by \Valcott 23 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. 
23 Walcott, C. D., U. S. Geol. Survey Mon. 51, P-214, locality 75, 1912. 
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At I-Iormit Crook, from a bod in subdivision 
C, 50 foot lower than that in which I found the 
fossils listed above, Schuchort 24 obtained 
pygidia of Saulcia and of Neolenus. In dis
cussing tho fossils collected at I-Iormit Creek he 
states, "These fossils, and more especially tho 
trilobites, show that the Muav is of Upper 
Cambrian ago." 

Heganling tho ag~ of tho Muav limestone 
Walcott 25 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 tho Muav limo
stone to tho Upper Cambrian in tho present 
report, although I realize that further collec
tions of fossils are necessary before its age 
can be fi."'Ced definitely. A careful search for 
fossils at tho top of tho formation may yield 
interesting results, for if tho 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 tho surface of erosion at tho top of 
tho formation. 

UNCONFORMITY BET.WEEN CAMBRIAN AND 
DEVONIAN SYSTEMS. 

Walcott has shown that both at I(anab 
Creek 26 and in the region about N unkoweap 
V alley,27 50 miles southeast of Kanab Creek, 
tho 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 plu,ces exhibits verticftl 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 Ku.ibab division. 
(See Pl. L\.:.) Probably, therefore, it ex
tends continuously from Kanab Creek to 
N unkoweap Valley. Further 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. 
2G Walcott, C. D., personal communication. 
2o Walcott, C. D., 'fhe Permian and other Paleozoic groups of the 

Kanab Valley, Ariz.: Am. Jour. Sci., 3d ser., vol. 20, pp. 221-225, 1880. 
27 Walcott, C. D., Pre-Carboniferous strata in tho Grand Canyon of 

tho Colorado, Ariz.: Am. Jour. Sci., 3d ser., vol. 26, p. 438, 1883.· 

. 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 
descend either of these trails to a point about. 
a hundred feet below the base of the sheer 
cliff formed by the Rerlwall limestone, pick 
out the beds of massive cliff-making dolomite 
that constitute the topmost subdivision of the 
Muav limestone (see Pl. L\.:), 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 dolon1i te, although in many places: 
thQir color is obscured·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 descends 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 tho promontory 
thu.t 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 ne.ar 
Indian Garden. and climbing the long slope of 
Bright Angel shale and Muav limestone east 
of the Garden. Other hollows are exposed 
in tho canyon of Garden Creek which the vis
itors will easily discover when he has learned 
where to look for them; The cau'yon of Pipe. 
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Creek, east of Garden Creek, contains at leas~ 
ten of them. Several are exposed in each of 
the canyons west of Garden Creek, between 
Garden Creek and Hermit Creek. 

called "Long Drag" and climb eastward several 
hundred feet up the steep ledgy slope formed by 
subdivisions C and B of the ~1uav limestone, 
following a contact between bare rock on his 

Temple Butte left and talus on his right. The hol-

~~~mi;~~~~~~~~~~~ 'lm~5~~2~Mtrv low is difficult to find, because all 
~~~~~~~~~~~~~~~~it Muav limestone but the north end of it is concealed 
IS B. , by talus, and the observer ma}7 

e 

g . 

Approximate scale -
0 100 200 300 400 500 FEET 

FIGURE 3.-Dlagrammatic sketches showing general character of uncon
formity between Temple Butte limestone and_ M:uav limestone at 
eight localities between Garnet Canyon and Cottonwood Creek, Grand 
Canyon, Ariz. a, Garnet Canyon; b, Bass Canyon; c, Ruby Canyon; 
d, Turquiso Canyon; e, Slate Creek;/, Hermit Creek; g, Pipe Creek; 
h, Cottonwood Creek. 

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 t~ngent 

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 1m own Devonian 
age in this part of the Grand Canyon (seep. 51), 
so that to one interested in the stratigraphy 
the hollo\v is well worth a visit because ()f its 
accessibility. A similar hollow is exposed on 
the west side of the canyon of I-Iermit 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 I 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, 2i miles 
southeast of Bass Canyon. In all these can
yons the surface of erosion is irregular in n1any 
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, A, 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, 2i miles from 
Bass ·Canyon, the surface is very uneven. The 
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A. 

B. 

UNCONFORMITY BETWEEN TEMPLE BUTTE LIMESTONE AND MUAV LIMESTO E IN WEST WALL 
OF CANYON OF SLATE CREEK, SHINUMO QUADRANGLE, ARIZ. 

a, Redwa1llimesLone; b, Temple But.t.e limestone; c, Muav limestone; y, z, subdivisions A, B of Muav limesl.one. The 
human figure just at the right of the sharp bend in the unconformity in A, gives an idea of the scale of the photograph. 
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A. UNCO FORMITY BETWEEN TEMPLE BUTTE LIMESTONE AND MUAV LIMESTO E IN WEST 
WALL OF TURQUOISE CANYON, SHINUMO QUADRANGLE, ARIZ. 

a, Red wall limestone; b, Temple Butte limestone; c, conglomerate; d, Muav limest.ooc ; y, z, subdivisions A, B of Muav 
limestone. 

B. UNCONFOHMITY BETWEEN HERMIT SHALE AND SUPAI !<ORMATION AT RED TOP, ON HERMIT 
TRAIL, BRIGHT ANGEL QUADRANGLE, ARIZ. 

a, Kaibab limestone; b, Coconino sandstone; c, H ermit shale; d, Supai formation; e, artificial fill below trail. 
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depressions in it are numerous, irregular in pro
file, and comparatively narrow. Smne of these 
hollows are 40 feet deep. At Turquoise Can
yon, 2,Z 1niles frmn Ruby Canyon, the hollows 
fl.re less numerous but are broader and deeper 
tl111n they are at Ruby Canyon. Some are 80 
:feet deep. In profile they are irregular, like 
those at Ruby Canyon. At Slate Creek, 3 1niles 
frmn Turquoise Canyon, the hollows are broad 
and deep but are n1ore symmetrical in profile 
than those at Ruby Canyon. At Hermit Creek, 
5 miles· fron1 Slate Creek, they are symmetrical; 
broad,· and deep but rare much less numerous 
tliah ·nt·Slate C1~eek. At Pipe Creek~ 5! miles 
fron1·Jiehni t Creek, they are shallower and nar
rower than at I-Iermit Creek but otherwise re
semble th'ose at Hermit Creek. Southeast of 
Pjpe Creek they disappear, and at Cottonwood 
Creek, 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 eros~ 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 the1n through 
the narrow prmnontories separating the can
yons, and thus by restoring in in1agination their 
courses over a considera.ble 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 unconfonnity and the sheer cliff 
of the Redwallli1nestone is a difficult problem. 
The beds differ from place to place in thickness, 
character, and succession and are not separated 
frmn the overlying Red\vall strata, of known 
Mississippian age, by a sharp stratigraphic 
breuk like the unconformity at the summit of 
the Tonto. Smne 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 a1d of fossils. 

Many beds contain obscure traces of life, but · 
determinable forms are scarce and the beds are 
difficult to r~ach in many places where it seems 
desirable to study them. It will be necessary 
to 1nake a more thorough study of the beds than 
I have yet attempted, and particularly to make 
a systematic search for fossils in them, before 

·their age and correlation 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 
lithol'og1c character has yielded fossil~ 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 SU'fface 
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 Ba.ss Canyon. 
Apparently it is the oldest deposit l~id 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 ?,, 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 he classed 
either as limestone or as sandstone. Some 
beds, however, are compact ci·ystalline lime
stone or dolomite, and some are coarse conglonl
erate. A few beds consist of bright-red fine
grained friable sandstone or sandy shale which 
resembles the · I-Iermit shale higher in the 
canyon wall. (See p. 64.) In places this red· 
sandstone shows concretionary structure, and 
some beds exhibit sun cracks. Praetically 
all the calcareous sandrocks and associa, ted 
beds- are in lenticular layers which are highly 
irregular and nre of no great horizontal extent, 
com1nonly wed.ging out within distances of less 
than 100 feet. Locn.l unconfonnities are com
mon between the beds. . No two verticnl sec
tions of the deposit are alike, even in the smne 
hollow. T~e prevailing color of the beds is 
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·pinkish or purplish gray, but some beds display 
green or yellowish tints, ancl·some are white or 
cream-colored. In many places the colors are 
mingled in blotches and streaks. Most of the 
ro~k 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 s9at
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 analysis of limestone from Sapphire Cany9n. 

[Alfred A. Chambers, analyst.] 

Insoluble. . .. . . .. . . .. . .. .. .. . . .. . .. . 10. 96 
(Al, Fe)20 3 ................. ..... .. .. 2. 89 
CaO ............................... 27..43 
MgO ..................... ~ ......... 17. 88 

The fossils are scales and plates of fishes. 
The material which I Gollected was examined 
byJ. 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 rather more closely with 
an Eastern species, B. nitidus, 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, Bothriolepis 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 rna terial. 

The deposits of the type just described can 
therefore be assigned without question to the 
Devonian Temple .Butte limestone, which, 
according to Walcott, 28 "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 ~sually occur." 
Fossils will probably be found in other local
ities than the one in Sapphire Canyon when 
systematic search is Ip.ade for them. 

28 Walcott, C. D., Pre-Carboniferous strata in the Grand Canyon of the 
Colorado, Ariz.: Am. Jour. Sci., 3d ser., vol. 20, p. 438, 1883 . . 

The deposits just described are essentially 
similar wherever they are exposed, although 
they may differ somewhat in lithologic detail. 

·At. Turquoise Canyon, for example, 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 g~arly 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 7 5 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)z03 ......................... l. 83 
CaO ............................... 22.95 
MgO .... --------~------------------ 15.01 

The rock is therefore an impure magnesian 
limestone or dolon1ite. The insoluble impuri
ties are probably largely quartzose sand. 

The beds of sanely li1nes tone are overlain by a 
massive bed of brecciated limestone (see p. 
32), which lies at the base of the Red wall 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 ch{Lnge in 
lithology, and I have placed it at the base of 
the Mississippian Redwall. 
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At nwst places in Bass Canyon the contact 
between the thin-bedded sandy limestone and 
the underlying n1assive dolon1ite 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. (See fig. 3.) The contact is therefore 
an unconformity. 

I hn,ve assigned the 75 feet of thin-bedded 
sandy limestone exposed at Bass Canyon to the 
Devonian Ten1ple 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 lin1estone. 

POSSIBLE UNCONFORMITY BETWEEN DEVONIAN 
AND CARBONIFEROUS SYSTEMS. 

Walcott 20 has shown that at Kanab Creek 
the Redwalllin1estone is separated from under
lying Devonian beds by a line of erosion, but I 
mn unable confidently to trace this unconfor
nlity in the region b.etween Garnet Canyon and 
Cottonwood Creek and at all places to separate 
Devonian beds from the Redwalllimestone. 

At I-Iermit Creek the sequence of beds be
tween the Devonian Temple Butte li1nestone 
and the Redwall strata of known Mississippian 
age js as follows: 

Section in weste:rn slope of Cope B.utte, near Hermit trail. 

[For profiles of section sec Pis. XIX and XX.] 

:Massive gray magnesian limestone of known 
Mississippian age forming lower part of sheer 
Itedwall cliff .............................. . 

1. Altemating beds of gray magnesian limestone, 

Feet. 

80± 

· buff sandstone, and chert; partly concealed; 
form slope.. . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . 15 

2. :Massive gray vesicular cry~talline magnesian 
limestone; cavities contain coarse crystals of 
of calcite; forms cliff. ..................... :. 11 

3. Concealed beds; form slope................... 6 
4. Limestone like bed 2; cliff.................... 7 

sg Walcott, C. D., ~L'ho Permian and other Paleozoic groups of the Ka
nab Valley, Ariz.: Am. Jour. Sci., 3dser., voL 20,pp.221-225,1880. 

Feet. 
5. Band of chert layers; weathering black........ 1 
6. Limestone like bed 2; cliff.................... 7 
7. Buff sanclsto.ne with bands of chert............ 5 
8. Limestone like bed 2; cliff....... .. . . . .. . . .. . . 7 
9. Buff sandstone with bands of chert............ 2 

10. Limestone like bed 2 but sandy; slope......... 4 
11. Sanely conglomerate composed largely of frag

ments of calcareous sandrock; cliff; base of 
bed uneven, wavy ..... .'.................... 1-3 

Gnarly purplish and white calcareous sandrock 
of known Devonian age (Temple Butte lime
stone) lying in hollow eroded in Muav limP
stone; upper surface of sandrock uneven, 
wavy; in places exhibits inequalities of 3 
feet ...................................••.. 14-76 

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 Butte. 
[Alfred A. Chambers, analyst.] 

Insoluble ............................ " 0. 4 7 
(AI, Fe)20 3 •• ••• • • •• •• • • • • • • • • • • • • • • • • • 41 
CaO ................................. 31.79 
l\1:g0 ....... · .......................... 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 ba~e of the over
lying Redwall limestone I have assigned the 
series to the Redwall limestone. The litho
logic change froin 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 frmn the :Mississippian. However, I 
do not wish unduly to emphasize the inlport
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 Inagnesian 
lin1estone 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 Redwalllimestone. (See Pl. 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 
it 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 t4e Temple Butte limestone 
(see Pl. XX), because they resemble the thin
bedded Temple Butte limestone at Bass Can
yon (seepp. 51-53), although it is possible that 
they belong at the base of the Redwalllime
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 
Red wall cliff. The litho logic 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 
Teniple Butte 'limestone and the Redwalllime
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 jt 
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 SER.IES. 

REDWALL LIMESTONE (RESTRICTED). 

Definition.-In previous publications the 
Redwall limestone has been classified as of 
Pennsylvanian and Mississippian age. As orig-

inally defined by Gilbert 30 the formation was 
"named Jrom the red appearance of its escarp
ments on either side of the Grand Canyon" and 
included in its top 2oo·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 31 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
walllimestone is therefore here restricted to the 
massive gray cryst~lline. limestones of Missis
sippian age, and this restricted definition has 
been adopted by the United States Geological 
Survey. 

Oharacter.-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 dista~ce 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 Redwall 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 whos~ 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 

ao Gilbert, G. K., U.S. Geog. and Geol. Surveys W.100th Mer. Rept., 
YO!. 3, pp. 161, 1621 1771 178, 185, fig. 82, 1875. 

at Darton. N. H., A reconnaissance of parts of northwestern New 
Mexico and northern Arizona: U. S. Geol. Survey Bull. 435, p. 22, 1910. 
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shale. This subdivision, 62 feet thick, makes 
a succession of small cliffs and narrow ledges 
above the sheer cliff formed by subdivision B. 
The chn.racter and succession of the Redwall 
beds u.re 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 

'vith certainty far from Bass Canyon, but 
subdivision B, the main cliff-making portion 
uf the Redwall, is constant in lithology and in 
appearance and is readily recognizable every
where in the Kaibab division of the Grand 
Cu.nyon. 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 nliddle, distinctly bedded portion. 
:Many beds contain coarse crystals of calcite, 
son1e 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 ~ayers of sandstone 
occur throughout the subdivision but are 
numerous only in the middle portion. As a 
rule the sand is loosely cemented and exhibits 
gna.rly 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 s~rfaces 
are gray, buff, or white. 

The following analyses show the compo
sition of representative samples of limestone 
fron1 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 of limestone from subdivision B, 
Redwalllimestone. . 

[Alfred A. Chambers, an!l.lyst. 

In~oluble ......................... . 
( Al Fe)20a·. · · · · · · · · · · · · · · · · · · · · · 
CaO ............................. . 
M'gO ............................. . 

0.48 
0 10 

55. 50 
0 08 

0.82 
0 40 

32. 54 
19. 52 

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 magnesian. 

Southeastward from Bass Canyon subdi
vision B din1inishes gradually but steadily in 
thickness. At Bass Canyon it is approxi
mately 500 feet thick; at IIermit Creek, .13 
miles southeast of Bass Canyon, 475 feet; a.nd 
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 fron1 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 n1agnesian limestones and 
interbedded sandstones which n1ake 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 
l~mestones and sandstones thicken southeast
ward, for they are 68 feet thick at IIermit Creek 
and at least 130 feet (estimated) at Red Can
yon. I have not measw·ed 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 Pl. XIX.) 

Fossils.-Fossiis are scarce in the Redwall 
limestone at the Bass, Hernlit, and Bright 
Angel. trails. Commonly they are poorly 
preserved and are difficult to collect unless 
they are weath~red out of the rock. In 1914 
I made small collections at two localities. · At 
Bass Canyon I obtained from the middle, 
distinctly bedded member (2) of subdivision 
B Fenestella sp. and Schuchertella chemungen
sis. 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. 
Rhipidom~lla 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 
l\Jississippian (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 Red wall 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 Redwalllimestone at two locali
ties. 

One collection, which I labeled lot C, I 
obtained at the very top of the Redwall 
cliff in the canyon of Garden Creek directly 
under El Tovar. The locality is about an 

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. (Seep. 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 ~hove 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 represe;nted by very unsatisfactory 
specimens. I ·recognize in it the following forms: 

Diphyphyllum? sp. (probably the same form shown 
by better 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
rotoechiaJ (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 t~e age is actually lower Mississippian. 
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Schuchert, who has collected fossils in ·the 
Red wall at the Hern1it trail, states: 32 

The base of the Redwall on the Hermit trail consists of 
tluee 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 )1as Syringopora cf. s1m.:ularia. Between these 
two dolomite beds is a yellowish-white sandstone, 4 feet 
thick.33 

The Red wall 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 
<lown in a huge landslide. The parts are mixed, and even 
some of the Supai is included with blocks of the Red wall. 
One entire day was devoted to collecting fossils from it, 
but the results were very unsatisfactory. Toward the 
miadle of the Redwall were seen sections of a few corals, 
·of :Menophyll-wn and Clisiophyllum, and a number of cri
noidal colunmals, besides Spirijer centronatus. Of the few 
fossils taken away there is a Syringopora like S. surcularia 
·Girty, lrfenophyllum excavatum Girty, Fenestella and Poly
-pora in several species, and a finely striate Spirijer. 

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 
designa~ed subdivisions ·b and c of the Red wall 
limestone. (See Pl. XIX.) These two sub
divisions· and the underlying subdivision d of 
Walcott's sec;tion correspond closely in lithology 
with the Redwall of n1y Bass Canyon section 
.and constitute the Redwall as it is here rede
fined. Subdivision a, at the top of Walcott's 
RedwaU at Kanab Creek, corresponds in 

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 
conclusi~e, that the entire Redwalllimestone, so far as it 
is embraced v.1Jthin 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 limestone. 

The type locality of the Redwall limestone 
selected by Darton 34 is Redwall Canyon, in the 
Shinumo Amphitheater, only 4 miles nort~ of 
Bass Canyon. The section at Bass Canyon, 
given in the present rep.ort, 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, altliough 
it is conceivable, but highly improbable, as 
Girty states, that the beds at the top of the 
formation in which I found fossils inay be upper 
Mississippian. 

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

Ransome,35 wno 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. 

lithology to my subdivision C of the Supai PROBABLE UNCONFORl\fiTY BETWEEN l\fiSSIS-

formation at Bass Canyon and undoubtedly SIPPIAN AND PENNSYLVANIAN SERIES. 

properly belongs in the Supai. (Seep. 62.) The top of the Redwall limestone is very 
These collections from subdivisions b and c difficult to reach, except a.t plac:es near the 

at I(anab Creek were never worked up in detail trails that descend the canyon wall, and I have 
by Walcott and in the course of time have be- so far been able to examine it only at the Bass 
co1ne badly n1ixed with collections made from trail, at the trail which ascends the northern 
other Carboniferous beds in the general region. wall of the Grand Canyon through Muav 
I-Iowever, Mr. Girty, who has examined the Canyon, and at the Hermit, Bright Angel, n.nd 
material, nutkes the following statement con- fiance (Red Canyon) trails. Viewed from a 
corning as n1uch of it as he is able to assign to distance it appears to exhibit no irregularity 
tho collections from b and ~: I at n1ost places in the Kaibab division of the 

The fa.unas are much more extensive and conclusive . canyon. · 
than the one contained in your lots A and C, and I refer At Bass Canyon the contact between the 
them without hesitation to the lower Mississippian, to that typical bluish-O"ray limestone of the Red wall 
widespread limestone formation which has commonly been _______ b _____________ _ 

"~Schuchart, Charles, op. cit., pp. 3GQ-3Gl. 
n:; 'l'ho throe dolomite l1ods doooribod by Schuchart arc probab:y beds 

2, 4 toG, nnd 8 or my section at Cope Butte given on page 53.-L. F. N. 

s4 Darton, N. H., A reconnaissance or parts of northwestern Now 
Mexico and northern Arizona: U. S. Geol. Survey Bull. 435, p. 21, 1910. 

sa Ransome, F. :L.,· Some Pa!eozoio sections in Arizona and their 
correlation: U. S. G eo I. Survey Prof. Paper 98, p. IG2, 191G. 
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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 c0ncealed by talus. 

At Muav Canyon the surfac~ of the Redwall 
is uneven, b-ut the beds are shattered along the 
axis of a faulted flexure, so that it is uncertain 
whether. the unevenness is due to shattering or 
to erosion. 

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

Near the Hermit trail, just s_outh 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 .. sand.y shale. Some 
pa:r:ts 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 1n the· shale. The pebbles in the 
. conglom~rate a:J;"e. wellr•.-unded and are coated 
with black "desert v~1.rni~h." Most of them 
are composed of chf'rt. derived, apparently, 
fron1 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 feet, 
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 consists 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 f~et in total thickness, is shown 
diagrammatically on Plate XIX. The beds 
are undoubtedly equivalent tq subdivision C 
of the Supai at the Bass trail. (See p. 61.) · 

The upper surface of the Redwalllimestone 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 
Redw~ll is due to shattering of the beds in this 
locality, because· the formation has slumped inn. 
landslide at the point where the .trail descends 
it. For 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, an9. 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 
Red wall is shattered by a fault in the vicinity 
of the trail. 

·At Red Canyon the. su1nmit 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 congl~merate,. 
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 average 
about half an inch. The conglomerate is. 
gravelly and contains very little matrix. 
Where present the ¥latrix 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, 
n.nd calcareous sandstone, some of which is 
cross-bedded. The conglomerate, red shale, 
and overlying alternating beds just desc.ribed 
are "Undoubtedly equivalent to subdivision C 
of the Supai as exposed at the Hermit and 
Bass trails. 

W alcott/6 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 occm. The horizontal beddi~1g is broken ._.by 
gradually increasing curves of depresswn and eleva~1on 
of the previously level surface. The limestone bec01~1es 
more and more interstratified with white chert, weathermg 
black. Arenaceous layers of a detrital origin comein, with 
pink chert and chalcedony replacing the white chert of 
the beds beneath. 

Massive ]ayers of brecciated chert in a quartzitic matrix 
denote the increasing change of conditions, and soon the 
samlstone 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 
rrofls-l;edded sandstone stratum (e), 50 feet in thickness. 

The transiti~n beds to which Walcott refers 
are the beds that constitute subdivision a of 
his Red wall 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 
lin1estone as here restricted, and the horizon 
occupied by the uneven surface is equivalent to 
that at the ij:ermit, Bright Angel (Cameron), 
and fiance trails which I have just described. 

Schuchert,37 who has exam,ined ·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. ')iThere the contact was studied this limeston~
dolomite seri~s terminates in thin-bedded deposits, with 
the beds vru·ying 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, 

so Walcott, C. D., unpublished notes. 
87 Schuchart, Charles, op. cit., p. 358. 

for the fossils of the Red wall are here all of early Mississip
pian age. Nothing of later :Mi~sissippian time is present, 
and the land interval precedihg Supai deposition was cer
tainly longer than all Of Redwa11 time. 

Ransome 38 · 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 30 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 addiri.g at the bottom 
about 250 feet of red sandy shale, purplish and 
gray limestone with red chert, and reddish to 
buff calcareous sandstone of Pennsylv:a~ian age 
that have heretofore been included in the Red
wall limestone. This redefin~tion 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 ( n 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. 

as Ransome, F. L., op. cit., p. 152. 
a9 Darton, N. H., A reconnaissance of parts of northwestern New 

:M:exiro and northern Arizona: U. S. Geol. Survey Bull. 435, pp. 25-27, 
1910. 
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Class1jications of the Carboniferous 1·ocks of the Gmnd Canyon. 

G. K. Gilbert, 1875. C(A. D. WJalcott, 188~0 · N.H. Darton, 1910. 
(U. S. Geog. and Geol. Surveys W. lOOth M:er. m. our. ct., (U.S.Geol.Survey L. F. Noble, 1922. 

(This report.) Age. 
Rept., vol. 3, pp. 161-186, fig. 82.) 3d ser., vol. 20• Bull. 435.) pp. 221-225.) 

Cherty limestone, 200- Upper Aubrey. 
820 feet. 

Kaibab lime
stone. Kaibab limestone. 

Aubrey group. 

Cross-bedded and other 

I 
sandstones, 300-J ,000 
feet. 

Coconino sand
stone. Coconino sandstone. Permia:Q.. 

1---------1 Lower Aubrey. 

Red and white shales 
and sandstones, 800 
feet. 

Alternating sandstones 
and compact lime
stones, 200-500 feet. 

Redwall limestone, 

Supai forma
tion. 

Hermit shale. 

-Unconformity--·--------------················-· 

Supai formation (re- Permian(?) and 
defined). Pennsylva-

nian. 

-Unconformity (?),--1-------

Redwall lime
stone group. 

sheer escarpment, 800 Redwall lime- Red wall lime
stone. feet. stone. 

Limestones in lesser es
carpments and cal
careous shales, 800-
1,365 feet. 

Character of beds.-The Supai formation as 
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 ·of 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 uniforin fineness 
of grain and in coarseness of cross-bedding the 
more massive layers resemble the Coconino 

Redwall limestone 
(restricted to Mis- Mississippian. 
sissippian lime-

. stones). 

sandstone. Commonly, however, their grains 
are bound together by calcareous cement, 
whereas the binding rna terial 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, e~hibits 
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 int~ three members, which in lithol-
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ogy and in topographic expression are suffi;.. 
ciently constant to be recognizable throughout 
the ICaibab division of the Grand Canyon. 
These mcn1bcrs I have designated subdivisions 
A, B, n.nd C. · 

Ncar the top and just below the middle of the 
Supai the cross-bedded sandstones are excep
tionn1ly thick and n1assive and make strong, 
conspicuous cliffs. Between these two sets of 
cliffs and below thc1n the sti~ata 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 n1ake the slope at the base of the 
Supai constitute subdivision C. 

Subdivision A consists chiefly of sandstone 
but includes a· fmv beds of sandy shale; sub
division B consists chiefly of sandstone but 
includes beds of sandy shale and a fe\v beds of 
limestone; and subdivision C consists of sand
stone, shale, and limestone in about equal 
proportions. Broadly, therefore, although the 
Supai consists chiefly of sandstone, it exhibits 
a passage upward from shale and limestone to 
sandstone. 

Subdivisions A and B rest on slightly wavy 
s~rf~ccs at Bass Canyon. However, similar 
wavy surfaces occur at other horiz;ons 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 
i1npossible to determine whether any of them 
have widcspren.d s.tratigraphic significance. 

The order, chn.racter, and thickness of the 
stratn. that constitute the three subdivisions 
just outli1~cd arc described in the section of the 
Supai given on pn.gcs 29-31, and the topo
grn.phic profile of the beds is shown in the 
columnar section, Plate XIX. 

Subdivision C, n.t the base of the Supai, 208 
feet thick, begins n.t the bottmn with alter
nating beds of red sn.ndy shale and bluish-gray 
lin1cstone carrying nodules of red chert, and 
the shnlcs and lin1estones pass upward into 
alternating beds of re~ · shale, bluish-gray 
li1ncstone, and reddish to buff calcareous sand
stone, a part of which is cross-becldcd. The 
limestones and harder sandstones form s1nall 
cliffs, and the shales and softer sandstones 
fonn slopes. Outcrops of Inal?-y softer beds 
are concealed by talus. The contact between 

91048°-23-5 

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 
Supaj; 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 li1ncstonc 
or red shale. These 1nassive 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 prmninent bed of li1nestonc 
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 Cinbcddcd 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 (Qameron) and Tanner trails, 
respectively 18 and 32 miles southeast of Bass 
Canyon, and in the Aubrey Cliff, near Seligman, 
70 miles southwest of Bass Canyon. At all 
these localities the conglomerate occupies 
approximateiy the same horizon in the Supai 
that it docs at Bass Canyon. At the Bass trail 
and the Bright Angel trail it rests on an uneven 
surface which exhibits vertical irregularitie~ 
of several feet within horizontal distances of 
100 feet. It is conceivable that the conglonl
crate marks a stratigraphic break in the Supai 
that is more significant than. the contact be~ 
tween subdivisions A and B. 

Ncar Pine, in the Jerome region, Ransome 40 

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 fonnation. 
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 sands tone which form 
a series of cliffs and slopes. 

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

40 Ransome, F. L., op. cit., p. 160. 
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at Bass Canyon and extends far:,."\vestward in 
the interior of the Grand Canyon. I have 
described this platform in a previous report 41 

and have shown that, like every other ledge 
in the canyon wall, it is a· structural bench 
de.termined 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, 42 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 ~ass Canyon it shrinks to a narrow 
ledge arid is inconspicuous as a .topographic 
feature but is nevertheless trac,eable contin
uously through the · Kaibab division. Inas-

, much as this bench is cut on the summit beds 
· o( the Supai it constitutes a landmark ·that 
enables the observer everywhere to distinguish 
the Supai formation from the overlying Hermit 
shale. In the region between Bass Canyon and 
the Hermit trail it marks a c~:mspicuous uncon-

. formity between the Supai formation and the 
Hermit shale. (See pp. 6~-64 .. ) · 

Fossils.-N o determinable fos.sils have been 
found in the Supai formation in the Kaibab 
division of the Gr~nd Canyon. The . .available 
evide~ce concerning it~ age may be summed 
up as follows: 

Subdivision a of Walcott's Red wall 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 co:~Tesponds 
closely with subdivision C of the Supai as I 
have defined the formation at Bass Canyon 
but is. overlain at K.~:na,.l:) Creek by massive 
cross-bedded sandston~ . (sul;>divisio~ e of W al
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 

41 Noble, L. F., U.S. Geol. Survey Bull. 549, pp. 21, 73-75, 1914. 
42 Dutton, G. E., Tertiary history of the Grand Canyon district: U. S. 

Geol. Survey Mon. 2, p. 121, 1882. 

redefined. Sl.lbdivision a of Walcott's Red-
. wall is division 5 of Gilbert's Paleozoic section 
at Kanab·Creek, "purple and white arenaceous 
limes.tone with pink chert, in one bed passing 
into cross-bedded sandstone." Walcott 43 states 
that although at Kanab Creek he obtained no 
fossils frmn 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, 44 

who says concerning it: "The fauna·of the up
per portion [of the Red wall] 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 Red wall" 
Gilbert means not the upper portion of the 
. Red wall as the formation is here restricted, 
but the beds that constitute division 5 of his 
section at Kanab Creek 45 and division 4 of his 
section at the mouth of the Grand Canyon, 45

. 

which are equivalent to the lower part of the 
Supai as here defined. Recently Longwell 46 

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 toN able's basal Supai in the Grand 
Canyon." · 

The evidence just presented indicates that 
subdivision C, at least, of the Supai is of 
Pennsylvanian age. The Supai is overlain by 
the Hermit shale, whichcontainsPermianfossils, 
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 unqonformity 
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 
subdivision B. However, 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 Supai 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. 
45 Idem, p. 162. 
46 Longwell, C. R., Geology of the Muddy Mountains, Nev., with 3 

section to the Grand Wash Cliffs in western .Arizona: Am. Jour. Sci., 
4th ser., vol. 50, p. 47, 1921. 
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Hobinson 47 has reported Pennsylvanian fos
sils fr01n the Redwall limestone at Elden 
:Mountain, near· Flagstaff. l-Ie states that at 
this locality "the limestone becomes thinner 
bedded than usual and gives way to red calca
reous shale and sandstone. The limestone 
in1n1ediately overlying these beds contains 
nlfmy fragn1ents of shale and includes at one 
point . a patch of conglomen~te." The fossils 
determined as Pennsylvanian came "from the 
uppern1ost 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 
Grn.nd Canyon, and not to any part of the 
Redwall li1nestone as here restricted. 

Lee 48 has also reported a Pennsylvanian 
fauna fron1 ·the top of the Red wall limestone 
in Truxton Canyon, near Y ampai. 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 HERl\ITT 

FORMATIONS. 

In I-Iermit Basin, 12 miles southeast of Bass 
Cnnyon, a strong unconformity of erosion' sepa
rates the Supai formation as here redefined 
from the overlying red sanely shale here named 
the Hermit shale. The unconformity is beau
tifully exposed on the I-Iermit trail just under a 
signpost marked" Reel Top." (See Pl. XXIII, 
B.) At this locality the top of subdivision A 
of the Supa'i 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 I-Iermit· 
Basin and locally represents the Esplanade 
platform. Just un<;ler the "Red Top" sign a 
sharp hollow 40 feet deep in these Supai beds 
is fulecl with the soft red sanely layers that con
stitute the :Hermit shale. The soft Hermit· 
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 

47 Uobinson, H. H., 'l'ho San Franciscan volcanic field, Ariz.: u. S. 
Cool. Survey Prof. Paper 7(j, pp. 21-22, 1913. 

4~ Leo, \V. '1'., Geologic rcconnuisanco or a part of western Arizona: 
U. S. Geol. Survey Bull. 3:)2, p. 15, 190S. 

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
eral miles. The unconformity marks the change 
from the highest cliff -making strata· in 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 Reel Top to Dripping Spring. 
The sketch in figure 4, a, and the photograph 
reproduced in Plate XXIV, A, show an expos
ure of the unconformity on this trail at a point 
about a quarter of a mile west of Reel 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 a field 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 Canyon in 1918.49 However, 
until1920 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 und~r 
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 

49 Schuchert, Cha Ies, 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. 

PERMIAN SERIES. 

HERMIT SHALE .. 

At the Bright Angel (Cameron) trail, 5 miles Definition.-At Hermit Basin above the un-
. southeast of Hermit Creek, the unconformity conformity just described there is a series of 
can be detected by very careful inspection, but deep brick-red sandy shales and fine-grained 
the eroded surface exhibits so little r~lief that friable sandstones whose thickness is 317 feet .. 
it would probably be unrecognizable to one measured from the base of the deepest depres
who had not first examined it at the Hermit sion and 267 feet measured from the summit 
trail. At Tanner Canyon, 20 miles southeast of the highest knoll in the unconformity. 
of the Hermit trail, I could not detect it. In (See Pl. XIX.) Formerly these strata were 
that region the Hermit shale is readily distin- included in the Supai formation and were des
guishable from the underlying Supai formation ignated "shale of the Supai formation" or 
both topog~aphically and lithologically, but "Upper Supai shale," 50 but because they have 
the contact with the Supai is so even that if it been found to be separated from the under
represents an unconformity of erosiOn the lying beds by an unconformity, because they 
eroded surface is practically level. 1 contain determinable fossils of Permian a()'e 

b ' 
and because they are constant in 

1--------~==~;~~~~~~ lithology and are distinct from ~;':-1>-9,...< · Hermit shale the underlying beds in topo-

~~li~~~iiiiliilllllllilll~i~i',~,~~~o~~~~~ o.s.o:?;,J,G-------~~ unconformity graphic expression everywhere 
...... ,,.,, . ._ .. ,,,,,,, ... , ... ,_._._ ........ ,_ ..... _,,, I·n the Kai·bab di._VI.sl·on, I have 
~ ·· .. ·· ·· · · · ,. · ·· · · Supai 

!ti;~~~~;:~t~!~{f;~~;~ffl~~-1~tflf formation f~~p~:!I~:~~~e~Ya~~ d~~g::~! 
. <l 

has been adopted by the United 
States Geological Survey. The 

r-~:~~:~;~~~~~~iiii-ii name is taken from Hermit Basin, Hermit shale where the beds are typically ex-
~ posed. The formation is conform-

f,;~,-.. _.,,;; .. ,; .. ;,,.,,;-',;;_~-~'-H''·'' . . .. 1 ,,,::'-!:'w'"'·::·:·"'-:;\)·:t·~·=''·'''''~---:.-:,_ .. ;\;\•_;.,,,:.,·:;_;,,-~;.·:·::·-:·:, .. _, u n con form i!Y ably over lain by the Coconino 

lt;ilfii~IWII~~~~~-~~ 51~~~ation ::n:~:s:r:l:;e tf:1~~!t::~ 
b in Tapeats Amphitheater, north

west of Powell Plateau. FIGURE 4.-Diagrammatic sketches showing character of uncorif~rmity between Hermit 
. shale and Supai formation in Grand Canyon, Ariz. a, On tntil between Red Top and 
· Dripping Spring, Bright Angel quadrangle; b, under Havasupai Point,.S_hinumoquad- Character and thiclcness.-At 

rangle. . Bass Canyon the Hermit shale is 
In brief, although. the .. Supai fo~mation is 1332 feet thick. ~he c~atacter a~d succession 

separated from the overlying Hermit shale by of the beds are given In the sectwn on pages 
an unconformity of erosion which is con tin- 28-29 and their profile is shown in the columnar 
.uously traceable for at least 15 miles in the section, Plate XIX. The beds differ little 
Kaibab division, study of a wider area than I from one another in composition and con
have covered. will be necessary before it can sist essentially of sandy mud colored red 
be stated confidently that the unconformity is by ferritic pigment. ·The beds that I have 
a widespread feature in the Grand Canyon designated sandstone in the section are massive 
district. and relatively compact as contrasted with the 

In the area which I have covered the un- beds that I have designated shale, which are 
· ·conformity coincides with the general level of thinly laminated, but the distinction between 

the Esplanade. · If this association is signifi- sandstone and shale is unimportant. All the 
cant, the unconformity may extend over a strata are friable. Many beds exhibit sun 
very wide area, for the Esplanade extends cracks and rain prints, anCl some beds are 
many miles west of the Kaibab division in the ripple-marked. One bed (No. 15, p. 29) con-
Grand Canyon. 50 Noble, L. F., op. cit., p. 69 . 

,·.• ... 
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A. UNCONFORMITY BETWEEN HERMIT SHALE A 0 SUPAI FORMATION 0 TRAIL BETWEEN RED 
TOP AND DRIPPING SPRING, BRIGHT ANGEL QUADRANGLE, ARIZ. 

a, Kaibab limes tone; b, Coconino saodst.one; c, Hermit shale; d, Supai formation. 

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

a, Kaioab limestone; b, Coconino sandstone; c, Hermit shale; d, e, 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, VISll U QUADRANGLE, ARIZ., FROM DESERT VIEW CAMP. 

a, Surface of Coconino J>Jateau; b, Shinarump conglomerat.e, capping Cedar Mountain; c, 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 
I-Im·mit shale resen1bles many beds of sandy 
shale in the Supai, but unlike the Supai it 
contains no. n1assive hard layeTs of cross
bedded sandstone, and the more. sanely beds in 
the I-Iennit a:t:e prevailingly reddish, not buff, 
as they are in the Supai. Tllln, platy lami
nation is the most prominent structural charac
teristic of the I-Im·mit shale. Everwhere the 
formation n1akes 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 I-Iermit 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 show.il, 51 by the increase in 
thickness of the soft Hermit shale, which 
wastes back frmn 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 I-Iermit shale continues 
to increase in thickness at least as far as Kanab 

' Creel\, 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, 52 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 IIermit sllale underlie the Coconino sand
stone and overlie a cliff-making portio_n of the 
Supai that corresponds in lithology and in 
stratigraphic position to subdivision A of the 
Supai as defined at Bass C~nyon. The beds 
between the Supai and Coconino formations 
are 80 feet thick, are soft a_nd thinly laminated, 

1>1 Noble, L. F., op. cit., p. 70. 
~2 Gilbert, G. K., op. cit., p. 162. 

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 forJ?lation and the Kaibab limestone. 

Describing the beds in the Jerome region 
that were believed to represent the Supai, 
Ransome 58 writes: 

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 thi<'k, with a smaller proportion. of deep-red shale. 
The general color is not brilliant, and some ·of. the sand
stone beds incline 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. 

FossiZs.-Schuchert was the first geologist 
to find fossils in the Hermit shale. He states: 54 

Just below the sign " Red Top'' in the lower turn of the 
Hermit t~ail [in ·Hermit Basin] and immediately above 
the thick upper sandstone [of the Supai] are seen th;in. 
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 descril:>ed elsewhere in this num
ber of the Journal by Prof. Lull 55 as Afegapezia? coloradm
sis and Exocampe?. 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 remaills 
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. Sphe:nophyllnm. * * * 

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 

1>3 Ransome, F. L., op. cit., p. 162. 
M Schuchart, Charles, op. cit., pp. 353-354. 
55 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 G1~gantopteris, 

Walchia, and probably of Callip.teris, 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, 
wi1l 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 unc-onformity 
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. If 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 
'Jf the fossils will conform to the tentative age determina
tions based upon the collection submitted by Prof. Schu...; 
chert, namely·, that the beds are Perwian 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 ~ge of the upper part of the Supai forma
tion. Should tllis prove to be the case, the unconformity 
at the base of the Permian in northern Arizona will renlind 
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 I-Iennit 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, A), lob
tained among other specimens a well-preserved 
part of a fernlike frond, concerning which Mr. 
White writes : 56 

A close inspection shows it to belong to the genus· Callip
teris, which the world over is everywhere recognized as 

oo ·white, David, personal letter. 

the most characteristic and widespread exclusively Per
mian fen:i.. I judge that the specimen is not even varie
tally distinguishable from Callipteris conferta. Accord
mgly this evidence practically confirillB conclusively the 
opinions based on fragments previously collected by you 
and Prof. Schuchert and is of itself probably adequate 
to prove the Permian age of the Hernlit shale. Taken 
in connection with the plant fragments previously trans
mitted by Prof.· Schue bert 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 )ust presented 
the Hermit shale may be confidently assigned 
to the Permian. 

COCONINO SANDSTONE. 

Oharacter.-The Coconino sandstone· is a 
pale-buff fine-grained cross-bedded sandstone 
whose distinctiye 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-beddirig, 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 7.5 feet; some are less than 10 f~et. 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. The laminae form parallel 
curves that flatten downward. Corpmonly 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 
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Arizona. This feature causes the formation 
to make a more continuous cliff in the southern 
wall of the Grand Canyon thnn 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 bre.aks 
down here and there into slopes on the dip of 
the laminae. A break. of this character per
mits the IIermit trail to descend the sandstone 
in I-Iermit 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 thes~ 
joints or in to slabs ~long the inclined laminae 
rather than along contacts between the wedges. 
AI though the prevailing color of the sandstone 
is pale buff, some wedges are rusty buff, pinkish, 
or pnle 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 brolmn 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 
conunonly :for1n thin bands or streaks. 

Ripple-1narked or sun-cracked surfaces are 
very rarely seen in the Coconino sandstone. I 
have neYer seen ripple Inarks in it, but Schu
chert57 has noted them at one place, near the 
}[erlnit trail. Near the Bass trail the under 
sur:fn,ce of the formation contains distinct im
pressions of sun cracks, but these impressions 
are derived from the upper surface of the 
underlying I-Iennit shale. The only sun cracks 
I have noted that ai'e unmistakably within the 
Coconino itself are on a block in a talus slide 
near the IIennit trail. 

At the Bass, I-Iermit, and Tanner trails the 
sandstone at the base of the Coconino is in 
hor.izontal 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 

M Schuchort, Charles, op. cit., p. 349. 

alternate with layers of red shale, so th~t the 
boundary between the Hermit shale 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 · 
wid<,3spread feature of the Coconino-Hermit 
contact, for a few of them are exposed under 
F<;>ssil 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 n1ovement of ground water per
colating th~ough 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. 

Thiclcness.-In the region between Kanab 
_Creek and the east end of the Kaibab diYision 
the thickness of the Coconino sandstone in
creases st'eadily southeastward and is every
where in inverse ratio to that of the underlying 
I-Iermit shale. For example, the Coconino ~s 
only 30 feet thick at Kanab Creek (see section 
by vV alcott, Pl. :x;,IX), 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 is 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 shnle is 130 feet (estimat~d); 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 View near the Tanner trail is 
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thus almost double the height ·of the cliff as 
seen f~om the head of the Hermit trail or from 
Bass Camp. 

Fossils.-The only traces of life that have 
been found in the Cocon,ino sandstone are fossil 
footprints of small animals. The locality is on 
the H~rmit 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 th~ 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 on:e 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 58 as Laoporus schucherti and Laoporus 
noblei . . He regards the ani~als 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 is somewhat the larger, 
b~re a proportionately greater share of the creature's 
weight, especially in the smaller species. The limbs 
were apparently short, with a wide trackway, implying 
a bulky 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 call eel Laopoms 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 

[>8 Lull, B.. S., op. cit., pp. 338-341. 

carefully in 1920 I noted tracks that differ 
froin 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 59 

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 no.t yet 
been studied, and I will reserve a discussion of 
it for another report. 

KAIBAB LIMESTONE. 

Character.-The Kaibab limestone forms the 
surfa~e 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 coin posed of limestone and sandstone and 
at some horizons contains hirge amounts of 
chert. Fragments of chert weathered from 

. t4e 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. Som_e.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 th~ 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 entire1y of the remains of sea animals, 
chiefly bryozoans, sponges, brachiopods, and 
gastropods. Fossil Mountain, a dissected prom
ontory of the Coc~mino 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 thiee members which in lithology 
and in topographic expression are distinct from 

59 Gregory, Jil· E., Geology of the Navajo country: U.S. Gcol. Survey 
Prof. Paper 93, pp. 31-34, 53-55, 57-59, 1917. 
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one another everywhere in the Kaibai:> 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 fmc-grained sandstone and very 
cherty limestone. Subdivision B, .in the middle 
of the formation, 136 feet thick, consists of 
1nore or less irregularly bedded buff, yellow, 
11nd red fine-grained sandstone and contains 
beds of sn,ndy breccia. Subdivision C, at the 
base of the fonnation, 134 feet thick, consists 
of alternating beds of buff sandstone and lime
stone which pass up into a very massive bed of 
siliceous lin1estone. Subdivision A fonns cliffs 
and steep slopes, B forn1s a slope, and C forn1s 
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 frOin a bed (No. 2, p. 27) just 
under the ri1n of the canyon at the Bass trail. 
This limestone is associated with the sandy 
beds in th~ upper part of the subdivision. It is 
dense but not crystalline, feels dull or earthy 
when struck by the hammer, and in appearance 
suggests silicified chal~c 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 forn1s 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 
fonns nodules of chert associated with the lime
stone; for the rock represented by the sample. 
analyzed contains no detrital sand. 

Partial chentical analyses Q{ limestone from subdivision A, 
Kaibab limestone. 

[Alfred A. Chambers, analyst.] 

Insoluble ......................... . 
(A~ Feh08 ••••••••••••••••••••••• ~ 
Cau ............................. . 
MgO .. · ....•.........•.••......... 

6. 98 
. 56 

29. 98 
18. 68 

2 

11.15 
.71 

48.68 
.00 

The sandstones of subdivision B consist en
tirely of quartzose sand which in com.position, 

·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, an<;l a similar bed 
occurs near the middle. (Seep. 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 'Yas acquired after the beds were 
consolidated, the beds caving in and breaking 
because some soluble mineral, perhaps gypsum, 
was· leached out of thein. 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.6° 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. is) 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, 

oo Newberry, J. S., 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-gr~ined reddish to yellowish sandstone, 
rests ~verywhere 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 
inasmucb 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 a,nd 
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 benea~h these beds at the southern 
base of the mountain. As. shown oil 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 wa.ll . 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 limestoue . 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 
subdivis.ion 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 

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 b~ff 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 Pa'rusi-Wompats Spring, just north 
of ·the· Shinumo region, includes most of the 
forms that occur ne~r Bass Canyon: 61 

Sponges. 
Lophophyllum n. sp .. 
Crinoid stems. 
Fistulipora sp. 

16 Noble, L. F., op. cit., p. 71. 
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Meekopora sp. 
Stenopora sp. 
Septopora sp. 
Polypora sp. 
Ungulidiscina convexa? 
Derbya sp. 
Meekella pyramidalis. 
Chonetes aff. C. hillianus. · 
Producus occidentalis. 
P1·oductus ivesii. 
Productus aff. P. irginae. 
Productus subhorridus var. rugatulus. 
Prod uctus sp. 
Pugnax osagensis var; 
Heterelasma n. sp. 
Squamularia guadalupensis? 
Spil"iferina campestris? 
Composita subtilita. 
A viculipecten, 2 sp. 
Acanthopecten occidentalis. 
Pseudomonotis aff. P. hawni. 
Pseudomonotis? sp. 
Anisopyge perannulata? 

These and other fossils constitute the so
·called P·roductus ivesii fatma. 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 
fro1n these two lower subdivisions of the 
Kaibab limestone in the Grand Canyon, and 
it is therefore conceivable that the lower part 
of the for1nation may contain a fauna differing 
somewhat fr01n that in the upper part. How
ever, Newberry's section at Cataract Creek 62 

. mentions Productus ivesii in beds equivalent to 
those at the base of subdivision C. Inasmuch 
.as the I-Iern1it shale beneath the Kaibab con
tains Per1nian 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 limesto~e 
.are exposed in the wall of the Grand Cany?n In 
the Kaibab division, but Cedar :Mountam, a 
flat-topped butte on the Coconino Plateau only 
2 miles east of the rim of the canyon. near 
Desert Vie·w Camp, is carved from younger 
beds. These beds at Cedar ;Mountain consti
tute two formations-the Shinarump conglom-

Gll Nowborry, J. S., op. cit. 

erate, 25 feet thick, which makes a cliff. en
circling the top of the mountain an~ determ~nes 
its flat summit, and the Moenkopi formatwn, 
481 feet thick, which makes ·the slopes of the 
mountain. . The age of these two form~tions is 
Mesozoic, the Moenkopi being regarded as 
Lower Triassic and the Shinarump as probably 
Upper Triassic. The :Moenkopi formatio.n, 
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 debris 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 so'l.t.th side of Cedar. Jlfountain, 
Vishnu q1.wdmngle . 

Shinarump conglomerate (Upper? 'l'riassi<:): ~ard 

siliceous conglomerate or pebbly grit 
composed chiefly of pebbles of quartz 
or jasper embedded in a matrix of 
quartzose sand; caps Cedar Mountain and 
forms strong 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 g,re 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 

Feet. 

in the underlying Moenkopi.. . . . . . . . . . . 25 
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Unconformity(?). 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): 
l. Slope; practically all covered by debris. 

The few outcrops. consist of thinly 
laminated reddish-brown shale or shaly 
sandstone ............................ . 

2. Strong cliff; very massive reddish-brown 
.fine-grained, strongly cross-bedded sand-
stone ....................... ·.· ....... . 

3. Slope; soft, thinly laminated tan to reddish
brown sandy shale. Outcrops covered 
with white saline efflorescence, indicating 
the presence of much saline material in 
the rock .............................. . 

4. Weak cliff; rather massive buff sandstone 
exhibiting indistinct cross-bedding .... 

5. Slope; thinly laminated· tan sandstone or 
sandy shale ...... ; ................... . 

6. Cliff; light yellowish-buff to creamy-buff 
:fine-grained rather massive cross-bedded· 
sandstone ............................ . 

7. Long, gentle slope almost entirely covered 
by talus. TD.e few outcrops are mostly 
thinly laminated soft bro'wnish 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 mark~dly calcareous ....... . 

8. Tiny cliff; greenish-buff, thinly laminated 
crystalline limestone, somewhat sandy 
in places ........................... . 

9. Slope; platy, very thinly laminated greenish 
and brownish-buff calcareous shaly 

. sandstone, passing up into brownish-buff 
and vermilion beds of the same character 

10. Curious gnarly cherty bed. In places a 
conglomerate of angular chert fragments; 
in places a massive gnarly sandy chert. 
Thickness variable ................... . 

11. Massive yellowish-buff :fine-grained sand-
stone. Thickness variable ............ . 

Unconformity(?). The irregularity of the beds at 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. 

60 

80 

130 

16 

5 

18 

150 

1 

15 

0-4 

0-2 

481 

Kaibab limestone (Permi~n): 
l. 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 

Feet.... 

appears wavy......... . . . . . . . . . . . . . . . . . 2-6 
2. Partly concealed bed, making slope. 

Apparently consists of alternating thin 
layers of chert and lemon-buff sand-
stone ... ~............................. 5-

3. Cliff; massive gray to buff sandstone; cal-
careous; contains casts of Productus? . ... · 7 

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 
f0rmation for the Little Colorado Valley, 
measured 5 miles below Tanner Crossing, in the. 
wall of the valley. 63 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 an,d 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 uncommon in the Moenkopi, so that 
its presenc'e at Cedar Mountain is not neces-· 
sarily significant. Unconformities between the 
Shinarump and Moenkopi and between the. 
Moenkopi· and Kaibab .can not be .. -determinecl. 
by conclusive evidence at Cedar Mountain,. 

63 Gregory, H. E., op. cit., p. 24. 
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because the exposures of the contacts between 
the formations are of small extent, but inas
much as Gi·egory has shown ponclusively that 
these unconformities exist . in the general 
region and are widespread, it i$.highly probable 
that the features I have described as occuring 
at the ·contacts between the formations at 
Cedar Mountain indicate their presence. 

I obtained no fossils in the l\1oenkopi at 
Cedar Mountain, but fossils collected in 'it by 

Longwell 64 in Nevada and determined by 
Girty show that its age is Lower Triassic. 
Therefore the prol;>able unconformity betwee~ 
the Moenkopi formation and the Kn.ibab 
limestone separates deposits of the Paleozoic 
and :Mesozoic eras. 

Gregory 65 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 CHEsTER 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, n1ost 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. 1 It is asserted by 
so1ne that these forms are produced by push
ing of the rock fragments to and fro by the 
waves. 2 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,3 and 
with this view the writer is in accord. That 
beach pebbles, even those composed of massive 
igneous rocf<s, are commonly of ·a flattened 
oval forn1 seems certain, as has been stated 
elsewhere,4 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 
dey-elopment of such shapes on a beach. It 
was the writer's good fortune during the sum
mer of 1921 to visit two localitjes on the At
lantic coast of New England where pebbles are 

1 Sue$, K, Der Dodon der Stadt Wion, pp. 64, 65, 1882 (quoted from 
Grabau, A. W., Principles ofs tratigraphy, p. 595; 1913). 

Hom·nes, H.., Gerolle unci Goschiebe: IC·k. geol. Reichsanstalt Verb. 
No.12, pp. 42etseq., 1911 (quoted from Grabau, A. W., op. cit.,p. 595). 

Colo, G. A. J., Roc:rs and their origins, p. 71, Cambridge Univ. Pross, 
1912. 

Trowbridge, A. C., Classification of common sediments: Jour. Geology, 
vol. 22, p. 435, 1914. 

Stephenson, L. W., The Coastal Plain of Nor.th Carolina: North Caro-
lina Geol. and Econ. Smvey, vol. 3, pp. 274-275, 1912. 

Ooilde, A., Textbook of geology, vol.1, p. 569, 1903. 
s Suess, E., op. cit. Hoernes, R., op. cit. Cole, G. A. J., op. cit. 
3 Grabau, A. W., Principles of stratigraphy, pp. 715-716, 1913. 
Dmm, E. J., Pebbles, p. 7, Sydney, G. Robertson & Co., 1911. 
• Wentworth, C. K., Quantitative studies of the shapes of 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 o.n the following 
pages. It is the writer's hope that geologists 
acquainted with localities where similar m~as
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 
extren1ity of N antasket Beach, at the point 
shown on the topographic n1ap 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 locallight..:green to gray igneous 
rock, which is included in the Mattapan vol
canic complex as m~pped by Emerson. 5 The 
greater part of the gravel of the beach is de
rived from the adjacent outcrops, which show, 
however, great v:ariations 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 J_leight 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 

6 Emerson, B. K., U.S. 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 I-Iarbor, near Fort Hale, Conn. Here, 
for a distance of several hundred feet, is ~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 Qliff and is exposed 
lower down along the adjacent parts of the 
shore. These are readil'y. 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 N antasket. 
Not only are the waves in this part of Long 
Island Sound less violent than those of the 
Atlantic Ocean at N antasket, but the pebbles 
here are not confined in a pocket beach. 

METHODS OF.MEASUREMENT. 

Three diamete~s mutual~y at right angles 
were measured for each pebbl~ with a steel 
tape. The radius of curvature of the sharpest 
edge of each was measured with the convexity 
gage described elsewhere.6 All measurements 
were in millimeters. The data ,were recorded 
in several gr.ou~s as follows: 
Nantasket: . Pebbles. 

A~ Random selection, all materials.............. 61 
B. Miscellaneous rock types : 

Quartzite ...... -.......... .- . . . . . . . . . . 20 
Red porphyry ____ ... : . . . . . . . . . . . . . . . 20 
Black porphyry ..... _ . . . . . . . . . . . . . . . 10 

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 
companng the durability of the two types of 
rock. 

COMPUTATIONS. 

Computations were made as follows for each 
pebble: 

Mean diameter/ computed approximately by 
the formula D= vD'D"D"' where D', D", 
and D"' are the length, breadth, and thick
n~ss as measured in the field. 

. r 1 2r 1 h . . th . Roundness ratiO, R = D , w ere 1\ Is e 

radius of curvature in millimeters of the 
sharpest edge and R is the mean radiu~ of the 
pebble. 

D' +D" 
Flatness ratio, 2D"' or the av.erage of the 

length and breadth divided by the thickness. 
All these values were computed to two sig

~ificant figures by the use of graphic charts. 
Further description of these ratios and methods 
of computation has been given elsewhere. 8 

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 these 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 use of the term "mean diameter" is open to the objec-Granite ............................. 10 

C. Local volcanic rock ....... ~~ ..... _·_ ........ . 

201 
Fort Hale: 

tion that in the use of the approximate formula given above the true 
GO value of the arithmetic mean of all diameters (the ideal concept of the 
80 term) is not derived. Tp.e 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 themselves, and 
the common practice seems not to be unduly confusillg. Therefore, In 
the following pages where the term "mean diameter" is usea, the actual 
numerical values are understood to be approximations to the true arith
metical mean of all diameters. 

·D. Local trap .... _ ..................... ~ ....... 101 

6 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. 

s Wentworth, C. K., The shapes of pebbles: U.S. Geol. Survey Bull, 
730, pp. 91-114, 1922. 
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A. GRAVEL IN POCKET BEACH SOUTH OF NANTASKET, MASS. 

B. GRAVEL AND JOINTED ROCK OF PROMONTORY SOUTH OF NANTASKET, MASS. 

C. ROLLER-SHAPED COBBLES IN TWO STAGES OF FORMATION, POCKET BEACH SOUTH OF 
NANTASKET, MASS. 
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The clilf in the middle disLance is the source of pebble material. 

B. NEAR VIEW OF CLIFF OF JOI TED TRAP AND LA DWARD EDGE OF ABRASION PLATFORM 
AT FORT HALE, CO N. 
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0'+0" 
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·3 

2 

0 .2 
rj 

R 
.3 .5 

FIGURE 5.-0raph showing flatness ratios ~'!J-:?," (ordinate) and round

ness ratios ]l (abscissa) of61 pebbles of group A at N~ntasket, Mass. 

Largo dots show avorogo positions for subgroups of pebbles. (See 
fig. 6.) 

"Method of computing averages" in the fol-
. . D' +D" 

loWing table the values of. 2D"' for all the 

pebbles of_.the subgroup_ were averaged arith
metically for the ordinate, and the mean of 

the limits of~ for the s~bgroup was used for 

abscissa. In the subgroups marked Y the 
D' +D" · . 

values of 2 D"' were averaged similarly for 

the ordinate and the values of ~ for all the R 
pebbles of the subgroup were averaged arith
metically for the abscissa. Method X was 

used for the subgroups in which val~es of ~ 
were fairly uniformly and thickly distributed; 
method Y was used for subgroups in which a 
few erratic points needed to be averaged. 
The subgroup limits were chosen to avoid as 
far as possible .very small subgroups or very 
great differences in the number of pebbles in 
adjacent subgroups. No data were rejected, 
and every measurement taken in the field is 
represented 1n the averages here presented. 

o~~~~~~.~-~~~~~~~_~2~~~~~~.3~~~~~~~ 

li 
R 

FIGURE 6.-0roph showing flatness and roundness of 61 pebbles of group A. The flatne:ss ratio n;j/~;· is plotted as the ordinate and 

tho roundness ratio Ji ns tho _abscissa. For simplicity, the pebbles are arranged in subgroups, and each large dot shows the mean position of 

tho munbcr or pebbles indicated by tho small figures. It is apparent that as the roundness increases the flatness decreases. 
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FIGURE 7.-Graph showing flatu~ and roundness ratios of pebbles.of~oup B.: 'For ·explanation; see'figtire .6. 
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FIGURE 8.-Graph showing flatness and roundness ratios of pebbles of group C. For explanation, see figure 6. 
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FIGURE 9.-Graph showing flatness and roundness ratios of pebbles of groups· A, B, ~d C combined. For explanation, see flgure6. 
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FIGURE 10.-Graph showing flatness and roundness ratios of pebbles of group D. For explanation, see figure 6. 



THE SHAPES OF BEACH PEBBLES. 79 

:Method of computing ave,ragesjo~ subgroups. 

Method 
Sub- '• 

·or com-
Om ph. Group. puting. group. R aver-

ages. 

--

{ 
1 0.01-0.05 

} X 

Figures 5 and 6, five 2 . 06- . 10 
large dots at left ... A 3 .11- .15 

4 . 16- . 20 
5 . 21- . 25 

Figures 5 ~nd 6, 
large dot at right .. A· 6 . 26 and y 

over u . 06- .15 

} Figure 7, all dots .... B· .16- . 25 X . 26- . 35 
. 36- . 45 

{11 . 01- . 15 

} Figure 8, all dots .... c 12 .16- . 25 X 13 . 26- . 35 
14 . 36- . 45 
15 . 01- . 05 
16 . 06- . 10 
17 .11- . 15 
18- .16- . 20 

Figure 9, all dots .... A,B,C 19 . 21- . 25 X 
20 . 26- . 30 
21 . 31- . 35 
22 . 36- . 40 
23 . 41- ·. 45 

Figure 10, four dots r4 . 02- . 05 

} X D 25 . 06- . 09 at left ............. 26 .10- . 14 
27 .15- .19 

Figure 10, dot at 
right ............. D 28 . 2o- . 45 y 

Roundness and flatness ratios of pebbles. 

Group A, figures 5 and 6. 

Subgroup. T1 D'+D" Abscissa and ordinate. R SD"' 

0.01 2. 7 
. 05 2. 2 
. 03 3.6 
.03 3.0 
.-o3 4.1 Method X, abscissa 0.03; . 05 3.8 1 .......... . 05 4. 6 ordinate (32.3+9) 3.59. 

. 05 3.4 

. 03 4.9 

32. 3 

r . 07 
3.9 

. 07 2. 7 

. 09 2. 9 

. 08 6.5 

. 08 1.8 

.10 6.3 

. 06 5. 2 

. 06 2.5 Method· X, abscissa 0. 08; 2 •......... .10 3.0 

. 09 2. 1 ordinate (49.0+14) 3.50. 

. 07 5.5 

. 09 2.0 

. 09 2.0 

. 06 2. 6 

49.0 

Roundness and flatness ratios of pebbles-Continued. 

Group A, figures 5 and 6~ontinued. 

Subgroup. 

3 .......... 

4 .... ······ 

5 .......... 

6 ...... ~ ..•• 

'• R 

0. 12 
.12 
.11 
.12 
.11 
.12 
.12 
.12 
. 11 
.15 
.12 
.13 
.11 

.17 

.19 

.18 

.19 

.18 

.19 

. 20 

.19 

. 17 

. 22 

. 22 

. 21 

. 24 
.. 25 
. 25 
. 24 

. 28 

. 26 

. 32 

. 40 

. 40 

. 50 

. 30 

. 36 

. 38 
--
3.20 

0.13 
. 08 
. 09 
.14 
. 09 
.13 

7......... . 09 
.13 
.11 
.14 
.15 

D'+D" 
BD"' 

Abscissa and ordinate. 

3.1 
1. 7 
3.4 
5.0 
1.5 
4.0 
3.5 
2.2 Method X, abscissa 0.13; 
2. 5 ordinate (35.5+13) 2.73 . 
2. 2 
2.0 
2. 9 
1.5 

35. 5 

2. 9 
5. 5 
3.0 
5.0 
2.0 
2. 5 Method X, abscissa 0.18; 
1.4 ordinate (25.2+9) 2.80 
1.2 
1.7 

25.2 

2. 5 
2.8 
2.0 
2. 1 
1.6 Method X, abscissa 0.23; 
2.4 ordinate (1.4.9+7) 2.13 . 
1.5 

14.9 

2.5 
2. 5 
1.9 
1.3 
2.2 Method Y, abscissa (3.20 
1.2 . +9) 0.355; ordinate 
1. 9 (16. 7+9) 1.86. 
1.3 
1.9 

----
16. 7 

Group B, figure 7. 

1.3 
1.9 
1.7 
1.4 
1.8 
1.5 
3.2 
2.2 
1.8 
1.6 
1.3 

19. 7 

Method X; abscissa 0.105; 
ordinate ~19.7+11) 1.79. 

PROPERTY OF U. S. BUREAU Of MINES -
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Roundness and flatness ratios of pe.bbles-Continued. 

Group B, ·figure 7-Continued. 

Subgroup. 

8: ........ 

9 ......... 

10 ......... 

T1 

'R 

0. 19 
. 25 
. 23 
. 21 
. 22 
. 23 
. 24 
.18 
.19 
. 25 
. 18 
.16 
. 20 
.19 
.16 
.19 
. 25 
. 23 
. 22 
.16 
. 21 
. 22 

. 32 

. 26 

. 34 

. 30 

. 26 

. 26 

. 26 

. 34 

. 28 

. 32 

. 30 

. 26 

. 26 

. 32 

. 28 

. 26 

. 30 

. 32 

. 32 

. 28 

. 45 

. 40 

. 38 

. 42 

. 40 

. 45 

. 45 

. 03 

. 02 !
0. 05 

11., ....... :gg 
. 02 
. 04 

D'+D" 
2D"' 

Abscissa and ordinate. 

.. 
1.7 
2.0 

\ 

2. 1 
2.6 
2. 2 
1.2 
1.4 
1.6 
1.·9 
1.2 
1.5 
1.6 Method A, abscissa 0.205; 1.6 
1.2 . ordinate (37 .4-+-22) 1. 70. 

1.2 
1.8 
1. 4 
2.2 
1.2 
1.9 
2. 0 
1.9 

37.4 

2.0 
1.4 
1.5 
1.5 

1.. 6 
1.8 
1.8 
1.8 
1. 7 
1.8 
1.6 Method X, abscissa 0.305; 
2. 0 ordinate (32.5-+-20) 1.63 . 
1.9 
1. 8 
1.4 
1.7 
1.1 
1.1 
1.5 
1.5 

32.5 

1. 3 
1.5 
1.4 Method X, abscissa 0.405; 1.3 
1.2 ordinate (9.9-+-7) 1.41. 

1.6 
1.6 

9.9 

·Group C, figure 8. 

2.5 
2.0 
2.3 
3.2 
3.3 
3.8 
3.4 

Roundness and flatness ratios of pebbles-Continued. 

Group C, figure 8-Continued. 

Subgroup. _rt D'+D" Abscissa and ordinate. 
Ji 2D"' 

0.05 3.2 
.13 2.2 
. 08 1.8 
.13 2.2 
.14 3. 1 
. 07 4. 7 
.10 1. 2 
.12 2.2 
.10 2.4 
.15 2. 1 
.10 1.5 
.15 1.7 
. 08 3. 9 
.12 2.6 
. 08 2.3 

il.-Contd. .14 .3.1 Method X, absQ.issa 0.08; 
. 12 2.2 ordinate (102.7-+-36) 2.85 . 
.14 7. 1 
.15 3.3 
.14 3.0 
. 10 2. 7 . 
. 14 3. 7 
. 07 3.4 
. 09 2.4 
. 08 2.3 
. 09 3.9 
.11 3~ 7 
. 08 2. 0 
.13 2.2 

102. 7 

.. 16 2. 2 

.16 1.2 

. 25 4. 3 

. 22 2. 5 

.16 1. 7 

. 20 4.0 

.16 1.8 

.18 2.8 

. 20 1.8 

. 22 3.5 

. 17 1.9 

. 21 4.5 

. 24 2.5 

.18 5.3 

.·18 2. 1 

. 23 1.8 

.17 1.7 

. 22 1.7 Method X, abscissa 0.205; 
12 ........... . 22 1.7 ordinate (90.5-+-34) 2.66 . 

. 16 1.9 

. 18 2.3 

. 23 1.3 

. 17 3. 1 

.19 2.0 

.16 2. 7 

.19 5.5 

. 25 3.2 

.18 2.5 

. 20 2.8 

.18 3.2 

. 25 2.0 

.16 2.3 

.17 3. 5 

.17 3. 2 

90.5 
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Roundness and flatness ratios of pebbles-Continued. 

Group C, figure 8-Continucd. 

Subgroup. r, D'+D" Abscissa and ordi:p.ate. 
R ~D"' 

0.32 1.5 
. 26 2. 1 
. 28 3. 3 
. 26 2. 7 
. 34 1. 8 Method X, abscissa 0.305; 13 ........... . 26 2. 1 ordinate (17.7-+-8) 2.21. . 26 1. 9 
. 26 2.3 

17. 7 

{. 45 1. 9 

14 ........... . 40 2.0 }Method X, abscissa 0.405; 
ordinate (3.9-+-2) 1.95. 

3.9 

Groups A, B, and C combined, figure 9. a 

15................. 56.0 Abscissa 0.03; ordinate 
(56.0-+-17) 3.29. 

16................. 95.1 Abscissa 0.08; ordinate 
(95.1-+-32) 2.98. 

17................. 88.1 Abscissa 0.13; ordinate 
(88.1-+-34) 2.59. 

18........... . . . . . . 100.4 Abscissa 0.18; ordinate 
(100.4-+-41) 2.45. 

19.................. 67.6 Abscissa 0.23; ordinate 
(67.6-+-31) 2.18. 

20................. 40.1 Abscissa 0.28; ordinate 
(40.1-+-21) 1.91. 

21................. 19.0 Abscissa 0.33; ordinate 
(19.0-+-11) 1.73. 

22................. 12.8 Abscissa 0.38; .ordinate 
(12.8-+-8) 1.60. 

23... .. .. .. . . . . . . . . . 8. 9 Abscissa 0.43; ordinate 
(8.9-+-6) 1.48. 

Group D, figure 10. 

0.02 2. 1 
. 02 2. 5 
. 03 2. 3 
. 03 1.8 
. 03 1. 8 
. 04 2. 7 
. 05 2. 9 
. 05 ·1. 9 
. 04 2. 7 
. 02 2.3 

24 ...... : .... . 03 1.6 
. 02 2. 4 
. 03 1.9 
. 02 2. 7 
. 03 2.5 
.04 1.8 
. 02 3. 1 
. 02 2. 8 
. 05 4.0 
. 04 1. 7 
. 05 1.5 
. 05 2.0 

a1.'ho lWCmgos for subgroups 15 to 23 were computed by method X. 
Tho metiSUt'emont;s for tho individual pebbles that fall in the subgroups 
nrc given above and are therefore not repeated. 'l'he figures in the third 
column represent the totals from which the averages were obtained. 

Roundness and flatness ratios of pebbles-Continued. 

Group D; figure 10-Continued. 

Subgroup. r, D'+D" Abscissa and ordinate. 
R ~D'" 

0.03 1.8 
. 03 2.0 
. 04 2.7 
. 04 2. 4 
. 02 1.6 
. 04 2. 4 
. 05 2. 2 
. 04 1. 1 
. 04 1.7 
. 05 2. 0 
. 04 1.4 

24.-Contd. . 04 3. 1 Method X, abscissa 0.035;: 
. 04 3. 3 ordinate (97.1-+-43) 2.26. 
. 05 1.4 
. 02 2. 0 
. 04 2. 7 
. 03 1.7 
. 03 3. 6 
. 05 2. 6 
. 03 2. 0 
. 03 2. 4 

~ . 06 

97. 1 

1.6 
. 09 1.·2 
. 09 2. 0 
. 07 1.7 
. 06 2. 7 
. 06 2. 9 
. 09 1.2 
. 06 3.0 ·' 

·. 09 1.8 
. 07 1.7 
. 07 1. 8 
. 07 .3. 5 
. 07 1.3 Method X, abscis.sa 0.075; 25 ....... : ~ .. . 07 L8 
. 06 2.4 9rdinate (53.~-+-24) 2.23~ 
. 06 2. 2 
. 08 1. 6 
. 09 2. 9 
. 08 2. 2 
. 08 1.4 
. 09 3. 2 
. 08 1.3 
. 08 4. 2 
. 07 4.0 

53. 6 
. l 

. 12 1.7 

. 12' 1. 8 

.10 2. 5 

.13 2.0 

. 12 1. 2 

.14 2. 1 

. 13 2. 2 

. 12 2. 1 Method X, abscissa 0.12; 26 ........... .10 1. 4 . 

. 11 1. 7 ordinate (29.3-+-14) 2.09 . 

.10 1. 7 

. 10 3.0 

.12 2. 7 

. 14 3. 2 

29. 3 
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Roundness and .flatness ratios of pebbles-Continued. 

Group D, figure tO-Continued. 

Subgroup. r1 D'+D" Abscissa and ordinate. R 2D"' 

0. 15 1. 4 
.17 2. 9 
.19 2. 2 
.19 1. 2 
. 16 L8 
: 16 1.7 
. 15 3.2 

M~thod X, abscissa 0.17; 27 ........... .15 1. 2 
. 18 3. 1 ordinate (23.7~12) 1.97 . 

.17 1. 1 

.16 2.5 

.16 1.4 

23. 7 

. 23 1. 7 l . 30 2. 7 

. 20 2. 2 

. 45 1.8 Method Y, abscissa (2.17~ . 34 2.0 28 ........... . 20 1.6 8) 0.27l;ordinate (15.4~ 

. 24 1.9 8) 1.92. 

. 21 1. 5 

2. 17 15.4 

It is evident that in each one of the five 
groups of pebbles "the flatness and roundness 
of edges stand in inverse relation-that is, the 
more rounded the edges the less flat the pebbles. 
It is valid to assume that the pebbles with 
rounder edges have been longer affected by 
wave action than those with sharper edges. 
The former, which have been on the beach 
longer, are less flat than the latter, which have 
been a shorter time on the beach and are nearer 
to their original shape. It ·is· conclusively 
proved that at these two beaches the pebbles 
become less flat as abrasion proceeds and that 
any predominance of flat, discoid forms is to be 
attributed to the flatness of the original frag
ments resulting from the current processes of 
disruption. Likewise the rather common roller
shaped cobbles and pebbles are the result of the 
rounding and smoothing of original elongate 
fragments, as suggested by the series shown.in 
Plate XXVI, 0, and evidence that these shapes 
are the result of any special sort of abrasion or 
rp.otion was not seen by the writer. 

The data are insufficient to warrant drawing 
ideal curves correlating the diminution of 
flatness with the increase of roundness, but the 
definite trend described above is established 
for the two localities visited. In figures 11 and 
12 are shown diagrammatically the average 

shapes of the ·extreme pebble subgroups at the 
two localities with regard to both the flatness 
and the roundness. In each of ·these figures 
the flatness and roundness shown in the upper 
and lower diagrams are those of the subgroups 

~ 
1 
I 
I 
I 

b 
1-<--------.;..- - - - -a - -- --._ - -- -- ..... 

I 

! 

FIGURE 11.-Diagrams showing average flatness and roundness of most 
angular and most rounded subgroups of pebbles of group C at Nan
tasket, Mass. Top diagram represents these values for the average of 
the 36 pebbles of the left-hand subgroup of figure 8. Bottom diagram 
represents these values for the two pebbles of the right-hand subgroup 
of figure 8. 

a D'+D" 
. b= 2D"' 

Sizes are arbitrary, but dimensions show true flatness and roundness 
ratios as indicated in the equation above. 

represented by the dots at the extreme left and 
extreme right of figures 8 and 10, respectively. 
It will be noted that the N antasket material 
yields flatter original fragme~ts than that at 
Fort Hale:· This is a result of factors related 
to the structure. of the rocks and the processes 

t c 
1 

I 
I 

b 
I . 

------t--------a --------
1 • 
I 

1 

b 

..,. ----:..~.,.---·a---.,..--
1 
1 

FIGURE 12.-Diagrams showing average flatness and roundness of mC!st 
angular and most rounded sul;>groups of pebbles of group D at Fort 
Hale, Conn. Top diagram represents these values for the average of the 
43 pebbles of the left-hand subgroup of figure 10. Bottom diagram rep-· 
resents these values for the 8 pebbles of the right-hand subgroup or 
figure 10. Notation same as in figure 11. . 

and conditions of disruption. The writer has 
not yet made a study of this important aspect 
.qf the pro.blem. 

Comparisons of the average roundness of the 
several groups follow. All the pebbles of 
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group B ·and some of those of group A are at of abrasion that those at Fort Hale have re
an unknown distance from their source, and ceived. The ratio is a result of two factors
little can be said about them except that they the violence of wave action and the effective
are rounder as a whole than those of groups ness of retention of the same pebbles in the 
C and D shown in figures 8 and io. Between zone of wave action. 
those of groups 0 and D an. interesting com- Although the writer has ventured to ex
parison can be made. The pebbles of group 0 press the ratios in numerical form, he does not 
are much rounder and indicate more travel or wish to convey any false impression as to their 
abrasion than those of group D. On compar- accuracy. He is aware, probably more clearly 
ing the average roundness of the two groups than the reader, of the extreme complexity of 
on the basis of his previous studies of the rela- the problem, which involves a large number of 
tion between ·abrasion and the roundness unknown factors. The figures given are be
ratio 0 the writer finds that the pebbles of lieved to be Within 25 per cent of the truth, 
group 0 (N antasket) indicate greater wear by and it is hoped they may provoke more accu
abrasion than those of group D (Fort Hale) in rate and extensive investigation. 
the approximate ratio of 3.4 to 1. It was 
found by abrasion tests, however, that the 
N antasket rock requires n1uch more abrasion 
to produce a given degree of rounding th~n the 
Fort :Hale rock. The ratio is approximately 5. 
On multiplying this ratio by the ratio given 
above, we find that the average pebble at Nan
tasket represents about 17 times the amount 

e Wentworth, C. K., 'l'he shapes of pebbles: U.S. Gcol. Survey Dull. 
730, pp. 91-114, 1922. 
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A GEOLOGIC RECONNAISSANCE IN THE GULF COASTAL PLAIN OF 
TEXAS, NEAR THE RIO GRANDE. 

By A. c. TROWBRIDGE. 

INTRODUCTION. 

During June, July, and. August, 1919, part 
of June and all of July and August, 1920, and 
parts of July and August, 1921, the writer, 
assisted by 1\. G. ~laddren in 1919 and. by 
W. S. Glock and Lloyd North in 1920, and 
associated withL. W. Stephenson, E. W. Berry, 
E. B. Stiles, and Senor Enrique :Qiaz Lozano 
in 1921, carried on reconnaissance work along 
the Rio Grande in the southern extremity of 
Texas. As there semns to be immediate need 
for a map and a brief description of the for
nlations on the Texas side of the Rio Grande, 
to serve as a key for important stratigraphic 
work in progress both in the· United States and 
Mexico, it has been decided to prepare and pub
lish now a preliminary report and map, which 
\vill show the general results of the work 
already done. · 

For aid in the preparation of this report the 
writer is indebted to Dr. T. W. Vaughan, under 
whose direction the field. ~tudies were made 
and the report was prepared.; to Dr. Julia 
Gardner, who ide.p.tified the molluscan faunas; 
to ·Prof. E. W. Berry, who aided in the collec
tion of the floras and identified them; to Dr. 
J. A. Udden, who kindly supplied well logs 
from· the 'files of the Bureau of Ecmiqmic Geo-. 
logy and Technology of the University of Texas; 
to Mr. C. L: Baker, with whom the writer has 
carried on correspondence and from whom he 
has received infonnation and suggestions; to Mr. 
G. C. Matson, who has already covered th:e field 
and whose field notes and maps were available 
for the writer's use; to Mr. E. T. Dumble, who 
freely gave his opinion on several difficult ques
tions; and to 1\1r. Alexander Deussen, who by oral 
conference and by correspondence gave valu
able assistance. Eighty-two published articles 
that bear n1ore or less directly on the problems 
of the region were freely consulted. 

GEOGRAPHY OF THE REGION. 

The region here considered is bordered on 
the south and west by the Rio Grande which 
fonns the International -Boundary, a part of 
its eastern border is the Gulf of Mexico, and on 
the northwest and north it· is limited. by the 
line .of contact between the Cretaceous and 
Tertiary systems as mapped by Stephenson.1 

Roughly sketched, this line of contact ext~nds 
from a point about 5 miles south of Uvalde, 
in Uvalde. County, westward and southwest
ward through Pulliam, in the same county, 
and thence southwestward and southward 
through Maverick County to a point on the 
Rio Grande about 3 miles north of the Ma
verick-Webb county lin'e and about 35 miles 
downstream from Eagle Pass.· The eastern, 
northeastern,· and northern boundary of the 
area considered is represented by a line' drawn 
from a point about 5 miles south of Uvalde 
nearly southw.ard to Carrizo Springs, in 
Dimmit County, thence southeastward to 
IIebbronvP,le, in Jim H9gg County; th.ence 
eastward through Falfurrias, in Brooks County, 
and Sarita, iri Willacy County, to the Gulf of 
Mexico. This line corresponds in part with 
the soutl). and west boundary of a large area 
southwest of Brazos River that was surveyed 
by Deussen, whose report is now in pr(3s·s.2 

The counties included in the Rio Grande 
region are .extreme south-central Uvalde, 
western Zavalla, eastern Maverick, western 
Dimmit, and all or most of Webb, Zapata, 
Jim Hogg, Starr, Brooks, Hidalgo, Willacy, 
and Cameron. The total area considered is 
about 13,500 square miles, nearly one twentieth 
of the State of Texas. 

1 Stephenson, L. W., The Cretaceous-Eocene contact in the Atlantic 
and Gulf Coastal Plain: U.S. Geol. Survey Prof. Paper 90, pl. 15, 1915. 

2 Deussen, Alexander, Geology of the Coastal Plain region of Texas: 
U.S. Geol. Survey Prof. Paper 126. 
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The region defined above lies wholly within produced it. As the land slopes steeply west
the Rio Grande Plain of Hill and Vaughan.3 ward and almost imperceptibly eastward from 
The Balcones faulted zone, which separates its crest this scarp is conspicuous only if viewed 
this plain from the Edwards Plateau, lies 20 from the west. 
to 75 miles north of the Cretaceous-Eocene The area between the br.eaks of the Rio 
line. At the landward edge of the territory Grande and the Bordas scarp is not rough. 
the elevation above the Gulf averages about Its gentle southward and eastward (Gulfward) 
800 feet, and from this elevation there is a slope is broken only by shallow· valleys of the 
gradual slope to sea level at the Gulf. AI- heads of tributaries <;>f the Rio Grande, .the 
though no part of the region has high relief, many low hills due to the outcrops of the lenses 
the part along the Rio Grande from the Webb- of rock slightly more resistant to subaerial·ero
Maverick county line to Fort Sam Fordyce sion (which is here of slight effect), ·and the 
is notably rougher than that farther away from scattered depressions scooped out by·the wind 
the r~ver and that along the Gulf. and the corresponding slight elevations formed 

The rough belt near the river is con1n1only by material blown from the depressions. Few 
spoken of as ''the breaks of the Rio ·Grande," square miles in this plain have a relief of as 
and its roughness is due to the erosional work much as 50 feet, ·and some of t;hem, so far as 
done by many intermittent tributaries. The the eye can see, are almost flat. · 
width of the belt is not the same throughout Except an area of sand .dunes, which covers 
but is. determined in any area by the length about 2,800 square miles, chiefly in Willacy, 
of the tributary streams there. These streams Brooks: Hidalgo, and Jim Hogg counties, and 
average not more than 15 miles in length, but a narrow strip extending for 20 miles along the 
as most of them have only shallow valleys in river between Rio Grande City and Sam For
their upper. stretches the "breaks'' they form dyce, the part of the region east of the Bordas 

. are generally less .than 15 miles wide. AI- scarp.is notably fiat ... The areas near the scarp, 
though· the relief at most places in this belt however, are slightly more undulatory .than the 
does not exceed 100 feet, there are localities areas near the coast, where the surface gener
where the tops of the highest hills stand more ally stands less than 50 feet above sea lev:el 
than 250 feet above . the Rio Grande. In and where there is no visible ·relief except that 
general both. the relief and the . roughness .produced by an occasional ."clay butte" or .a 
decrease with ~he decrease in average altitude shallow· stream channel or "resaca." . This 
downstream. ·'It is in this belt that the best smoothness, however, is broken by the chan
and the most numerous expos11.res .of the rock nel of the Rio Colorado, a distributary of the 
formations are found .. · Rio Grande, which in places .is 40 feet deep 

.The more nearly fiat land east of the and has vertical walls. . ... 
"breaks" is divided into two parts by a .con- In the sand belt the relief is measured .by 
spicuous cuesta ~nown as the Bordas scarp. the heights of the dunes and the depths of the 
.This scarp and the. trench cut by the Rio "blow-outs,?' but even thereitdoesnotexceed25 
Grande are the . only notable topographic feet on an average and 60 feet at a maximum.:. 
featur~s. of. the region. .'rhe lower. Rio Grande region, which is the 

The Bordas scarp crosses the northeast ·bor- southernmost part of the. United States exc·ept 
der of the territory mapped at a point 7 miles southern Florida and. the Florida Keys, receives 
northeast. of Torrecillas, about 3S miles east of much heat throu,gh insolation, and its tempera
Laredo and 100 miles from the Gulf, and from ture ·is therefore high. ·-The average. annual 
this point it extends southwestward to Torre- temperature is about 72o F., and the range is 
cillas, thence southward to Ojuelos, and thence from 20° "in January to 110° in July. The 
in a somewhat irregular course, generally south- sensible ·heat of summer is greatly Teduced by 
ward and a bit eastward, and is cut through by constant east :m.nds of the monsoon type. Th~ 

R . G d R. G d c· I nights are comfortable, except a ·few during 
the 10 ran e at 10 ran e Ity. · n gen- which cloudiness retards radiation and· the Wind 
eral the scarp follows the course of the base of . 
the Reynosa formation, whose resistant rocks dies down:. The r~gion is semiarid .. There· ·are 

long periods of dro·ught, and when it d·oes rain 
a Hill, R. T., and Vaughan, T. W.1 ·Geology of the Edwards Plateau· the water falls iri great quantities, so that dry 

and Rio Grande Plain adjacent to Austin and San Antonio, Tex:: 
u. s. Geol. survey Eighteenth Ann. Rept., pt. 2, pp. 193-322, 1898. creek beds run full and roads become arroyos. 
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The rainfall in 1910 was 12 inches, in 1915 16 
inches, and in 1916 14 inches. The rainfall at 
Eagle Pas~ in 1908 was 15.16 inches and iri 1909 
8.63 inches. At some places there was no rain 
at all for three years prior to the fall of 1918. 

I'he vegetation, which varies in luxuriance 
with the rainfall, consists of wild grasses, mes
quite, guajill9, catclaw, prickly pear, and other 
forms of cactus, and many other plants, which 
together make up what is known as chaparral 
or brush. Large trees are foUn.d only along 
the nutin streams, where pecans grow, and on 
dunes in the sand belt, which bear live oaks. 
The open grassy prairie on the coastal flats is 
broken here and there by dense thickets of 
low live oak brush. 

STRATIGRAPHY. 

GENERAL FEATURES. 

The' beds of rock dip at low angles Gulfward 
from the Cretaceous-Eocene line, and succes
sively younger fo~·mations are therefore exposed 
at the surface in wide belts east and southeast 
of that line. The Rio Grande flows in general 
southeastward in a course that is oblique to the 
strike of the formations but that is at some 
places parallel with the strike and at others 
parallel with the dip. It flows from older to 
younger beds, but its gradient is so slightly 
less than the dip of the beds and so nearly 
parallel with the strike for considerable dis
.tances that the formations change only at in
tervals of many· miles along the riv:er. . 

The formations are of Tertiary and· Quater-
. nary age. Eocene formations, which lie uncon
formably on Cretaceous formations along the 
irregular ·north boundary, continue at the sur
face eastward along the Texas-Mexican R~ilroad 
as far as .Torrecillas and southward and south
·eastward along the Rio Grande. ~lmos.t to Sam 
Fordyce. Oligocene and Miocene formations, 
which are exposed on the Gulf Coastal Plain 
farther north, do not outcrop in the lower Rio 
Grande region, the Oligocene probably because 
they do not exist here and the Miocene because 

. they are covered by a great overlap of Pliocene 
rocks. Pliocene, Pleistocene, and Recent de
posits are exposed at the surface over wide 
areas east of' the ·Bordas scarp. (See Pl. 
XXVIII.) 

CRETACEOUS SYSTEM. 

Rocks of Cretaceous age crop out extensively 
in the Edwards Plateau., in the northern part of 
the Gulf Coastal Plain, and elsewhere in'Texas, 

and form a great system, but these areas lie 
outside of the region here described. This 
system in Texas has long · been well known, 
chiefly through the eariier work of R. T. Hill.4 

More recently Udden 5 and his assistants have 
published a summary of the geology of Texas, 
in which the Cretaceous rocks. are classified, 
described, and interpreted, and L. W. Stephen
son is now completing certain work north of the 
Cretaceous-Eocene line. · 

THE CRETACEOUS-EOCENE. LINE. 

As Stephenson 6 .has recently reported on tp.e 
contact between the rocks of the Cretaceous 
and the Tertiary system in the lower Rio 
Grande region, the writer gave relat~vely little 
attention to th~s line of stratigraphic division. 
The line is shown on the map essentially as it 
was drawn by Stephenson, and the contact, at 
least between the Rio Grande· and N ueces 
River, is essentially as he describes it. There is 
no marked .lithologic break at the contact, 
though Stephenson found evidence of physical 
unconformity in Texas, as did Baker 7 on the 
Mexican side of the border, but the systemic 
significance of such unconformities is difficult 
to recognize, especially in parts of the geologic 
column where locally unconformities are com
mon. The faunal break, however, is great and 
its significance is unquestionable. Not a single 
species is common to the faunas below and 
above the break and many genera that oc¢ur in 
the Cretaceous are missing in the Eoc~ne. As 
Vaughan 8 pointed out in 1900, it· is clearth~t 
the unconformity at this horizon is really grea.t, 
even though lithologically and stratigraphically 
it appears insignificant. In the Rio Grande 
region a long time must have elapsed between 
the end of the recorded Cretaceous and the 
beginning of the recorded Eocene. 

TERTIARY SYSTEM. 

EOCENE SERIES. 

The history of Eocene classification in th~ 
West Gulf Coastal Plain has been long and com
plicated. l\iany synonymous and overlappmg 
formation names have been used, and correla
tions have been made which have later been 

• Hill, R. T., The Texas section of the American Cretaceous: Am. Jour. 
Sci., 3d ser., vol. 34, pp. 287-309, 1887. 

6 U dden, J. A., Baker, C. L., and Bose, Emil, Review or the geology or 
Texas: Texas Univ. Bull. 44, 1916. · 

e Op. cit., pp. 169-181. 
7 Baker, C. L., personal communication .. 
8 Vaughan, T. w., Reconnaissance in the Rio Grande CO!'l fields' or 

Tex~s: U.S. Geol. Survey Bull. 164, pp. 35-36, 1900. 
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found to be incorrect. The following classifi
cation seems to represent the present knowledge 
of the Eocene series in this region: 

Frio clay } . 
Fayette sandstone (of Jackson age). 
Claiborne group: 

Y egua formation .. 
Cook Mountain formation. 
Mount Selman formation. 

Wilcox group: 
Digford formation (chiefly contemporanE;lous with Car

rizo sandstone but in part youriger). 
Carrizo sandstone. 
Indio formation. 

Midway formation. 

These formations are lithologically so very 
similar that their discrimination as units in 
mapping is extremely difficult,. and the lines of 
contact shown on the map should therefore be 
considered only tentative, though there are 
~light differences in the rocks, which, taken 
together with their more significant faunas and 
floras make it possible to separate the forma
tions with some confidence. 

MIDWAY FORMATION. 

Distribution.-The formation once known as 
the "Basal or Wills Point clays," now called 
the Midway formation, crops out only in a short 
·and narrow belt in southern Maverick County. 
Its outcrop is not a continuous belt along the 
Cretace-ous-Eocene line of 'contact, for 'it is 

·overlapped "in· ·southern Uvalde~ western Za
valla, and northeastern Maverick counties by 

· strata ·of Wilcox age. The outcrop is also ob
scured by patches of gravel belonging to the 
Reynosa formation, of probable Pliocene age. 

Relations to adjacent formations.-The Mid
way formation lies disconforniably on the Es
condido. formatioii ·of the Cretaceous system. 
There is also a great time break at this horizon 
and another· at the top of the Midway, where 
it is overlapped ·by strata of Wilcox age. The 
unconformable contact between the Midway 
below and the wilcox above is well exposed (1) 
at the north ·end of _the westward-facing bluff 
of the Rio Grande in extreme ·southern Maver-

. ick County, 2 miles north of the Webb County 
line, and (2)· on the west wall· of the valley of 
Frio River at Bob Evans's ·apiary (Myrick's 
lower apiary of the Uv.alde folio), in Uvalde 
County, 12 miles east of the Rio Grande region, 
as mapped in this report. In each of these sec
tions the line between the Midway and ·Wilcox 
formations is the edge of an erosional surface 

and the basal Wilcox -is conglomeratic, the 
'pebbles being worn fragments, fossils, and con
cretions of · iron carbonate derived from the 
underlying Midway. 'There is a great uncon
formity between the Midway and the Reynosa, 
the gravels of the Reynosa having been de
posited on a surface which bevels the Midway 
and all other Eocene strata. 

Oharacter.-The Midway formation consists 
chiefly of shale, but includes interbedded lenses 
and layers of sandstone and limestone. At the 
base of the formation in some places there are 
thin and discontinuous beds of conglomerate 
containing abraded fragments of rock and fos
sils derived from the underlying Escondido for
mation. Heavy ledges of limestone overlie the 
conglomerate or form the basal beds when there 
is no conglomerate. The limestone is gray, 
compact, and in some places crystalline,. and it 
contains fossils. The beds are at few places 
more than 1! feet thick and are interbedded 
with greenish-gray sand 1 to 2 feet thick. The 
shale is generally dark, and some beds are black, 
but the colors include green, _brown, gray, 
bluish gray, and blue. Some of the beds are 
notably pure, but many are sandy or silty and 
gypsiferous. Individual beds do not exceed 
40 feet in thickness. The beds of sandstone 
are gray, yellowish, brownish, or greenish, and 
are ·irregularly and thinly bedded. Many are 
micaceous and some are glauconitic. Most of 
them are rather soft, but some are firm. They 

-vary in .texture but ~re. generally #ne grained. 
Throughout the formation, but chiefly in the 
shale, there are numerous concretions,· which 
range in diameter from 6 inches to 10 feet, are 
ge.Q.erally flat or biscuit-like, and· consist chie~y 
of limestone. Many . are septaria or " tll!tle 
stones." Some of the smaller ones ·are pyri
tized, some are clay ironstones, and some con
sist of iron carbonate. 

A typical section of the formation on the 
Texas side of the Rio Grande, a mile below the 
Blesse ranch, on the Mexican side, is given 
below: 

Section of the Midway formation in Texas near the Blesse 
ranch, Mexico. 

Feet. 
Shale .... " .....................•............... - . . . 7 
Iron concretions . : ..................... ~ ............ --- 1 
Shale .......................................... - . . . 5 
Concretionary sandstone ........................... . 1 
Blue-black shale with abundant Venericardia smithii. 12 
Concretionary iron bed {!ontaining , Venericardia 

smithii . ............... · ................. : ........ . 1 
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. Feet. 
Dark-gray shale containing disc-shaped iron concre-

tions and a· few gastropods. _ _._ .. ____ ~ ____ : __ ~ _ ·- _ _ _ _ 25 
Thin and irregularly bedded' sandstone, interbedded 

near the top with sandy shale.· _________________ _ : _ 15 

67 

Thiclcness.-As the dip of the Tertia~y form·~
tions may not be entirely deformational but· 
may have been in part original, the usual 
methods of deterh1ining thickness from the out
crops are of no great value.. In any case, the 
Midway formation is probably nowhere exposed 
in its full thickness because of the Wilcox overlap. 
Only where it has been drilled through for oil 
or water and where its base and top. can be de
termined from the log or from samples, of the 
core can its true thickness be esti.rp.ated. Only 
one such boring is known in the Rio Grande 
region-the L. E. Hanchett oil-prospecting 
well, 10 miles west of Carrizo Springs. The 
log of this well shows that the formation is 194 
feet thick.. The average of all estimates of its 
thickness outside of the Rio Grande region but 
near it is 216 feet... . 

Fossils.-The fossils collected from the Mid
way formation of this and neighboring districts 
by the writer and others are listed below: 

Aporrhais sp. 
Callocard~a ripleyana (Gabb). 
Calyptrophorus velatus subsp. compressus Aldrich. 
Cerithium penrosei Harris. 
Cerithium? sp. 
Crassatellites gabbi (Safford). 
Cucullaea (macrodonta subsp. ?) texana Gardner .. 
Cypraea sp. 
Enclimatoceras vaughani Gardner. 
Fusus ostrarupis Harris. 
Leda milamensis Harris. 
Lithophaga sp. 
:Mesalia pum.ila subsp. wilcoxiana Aldrich. 
Mesalia sp ... 
Modiolus saffordi (Gab b)? 
Natica sp. 
Ostrea crenulimarginata Gabb .. 
OstJ.·ea pulaskensis Harris. 
Plejona limopsis (Conrad). 
Plejona rugata_(Conrad). 
Pseudoliva ostrarupis Harris. 

· Teredo maverickensis Gardner. 
Tw-ris anacona (Harris). 
'fw-ritella alabamiensis Whitfield. 
Tw-ritella humerosa Conrad. 
Tw-ritella mortoni Conrad. 
Tw-ritella nerinexa I(arris. 
Venericardia bulla Dall. 
Venericar~ia (alticostata subsp. ?) hesperia Gardner. 
Venericardia smithii Aldrich. 
Venericardia (alticostata subsp.?) whitei Gardner. 
Yoldia eborea (Conrad). 

. WILCOX GROU~ .. 
\, 

SUBDIVISIONS. 

A thick set of lithologically complex heds 
lies stratigraphically between the top of. the 
Midway and the base of the Mount Selman 
formation. · These beds have beeri v~riously 
known as the "Lignitic," the "Sabine/' the 
"Sabine River," and the "Timber Belt," each 
of these names including all strata between the 
top of the "Basal clays" (Midway formation) 
and the base of the "Marine beds" (Claiborne 
group). Owen 9 first segregated a notably 
sandy phase of the "Lignitic" and called it the. 
Carrizo sandstone, from the town of Carrizo 
Springs, where it is characteristically developed 
and well exposed. After the upper sands were 
separated and named the underlying beds were 
correlated with· the Wilcox of Mississippi and 
called by the same name. Vaughan 10 con
sidered the Carrizo for~ation a. transgressive 
phase of the Wilcox. More recently U dd~n, 
Baker, and B.ose 11 haye ·tentatively considered 
it the oldest formation of the Claiborne group. 
In a still later geologic publication of the 
University of Texas Liddle J.z placed the Carrizo 
of Medina County in the Claiborne gro.up with
out quali~cation. Deussen 13 found that it" lay 
unconformably on Wilcox beds and uncon
formably beneath the Mount Selman formation 
between Brazos and Nueces rivers, and Baker 14 

reported an unconformity between the Carrizo 
and underlying beds of Wilcox age on the 
Arroyo del Amole, on the Mexican side of the 
Rio Grande, across the river from the Chupa
dero ranch. As unconformities are common 
in the Wilcox and as neither the Wilcox nor the 
Carrizo contains fossils other than plants that 
had not been critically studied, the age of the 
Carrizo sandstone was an open question until· 
1921, when fossil plants were collected under 
the direction of E. W. Beri·y from· the lower 
beds of the Wil.cox, from the Carrizo, and from 
beds above the Carrizo but below the Mount 
-Selman. As a result of these studies of the 
flora and an investigation of the lithology of the 
lignitic beds, the Wilcox is here recognized as 

9 Owen, J., Report of geologists for southern Texas: Texas Gool. and 
Min. Survey First Rept. Progress, for 1888, pp. 69-7·1, 1889. 

to Vaughan, T. W., Index to the·stratigraphy of North America (by 
Bailey Willis and'others): U.S. Geol. Survey Prof. Paper 71, p. 726,1912. 

n Op. cit., pp. 83-84. 
12 Liddle, R. A., The geology and mineral resources of Medina.Couu.ty: 

Texas Univ. Bull. 1860, pp. 87-93, 1918 [1921]. · · · 
13 Deussen, Alexander, Ge-ology of tho Coastal Plain region of Texas: 

U.S. Gool. Survey Prof. Paper 126 (in press). 
H Baker, C. L., personal communication. 
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a group, ·consisting of thi-ee formations, here 
named, in ascending order, the Indio formation, 
the Carrizo sandstone,. and the Bigforq forma
tion. 

INDIO FORMATION. 

Name.-The strata overlying the marine 
Midway formation and. underlymg the Carrizo 
sandstone are here called the Indio formation·. 
These strata have until: now been known as 
the Wilcox formation, for they were beli~ved 
to represent all the deposits of Wilcox age in 
this region. The new formation nam·e is made 
necessary by the fact that the Wilcox as here 

. developE;Jd becomes· a group divisible into three 
formations, of which the Indio is the basal one. 
The Indio formation is named from the old 
Indio ranch, jn Maverick and Dimmit counties~ 
which io.cludes most of the area of outcrop of 
the formation. 

Oharacter.-Although it is made up of an 
int~icate :mixture of sediments, the Indio for
matiqn consists chiefly of thin~bedded ~nd 
himinated argillaceous sa~d an.d arenaceous 
shale but includes some layers of massive clay 
and lenses and layers of sandstone. The clay 
and shale are greenish or bluish gray and light 
choc9late-brown, and most of them are gypsif
erous. The sandstone is gray, yellow, green, 
and brown, is not notably cross-bedded, and 
is of various textures. It includes also some 
beds of lignite and many calcareous and arena
ceous concretions, most of them flat, biscuit
shaped, or millstone-shaped bodies. 

Until recently no marine sediments have 
been found in the Wilcox groqp except along 
Sabine River, but the discovery of marine 
Foraminifera between 125 and 148 feet from 
the surface and 500 feet above the base of the 
Indio formation in the L. E. Hanchett oil 
drillings Nos. 1 and 2, about 10 miles west of 
Carrizo Springs, in· Dimmit County,t5 shows 
that the Gulf advanced over the low-lying 
lands at least once for a short time during the 
Indio epoch. Beds of Ostrea tasex Gardner 
also are known west of the Hanchett wells and 
at and south of the Glass ranch headquarters, 
in Maverick County, and in the San Pedro 
sh.eep pasture, 19 miles southwest of Carrizo 
Springs, in Dimmit County. This form is sim
ilar to 0 ., ~renulimarginata, which is· of Midway 
age, but is. not identical with it. · The oysters 

15 Well log. and description 'of silmples.supplied independently by 
J. A. Udden and C. L. Baker. · 

and the Foraminifera appear to occur at the 
same horizon. 

The formation is partly marine .and partly 
nonmarine and was· deposited on both sides of 
a shore line on the land ward side of which the 
land was low and on the opposite side of which_ 
the sea was shallow. The shore line probably 
oscillated .back a:nd forth slowly during Indio 
time. . 

Distribution.-The Indio formation crops out 
in the Rio Grande region in a belt 10 to 14 miles 
wide in western Dimmit~ southeastern Mav
erick, and northwestern Webb counties, where 
it is exposed in practically its full thickness .. 
Here it adjoins the Midway on the west and. 
the. Carrizo. on the east. Farther north, in 
Maverick County, the Indio overlaps the Mid
way and rests upon the Cretaceous. Still 
farther north, in western Dimmit and Zavalla. 
counties and eastern and northeastern Mav-· 
erick County, the Indio is in turn cut out by a. 
great overlap of the Carrizo on the Cretaceous. 
In the extreme n.ortheast corner of the region the 
Indio crops out again between the Cretaceous. 
and the Carrizo where Nueces River has cut 
through the overlying and overlapping Carrizo 
sandstone. . 

Thickness.-The thickness of the Indio 
recorded in the Hanchett wells, in Dimmit 
County, is 648 feet, and as· these wells are only 
about a mile west of the eastern boundary of the 
formation at a point where the belt of outcrop 
is widest, the maximum thickness of the Indio 
exposed probably does not exceed 700 feet. 
Other layers that are covered by the Carrizo 
overlap may or may not overlie those which. 
crop out. 

Fossils.-With the exception of Foraminif
e!a, oysters, and a few fossil leaves, the Indio 
formation is faunally and florally barren in the
Rio Grande region. The protozoans include 
Nodosaria, Textularia, and Globigerina. The
mollusks ~re Ostrea tasex Gardner and Levi-· 
jusus sp. cf. L. trabeatoides Harris. 

Fossil plants were found (1) on the west wall 
of the valley of N ueces River a mile below Pul- · 
liam ranch, (2) on the east wall of the valley of 
Nueces River at the big bend 1! miles above. 
the Uvalde-La Pryor road crossing, (3) in the 
clay pit at the end of the unused aerial tram 
south of Elmendorf, Bexar .County, and (4) at 
the Schuddemagen ranch, 10 iniles south of 
Sabinal, Uvalde County. Localiti~s· 3 and 4· 



A GEOLOGIC RECONNAISSANCE OF TEXAS NEAR THE RIO GRANDE. 91 

are outside the Rio Grande region. A list of 
identified species follows: 

Anona am pia Berry. 
Anona eolignitica Berry. 
Cyperites sp. Hollick. 
Ficus mississippiensis Berry. 
Nectandra sp. 
Oreodaphne obtusifolia Berry. 
Rhamnus coushatta Berry. 
Sabalites grayanus Lesquereux. 

. Sapindus linearifolius Berry. 

CARlUZO SANDSTONE. 

Distribution.-The base· of the Carrizo was 
located by Owen 10 at a point 10 miles west of 
Carrizo Springs, and. the formation, which is 
'made up of sandy beds, extended eastward to 
the base of the "Marine beds," east of Asher
ton, ,occupying a belt about 20 miles wide. 
When it.is traced southward, however, the belt 
of sands becomes narrower until, at the Rio 
Grande, it is only 3 miles wide. The strata 
that cover it here are not prevailingly sandy 
and. are what is here called the Bigford forma
tion. North of Carrizo Springs the Carrizo 
formation spreads northwestward to the Cre
tace.ous ro~ks, overlapping both the Indio and 
the Midway. Northeast of Carrizo Springs, 
outside the region shown on the map, the belt 
of Carrizo sandstone becomes narrower, the 
Bigford formation here also probably wedging 
in between the Carrizo and the Mount Selman. 

Relation~ to adjacent formations.-The Car
rizo sandstone rests unconformably upon the 
Indio by overlap. In the area east of the out
crop of the contact, however, where the full 
thickness of the Indio .is represented, the sim
ilarity of the flora indicates that the relations 
are conformable. The relation between the 
Carrizo and the Bigford formation is appa
rentlyconformable. Differences in flora suggest 
a break between the Carrizo and the Mount 
Selman, and there are in:dications of unconform
ity where the two come together in the :railroad 
cut 3 miles west of Big Wells, an exposure 15 
miles east of the Rio Grande region. 

Oharacter.-The Carrizo formation is decid
edly more sandy than the other formations of 
the Wilcox group, the Indio formation below 
and the Bigford fo;rmatio:ri above, and the beds 
of sandstone in the Carrizo are more firmly 
cemented. Some of them are cemented and 

1a Owen J., Report or geologists for southern Texas: Texas Geol. and 
Min. Survey J<'irst Rept. Progress, for 1888, pp. 7G-74, 1889. 

crystallized into a good grade of quartzite. 
Many of them are highly ferruginous, but some 
are gray or white, colors denoting little iron. 
The sand and the sandstone are characteristi
cally cross-bedded. Owing to inequalities from 
place to place in the firmness of the cement 
erosion has in some place~ produced castellated 
forms, notably south of Chupadero ranch, in 
northwesternmost Webb County. The sandy 
beds vary greatly in texture. ¥ In the quarries 
around Carrizo Springs and for some distance 
north of that place the rock is fine grained, but 
in many other localities it is medium and even 
coaJ:se grained. 

The Carrizo ·sandstone includes also thin 
beds and lens~s of clay of various colors. and 
beds of limestone, yellow on weathered sur
faces and light chocofate-brown inside, forming 
concretions, rough b~ds, or lenses, botryoidal. 
bodies, and irregular masses. Cone-in-cone 
structure is fairly common in the beds of fin~ 
texture in which calcareous and argillaceous 
material are mi..xed in about equal proportions. 

Thiclcness.-The thickness of the Carrizo 
sandstone as estimated by Owen 17 is 200 feet. 
Between a point 10 miles west of Carrizo 
Springs and a point 3 miles west of Big Wells, 
however, its thickness is probably more than 
400 feet, there being at least 200 feet of strata 
exposed west of Carrizo Springs. At the Rio 
Grande, where the sandy belt is narrow, its 
thickn~ss is estimated at 118 feet. At another 
point between the river and Carrizo Springs it 
appears to be· about 392 feet. Where the Car
rizo overlaps the Indio and Midway north of 
Carrizo Springs it is doubtless very thin. The 
average of all previous estimates is 250 feet. It 
evidently varies greatly in thickness, and the 
average is now. put at 325 feet. 

Fossils.-Invertebrate and vertebrate fossils 
have not been found in the Carrizo sandstone. 
Poorly preserved fragments of plants have of
ten been noted, but the flora was not critically 
studied until 1921, when E. W. Berry accom
panied the writer to the field and made collec
tions. Identifiable leaves were found in a short 
arroyo in the east wall of Nueces River valley 
three quarters of a mile below the Uvalde-La 
.Pryor road crossing and in the Bell quarries,· 
southwest of Carrizo Springs, from which Car
rizo sandstone was taken to build the court
house and other buildings in Carrizo Springs. 

17 Owen, J., idem, p. 72. 
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T~e list.give~ below·sho~~' acqord~g tq Berry, 
that th~ Carrizo is .of Wilcox and not of Clai
borrie age,: a.fa~t which is in har~ony with' the 
lithology and stratigraphy of tne sandstone 
and the associated beds·: 

Acrostichum sp. 
Anona·ampla ·Berry. 
Anona .wilco:ria~a· .. £erry. 
Banksia puryearensis Berry; 
Canavalia eocenica Berry? · · 
Cassia tennesseensis Berry? 
Cinnamomnm vera Berry? 
Dryophyllum tenn~sseensis Berry? 
Eug~nia grenadensis Berry. 
Ficus mississippiensis (Lesque~eux) Berry. 
Gleditsiaphyllum eocenicum Berry. 
Heterocalyx n. sp. 
Mespilodaphne coushatta Berry. 
Myrcia vera Berry. 
Nectandra pseudocoriacea Berry. 
Oreodaphne obtusifolia Berry. 
Oreodaphne puryearensis·Berry. 
Palmocarpon butlerensis Berry. 
Persea longipetiolatum (Hollick) Berry. 
SabaHtes grayanus Lesquereux. · 
Sophora wilcoxiana Berry. 
Sterculia wilcoxensis Berry. 

BIGFORD FORMATION. 

Name and distribution.~Most of those who 
· have visited this region have believed that the 

Carrizo sandstone is continuous from the top of 
the Indio formation (the old Wilcox formation) to 
the base of .the Mount Selman, and it appears to 
be continuous at the type section of the Carrizo 
near Carrizo Springs and in that latitude, but 
south of Carrizo Springs the sand and sandstone 
of the Carrizo give place along the strike to 
clay, thin-bedded sandstone, and lignite. To 
these beds, which .consist so largely of clay that 
they can not be called Carrizo sandstone, the 
name Bigford is here given, from Bigford ranch, 
which is practically the only habitation in their 
belt of outcrop, where·the beds are-well exposed. 
along. the river within the .ranch. The outcrop 
widens toward the south from 2 miles at the 
boundary of 'the Rio Grande region, southeast 
of Carrizo Springs, to about 12 miles at the 
Dimmit-Webb county line. The Rio Grande 
has exposed the beds ·in its north bluffs for .20 
miles. Between Carrizo Springs and Big Wells, 
outside of the Rio Grande region, the formation 
is entirely absent. It may wedge in farther 
north, for similar beds appear to occur in well 
logs and in exposures along Nueces River south-
east of Crystal City. · · · 

Oharacter.~Lithologic~lly the J3igford for~ 
mation consists chiefly' of clay of many colors 
and of subordinate quantities of gray~ green, 
and brown sandstone,. which is at nlOSt places 
not cross-bedded. It contains many beds of 
lignite, the heaviest 20 inches thick, and some 
lens-shaped concretionary masses. It contains 
no paper shales and sands, such as occur 
in the Indio, nor any thick, cross~bedded, and 
commonly quartzitic sands, such as occur in the 
Carrizo. 

Relations to adjacent formations.-Although 
the Bigford formation is at least fairly distinct 
lithologically, it Is not believed to represent, 
e~cept in its uppermost part, a period of time 
en~irely separate from the C~rrizo epoch. The 
greater part of the formation probably grades 
along the strike into beds in the middle and 
upper parts of the Carrizo sandstone, and if so 
is contemporaneous with those beds. At some 
places, however, the uppermost part of the 
Bigford rests with apparent conformity on the 
Carrizo sandstone. The Bigford strata appear 
to represent a lagoon and tidal-flat phase of a 
stage of deposition during which the Carrizo 
sandstone was deposited at or landward from 
the shore line. 

Thickness . .;_ The Bigford formation ranges in 
thickness from about 80 to about 470 feet. 

Fossils . .,-The only fossils found in the Big
ford formation are some leaves of a few species 
of plants, which were collected at a place on 
Concillas Creek a quarter of a mile below the 
point \\There it is crossed by the road from Big
ford ranch to Apache rancP,, about half a mile 
from the Rio Grande, where two sets of beds 
of clay, sandstone,. lignite, and lignitic clay 
are separated by an erosional· unconformity. 
Leaves occur both below and above the unccn
for~ity but were collected only from the upper 
set of beds, in which they are best preserved. 
The forms identified are as follows: 

Anacardites grevilleafolia Berry. 
Banksia puryearensis Berry. 
Canna eocenica 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. · 
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Berry reports that this is a Wilcox flora, formation. It has been mined at Minero, 
one distinctly older than that in the base of Dolores, Cannel, and Santo Tmnas, in Webb 
the Mount Sehnan formation, which is of County. There are two main producing coal 
Claiborne age. beds and several thinner beds, less pure, which 

cLAIBORNE GROUP. are not worked. The coal beds here are about 
,.l.,lle "M · ·b d " f 1. ·t · one-third of the distance fron1 the top to the .. · ar1ne e s o ear Ier wn ers In- . 

eluded the t t b t tl t f th 
bottom of the formatwn, but beds occur 

· s ra a e ween 1e op o e . 
"Lignitic" and the base of the Ye(J'ua. These nearer Its .base upstreain from Pala~ox and 

b d 
. b . almost at Its top near the mouth of Arroyo 

e s are now separated Into two forn1atwns, 
th al t f 'l'f · · b d. b 1 Santa Isabella, and well logs show that coal . e n1os un ossii erous marme e s e ow 
Constl.tut.LnO' tll· Mount S 1 f . t' d beds occur throughout the whole thickness of . . .b . e en1an mma wn an tl f t' 
the highly fossiliferous marine strata above leThormMa wn. S 

1 
f . . . 

t .t t' 0' tl C k M · f . · e ount e man ormatwn contains cons 1 u mb .1e oo ountam Oimatwn. hr h f b 
'l.,h 1 · y f · h' h t oug out, rom ottom to top many cal-e over ymg egua onnatwn, w IC con- . . . . ' 
t n • Cl ·b f ·1 · 1 · 1 d d · th careous concretiOns, ch1efly In the clay and 

u .. illS ai orne OSSI S, IS a SO IllC U e In e 
Claiborne group. Sflale. Most ?f them are cmnpos~d of co~-

pact, fine-grained, pure, almost lithographic 
MOUNT SELl\:IAN :FOR11IATION. 

Character.-The chief constituent of the 
Mount Seln1an formation is clay, and exposed 
sections of it are therefore rare except at 
places along drainage lines where thin ledges 
of sandstone and limestone hold up the clay in 
vertical faces. There are large . flat areas 
where the formation is not exposed but where 
the shallow surficial drainage channels are so 
universally clayey that the underlying forma
tion n1ust be chiefly if not entirely clay or 
shale. The sections exposed probably exagger
ate the proportion of sandstone in the forma
tion, for they occur only where lenses of the 
more resistant materials are most abundant. 
The clay is gray, black, greenish gray, and 
bluish gray where fresh and yellow or buff 
where weathered. Some of the beds are 
sandy and some are linly, but most of them 
consist chiefly of stiff, cmnpact clay, plastic and 
sticky when wet and hard but with a fracture 
lilm that of starch when dry. The beds of 
clay contain a large quantity of gypsum in 
lenses, beds, stringers, joint fillings, and 
irregular crystal aggregates. Most of it is the 
transparent platy variety, but some n1asses of 
bladed crystn]s are brown. 

The sandstone occurs in l~yers and lenses, 
som.e of then1 25 or 30 feet thick for short 
distances. The sand is coarse, medium, and 
fine, n1ost of it is micaceous, and some is 
glauconitic. The beds are fairly well con
solidated but are not quartzitic. The fornla
tion includes a few thin lenses of gray lin1estone. 

Coal, both lignitic and bituminous, is a 
common constituent of the ~1ount Selman 

91048°-23-7 

liinestone. On the outside they are pale 
yellowish gray or buff; on the inside they are 
light chocolate-brown or gray. Nearly all of 
them are septarian, and the fractures are filled 
with calcite. They are of diverse sizes and 
forms. The smallest are about the size of a 
pea and the largest are 6 feet in diameter; 
some are cylindrical, resembling pipe stems, 
some are biscuit-shaped, and some are nodular 
and extremely irregular; The average con
cretion is a foot in diameter and spheroidal in 
form. 

Distribution.-The surficial distribution of 
the Mount Selman formation is shown on 
the map. The formation extends downstream 
along the Rio Grande from a point 6 miles 
above Palafox to the mouth of Sambarieto 
Creek, about 8 miles above Laredo, a distance 
of about 26 miles measured in a straight line. 
The course of the river is irregularly oblique 
to the strike, however, and this distance is not 
a measure of the width of the belt of outcrop, 
which is about 16 miles ~vide and of nearly 
uniform width. The western boundary of the 
formation, which is the Claiborne-Wilcox line 
of contact,· is not sharply defined. In general 
it Inarks the line that separates beds of clay, 
sandstone, and lignite tht'tt contain no nlollus
can fossils and few concretions but that carry 
a Wilcox· flora (the Bigford formation), from 
beds of gypsiferous, highly concretionary clay 
interbedded with beds of sandstone and lime
stone carrying unmistakable though few and 
fragmentary marine fossils. The Mount Sel
man-Cook Mountain line, on the east side of. 
the belt, separates the :Mount Selman material 
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from the sandy, highly fossilif~rous, red
weathering Cook Mountain formation, which 
stratigraphically overlies the Mount Selman. 

The Mount Selman formation, though it 
cont_ains marine rock, is evidently not entirely 
of marine origin. The coal and the sediments 
that carry land plants were doubtless deposited 
in isola:ted coastal basins and lagoons and 
perhaps to some extent on tidal flats. 

Thickness.-The minimum measured thick
ness of the formation is 225 feet and the maxi
murr:t is 707. Deussen assign~ to it an average 
thickness of 350 feet in the area next north of 
the Rio Grande region. The average within 
the Rio Grande region is 618 feet. 

·Fossils.-The Mount Selman formation is not 
highly fossiliferous, y~t a few poorly preserved 
forms of both animals and plants have been 
recognized. The mollusks so far recognized are 
Oornulina armigera Conrad, Oytherea sp. cf. 
0. trigoniata var. winnensis Harris, Ostrea sp., 
Plejona petrosa (Conrad), Protocardia sp., and 
Venericardia planicosta Lamarck. 

Only two collections of Mount Selman 
plants were made by the writer. They are 
fragmentary and obscure, but Berry has identi
fied them provisionally as A pocynophyllum 
grevilleafolium Berry, Ooccolobis claibornensis 
Berry, Ficus newtonensis Berry, Geonomites 
n. sp., and Myrcia n. sp. 

COOK MOUNTAIN FORMATION. 

Distribution and relations.-The Cook Moun
tain formation is the upper and highly fossil
iferous part of what has been known as the 
"Marine· beds." Its outcrops lie 'in a belt 
averaging 13 miles in width where it includes 
the full thickness of the formation, extending 
from the northeast border of the region at and 
west of Encinal, almost due south for about 40 
miles to a point where the base of the formation 
is cut off by a bend in the Rio Grande 8 miles 
above Laredo. From this point for a distance 
of about, 70 miles down the river the strike of 
the formation is almost parallel to the general· 
course of the river. The river cuts the top 
of the formation-the Cook Mountain-Y egua 
line-15 miles upstream from Roma. Thus 
the formation is exposed in the "breaks of the 
Rio Grande" for a distance of 7 5 miles. The 
towns included .within the belt of outcrop are 
Encinal, Laredo, San Ygnacio, Zapata, and a 
large number of places inhabited by Mexicans. 

0 

This change in the strike from west of south. 
to east of south so as almost to correspond with 
the course of the Rio Grande from Laredo to 
Roma was not known to all previous workers. 
Dumble/8 for instance, continuing. the west of 
south by east of north strike, draws the Cook 
Mountain-Y egua contact line across the river 
8 miles below Laredo, the Yegua-Fayette line 
about 4 miles above Zapata, and the Fayette
Frio line on the Texas side a mile or two below 
Rio Grande City. The true structure was first 
pointed out by Vaughan/9 who had collected 
Claiborne fossils far down the Rio Grande and 
understood that they came from the "Marine 
beds." Thus much of what Dumble has con
sidered Fayet~e was recognized by V augha.n 
as Cook Mountain. This fact explains Dum
hie's insistence that much if not all of the 
Fayette formation is of Claiborne age. 

Character.-The Cook Mountain formation is 
primarily sandy, and the sa~d is more or less 
firmly cemented. Most of the rock is medium 
grained, but there are beds of fine-grained and 
coarse-grained sandstone. The beds are brown, 
red, .yellow, green, and gray and are com
monly ferruginous, micaceous, and glauco
nitic. Many of them are cross-bedded and 
ripple m~rked. Interbedded with the sand
stone is soine yellowish, bluish, and greenish
gray or chocolate-colored clay and a few thin 
lenses of gray limestone. The sandstone and at 
some places the clay contains large, dark
gray, hard-centered, crystalline limestone con
cretions, some of which are fossiliferous. The 
lower two-thirds of the formation weathers 
characteristically into red sandy soils.: the 
upper third at most places weathers gray. 
All the soils derived from the Cook Mountain 
formation support vegetation, which is un-
usually luxuriant. · 

Thickness.-The estimates of the thickness 
of the Cook Mountain formation range from 
187 to 668 feet, and average 422 feet. 

Fossils.-The formation everywhere con
tains abundant fossils, by which it can be dis
tinguished from the Mount Selman below and 
the Yegua above; indeed it can thus be dis
tinguished from ·all other formations in the 
region, for its faunas are larger and n1ore 

Is Dumble, E. T., Geology of Southwestern Texas: Am. lost. Min. 
Eng. Trans., vol. 33, p. 916, fig. 1, 1903. 

19 Vaughan, T. W., Contributions to the geology and paleontology of 
the Canal· Zone, Panama, and geologically related areas in Central 
America and the West Indies: U.S. Nat. Mu~. Bull. 103, 1919. 
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diversified than those of any other Tertiary 
for1nation. in 1'exas. The faunas within the 
formation present four more or less distinct 
facies. 

One of these faunas is foUI,ld at the base of 
the for1nation. The complete specific list is as 
follows: 

Anomia ephippoides Gabb. 
Buccinanops sp. cf. B. ellipticum \Vhitfield. 
Callocardia astartoides Gardner. 
Callocarclia sp. cf. C. bastropensis (Harris). 
Callocardia sp. 
Cerithium texanum Heilprin. 
Cerithium webbi Harris. 
Corbula (Cuneocorbula) conradi Dall. 
Drillia? sp. 
Egerella sp. 
Epitonium sp. 
Lacinia alveata Conrad? 
Leda sp. 
Levifusus trabeatoides Harris? 
Levifusus sp. 
Lucina sp.? 
Natica dumblei Heilprin. 
Olivula staminea Conrad. 
Olivula sp. 
Ostrea alabamiensis su bsp. georgiana Conrad (small). 
Polynices arta (Gabb ). 
Pseudoliva vetusta Conrad. 
Sinum declivum Conrad? 
Solen sp. 
Tuba antiquata Conrad. 
Turritella sp. 
Venericardia planicosta (Lamarck). 
Yoldia sp. cf. Y. psam~otea Dall. 

A second fauna occurs in the lower part of 
the Cook Mountain formation but above the 
basal beds. A complete list of species follqws: 

Acteon pomilius Conrad. 
Adeorbis? sp. 
Anomia ephippoides Gabb. 
Architectonica sp. aff. A. acuta Conrad. 
Benoistia? sp. 
Cadulus sp. 
Callocardia astartoides Gardner. 
Callocardia bastropeusis (Harris). 
Callocardia sp. 
Cancellaria panones Harris. 
Cancellaria sp .. 
Cardium (Cerastoderma) harrisi Vaughan? 
Cardium (Cerastoderma) ouachitense Harris? 
Cassis? sp. 
Cerithium sp. 
Cochlisp:ira sp. 
Corbula (Cuneocorbula) conradi Dall. 
Crassatellites sp. 
Crepidula sp. 
Cylichna sp. cf. 0. jacksonensis Meyer. 
Drillia nodocarinata (Gabb)? 
Drillia texacona Harris. 

Egerella sp. 
Epitonium trapaquara (Harris). 
Euche:ilodon sp. cf. E. reticulatoides :f!:arris. 
Eucheilodon? sp. 
Lacinia alveata Gabb. 
Latirus moorei Gabb? 
Leda bastropensis Harris. 
Leda compsa Gabb. 
Lima· harrisiana Aldrich. 
Lucina sp. cf. L. ozarkana Harris. 
Mesalia claibornensis Harris. 
Murex (Odontopolys) sp. 
Natica dumblei Heilprin (large). 

· Natica semilunata Lea. 
N ucula mauricensis Harris. 
Olivula staminea Conra.d. 
Ostrea alabamiensis subsp. georgiana Conrad (small}. 
Ostrea sellaeformis Conrad? 
Ostrea sp. 
Pholadomya sp. 
Plejona petrosa (Conrad). 
Plejona precursor (Dall)? 
Plejona sp. cf. P. haleiana (Whitfield). 
Plejona sp. 
Polynices arata (Gabb). 
Protocardia sp. cf. P. gambrina Gabb. 
Pseudamusium sp. 
Pseudoliva sp. cf. P. vetusta Conrad. 
Pteropsis lapidosa Conrad. 
Pyrula (Fusoficula) sp. cf. P. texana HaiTis. 
S:inum declivum (Conrad). 
Solen sp. 
Surcula gabbi Conrad. 
Te:inostoma? sp. 
Tellina mooreana Gab b? 
Tellina sp. A. 
Terebra texagyra Harris. 
Terebra houstonia Harris. 
Tornat:ina sp. 
Tortoliva texana Conrad? 
Tuba antiquata Conra4? 
Turbonilla? sp. · 
Turricula sp.? 
Turris sp. 
Turritella nasuta Gabb. 
Venericarclia mooreana (Conrad). 
Volvula sp. 
Yoldia sp. cf. Y. psammoteaDall. 
Yoldia sp. 

The middle part of the Cook Mountain for
Ination carries a third fauna, the names of the 
species of which follow: 

Ancillaria sp. 
Architectonica sp. 
Callocardia astartoides Gardner. 
Callocardia bastropensis Harris. 
Callocardia sp. 
Cancellaria sp. 
Cerithium texanum Heilprin. 
Corbula (Cuneocorbula) conradi Dall. 
Corbula sp. · 
Diplodonta sp. 

0 
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Distorsio septemdentata Gabb. 
Drillia sp. cf. D. enstricina Harris. 
Egerella sp. 
Fusus sp. 
Gaza? sp. 
Lacinia alveata Conrad. 
Latirus moorei Gabb? 
Leda bastropensis Harris. 
Levifusus sp. 
Lucinia? sp. 
Martesia sp. 
Mesalia claibornensis (Conrad)? 
Modiolus (Brachidontes) texanus (Gabb). 
Natica dumblei lleilprin (large). 
N atica dumblei Heilprin (small). 
N atica semilunata Lea. 
Olivula staminea Conrad? 
Ostrea alabamiensis subsp. georgiana Conrad. 
Ostrea sp. 
Phos sagenus (Conrad)? 
Pinna sp. 
Plejona petrosa (Conrad). 
Plejona sp. 
Polynices arata (Gabb). 
Psammobia? sp. 
Pseudoliva ostrarupis subsp. pauper Harris. 
Pseudoliva vetusta Conrad? 
Pteropsis lapidosa Conrad subsp.? 
Pteropsis sp. 
Pyrula texana Harris? 
Rimella sp. cf. R. texana Harris. 
Siliqua sp. 
Sinum declivum (Conrad)? 
Sphaerella sp. 
Surcula gabbi Conrad? 
Teinostoma? sp. 
Tellina sp. cf. T. mooreana Gabb. 
Tellina sp. d. T. tallecheta Harris. 
Tellina sp. A? 
Trinarcia declivis (Conrad). 
Turris vaughani (Harris). 
Turris sp. 
Turritella nasuta Gabb. 
Venericardia mooreana Gabb. 
Venerlcardia sp. 

Calyptrophorus sp. cf. C. valatus Conran. 
C01·hula (Cuneocorbula) conradi Dall. 
Fusus? sp. 
Natica dumblei IIeilprin (large). 
Ostrea sp. 
Polynices arata (Gabb ). 
Polynices gibbosa (Lea). 
Solen sp. 
Tellina mooreana Gab h? 
Tellina sp. A? 
Tnha antiquata Lea? 
Turritella sp. 
V enericardia sp. 

YEGUA FORMATION. 

TheY egua, the youngest of the Claiborne fo::
mations, lies with some indications of uncon
formity upon the Cook Mountain and underlies 
the Fayette, of Jackson age. 

!Jistribution.-The map shows the distribu
tion of the formation at the surface in the lower 
Rio Grande region. The belt of outcrop varies 
in width from 4!to 17 miles, the variation being 
probably due to an irregular overlap of the 
Fayette. The outcrop within the region is 
confined to Webb and Zapata counties and a 
small part of western Starr County. 

Oharacter.-About 90 per cent of the forma
tion in this area appears to be dark gray, black, 
red, pink,. purple, green; a;nd brown. selenitic 
carbonaceous clays. The predominant color is 
dark gray, and the material weathers into dark
gray ciay soils. There are also many beds, 
lenses, and seams of soft gray and buff sands 
and sandstones, most of them thin. Dark, 
irregular limestone concretions occur sparingly 
in the clay. 

Thickness.-The average thickness of the 
strata assigned to the Yegua outside the Rio 
Grande region is 817 feet, and the range is from 

Finally, a fourth Cook Mountain fauna is 375 to 1,400 feet, but in this region the average 
widely distributed at the top of the formation. thickness of the beds exposed, so far as it can be 
This fauna marks the Cook Mountain-Yegua determined, is only about 406 feet. 
contact. The most prominent forms are a FossiZs.-Although Dumble 22 reports Tellina 
large variety of Natica dumblei, which is mooreana Gabb, Turritella houstonia Harris, and 
associated with Ostrea georgiana. Most of this Natica recurva Aldrich from beds in Mexico 
fauna is contained in the limestone concretions,· ·identified as Y egua, it seems likely that the beds 
not all of 'fhich, however, carry fossils. :Many from which they were collected should be in
of the shells have been rolled and abraded and eluded in the Cook Mountain of the Rio Grande 
perhaps concentrated before the concretions region. Leaves are also reported to have been 
were formed. A list of the species making up .found in the formation at places outside the 
this fauna follows: region, but none was found inside. The only 

Area sp. 
Callocardia astartoides Gardner. 
Callocardia sp. cf. C. trigoniata Lea. 

fossil seen in the Y egua in the region covered by 

2o Dumble, E. T, Tertiary deposits of northeastern Mexico: California 
Acad. Sci. Proc., 4thser., vol. 5, No.6, p.1ii, 1915. 
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this report is OstTea geoTgiana,. a,nd even this 
occurs n1ore spttringly in the Y egua, tha,n in the 
Cook :Mounta,in below or the Fayette above. 
In the Rio Grande region the deposits classi
fied as Yegua are n1ore closely allied faunally 
with the Jackson than with the Claiborne, but 
elsewhere' the reverse is true·. Possibly only 
the upper part of the Yegua occurs here, and 
this part n1ay be really of Jackson age. Until 
this can be dmnonstrated, however, the Yegua, 
will all be classed us of Claiborne age. 

FAYETTE. SANDSTONE. 

OhaTactPT.-The 1naterials of the Fayette 
formn,tion are fairly characteristic, although 
they are lithologically like those of the Cook 
:Mountain fonnation, with which they are likely 
to be confused, but the fauna and flora are defi
nite and on the whole the formation is not 
difficult to recognize in the field. 

The Fn,yette conta,ins 1nore sand and sand
stone than any other kind of rock, yet it is not 
so sandy in the Rio Grande region as it is farther 
north and en,st. The sandstone is exceedingly 
variable-in color aln1ost white, gray, greenish 
gray, buff; in texture fine, 1nedium, and coarse; 
in consolidation ranging from loose sand to 
quartzitic sandstone. The most characteristic 
feature of the sandstone is that it is fossiliferous. 
It is com1nonly laminated and cross laminated 
in intricate patterns. Interbedded with the 
arenaceous beds there are n1any beds and 
lenses of sandy and limy greenish-gray, ·pink, 
and red shale and clay. Limestone is scarce 
but not entirely absent. Beds of white vol
ca,nic ash tu·e found in the formation at sev
eral pla,ces. Large, clark, crystalline lime
stone concretions are co1nmon. Silicified wood 
occurs abundantly, chiefly in the clays but in 
the sn,ndstones as well. M.ost of the silica is 
opal, but chalcedony is found also. The silici
:fied wood is characteristic of the forn1ation in 
this region. 

Tl~ickness.-The thiclmess of the formation in 
this region averages not more than 360 feet, 
about 100 feet less than the average thickness 
elsewhere. 

Fossils.-The formation contains a single 
identifiable fossil, a large variety of Ostrea 
georgiana Conrad. The rich Claiborne fauna 
attributed to the Fayette by Dumble is Cook 
:Mountain, as explained on page 94, but anum
ber of species of fossil phmts are found in the 

ash beds and some in the sandstones. T~e best 
collections were obtained a.t points 2! and 41 
1niles north of Miraflores ranch, in Zapata ._ 
C01.mty. Berry has identified the following 
forn1s: 

Apocynophyllum 2 n. sp. 
Bombacites n. sp. 
Cinnamomum sp. 
Coccolobis n. sp. 
Conocarpus eocenicus Berry. 
Diospyros n. sp. 
Inga n. sp. 
}.Iespilodaphne n. sp. 
Myristica catahoulensis Berry ('?). 
Nectandra n. sp. 
Papilionites n. sp. 
Pisonia n. sp. 
Sabalites vicksburgensis Berry. 
Sapindus dentoni Lesq. 
Sapotacites n. sp. 
Spohora claibornensis Berry(?). 
Terminalia phaeocarpoides Berry. 
Ternstroemites n. sp. 

Berry regards these plants as of middle or 
upper Jackson age and states that they· in
dicate a warn1, probably subtropical clilnate, 
with local or seasonal aridity, ·probably with
out general deficiency in rainfall. Although 
son1e of the formation is n1arine, much of it,. 
as the 'plants suggest, was doubtless deposited 
subaerially on coastal sandy and clayey plains. 
The character of much of the formation in
dicates deposition in shallow water that was 
subject to considerable agitation. 

FRIO CLAY. 

In the Frio forn1ation there are· 100 to 400 
feet of gray, greenish and yellowish gray, red," 
pink, and blue pure and sandy clays and a very 
few seams of gray sn,nclstone, 1 to 8 inches 
thick. Perhaps the pink color, doubtless due 
to weathering, predominates in the expo
sures, practically . all of which are shallow. 
Nearly everywhere the clay is checked by 
joints in which secondary calciun1 carbonate 
occurs in thin plates, and it contains many 
~1nall calcareous nodules and some small 
masses that appear to be rolled ;balls of cal
careous mud. Some of the clay is gypsif
erous. _With the exception of an occasional 
oyster bed _(Ostrea georgiana) and a very few 
fragments of silicified wood the formation con
tains no fossils. Some of the beds of volcanic 
ash, notably those at· Rio Grande City and at 
and in the neighborhood of La Lorna de la Cruz 
east of Rio Grande City, at least one of which 
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is 60 ,feet thick,· are in the Frio formation 
rather than in th.e Fayette. These ash de
posits, however, unlike those in the Fayette, 
carry no fossil plants; but it should be noted 
that not all the ash in the Fayette is leaf
bearing. 

MIOCENE SERIES. 

OAKVILLE SANDSTONE. 

Deussen 21 describes and maps in the area 
covered by him south and west of Brazos 
River to the border of tlie lower Rio Grande 
region a thin formation of white and light-gray 
quartzitic sandstone, which he calls the Oak
ville sandstone. This formation is also men
tioned by Dumble,22 U dden, 23 and others. As 
mapped by Deussen, it lies in a belt a mile 
wide along the west foot of the Bordas scarp, 
between the Frio and Reynosa formations, 
east of Tor~ecillas, iri Webb County, at the 
north border of the Rio Grande region, but the 
writer found no certain evidence of the out
crop of this sandstone, although it is doubtless 
overlapped by the Reynosa, which forms the 
Bordas scarp. In the lower Rio Grande region 
the Frio clay seems to continue wel~ up the west 
slope of the scarp and there to be in contact 
with the Reynosa formation. Where the Rio 
Grande has cut across the Bordas, exposing a 
section, the Reynosa lies directly upon the 
clay and ash of the Frio formation. Nor does 
the Oakville appear between these two forma
tions, in the 15 miles of the exposure of their 
contact in a direction roughly parallel to the 
dip between Rio Grande City and Sam Fordyce. 

, In roads, pastures, and fields between Randado 
and the Webb-Zapata shallow oil field and 
elsewhere along and near the Bordas, to the 
west, there is a deep white .or gray sand which 
may have been derived from the Oakville. 
The same kind of sand, however, is commonly 
found east of the Bordas, where it is derived 
from the Reynosa formation. It even appears 
to be derived from the Reynosa west of the 
Bordas, where there are outliers of.the Reynosa. 

There are in the region, however, rather 
thick Miocene sediments, which are overlapped 
by younger forma.tions. Driller's samples 
taken at depths ranging from 4,325 to 4,500 

21 Deussen, Ale-xander, Geology of the Coastal Plain region of Texas: 
U.S. Geol. Survey Prof. Paper 126 (in press). 

22 Dumble, E. T., Problem of the Texas Tertiary sands: Geol. Soc. 
America Bull., vol. 26, pp. 449 et seq., 1915. 

2a Udden, J. A., Baker, C. L.,and Bose,Em.il,Review ofthegeologyof 
Texas: Texas Univ. Bull. 44, p. 97, 1916. 

feet in the Niels Esperson oil test, 15 miles east 
of Brownsville, have furnished 1nany inverte
brate fossils, of which Dr. Julia Gardner has 
identified 23 species, all of Miocene age. The 
exact position of these fossils in the Miocene 
can not be determined, but according to Dr. 
Gardner th~ single fauna represented should 
probably be assigned to a formation near the 
top of the lower Miocene or the base of the 
middle Miocene. 

PLIOCENE SERIES. 

LAPARA SAND AND LAGARTO CLAY. 

The Pliocene La para and Lagar·to forma
tions, described by Deussen,24 Dumble,25 and 
Udden, Baker, and Bose,26 from areas farther 
north, do not outcrop in the Rio Grande 
region. If they were deposited there they 
have been covered by the overlapping Rey
nosa formation. 

TERTIARY (1) SYSTEM. 

PLIOCENE ( ~) SERlES. 

REYNOSA .FORMATION. 

. Name.-:In 1890 Penrose 27 described a de
posit of limestone containing many pebbles 
and cobbles under the name "Reynosa lime
stone," from the town of Reynosa, Tamaulipas, 
Mexico. This limestone overlies what was 
then called the Fayette sand at Reynosa, 
directly across the Rio Grande from Hidalgo, 
Tex.· Penrose found Recent shells embedded 
in the surfac!3 of exposures of this formation, 
and thinking it was Recent, included it in his 
"post-Tertiary formations." In 1891 Hill 28 

described remnants of a formation. that con
sisted of coarse and fine gravel cemented by a 
calcareous matrix and that occupied terraces 
400 to 1,000 feet above the Rio Grande to the 
north of this region. This he called the 
Uvalde' formation. Dumble 29 applied the 
name Reynosa division to the series of deposits 
fanning the plateau between Nueces and Rio 
Grande, which he called the Reynosa plateau. 

24 Deussen, Alexander, Geology of the Coastal Plain region of Texas: 
U.S. Geol. Survey Prof. Paper 126 (in press). 

25 Dumble, E. T., Geology of southwestern Texas: Am. Inst. M:in. 
Eng. Trans., vol. 33, pp. 963-975, 1903. 

26 Udden, J. A., Baker, C. L., and Bose, Emil, op. cit., p. 90. 
21 Penrose, R. A. F., jr., Report of geology for eastern Texas: Texas 

Geol. Survey First Ann. Rept., pp. 57, 58, 63, 1890. 
2s Hill, R. T., Notes on the geology of the Southwest: Am. Geologist, 

vol. 7, pp. 366-370, 1891. 
29 Dumble, E. T., The Cenozoic deposits of Texas: Jour. Geology, 

vol. 2, p. 560, 1894. 
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l-Ie stated that the "Reynosa lin1estone" of 
Penrose formed the top me1nber of his Reynosa 
division, which rested on the Lagarto formation. 
These downstream deposits to which Du1nble 
applied the name Reynosa are now known to 
be the same as the upstreain remnants to. 
which I-Iill applied the na~ne Uvalde, and the 
necessity for discarding one of the names has 
become apparent. In view of the fact that 
Reynosa as applied to a part of this formation 
has priority over Uvalde, and that the down
stream deposits perhaps afford a better type 
locality, the name Reynosa has been 'adopted 

· by the United States Geological Survey and 
"Uvalde" formation has been ab~ndoned. 
The outcrop ·of the forn1ation is continuous 
frmn Torrecillas and Rio Grande City ·east
ward. In the area west of the Bordas scarp 
it occurs as remnantal patches, some of them 
doubtless reworked. These materials. were 
included by :McGee in his "Lafayette," a 
na1ne no longer recognized as applicable to any 
geologic formation. · 

Distribution.-The map shows the distri
bution of the Reynosa formation in the lower 

. Rio Grande region. Its resistant layers hold 
up the Frio clay; its base forms t.he Bordas 
scarp, from which it dips at a very low 
angle eastward, outcropping in a north-south 
belt 40 to 65 miles wide. In much of this 
area, however, its outcrops are obscured by 
the wind-blown sands of the sand belt. West 
of the Bordas it ~ccurs only in patches that 
occupy the highest elevations. 

Relations to adJacent formations.-The Rey
nosa lies unconformably on all older forma
tions. The dip of the formation is much less 
than thn,t of the older formations, and as the 
surface on which it lies is almost flat, it bevels 
the older formations. This structural un
conformity, which is shown on the Inap, is 
well seen in the bluffs of the. Rio Grande be
tween Rio Grande · City and Sam ·Fordyce. 
After the deposition of the Oakville, and doubt
less after Lapara and Lagarto time, the strata 
of the region were slightly tilted and a flattish 
surface was developed across their beveled 
edges, and on this surface the Reynosa forma
tion was deposited. In this area it is un
confornlably overlain by the Beaumont clay. 

Oharacter.~The Reynosa formation is an 
intricate mi.~ture of gravel cemented by lin1e 
carbonate, uncemented gravel, limestone in 

which are embedded pebbles and cobbles, 
almost gravelless limestone, sand, sandstone, 
gravelly sand, and a relatively small amount of 
clay. 

About 1 per cent of the pieces of gravel are 
over 4 inches in diameter, and the largest 
measure 8 inches. About a third of them are 
of sizes between 1! inches and 4 inches; another 
third go through the 1! inch screen but are 
caught on the. i-inch; and nearly a third goes 
through the i-inch screen. The patches of 
gravel near the Rio Grande are a bit coarser 
than those farther away, and those inland and 
near the Balcones scarp seem to be somewhat 
coarser than those away from the river but 
nearer the Gulf. The gravel includes about 77 
per cent of chert, limestone, and vein quartz, 
materials derivable and doubtless lirgely 
derived from the Edwards Plateau,. and about 
23 per cent of igneous rock, most of them 
derived from the western Cordillera. Some 
·of the vein quartz may have been derived from 
points west of the plateau, but on the other 
hand some of the igneous rocks may have 
been derived from plugs near the Balcones 
scarp. Where the gravel overlies the Fayette 
and Frio formations it includes some silicified 
wood. Most of the pebbles and cobbles are 
well shaped by abrasion, many of them are 
highly polished, and some show bruises made 
by hard impact during transportation. The 
gravel deposits· are roughly sorted into lenses 
and pockets of different textural grades .. 

The lime.stone is gray and sandy and 
weathers into rough, irregular surfaces, due to 
irregular concretions and impurities. In places 
it has sur.ficially a tufaceous appearance. Its 
basin, rims, terraces, channels, and concentric 
banding are ·suggestive of deposition by 
springs. The patches south of Espejo .ranch, 
in north-central Webb County, and at Carrizo 
Springs are clearly spring deposits, but these are 
not typical, for they contain little or no,gravel. 

The sand and the sandstone are gray or 
brown or red and almost universally weather 
into a dark-red sand. The grains are quartz 
coated with red iron oxide, but ·in places where 
this red coating bas been worn off by the wind 
the sand is gray, or even white. 

The few clays are generally sandy, but so1ne 
are almost fnt. Below Rio Grande City the 
Reyn.osa formation includes mud balls of Frio 
clay. 

BUREAU Of M\NES LIBRARY 
DENVER 
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The surficial material derived from the 
Reynosa is typically deep-red, pink, or gray 
sand, through which white or gray limestone 
projects at many places. 

Thickness.-The thickness of the formation 
is not definitely known. The patchy deposits 
west of the Bordas· do not exceed 30 feet in 
thickness except at a very few places, but at 
the east border of the main belt of outcrop the 
formation may be 500 feet thic,k or niore, and 
around the borders of the Rio Grande region 
it is 200 ·to 600 feet thick. 

writers, so called because they contain the 
remains of Pleistocene horses. This gravel 
was doubtless derived from the Reynosa, 
which was uplifted and eroded before the main 
body of Lissie gravel was deposited. No 
exposuTe of this material was seen in the Rio 
Grande region, but perhaps it may be hidden 
beneath the sand of the sand belt and the 
Recent delta deposits of the Rio Grande or 
overlapped by the Beaumont clay. 

BEAUMONT CLAY. 

Fossils.-No fossils have been found in the Name and distribution.-Tbroughout the 
Reynosa formation excep·t the remains of west Gulf Coast province there is a coastal 
Recent land snails, crayfish, jackrabbits, and belt of clay of varying width, from which 
a few other animals, whicn have become em- deposits of silt, sand; and gravel project up 
bedded in the surface as the ·limestone has along the main river valleys in the form of 
been dissolved and reprecipitated, and except terraces. ·These terrace deposits are called the 
the fossils. originally deposited in the forma- Leona formation. 
tions from which the gravel was derived. The Bealimont formation has been called the 
. Origin.-To attempt at this time a coin- "Coast clays" and the Port Hudson clay, but 

plete explanation of the conditions under it is not known to be the same as the typical 
which this complex formation was deposited Port Hlidson formation of Louisiana. It is 
and cemented would be premature. In the correlated in time with the Columbia formation 
main it is of fluvial origin. At least the ·of the Atlantic coast. The term Beaumont, 
gravel and the interbedded sand and clay which was first employed by Kennedy, 32 is 
were laid down by streams. Hill and used to designate the formation in this region. 
Vaughan 30 gave an excellent description of the This formation is covered by Recent. wind
landward facies of the formation and inter- blown .sand for about 50 miles southward from 
preted it as residual material washed out· the north border of the Rio Grande region, and 
from the Edwards Plateau in late Tertiary still farther south by the younger clays and 
time and deposited on the down thrown side of sands that form the present delta of the Rio 
the Balcones fault in fan-shaped . areas. Per- Grande, but it is exposed at some places in the 
haps, owing to peculiar climatic conditions, narrow strip north of the sand belt, within the 

· as suggested by Deussen, 31 some of the lime- sand belt where at places it has been uncovered 
stone was deposited by ground water while the by the migration of dunes, and south of the 
main mass of the formation was being laid sand belt above high-water mark in the Rio 
down by streams. Some of the limestone also Grande. Its areal distribution is shown on the 
appears to have been deposited at the surface map. 
by springs that rose through the gravel. Character.-The Beaumont formation con-

sists of blue and red calcareous clay, weather-
QUATERNARY SYSTEM. ing yellow, a small number of thin lenses of 
PLEISTOCENE SERIES. 

LISSIE GRAVEL. 

North of the . Rio Grande region Deussen 
finds in valleys in· the l{eynosa formation a 
deposit of uncemented gravel without lime
stone, reaching in places a thickness of 900 
feet. These are the " Equus beds" of earlier 

ao Hill, R. T., and Vaughan, T. W., Geology of the Edwards Plateau 
and Rio Grande :)?lain adjacent to Austin and San Antonio, Tex.: U. $. 
Geol. Survey Eighteenth Ann. Rept., pt. 2, pp. 244-247, 254-255, 1898. 

at Deussen, Alexander, orali nformation. 

sand, and a few scattered concretions of lime
stone. It includes also, as shown by well logs, 
a few beds of gravel which are not exposed at 
the surface and do not belong to the underlying 
Lissie and Reynosa formations. That part of 
the formation near the Rio Grande is coarser 
than that elsewhere. Much of this material 
was swept down the Rio Grande and reworked 

s2 Hayes, C. W., and Kennedy, William, Oil fields of the Texas-Louisi
ana Gulf Coastal Plain: U. S. Geol. Survey Bull .. 212, pp. 20, 27, pls. 
1 and 2, 1903. 
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more or less by Gulf currents before it was 
deposited. The surficial material of the for
mation in this belt is chiefly dttrk-gray clay 
loam overlain by a thin sheet of drifting sand. 

Fossils.-N o fossils were found in the coastal 
belt of this region, but oyster beds are reported 
frmn the formation at some places farther 
north. 

LEONA FORMATION. 

DistTibution.-In the valleys of the Rio 
Gn1.nde and of Frio, Leona, and Nueces rivers 
there are a nmnber of terraces, all of them 
]ying at leYels between the Reynosa upland 
plain and the present flood plains of the 
strea1i1s. Such terraces are also found for a 
few miles up the larger tributaries of the Rio 
Grande. Ifill and Vaughan 33 first described 
these deposits in the upper .Nueces drainage 
basin as the Leona formation. They also men
tion 34 the Rio Grande terraces and state that 
they are undoubtedly of the smne age as the 
Leona forn1ation. Certainly there are no 
greater differences, either in topographic posi
tion or in Inaterial, t~an would be expected in 
deposits of this sort and of the same age but in 
different drainage basins. Deussen,35 on the 
other hand, believes that the Leona formation 
is older than the terraces of the Rio Grande. 
fie correlates the Leona with the terraces in 
the basin of San Antonio River at San Antonio, 
and as the remains of vertebrates have been 
found in the terraces at San Antonio which 
identify then1 in age with the "Eg_uus beds," 
he correlates the Leona formation with the 
Lissie. No vertebrate fossils have been found 
in the deposits on the Rio Grande, and these 
terraces ·appear both to Deussen and to the 
wTiter to be continuous with the Beaumont 
clay and of the same age. As no formation 
corresponding to Deussen's Lissie could be 
found in the lower Rio Grande district, as 
Udden, Baker, and Bose 36 correlate the Lissie 
with the Reynosa and the '' Eg_uus beds'' with 
the Beaumont, as identical invertebrate fossils 
occur abundantly in both th(} Rio Grande and 
the N ueces terraces, as in neither drainage 
basin have vertebrate fossils been found, and 
as both the Rio Grande terraces and the Leona 
formation occupy topographic positio~s from 
20 to 60 feet above present stream beds and 

88 Op. cit., pp. 253-254, 275-276. 
&4 Op. cit., HP· 251-25·1. 
8~ Dousson, Ale.xander, oralinformation. 
ae Op. cit., pp. 99 and 102. 

from 75 to 150 feet below the Reynosa plain, 
the terraces in the Rio Grande basin are in
cluded, for the present at least, in the Leona 
fonnation, and the Leona forn1ation is cor
related in tin1e with the Beaumont clay. 

Character.-The Rio Grande and Nueces ter
races are cmnposed n1ainly of light-gray and 
buff silt but include some sand and fine gravel. 
The terraces are flat topped and have steep 
riverward slopes. At most places there are 
two or· three rather than a single terrace. At 
Palafox, for instance, there are three terraces 
above the present flood plain of the Rio Grande, 
one 21 feet, another 32 feet, and a third 63 feet 
above the level of the river when it was at a 
higher stage than the normal. These terraces 
converge downstrea111, to the south, becoming 
fewer in number until they merge into a single 
terrace. Hand-level traverses carried from 
the river to the top of the n1ain terrace at 
several places gave the results shown below. 
The places are listed from north to south, and 
the apparent discrepancies are clue to the fact 
that the several traverses were n1acle at times 
when the water was at different stages. 

Elevation of terraces along the Rio Grande above level of water 
in.river. 

Feet. 
Mouth of San Lore~zo Creek. . . . . . . . . . . . . . . . . . . . . . . 50 
Bigford ranch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Apache ranch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Minero.......................................... 55 
Laredo.......................................... 60 
Fordyce ................................... : . . . . . . 61 
Ramere:iio ................. :..................... 61 

. Chape:iio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Salineno .. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Santa :rv.{argarita.................................. 52 
Three miles below Roma. . . . . . . . . . . . . . . . . . . . . . . . . 34 
Five miles above Rio Grande City. . . . . . . . . . . . . . . . . 36 
Rio Grande City. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Garcia............................................ 24 

Fossils.:...._The Leona formation has yielded 
several fresh-water nnd air-breathing mol
'lusks. The specific list includes: 

Bulimulus dealbatus Schiedeanus. 
Helicina tropica Pfeiffer. 
Lampsilis purpuratus Lamarck? 
Planorbis tricarinatus Say. 
Polygyra texasiana Mori. 
Unio tetralasmus var. camptodon. 
Unio tetralasmus vas. manubius Gould. 

These forms are Pleistocene or Recent. The 
heavy dentition on the unios as compared with 
those now living in the Rio Grande and its . 
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tributaries suggests Pleistocene ~ge rather than. 
Recent. The fact that the streams have de
graded their beds as much as 60.feet since the 
deposits in which the shells are inclosed were 
laid down also indicates a considerable lapse of 
time. The deposits are correlated with the 
Beaumont, which is classified as Pleistocene. 
The Leona formation is therefore 'regarded 
as of Pleistocene age. 

RECENT SERIES. 

FLUVIATILE DEPOSITS. 

Delta deposits are still being formed at the 
mouth of the Rio Grande. Below Closner, 
where the normal flood plain merges into the 
delta, ·large areas are still subject to flood. 
What is known as the "Mission ridge," utilized 
for the railroad, the main automobile road, and 
the "valley" towns-Mission, McAllen, Pharr, 
San Juan, and Donna-stands above flood 
waters and is included within the Beaumont 
formation, but even here the land slopes away 
from and toward the river from. the axis of the 
ridge. Other towns in the "valley," including 
Llano Grande, Mercedes, Harlingen, Raymond
ville, Lyford, Sebastian, and Brownsville, are 
likely to be flooded in years of high water, such 
as 1909, 191,9, and 1922. These towns are on 
higher land, however, and are now largely pro
tected by great irrigation canals and their 
borrow pits. Breaks occur in the river banks 
as far upstream as a point· above Mission, and 
old river channels or "resacas '' are found on 
the widening flood plain. These resacas extend 
down the valley as far as Donna, where they 
concentrate into the definite channel of the 
Rio Colorado, which thus becomes a distribu
tary of the Rio Grande. The channel of the 
Rio Colorado is as much as 40 feet deep where 

·it is deepest, near Harlingen, and 200 feet wide. 
It carries safely the flood waters of the Rio 
Grande except at times of the highest floods, 
when the water breaks through on both sides 
of Mercedes and flows into the basin of Lake 
Tiocano and thence northward toward Ray
mondville, eastward toward the Gulf (crossing 
the St. Louis, Brownsville & Mexico Rail
way south of Lyford), and back again 
southeastward to the Rio Colorado near Har.: 
lingen. Much of this water n.ever reaches the 
Gulf, for the surface is so flat and grassy and 
the Gulfward slope is so low that the water 
stands in shallow depressions and behind irri-

gation canals, and there evaporates or seeps 
into the porous ·silts and sands. The area that 
is subject to flood is mapped as Recent fluviatile 
deposits.. The Rio Grande flood plain above 
Closner is too narrow to be mapped separately 
from the Leona terraces and the Tertiary for
mations where the Leona is missing. · 

Only the surficial part of this deposit is non
marine. The area having been reclaimed from 
the Gulf by the deposition of sediments brought 
down by the Rio Grande the lower beds are 
marine, for they contain marine Foraminifera, 
which are found where the beds are penetrated 
by wells. The material seen in surface expos
ures is a mixture of highly calcareous and some
what selenitic gray, blue, red, and brown clay, 
checked by joints filled with calcium carbonate, 
gray micaceous sand, gray silt, and some 
pebbly sand, the whole impregnated with small 
white pellets of lime carbonate. The clay 
greatly predominates. 

On the surface of the delta, particularly 
along the coast from Raymond ville to Browns
ville, there are numerous mounds, 5 to 30 feet 
in height, made of clay and known as "clay 
buttes." ·Though several diverse suggestions 
as to the origin of these mounds have been 
offered, the suggestion made by Coffey,a7 that 
they are "clay dunes," seems most reasonable. 
Most of· them lie on the leeward side of shal
low depressions, which are doubtless the source 
of the material of which they were formed. 
Many of these depressions contain salt lagti;nas. 

·Fresh-water and land shells, bones, logs, 
leaves, and oth,er organic matter, all Recent ~n 
age, are found in the fluviatile deposits in con
siderable abundance. 

WIND-BLOWN SAND. 

Recent deposits that are most widely dis-· 
tributed are. the sand dunes and wind-drifted 
sandy plains of a large area that extends con
tinuously along the coast southward from 
Baffins Bay to a point east of Raymondville 
and westward for 75 miles in a belt that is 25 
to 50 miles ·wide from north to south. This 
area includes practically all of Willacy and 
Brooks counties and the northern parts of 
Hidalgo and eastern Jim Hogg counties. 
Padre Island also consists chiefl.y'of sand dunes 
blown·up from the beach of the Gulfward side 
of the island. This is· an area of migrating and 
stationary dunes, or "medanos," and of the 

37Coffey, G. N., Clay dunes: Jour. Geology, vol.17, pp. 754-755,1909. 
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shallow irregular depressions that are so com- and basalts, which have been described by 
.mon in all clune areas. Cross.:;s 

Near the coast, where ·the Beaumont clay STRUCTURE. 

underlies the sand, the depressions contain The general dip of the strata in the Rio 
:shallow lagu.nas, both salt and fresh. There Grande region is eastward. North of Laredo 
.are also considerable stretches of sanely prairie, the dip is south of east, between Laredo and 
.and at In any places where there is no surficial San Ygnacio it is nearly due east, and below 
·sand the Reynosa and Beaumont formations San Ygnacio it is north of east . 
. are exposed. The dunes are sparsely covered· The averages of the dips read for the forma
with live-oak trees and the prairies are do-tted tions are shown below. 
with patches of live-oak brush. There are also 
.larb{J'e areas of wild grasses and "sacahuista." Average dip, infect per rnile, of forrnations in the Rio Grande 

region. l\1ost of the sand is gray or white, but smne 
·Of it, espeqially where it overlies the Reynosa 
Jonnation, is reel or pink. It has been thought 
-that all this sand was blown ;inland from the 
·coast, and perhaps most of it was, although 
there is no greater source of sand here than 
·elsewhere along the .coast, but some of it was 
·derived from the Reynosa formation, on which 
the sand in the western part of the belt lies. 
]-I ere "blowholes" expose the Reynosa reddish
-brown sands, and the dunes consist of this sand. 
:Even the gray sands may be derived from the 
:Reynosa, the colored iron coating having been 
:abraded frmn the quartz grains· during eolian 
transportation. 

COASTAL DEPOSITS. 

Padre Island is a long dune-covered barrier 
island, which is nowhere more than a mile wide. 
It incloses Laguna Madre, which is 4 to 10 
miles wide. On the Gulf side of the island 
there are the usual littoral deposits. The 
'beach is sandy and is strewn with innumerable 
:sea shells. The water of the laguna is at most 
·places so shallow that it can be easily wad~d; 
'indeed, at some tunes and places it is only a 
:mud flat incrusted with precipitated salts. 
.At Point Is~bel, however, gasoline launches 
·ply between the Inainland and the island, but 
'long piers are necessary, and the boats drag the 
bottmn for considerable distances out from 
-either shore. In the laguna mud, silt, sand, 
:shells and fragments of shells, and salt are all 
'being laid down to fonn the usual lagoon 
-deposit. 

IGNEOUS ROCKS. 

Beaumont clay (Pleistocene)........................ 25 
Reynosa formation (Pliocene?). . . . . . . . . . . . . . . . . . . . . . 17 
Frio clay.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 
Fayette sandstone .................................. 201 
Yegua formation ................................... 296 
Cook Mountain formation....... . . . . . . . . . . . . . . . . . . . . 435 
Mount Selman formation ............ ~ ............... 180 
Wilcox group (Bigford formation, Carrizo sandstone, 

and Indio formation) .............................. 384 
Midway formation .................. ~ ................ 155 

These averages are probably too high, how
ever, for the steeper. dips are those that are 
most commonly· read. At most places the 
strata are so nearly horizontal that the dip 
is not observable. The true average dip of 
each formation is probably less than half that 
given above. According to the :figures given 
the average dip of the Eocene formations is 
273 feet. pe! mile and the Reynosa and Beau
mont together average 21 feet per mile. These 
figures should probably be reduced to 136 and 
10, respectively, or even .to lower :figures. The 
discrepancy between the Eocene and post
Eocene formations again emphasizes the struc
tural unconforrnjty at the base of the Reynosa. 

The reconnaissance methods employed did 
not permit detailed structural investigations, 
but indications of abnormal structure were 
observed or were authentically reported to 
occur at a few places. According to Baker 39 

there is an anticline about 10 miles west of 
Carrizo Springs, another about 15 miles south
east of Eagle Pass, and probably still another, 
lying chiefly in Mexico, southwest of the old 
Indio ranch house. The writer saw indica
tions of the :first of these. The second is 
clescri.bed by 'Udden.40 Along Nueces R{ver In southwestern Uvalde County, just outside 

the re{J'ion and not shown on the n1ap, there are 
b f · k · th as Cross, ·whitman, U.S. Geol. Survey Geol. Atlas, Uvalde folio (No . . several small exposures o Igneous roc s In e 64), pp. 3, 4, 1900. 

fOl'lll of plugs Or necks. l\{ost of them make ag Baker, C. L., personal communication. . 

d · ll 40 U dden, J. A., Report on a geological survey of the lands belonging to 
.hills, but SOine are expose Ill stream va eys tho New York & Texas Land Co.: Au.gustana Library Pub. 6, pp. 
o0r on flat surfaces. The rocks are phonolites 1 ss-9o, 1907. 

. ... 
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below Pulliam, there are anticlines and syn- mile, somewhat more than the general dip ~n 
clines and faults of small throw. The east- the neighborhood. As there are no reversed 
ward dip is somewhat accentuated at the dips, the oil probably occurs in a lens of sand, 
Webb-Zapata shallow oil field, in the southeast which plays out and is sealed up westward, for 
corner of Zapata County. There are relatively the cap rock crops out 1! miles west of the west 
steep reversed dips in the vicinity of Roma. border of the producing area. Eight of the wells 
Probably an anticline here crosses the inter- were pumping in 1920, a gasoline engine on 
national boundary. A large anticline has each. The average yield is between 3 and 4 
been mapped by C.rider41 east of Laredo .. barrels a day. As the field is more than 40 
Normal· faults of small· displacement were miles from the railroad n,t Hebbronville, and 
observed on Chaparrosa Creek 11 miles west of as the road is. very sandy, all attempts to Inar
La Pryor, and ha1f a mile east of the Jones ket the oil had failed up to the time of the 
ranch, northwest of Crystal City. writer's last visit. The oil was stored in 

The search for structural features in the steel tanks at the field. According to recent 
Rio Grande region is full of difficulties and reports it is being marketed. 
subject to inaccuracies, for formations vary in Another producing field is 25 miles south of 
character from place to place, the beds occur Aguilares and 45 miles southeast of Laredo, in 
in lenses and pockets, the formational contacts Zapata County. Gas only is produced. The 
are ill defined, exposures are scarce, wells are field is developed and operated by the Border 
few, and the logs of most of those which have Gas Co., of Laredo. The gas is conducted 
been drilled are inadequate, and false bedding through pipes to Laredo; where the company 
pln,nes, which dip at all angles with reference operates the city gas plant. The outcropping 
to the true bedding, are abundant. formation at the wells ·is Fayette. A little 

There is at least one salt dome in the region. gas is obtained from· a depth of 700 feet, but 
It is about 5 miles southeast of Falfurrias and the main flow is obtained from a depth 'of 1,200 
crosses the Beaumont--Reynosa contact. It is to 1,250 feet. The material penetrated in all 
5 miles long from east to west and 1 to 1! miles the wells is almost entirely clay but includes. 
wide from north to south. Quaquaversal dips thin seams of sandstone. The main gas sand 
are not plainly seen1 but a surrounding laguna lies in the basal part of the Yegua or the upper 
of salt brine, a large body of gypsum on the part of the Cook Mountain. The structure 
southwest side, and a topographic swell that is here also is homoclinal, the gas sand dipping· 
more than 40 feet high indicate that there is a eastward at the rate of 30 feet to the mile. 
salt dome at this place. La Lomita (little hill), In the spring of 1921 oil was struck in a well 
6! miles south of Mission, on the Rio Grande, of the Mirando Oil Co., in the· extreme north
which stands conspicuously above its alluvial east corner of Zapata County. The well site 
surroundings and exposes abnormal materials is just west of the Reynosa-Frio contact, and. 
and abnormal dips may also be a salt dome, but practically the full thickness of the Frio clay 
the dips may not represent true bedding planes. is represented under it. The oil sand was struck 

ECONOMIC GEOLOGY. at 1,430 feet from the surface, in the Cook 
OIL AND GAS. Mountain formation. The first we1l is variously 

reported as having given an initial production 
Moro than 45 separate projects are under of 20 to 100 barrels a day. The new field has. 

way for the development of oil 'and gas in the been rapidly developed. In the spring of 1922 
region, but only three are producing. The it was credited with 13 producing wells, and 
locations of these projects are shown on the the estimated possible production ranged from 
n1ap (Pl. L"'{VIII). 1,000 to 2,300 barrelsaday.42 In addition, more. 

In 1920 the Webb-Zapata Co. had drilled 45 than a score of other wells were being drilled in 
wells in the southeast corner of Zapata County other parts of Zapata and Webb counties. 
to an average depth of 160 feet and foUn.d some This field has produced also considerable gas. 
oil and a very little gas in the Fayette sand- The Caroline-Texas Co.'s test well near Bruni 
stone. The dip here is normal in direction, a is reported as blowing 8,000,000 to 10,000,000 
few degrees south of east, and is 198 feet per 

HCrider, A. F., personal communication. 

~JWM ~n U.~J~tj~ .2 JJ 10 ~TH.J~~\1 ...................... 

•2 McGreal, P. L., Gulf coast oil operations:· Oiland Gas Jour., vol.20~ 
No. 43, p. 18, March 24, 1922. 
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EXPLANATION 
SEDIMENTARY ROCKS 

(Mud, silt, sand, shells, and fragments 
of shells and salt) 

~Qws_J 
Wind-blown sand 

(Sand dunes and wind-drifted sandy 
plains) 

[ Qfd~] 
Fluviatile deposits 

(Chiefly clay, highly calcareous and 
somewhat selenitic, of gray, blue. red, 
and brown colors; checked by joints 
filled witli calcium carbonate, gray 
micaceous .<Jand, gray silt, and some 

pebbly sanfL-~:-l 

~ 
Beaumont clay 

( Chief11! blue and red calcareous clay, weather
ing yellow, with some lenses of sand and a 
few scattered limestone concretions) 

UNCONFORMITY 

~ ' Tr J 
L~ 

Reynosa formation 
(Intricate 1nixture of gravel cemented by lime 

carbonate, umcemented gravel, limestone with 
embedded pebbles and cobbles, limestone 
almost f•·ee from gravel, also sand, sandstone, 
gravelly sand, and a small amount of clay; 
all intermixed) 

UNG TY 

Frio clay 
(Varicolored clay with a few seams of grew 

sandstone; the clays are nearly everywhere 
checked by joints in which secondary calcium 
carbonate occurs in thin plates; some of the 
clays are gypsiferous; some beds of volcanic 
ash and many sm..aU calcareous nodules are 
present) 

8 
Fayette sandstone 

(Fine, medium, and coarse grained sandstone 
of white, gray, greenish-gray, and buff colors, 
with thin beds and lenses of greenish-gray, 
pink, and red sandu and limy shale and clay; 
some beds of volcanic ash; C1"1/Stalline lime
stone concretior.s common) 

r 
UN~M~r ? 

Yegua formation 

>-
0:: 
..:: 

, Z 
\ 0:: 
w 
f
..:: 
~ 
0 

D 
Leona formation 

(Light gray and buff silt with 
some sand and fine gravel; 
deposited on terraces. Prob
ably conte1npora1ieouR with 
Beaumont clay) 

EXPLANATION 
Continued 

(Chiefly clay of various colors, with subordi
nate amounts o.f gray, green, and brown 
sandstone and many beds of lignite. Largely 
c01~tt:miP<n'mteo•us with Carrizo sandstone but 
in 

Carrizo sandstone 

Q 

"' :::> 
z 
0::: 
z 
0 
u 
J_ 
c:: 
..:: 
f= Chiefly selenitic and carbonaceous clays of 

various colcws, but predmninantly dark-gra11, 
with thin beds and lenses of sand and sand-
stone; irregular lim.estone concretions occur 
sparingly) UNCONFORMITY? 

c:: 
w 

~ (Chiefly cross-bedded sand and sandstone; f
...:S some of the sandstone cemented and crystcl-
~ lized into quartzite, and so'l'IW highly ferrugi-

~ r-:=1 
~ ~ 
~ Cook Mountain formation 
0 (Varicolored sandstones, ferruginous. mica-

..c ceous. and glauconitic. manu of the·m cross- >
·~ bedded and ripple marked; interbedded with ~ 
~ subordinate amounts of va•·icolored sand-
'-' stones and thin lenses of gray limestone) f= 

f' , nnm ,~ ::5 
1 ~ms ~ f-

Mount Selman formation 
(Chiefly clay of g•·ay, black, o•·eenish, and 

bluish colors, with some layers and lenses of 
sandstone and-li'l'IWstone; seve1·al beds of lig
nitic and bitumino-u~;; coal; calcareous con
cretions abundant throughout) 

~ nous; thin beds and lenses of variously 
colored clay• and limestones) 

UN- Y 

Indio formation 
1'hin-bedded and laminated argillaceous sands 
and arenaceous shales, with SO'l'IW layers of 
massive clay and lenses and layers of sand
stone) 

(Shale with some interbedded lenses and layers 
of sandstone and limestone and, in places, 

1 
conglomeratic beds at base) 

GREAT UNCONFORMITY 

~ 
Oil pool and wells 

D 
Well drilled for oil 

c:_~ 

.cuevi la..l!io 
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cubic feet and the· Lalirel Oil Co.'s well No. 1, 
at ~1irando, as blowing 40,000,000 cubic feet. 

. According to Lupton 43 the A via tor well, which 
is about halfway between Mirando and the 
Mirando City pools, was brought in with an 
estimated production of 40,000,000 cubic feet 
in J'ttne, 1922. Well No. 2 of the Schott Oil 
Co. is also a gasser. 

As the :first well was not completed when the 
writer was last in the field the structure in the 
M:irando district has not been worked . out. 
Wrather,44 however, states that the producing 
sands in the Mirando and the Jennings fields 
are at approxin1ately the same horizon. 

The future of the ~1irando field can not yet 
be confidently predicted, but the field will prob
ably be thoroughly tested by the end of 1922. 

Gas has been found at several other places, 
notably at Reiser, 2~ miles west of Aguilares, 
in Webb County; in the Spurrier wells Nos. 1 
and 3, in western Starr County; in the I-Iiggins 
Oil & Gas Co.'s wells, 15 miles southeast of 
Eagle Pass, in Maverick County; and in the 
well of the International Refining Co., 7 miles 
northeast of La Pryor, in Zavalla County. At 
Reiser, which is only a few miles northwest of 
the nortl;tern border of the Mirando field, the 
gas is obtained ·from the Y egua and Cook 
Mountain formations at depths ranging from 
150 to 1,650 feet. The Spurrier wells also con
tain gas, though in sn1all quantities, from the 
Yegua. The gas in the Higgins wells is ob
tained frmu Cretaceous beds. The well of the 
International Refining Co .. is reported to have 
struck a 50,000,000 cubic foot gas blow at a 
depth of 1,200 feet from the surface. The 
outcropping formation is the Indio, and pre
sumably this gas also comes from 0retaceous 
beds. 'l'.he first well at Pulliam, on the Uvalde
Zavalla county line, is reported to have pro
duced about 5 barrels of oil a day. 

So far as known the results of all other tests 
have been negative. I-Iowevel', outside of the 
Mirando field few of the deep test wells have 
been co'mpleted, and oil may have been struck 
in wells unknown to the writer. Several of 
the projects, notably those of the I·Iiggins, In
ternational, and Empire companies and the 
IIanchett project, have been carried on in a 
serious and intelligent manner, but tl?-e operators 

43 Lupton, C.'!'., oral communication to J.J. ,y, Stephenson. 
44 Wrather, W. K, '!'be M:irando Oil Co. well, Zapata County, Te..x.: 

Am. Assoc. Potrolown Geologists Bull., vol. 5, p. 625, 1921. 

drilling many of the wells have shown neither 
intelligence nor diligence . 

The search for oil and gas in paying quan
tities will be continued only with great diffi
culty and with large risk of. money. The work 
of locating and mapping areas in which the 
structure is favorable is difficult, and even a 
well-developed and accurately mapped anti
cline may contain no oil-bearing sand. The 
possibility that the San Miguel formation (cor
related with part of the Taylor marl. and the 
Anacacho limestone) of the Upper Cretaceous, 
may be petroliferous is not unpromising. The 
Cook Mountain formation gives some indica
tion of being a fairly persistent producing sand 
where the structure is favorable. Both oil and 
gas have been found in this formation in the 
Mirando field and in smaller quantities else
where. It appears to contain indigenous pe
troleum at Oil City, NacogdocJ:les County, and 
at Crowther, McMullen County. This forma
tion should be tested wherever drilling is done. 
The expenses of development will be high, for a 
large part of the region is not easily accessible 
to railroads or seaports, and even after develop
ment there is still the problem of getting the· 
product to market. 

Probably the most promising structural 
features to look for and to test are salt domes. 
About 50 per cent of the known Texas salt 
domes have produced oil and some of them 
have produced it in large quantities. The salt 
dome southeast of Falfurrias was tested some 
years ago by the Texas Co., but with negative 
results. The hill south of Mission, known as 
La Lomita, which may be a salt dome, is now 
being tested by the La Lomita Oil Syndicate. 
Other salt domes will doubtless be discovered 
in the region, and petroleum may be found in 
them. . 

On the whole the prospects of the ultimate 
discovery of one or more highly productive oil 
or gas fields in this region are not discouraging, 
but the preliminary work should be done with 
great care and the money required will be 
expended at considerable risk. 

COAL. 

According to Ashley, 45 the coal which has 
been extensively mined at Minero, Dolores, 
Cannel, and Santo Tomas, in Webb County, 

45 Ashley, G. H., The Santo Tomas cannel coal: U. S. Geol. Survey 
Bull. 691, pp. 251-2i0, 1919. 
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and which is in the Mount Selman formation, on the underground waters o{ the whole of the 
is probably the largest body of cannel coal of southern part of the Texas Coastal Plain. The 
bituminous rank in the United States,· if not in countie~ mentioned are close to the lower Rio 
the world. Johnson & Coleman are taking. Grande region and the conditions that prevail 
out enough of this .coal at their mine, 4 miles in them extend into this region. 
east of Palafox, to run their pumping plants on 
the river. Coal from the same formation, and BRICK-MAKING MATERIAL. 

probably of about the same quality, is found on Few of the clays of the lower Rio Grande 
Espada Creek, in Webb County, near the base region are suitable for making good brick. 
of the Mount Selman formation. A 14-inch There is an abandoned brick plant at Reiser. 
bed of c~al is also reported to outcrop near the The. pit is in uppermost Yegua or lowest 
top of the Mount Selman formation on the Rio Fayette, and the clay is fairly pure. Facing 
Grande at low water at and near the mouth of brick of good grade was made here. The plant 
Arroyo Santa .Isabella. was abandoned when the Border Gas Co. 

Beds of coal, probably of poorer quality, may shut down its gas wells at Reiser, thus shut
be obtained from the Indio and Bigford forma- ting off "the gas used as fuel. At no other 
tions at many places where these formations place in the region has facing brick been manu
outcrop. Lignite is found at the surface and 'at factured. 
shallow depths at places east and southeast of Along the lower Rio Grande and its main 
Dentonio and at the Mangrum and Rutledge delta distributaries there are numerous pits 
ranches, west and south of La Pryor. It is from ':vhich material is taken by Mexicans for 
also penetrated in wells at La Pryor. An 18 to making crude adobe brick. The largest and 
20 inch bed of hard, brittle, and bright coal most efficient plant of this kind is at Los 
outcrops 1! miles _above the mouth· of San Ebanos, ~bout 2 miles southwest of Sam 
Lorenzo Creek, in Webb County, in the Big- Fordyce. Beaumont terrace silts, or recent 
ford formation. There is also an exposure of fluvial silts, are mixed with water in the pit and 
coal at the mouth of the first creek smith of the worked into plastic masses having the con
Apache ranch house. sistency of dough. This material is thrown 

At Pilotes ranch, about 10 miles north of into trays containing six brick-sized compart
Palafox, as many as 11 seams of coal and bone ments, which are sprinkled with dry sand to 
were struck in a test drilling at depths ranging prevent it from sticking. The clay-filled tray 
from 74 to 236 feet. The surface formation . is then carried by hand to a sunny flat near the 
here is the Mount Selman, but the carbonace- pit and inverted, the wet bricks being left for a 
ous beds arein the Bigford formation. Coal in time to dry. · When they have dried out suffi
this same formation outcrops on Concillos ciently they are stacked or "ricked" in open 
Creek near its mouth and on Nueces River 2! piles for further drying by sun and wind. 
miles east of the Asherton-Big Wells road, a Finally they are placed in rough kilns made of 
few miles outside the Rio Grande region. adobe bri,gks and baked, branches of mes-

Coal is reported by Judge A. F. Spohn, of quite being used as fuel. The brick is poor, 
Zapata, t? occur just north of Zapata and in but it stands fairly well the pressure of the 
the valley of Dolores Creek near the Webb- common Mexican one-story house. 
Zapata county line. This lo~ality is in the GRAVEL. 

outcrop of the Cook Mountain formation. No The g~avel supplies of the region are plenti-
coal was seen, however, in the many sections of · ful, widely distrib:uted, and of good quality. 
the Cook Mountain formation exam_ined. 

WA';l'ER RESOURCES. 

Deussen and Dole 46 have investigated the 
underground water resources of La Salle and 
McMullen counties, and Deussen47 has reported 

te Deussen, A:lexander, and Dole, R. B., Ground water in La Salle and 
McMullen counties, Te.'l:.: U.S. Geol. Survey Water-Supply Paper 375, 
pp. 141-177, 1916. 

The Reynosa formation furnishes gravel of 
high grade for road ballast and concrete work 
practically wherever it is exposed, whether in 
the main outcrop of the formation or west of 
the Bordas scarp, where only patches of Rey-

n Deussen, Alexander, Geology and underground waters of the south· 
~stern part of the Te.'l:as Coastal Plain: U. S. Geol. Survey Water
Supply Paper 335, 1914; Geology of the Coastal Plain region of Te..,.as: 
U. S. Geol. Survey Prof. Paper 126 (in press). 
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also, but neither is this produced. The only 
sand. used commercially to-day is in the Beau
mont delta-like deposits at Mission and McAl
len, where 25-foot lenses of aln1ost pure-wh~te 
sand, underlie clay and silt. The sand ob
tained at Mission sells for $2.25 .a cubic yard 
at the pit. 

GYPSUM. 

The sediments of the region inclose a large 
amount of gypsum in thin beds, seams, plates, 
crystal aggregates, and larger bodies, but it is 
nowhere utilized. 

nosa are found. As only 1 per cent of the 
gravel is over 4 inches in dimneter, as three
fourths of the pebbles and cobbles are cmnposed 
of chert or other siliceous n1aterial, as the 
pieces. are well rounded and smooth, and as 
the 1naterial is practically nowhere so firmly 
cen1ented as to require blasting in its excava
tion, this deposit 1nakes excellent commercial 
gravel. There are half a dozen or more 
pits along the river between Smn Fordyce and 
Pe.fiitas. In son1e the loosely cemented and 
unconsolidated gravel is taken out with steam 
shovels, and in others it is rmnoved by hand. 
At some plants it is sorted by power-driven ROAD MATERIAL. 

screens, and at others by hand screening_. The quartzites, sandstones, limestones, con-
Most of the gravel is used in the valley, but cretions, and conglomerates of the regio~ 
son1e is shipped as far as Ho11ston. At would make good material for building roads, 
.Green's, in Webb County, on the International but as few roads have been built they have not 
& Great Northern Railway, where there is an yet been so utilized. Argillaceous and cal
outlier of Reynosa, a large pit has long been careous materials from the ·Reynosa formation 
under excavation. Most of the gravel is loaded have been used to harden an excellent road 
by. steam shovels into cars and used as ballast · through the sand belt from Falfurrias to Edin
on the railroad. Some of it has been used to burg, permitting auton1obile traffic into the 
surft1ce a section of the San Antonio-Laredo valley from coastal points farther north. 
wagon and automobile road between Green's Shallow pits are opened along the road every 
and vVebb. mile or two and the material is laid on a graded 

SAND. 

Good sand is not so abundantly produced. as 
g1;avel, although there is plenty of it. The 
sand lenses in the Reynosa would furnish 
some, but they do so only where the sand is 
mixed with the fmest grades of gravel. The 
sand sorted out of the Reynosf:t by the wind 
and piled into ~unes in the main sand belt 
and elsewhere is generally pure, fine-grained 
quartz sand, but it is not used commercially. 
An abundance of sand is derived frpm the 
coastal beaches and lagoons in the sand belt 

surface of sand. This road lacked about 10 
miles of being completed in 1920. The same 
materia.! is being used in the same way on the 
sandy road to Rio Grande City from Hebbron
ville. · 

CEMENT. 

It is possible that a proper combination of 
limestone, clay or shale, and gypsum might be · 
found for the manufacture of Portland cement, 
coal, oil, or gas being used for fuel, but no 
comn1ei·cial concern has yet found this com
bination. 





NEW SPECIES OF MOLLUSCA FROM THE EOCENE DEPOSITS OF 
SOUTHWESTERN TEXAS. 

By JULIA GARDNER. 

The new species and subspecies whose names 
are used in the preceding paper by A. C. 
Trowbridge are described below. One species 
that had already been described and that is 
here treated as a subspecies of Ostrea ala
bamiensis is considered in· detail because of its 
abundance in the middle and ·upper Eocene 
deposits in the lower Rio Grande region. 

'"!"'he letters after some of the station numbers 
have the following significance: (a) abundant, 
(c) col11J1ion, (p) present, (r) rare. 

PELECYPODA. 

Family NUCULIDAE. 

Genus NUCULA Lamarck; 

Nucula sp. 

Plate XXIX, figure 3. 

The rock in the area a little south of Laredo, 
in Webb County, is made up'largely of a Nucula, 
which is probably distinct from any species 
described, though it is very close to N. magnifica 
Conrad. It is about 3 centimeters high and 
broad and is sculptured with prominent growth 
lines and a uniformly developed, subcutaneous 
radial threading. No hinges or perfect exte
riors have been found, but the pearly frag
lnents of the thick s)lell pack the matrix. 

Occurrence: Cook Mountain formation. Sta
tion 7492 (p), 1 mile east of Laredo; station 
8818 (a), 5 miles southeast of Laredo, Webb 
County. 

Family OSTREIDAE. 

Genus OSTREA (Linnaeus) Lamarck. 

Ostrea tasex Gardner, n. sp. 

Plate XXXI. 

?Ostrea.m,ultilirata Conrad, U. S. and Mex. Boundary Sur
vey Hept., vol. 1, pt. 2, p. 157, pl. 12, figs. 1 a-d, 
1857. 

Shell of only 1noderate dunensions for the 
genus, subequivalve, ovate-trigonal in outline, 
generally somewhat produced anteriorly; sur
face layer decorticated; both the right and left 
valves radiately sculptured with 15 to 20 fine, 
approxilnately uniforn1, rippling riblets, similar 
to those developed upon the attached valve of 
0. crenulimarginata Gabb; ligament area mod-

910480-23-8 

erately large, ~omewhat flattened in the right 
valve, the medial depression relatively wide, 
broadly but not deeply excavated; growth 
striae . obvious; lateral margins very finely 
crenate, the crenae persistent in some individ
uals around the entire inner margin; basal mar
gin often fluted in harmony with the external · 
sculpture; adductor n1uscle scar crescentic,ljrng 
below the median horizontal, moderately large, 
not very deeply excavated; pedal scar obscure. 

Dimensions: Right valve, altitude 80 milli
meters, latitude 65 millimeters; left valve, 
altitude 98 millilneters, latitude 72 millilneters. 

Type locality: Station .8925, a quarter of a 
mile northeast of Glass ranch headquarters, 
Dimmit County, Tex. 

Ostrea· tasex is the analogue in southwestern 
Texas of Ostr~a crenulimarginata of the Midway 
of Alabama. In the Alabama species, how
ever, the right valve is smooth, but in those. 
found along the Rio Grande the two valves are 
similarly sculptured. Toward the umbones the 
radials are sharply elevated, though they tone 
down into ·an even fluting toward the outer 
margin. 

Ostrea tasex is proba.bly identical with Ostrea 
1n1.~ltilirata Conrad, collected from the so-called 
Cretaceous of "Dry Creek, Mexico." Conrad'~ 
types are in the National Museum and are 
fairly well preserved. Nothing of the. kind has 
been reported from the Cretaceous by later in
vestigators who have collected extensively in 
the Rio Grande area. However, Ostrea cortex, 
collected at the same locality, is certainly a 
Cretaceous species, and until "Dry Creek" can 
be definitely located and the confusion in the 
stratigraphic relations cleared the Wilcox form 
n1ay well be kept apart. 

Stations in Indio fonnation. 

8927 (c). 4 miles south of Rockdale, Milam County. 
6278 (a). 11 miles south of Sabin,al, Uvalde Couu"ty. 
3187 (r?). East side of the Rio Grande, in Maverick 

County, about 3~ miles above the mouth of San Ambrosia 
Creek. 

9173 (c). 17 miles west of Carrizo Springs, Dimmit 
County. 

109 
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8925 (c). A quarter of a mile northeast of Glass ranch 
headquarters, Dimmit County. 

1/67 (c). 3 miles north by west of San Pedro ranch, on 
the Maverick-Dimmj.t County line. 

Ostrea .alabamiensis subsp. georgiana Conr.ad. 

Plate XXIX, figures 6, 7; Plate XXX. 

Ostrea georgiana Conrad, A cad. Nat. Sci. Philadelphia 
Jour., 1st ser., vol. 7, p. 156, 1834. 

Dana, Manual of geology, 1st ed., p. 519, fig. 811, 1863. 
. Dall, Wagner Free Inst. Sci. Trans., vol. 3, pt. 4, 

p. 683, 1895. 
Ostrea titan Conrad, Acad. Nat. Sci. Philadelphia Proc., 

1st ser., vol. 6, p. 199, 1854; Pacific R. R. Rept., 
vol. 6, pt. 2, p. 72, pl. 4, fig. 17a; pl. 5, fig. 17a, 1857. 

Ostrea contracta Conrad, U. S. and Mex. Boundary Survey 
Rept., vol. 1, pt. 2, p. 160, pl. 18, fig. 1 a-d, 1857. 

Ostrea alabamiensis Conrad var. contracta Harris, Bull. Am. 
Paleontology, vol. 6, p. 9, pis. 3, 4, pl. 5, fig. 2, 1919. 

. Type localities: "Orangeburgh, S. C.; Shell 
Bluff and near Milledgeville, Ga.;'-Conrad, 
1834. 

Ostrea alabamiensis subsp. georgiana is the 
most conspicuous species in the later Eocene 
of Texas, and in many localities it is the only 
fossil collected. Its range of variation, like 
that of other oysters, is wide. Only a very 
small percentage of individuals retain the fine 
epidermal sculpture, .the one constant feature, 
and one identical with that of 0. alabamiensis. 
However, in the large inass of material avail
able for study-several hundred individuals
certain differences in the average individual 
developed at the different horizons can be de
tected. None of the huge, very much elon-

' gated and massive shells so common in the 
Fayette near Roma in Starr County have been 
found i:J;l the Cook Mountain formation farther 
north. The forms occurring at this lower 

. horizon are of only moderate dimensions, 
usually relatively thin and broadening at the 
base, and, as a rule, conspicuously laminar. 
This decided laminosi ty is one of the more per
sistent features of the Cook Mountain 0 .. geor
giana. The Cook Mountain form grades ill to 0. 
. alabamiensis though the hinge is usually heavier 
~nd more elol).gated. The very large, massive, 
narrow, and elongate individuals described by 
Conrad under 0. contracta occur in considerable 
numbers in the Y egua, and in the Fayette this 
type has shut out almost entirely the smaller 
and thinner race of the Cook Mountain. 

Stations in Cook .Mountainjormation. 

6650 (c), 6657 (c), 6652 (c). Environs of Cotulla, La Salle 
County. · · 

8816 (p). 100 feet south of windmill, Marguerita ranch, 
6.4 miles west of Webb Station, Webb County. 

8785 (p). 2.1 miles east of Webb, Webb County. 
8841 (p). Half a mile west of triangulation station 

Dolores, 2 miles north of Dolores, Webb County. 
8842 (p). Three-fourths mile west of triangulation sta-

tion Dolores, Webb County.· 
8830 (p).' 10 miles northwest of Laredo, Webb County. 
2113 (c). 5 miles northeast of Laredo, Webb County. 
8765 (r). 2.3 miles northeast of Laredo, at crossing of 

San Antonio road with International & Great Northern 
Railway, Webb County. 

7492 (p). 1 mile east of Laredo, Vlebb County. 
6058 (c) (old series). Laredo, \Vebb County. 
8835 (a). 6 miles southeast of Laredo, \Vebb County. 
6436 (r). La Perla ranch, below Laredo, Webb County. 
8840 (c). North bank of Salado Creek, Zapata County. 
9116 (c). Soledad, Zapata County. 
9112 (c). 2 miles down the river from Zapata, Zapata 

County . 
9109 (p). Rio Grande prospect, 4.8 miles southeast of 

Zapata, on Roma road, 2.5 miles northeast of main road 
Zapata County ' 

9110 (p). 4.8 miles.southeast of Zapata, Zapata County. 
9113 (c). 5! miles southeast of Zapata, Zapata 0ounty. 
9175 (p). 14.2 miles below Zapata, Zapata County. 
6432 (r). Arroyo Dolores, Zapata County. 
9106 (r). Zapata County. 

Stations in Yeguaforrnation. 

8784 (a). 3.4 miles. east of Cactus Station, Webb County. 
8809 (c). 12 miles northeast of Laredo, Webb County. 
8849 (p). 7 miles northeast of Laredo, Webb County. 
8061 (c). 7 miles east ofLaredo, Webb County. 
8834 (a). 8 miles east of Laredo, Webb County. 
9119 (p). 2! miles southwest· of Alejandrefias ranch, 

Zapata County. 
7741 (r). 1 mile northwest of Pedernal ranch headquar

ters, Zapata County. 
9182 (a). 3.2 miles northeast of Lopefio, Zapata County. 
8843 (a). 23~ miles northwest of Rio Grande City, Zapata 

County. 
9187 (p). 21 miles south of Romirefio, Zapata County. 
9188 (p). 3 miles south of Romirefio, Zapata County. 

Stations in Fayette sandstone . 

6147 (a). C. T. Tom ranch, i mile south of Campbellton, 
Atascosa County. 

6144 (a) 6 miles east of Campbellton, Atascosa County. 
6146 (p). 3 miles southeast of Campbellton, Atascos"B 

County. 
3601 (r). Winchester, Fayette Co'unty . 
9094 (p). Reiser, Webb County. 
9098 (c). 1.3 miles southwest of Webb-Zapata shallow 

oil field, Zapata County. 
7740 (a). Charco Redondo ranch, Zapata County. 
8060 (p). Charco Redondo ranch, Zapata County. 
9179 (p). 3.6 miles northeast of Palo Blanco ranch, Za

pata County. 
9181 (a). 3 miles northeast of La Presa ranch house, 

Zapata County. 
9096 (c). 3.6 miles south of Huisatche ranch, Jim Hogg 

County. 
9192 (p). 19 miles north of Roma, Starr County. 
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9191 (c). 15 miles north of Roma, Starr County. ., tions of the shell but absent upon the posterior 
9189 (r). 7 miles above Roma, Starr County. third, narrower than those·upon the right valve 
9193 (c). 1.7 miles northeast of Agua Dulce ranch, north and separated by interspaces of a width almost 

of H.oma, Starr Co.unty. . . equal to the radials· sculpture of posterior area 
7493 (p). 12! miles below Arroyo Tigre on road to Roma, . .

1 
. h ' l . . l 1 

Starr County. Slllll ar 1n t e two va ves, Incrementa scu p-
Stations in Frio clay. ture pronounced, particularly toward the base; 

6666 (r). 9 miles north of Tilden, McMullen County. hinge area of moderate width for the genus, 
6G65 (a). One-fourth mile east of post No. 7, west of obliquely grooved; hinge very imperfectly pre-

Tilden, :McMullen County. served; very narrow medially with short ver-
3093 (p). Fort H.inggold, Starr County. tical teeth, abruptly widening near the extrem-

Family PARALLELODONTIDAE. ities; distal teeth coarse, few in number, and 
Genus CUCULLAEA Lamarck. rudely parallel to the hinge margin; characters 

Ouc'l.tllaea is one of the more conspicuous of interior not known. 
fossils in the Midway of Texas. Apparently Dimensions: Altitude,42.0millimeters; length 
there is but a single species, though the sn1all of hinge, 39.0 millimeters; maximum latitude, 
and poorly pi·eserved northern forn1s may 4 7.5 millimeters; diameter, 40.0 ± millimeters. 
prove to be distinct from those of the Rio Typelocality:WhiteBluff,RioGninde,Mav
Grancle province. This species is certainly not erick County, Tex. Type, U. S. National 
identical with 0. macrodonta, found farther Museum: 
east, though the differences may not be of spe- The specimens from Kaufman County, in the 
cific rank. Its relation to 0. saffordi Gabb, northern part of the State, are smaller than 
described fr0111 a lost type two-tenths of. an those from points along the Rio Grande. They 
inch in latitude, is even less definite. differ, too, in the more uniform development 
Cucullaea (macrodonta subsp.?) texana .Gardner, n. of a radial sculpture upon the posterior area. 

subsp. Oucullaea (macrodonta subsp. ~) texana varies 
Plate XXIX, figures 4, 5. widely in outline and to a lesser degree in 

Oucullaea macrodonta Harris (part), Bull. Am. Paleontol- detail of sc~lpture. The shell runs larger and 
ogy, vol. 1, No.4, p. 165, 1896. heavier than the typical 0. macrodontCL Whit..;. 

0uC1.tllaea saJ}ordi Harris (part), Bull. Am. Paleontology, field, and the sculpture of the left valve, though 
vol. I, No. 4' P· 165, 1896· discrepant, is regular and differs from that of 

Shell large, heavy, inflated, the single valves the right only in the narrower ribs, wider inter
rudely quadrate. in outline, the. double valves spaces, and in its development over a more 
cordate in cross section through the umbones; restricted portion of the shell. These . differ
Uinbones protninent, inflated, overhanging the ences, though slight, are fairly constant in the 
cardinal area, the tips incurved and prosogy- imperfect material in hand. Oucullaea saffordi 
rate, slightly in advance of the median vertical; Gabb was described from a shell 0.2 inch in 
length of hinge approximately five-sixths that latitude. This type, according to H~rris, has 
of the shell; anterior extremity angulated dor- been lost. Until the young have been corre
sally, rounding broadly into the ventral mar~ lated with adults at the type locality and the 
gin; base line approximately horizontal medi- species adequately described from sucl~ mate
ally; post.erior extreinity obliquely tr~ncate; rial the characters of 0. saffordi Gabb must be 
posterior area flattened, delimited by a narrow open to question. · There is need for uncommon 
~ut obtuse ridge with a shallow sulcus behind caution in Hardeman County, as the Upper 
it; valves differentially sculptured, the right Cretaceous and Eocene outcrops are very near 
valve exhibiting about 30 low, broad radials to one another and were confused in some of 
sepu,rated by linear interspaces and persisting the earlier collections. 
to the posterior keel, where they abruptly dis
appear; a very fine, close, and uniform radial 

Stations in ~Midway formation. 

cording developed upon the posterior area in 2440 (c). 4 miles east of Kemp, Kaufman County. 
some individuals, but commonly absent, as in 2439 (r). 1 mile east of Webberville, Travis County. 

?6584 (r). D'Hanis-Yancey road, about 7t miles east of 
the type, or evanescent toward the margin. south of D'Hanis, Medina County. 
Left vu,lve exhibiting only about 24 radials 3180 (c). Bluff on Frio River, half a mile below Myrick's 
distributed over the medial and anterior por- ·(Evans's) apiary, Uvalde County. 
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583 (r). 18 miles southea~t of Eagle Pass'; Maverick 
County. · . 

4398 (p). 18 miles southeast of Eagle Pass, Maverick 
County. 

6583 (p). Biboro Creek, just below Biboro tank, about 
18 miles southeast of Eagle Pass, Maverick County. 

6575 (c). White Bluff on Rio Grande, land of Indio Cat
tle Co., about 4} miles west of south of Jacal ranch house, 
in southeastern part of Maverick County. 

Family CARDITIDAE. 

Genus VENERICARDIA Lamarck. 

Venericardia (alticostata subsp.?) whitei ·Gardner, n. 
subsp. 

Plate XXXII, figure 3. 

Venericardia alticostata Harri~ (part), Bull. Am. Paleon
tology, vol. 1, No. 4, p. 171, pl. 5, fig. 3, 1896. 

Not Venericardia perantiqua Conrad, Am. Jour. Conchol
ogy, vol. 1, p. 8, 1865. 

Shell small but thick and heavy, tranversely 
elongated in outline, rather compressed; um
bones low, broadly rounded, for the most part 
strongly anterior in position; lunule minute; 
anterior extremity bowed in front of the lunule; 
posterior extremity obliquely produced and 
broadly rounded; base line feebly arcuate; sur
face coarsely sculptured radially; radials 
usually 19 to 21 in number, broad, crowded and 
heavily corrugated upon the anterior and me
dial portions of the shell; narrow and less 
closely spaced posteriorly; ligament characters 
not known; dentition apparently normal, very 
poorly preserved in all the material available 
for study; adductor scars very distinct; pallial 
line simple; inner margins very coarsely crenate. 

Dimensions: Altitude, 25 millimeters; lati
tude, 31 millimeters; semidiameter, 13.5 milli
meters. 

Type locality: Station 3180, Bluff on Frio 
River half a mile below Myrick's apiary, Uvalde 
County. 

The new subspecies differ,s from V. alticostata 
s. s. and from the subspecies hesperia in the 
simple radials. V. smithii is larger and rela
tively higher as a rule, with normally over 30 
radials instead of less t~an 25, as in whitei. 

Venericardia perantiqua was described under. 
the name Oardita subquadrata by Gabb from 
the Eocene of New Jersey. The casts are very 
imperfect, but they indicate a much compressed, 
trigonal to s~bquadrate f9rm quite unlike any
thing reported from the Eocene of Texas or of 
the Gulf. 

The form is named in honor of Dr. Charles A. 
White, one of the formnost of the earlier paleon
tologists and one of the first to collect from the 
Texas Tertiary formations. 

Stations in .Midway formation. 

3180 (p). Bluff on Frio River half a mile below Myrick's 
(Evans's) apiary, Uvalde County. · · 

6279 (r). 11 !niles south of Sabinal, a few hundred yards 
south of the junction of Elm Creek with Sabinal Creek, 
Uvalde County. 

4398 (r). 18 miles southeast of Eagle Pass, Maverick 
County. 

V enericardia alticostata subsp. hesperia Gardner, n. subsp. 

Plate XXXII, figures 1, 2. 

Venericardia alticostata Harris (part), Bull. Am. Paleon
tology, vol. 1, No. 4, p. 171, 1896. 

Not Cardita alticostata Conrad, Am. Jour. Sci., 1st ser., 
vol. 23, p. 342, 1833. · 

Shell of moderate dimensions, thick, porcel
lanous, inflated-cordate in cross section; um
bones prominent, well rounded, slightly ante
rior in position; lunule very small, deep; ante
rior extremity strongly and evenly bowed in 
front of the lunule; posterior dorsal margin 
gently sloping, the posterior lateral margin ob
liquely truncate; base line feebly arcuate, 
strongly upcurved anteriorly, abruptly rounded 
posteriorly; gen,eral character of surface sculp
ture similar to that of V. alticostata s. s.; ra
dials not far from 20 in number, normally tri
partite on the anterior and medial portions of 
the shell as in V. alticostata.; crest of radials 
narrow and sharply serrate; lateral "terraces" 
well defined; inter-radial channels broadly· U
shaped;· incremental sculpture very fine and 
sharp; heavy growth stages rarely developed; 
hinge and ligament characters poorly preserved; 
hinge plate thick, heavy; adductor scars im
pressed, the anterior excavated; pallial line 
simple; inner margins deeply crenate. 

Dimensions: Altitude, 38 millimeters; lati
tude, 37 millimeters; diameter, 44 millimeters. 

Type l.ocality: Station 3180, Bluff on Frio· 
River half a mile below Myrick's apiary, 
Uvalde County. 

The subspecies hesperia is shorter and wider 
than ·v. alticostata and more inflated in the urn
bona! region·. In sculptural characters, how
ever, the two forms are sin1ilar. 

Venericardia bulla Dall is smaller and rela
tively higher and has a higher and relatively 
heavier hinge plate and less numerous radials. 
In both V. smithii Aldrich and V. alticostata 
subsp. whitei the radials are simple. 

Stations in :Midway formation. 

1/128 (p). It miles northwest of New Fountain,_ Medina 
County. 

3180 (p). Bluff on Frio River half a mile below Myrick's . 
(Evans's) apiary, Uvalde County. 
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3181 (p). l'i'rio River just above waterhole opposite 
apiary, below Englemann's ranch, Uvalde County. 

?6279 (r) (No. 274c). 11 miles south of Sabinal, a few hun
dred yards south of the junction of Elm Creek with 
Sabinal Creek, Uvalde County. 

?4398 (r). 18 miles southeast of Eagle Pass, Maverick 
County. 

6583 (p). Biboro Creek, just below Biboro tank, about 18 
miles southeast of Eagle Pass, :Maverick County. 

6575 (p). \Vhite Bluff on Hio Grande, land of Indio Cat
tle Co., about 4! miles west of south of Jacal ranch house, 
in the southeastern part of Maverick County. 

Family VENERIDAE. 

Genus CALLOCARDIA. 
Callocardia astartoides Gardner, n. sp. 

Plate XXXII, figures 4-7. 

Shell small for the genus, thick shelled, trig
onal, ovate in outline, astartiform, moderately 
cOin pressed; umbones not conspicuous, the tips 
proximate and prosogyrate, slightly anterior; 
lunule rather wide, cordate, slightly depressed, 
and delineated by an incised line; escutcheon 
not defined; anterior extremity bowed slightly 
in front of the lunule; posterior end of shell 
obliquely truncate and feebly arcuate from the 
umbones to the basal margin; base line arcu
ate, more abruptly rounded posteriorly than 
anteriorly; external surface :finely and evenly 
threaded concentrically; resting stages con
spicuous, usually one strongly defined near 
the umbones and several not quite so prominent 
toward the base; a fine and regular radial linea
tion visible upon weathered surfaces; external 
ligament mounted upon a rather heavy nymph 
produced more than one-third of the length of 
the posterior dorsal margin; dentition robust; 
the lruninar anteri01· cardinal of the right valve 
broken away; medial cardinal rather slender, 
cuneate; posterior cardinal produced; left an
terim· and n1edial cardinals united under the 
mnbones to form an asymmetric V, the anterior 
cardinal slender, the medial cardinal relatively 
heavy and deltoid; posterior left cardinal 
broken away, doubtless very thin and laminar; 
a very s4ort obtuse lateral tooth developed in 
the left valve, received in a corresponding 
socket in the right; adductor scars distinct, the 
anterior the more prominent; pallial sinus pro
duced almost to the median vertical, obtusely 
trigonal; inner margins entire. 

Dimensions: Right valve, altitude 16.0 mil
limeters, latitude 16.5 millimeters, semidiameter 
7.4 millimeters; left valve, altitude 17.0 milli
nleters, latitude.17.3 millimeters, semidiameter 
8.6 millimeters. 

Type locality: Station 8833, about 7 miles 
up the Rio Grande from Laredo, at Knob 
Bluffs, a quarter of a mile above pump of Santa 
Barbara farm, Webb County, Tex. . 

Oallocardia a~tartoides is a remarkable species, 
uniting the dentition and sinal characters of the 
Veneridae with the external outline and sur-· 
face sculpture of certain of the Astartidae. The 
occurrence· oi so 'primitive a type of a highly 
specialized group in the early Tertiary beds is: 
of unusual interest. 

Oallocardia astartoides is the dominant species. 
at the type locality and common at a number 
of other localities in the Cook Mountain forma-· 
tion. 

Stations in Coole ~Mountain jo.rmation. 

?8850 (c). 500 yards southwest of Espejo ranch, 8 miles: 
south of Laredo, Webb County. 

8833 (a). About 7 miles up the Rio Grande from Laredo, 
in Knob Bluffs, a quarter of a mile above pump of Santa 
Barbara farm, Webb County. 
· 8768 (c). 1! miles-north of and a trifle east of the third 

gate, 7 miles southeast of Velenzuela ranch house, Webb 
County. · 

8770 (c). 39.9 miles north of Rio Grande City, Starr 
County, on river road to Zapata, just north of Lopeno post 
office, Zapata County. 

Family TELLINIDAE. 

Genus TELLINA (Linnaeus) Lamarck. 

Tellina sp. A. 

Plate XXXII, figures 8, 9. 

Shell large, not very thin, much compressed, 
transversely ovate-trigonal in outline, nearly 
equilateral; umbones flat, inconspicuous except 
by reason of their position at the apex of an 
angle of not far from '120°; anterior and pos
terior dorsal margins nearly similar, the pos
terior declining, perhaps, a little more steeply; 
lateral extremities quite sharply rounded; base 
line symmetrically arcuate;· an inconspicuous 
rostral fold developed near the posterior 
dorsal margin, defined rather by the abrupt 
change.in the direction of the incrementals than 
by its elevation; surface sculpture incremental 
in character, least feeble posteriorly and toward 
the basal margin, becoming abruptly stronger 
~ehind the rostral fold and indicating by the 
undulation a second very obscure fold; char
acters of ligament and hinge not known; ad
ductor scars commonly quite prominent; pallial 
sinus obscure but apparently very deep, pro
duced almost to the anterior adductor, not 
confluent below. 
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The species is decidedly larger than any other Station in Cook Mountain formation. 

found in the Eocene of Texas. A latitude of 6434. A quarter of a mile south of Espejo ranch, south 
40 millimeters is not uncommon and one of Laredo, Webb County. 

cast, presumably identical, reaches an altitude· Family TEREDINIDAE. 
of 40·with a probable latitude of 60 millimeters 

U 
Genus TEREDO Linnaeus. 

or more. nfortunately, only casts, some of 
them with a few fragments of shell adhering, Teredo maverickensis Gardner, n. sp. 

are preserved. Tubes of moderate' dimensions, somewhat 
Stations in Cook Mountain formation. irregular in growth habit though tending to fol-

8771 (p). 4 miles southeast of Laredo, Webb County. low the grain of the wood_; closely and quite 
6404 (p). 1 mile west of Canada Verde ranch, Webb sharply rugose; characters of valves not known. 

County. Dimensions: Diameter, 6.0 millimeters; thick-
6436 (c).· La Perla ranch below Laredo, Webb County. ness of shell, 0.6 millimeters. 
?8837 (r). 3! miles above San Ygnacio, Zapata County. Type locality: Station 1/277, Rio Grande, 
?8770 (p). Lopeno post office, Zapata County. 

lower end of Maverick County, about 40 feet 
Family PHOLADIDAE. below Midway-Wilcox contact. 

·Genus MARTESIA Leach. This teredo, which packs a large fragment of 
Martesia? laredoensis. Gardner, n. sp. fossilized wood, is the first that has been report-

Plate XXXII, figure 10. ed from the Midway of the Gulf. It differs from 

Shell v·ery thin, transversely elongated, taper
ing posteriorly, strongly inflate"d; anterior third 
of shell cut .off by a deep but narrow groove, 

\ .dropped from the umbones and extending 
obliquely backward; umbones low, conforming 
to the tubular outline of the shell, prosogyrate; 
anterior extr0mity rounding smoothly into the 
upcurved base; posterior dorsal and ventral 
margins slowly converging, the narrow lateral 
extremity vertically truncate; shell usually 
decorticated but so thin that the sculpture is 
reflected on the cast; a c~mcentric sculpture, 
incremental in character and more or less irreg-

. ular, developed over the entire shell hut stronger 
upon the anterior third; radials approximately 
equal in strength to the concentric rugae and, 
like theni, somewhat irregular, developed only 
in front of the groove; characters of the hinge 
and of the interior not known. . 

Dimensions: Altitude, 9.0 millimeters; lat
itude, 20.0 ± millimeters. 

Type locality: Station 6434, a quarter of a 
mile south of Espejo ranch, south of Laredo, 
in Webb County, Tex. 

Martesia texana Harris is similar to this 
species in outline and general dimensions, but 
the umbones of the Cherokee County species 
are not so near to the anterior extremity, the 
groove cuts off decidedly more than the ante
rior third, and there is an_ apparent absence 
of any radial sculpture. No trace of either 
M.' texana or M. laredoensis has .been found 
except at the type localities. 

the later Eocene teredos in the less · regular 
growth habits and particularly in the very 
decided, close, sharp. wrinkling of the surface. 
The value of these differences is increased by 
the difference in the habitat. It is interesting 
to find a record· ~f the unfortunate appetite 
of this animal in the Midway of Texas. 

StrJ,tion in Midway formation. 

1/277. Rio Grande, .lower end of Maverick County, 
about 40 feet below Midway-Wilcox contact. 

GASTROPODA. 

Family CERITHfiDAE. 

Genus CERITHIUM Bruguiere • 

Cerithium? sp. A. 

Plate XXIX, figures 1, 2. 

Internal casts of Oerithium-like forms occur 
in considerable numbers in southwestern Texas 
and serve as excellent horizon markers of the 
Midway. These casts indicate a rudely biconic 
shell with the maximmn diameter in front of the 
median horizontal. The whorls of the conch 
were probably about 6. or 7 in nu1nber, rudely 
trapezoidal in outline and increasing quite 
rapidly in diameter. The body was smoothly 
rounded in the adults, though probably rather 
acutely angulated in the young. Some indi
viduals show a suggestion of an irregular 
Oerithium-like ribbing. The aperture was ap-. 
parently between: one-third and one-half as 
long as the entire shell and was obliquely 
lenticular in outline. A specific name is 
reserved in the hope that the shell may come 
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to light later. In the meantime these easily 
recognizable casts may be of service in indicat
ing the Midway age of the formation in which 
they are carried. 

Dimensions of imperfect figured specimen: 
Altitude, 42.0 millimeters; maximum diameter, 
21.0 millimeters. 

Stations in :Midway formation. 

3180 (p). Bluff on Frio H.iver, half a mile below My-
rick;'s (Evans's) apiary, Uvalde County. . 

G576 (c). Land of Indio Cattle Co., 1i miles below 
White Bluff, about 4~ miles southwest of Jacal ranch 
house, Maverick County. 

8799 (p). Texas side of the H.io Grande 1 mile below 
the Bless~ ranch house, Maverick County. 

CEPHALOPODA. 

Family CLYDONAUTILIDAE Hyatt. 

Genus ENCLIMATOCERAS Hyatt. 

Enclimatoceras vaughani Gardner, n. sp. 

Plate XXXIII. 

Shell large, rather compressed toward the 
apex, more broadly rounded ventrally toward 
the aperture, obliquely flattened laterally; 
whorls numerous, increasing but slowly in 
latitude; the altitude of the earlier whorls a 
little more than th~ee times their average width 
from suture to suture, of the later whorls a little 
less; final whorl of a half grown specimen 
rudely reniform in outline, somewhat auricu
late laterally, concave, the diameter of the 
whorl approximately double the altitude; 
umbilici quite str.ongly depressed, -their periph
eries obscurely carinate; ventral saddle very 
broad and nearly horizontal; lateral lobes 
broad a.nd very shallow; lateral saddles rela
tively narrow and moderately deep; siphuncle 
dorsad, 1nigrating slowly toward the center 
with increasing age; surface not known. 

Dimensions: :Ma...-xi1nu~ diameter of shell, 
168.0 ± millimeters; diameter of shell at 

right angles to 1naximum diameter, 140.0 ± 
millimeters; thickness 100.0 millimeters. Ado
lescent individual: Maximum diameter of shell, 
93.0 ± millimeters; diameter of shell at right 
angles to maximum diameter, 64. 0 ± milli
meters; maximum thickness, 73.0 ± milli
meters. A larger but i1nperfect individual 
attains a maximum diameter of 220.0 milli
meters. 

Type locality: Station 3178, three-fourths 
mile northwest of Myrick's (Evans's) apiary, 
Frio River, Uvalde County. 

Encli~toceras vaughani is the Texas ana
logue of Encli~toceras ulrichi (White), of the 
Midway of Alabama, a form very sitnilar in 
~eneral dimensions and outline. The adult 
E. vaughani are, as a rule, n1ore compressed 
than the adult E. ulrichi, but the young of the 
two species show similar ranges of variation. 

The umbilici also seem to be a little more 
depressed in the Texas species. The most 
obvious and constant difference, however, is 
in the outline of the lobes and saddles. The 
sutures in E. ulrichi are much more flexuous 
than those of E. vaughani. In E. vaughani the 
v:entral saddle is nearly horizontal and the 
lat.eral lobes exceedingly shallow: In E. ul
richi the ventral saddle is perceptibly arcuate 
and the lateral lobes are strongly incurved. 
The lateral saddles are well developed in both 
species, though they are deeper in the Texas 
form. 

I have the honor of dedicating this species 
to Dr. T. Wayland Vaughan. 

Stations in :Midway formation. 

3178 (p). Three-fourths mile northwest of Myrick's 
(Evans's) apiary, north of Frio H.iver, Uvalde County. 

3179 (p). Half a mile northwest of Myrick's (Evans's) 
lower apiary, south side of Frio River, Uvalde County. 

Frio H.iver half a mile above Bob Evans's (formerly 
Myrick's) apiary, Uvalde County. 
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3 4 

6 
EOCENE MOLLUSCA FROM SOUTHWESTERN TEXAS. 

1 , 2 . Cerililium? sp. A. 1, Dorsal view, X 1; 2, apertural view, X 1. 
3 . Nucula sp. Exterior o[ right valve, X 1. 

2 

7 

4, 5 . Cucullaea ( .Macrodonta subsp. ?) texana Gardner, n. subsp. 4, Front Yiew, X 1; 5, exterior o[ le[t vah·e, X 1. 
6, 7. Ostrca alabamiensis subsp. georgiana Conrad. 6, Exterior o[ le[t va!Ye, X I; 7, interior o[ le[t valve, X 1 
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IT. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 131 PLATE XXX 

EOCENE MOLLUSCA FROM SOUTHWESTERN TEXAS. 

Ostrca alabamicnsis subsp. georgiana Conrad. Exterior of right yaJ\·e, X 1. 
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2 
1 

3 4 

EOCENE MOLLUSCA FROM SOUTHWESTERN TEXAS. 

1-4. Ostrea tasex Gardner, n. sp. 1, Exterior of left valve, X 1; 2, interior of left valYe, X 1; 3, e.xterior of right vah·e, X 1; 4 , interior 
of right valve, X 1. 
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5 7 11 
EOCENE MOLLUSCA FROM SOUTHWESTERN TEXAS. 

1, 2 . Vcncricardia alticostata subsp. hesperia Gardner, n. subsp. 1, Front view, X 1; 2, exterior of right valve, X 1. 
3 . Venericardia alticostata subsp. wllitei Gardner, n . subsp. Exterior of right valve, X 1. 

10 

4-7. Callocardia astartoides Gardner, n. sp. 4, Exterior of right valve, X 2; 5, interior of right valve, X 2; 6, exteriorof left valve, X 2; 
7, interior of left valve, X 2. 

8, !). TeUina sp. A. 8, Internal cast 0f left valve, X 1; 9, internal cast of left valve, X 1. 
10. loiartesia laredoensis Gardner, n. sp. External cast of ri ght valve, X 2. 
11. Teredo maverickensis Gardner, n. sp. Longitudinal views and natural cross sections of tubes in fossil wood, X 1. 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 131 PLATE XXXIU 

2 
EOCENE MOLLUSCA FROM SOUTHWESTERN TEXAS. 

l-3. Enclimatocaas vaughan! Gardner, n. sp. 1, Lateral view X 1; 2, cross section of adolescent individual, X 1; 3, apertural ,-iew of adolescent 
individual. X 1. 



PHELIMINARY REPORT ON FOSSIL VERTEBRATES OF THE SAN PEDRO 
VALLEY, ARIZONA, WITH DESCRIPTIONS OF NEW SPECIES 

OF H.ODENTIA AND LAGOMORPHA. 

By JAMES w. GIDLEY. 

INTRODUCTION. 

On the initiative of the United States Geo
logical Survey and with th~ cooperation of the 
United States National :Museum, I was privi
le~~ during February, ~1arch, and. part of 
Apnl, 1921, to collect fossil vertebrates in the 
San Pedro Valley, Ariz., where remains had pre
viously been located by IGrk Bryan, of the 
Geological Survey. The results of this expe
dition are here published in part. 

The special problem involved was the deter
mination of the age of the sedimentary deposits, 
which up to that time had been termed Pleis
to<::ene. Two localities, apparently at slightly 
different horizons, yielded material represent
ing a fauna sufficiently varied and distinctive 
to establish the'ir age as Pliocene. 

The locality first visited is a sn1all area of 
badlands about 3 n1iles east of the Curtis ranch, 
which is on the State road about 14 miles 
northwest of 1'ombstone and an equal distance 
southeast of Benson by road. The second 
locality is west of the State road about 2 miles 
south of Benson. These two localities are 
about 12 miles apart· and on opposite sides of 
the San Pedro Valley. The first locality 
yielded by far the greater bulk of 1naterial, 
but the species represent~d in the collection 
from the second are more numerous. Strati
graphically there seems to be no difference in 
the level of the beds of the two localities, and 
structurally they are very similar, yet, so far 
as I am able to determine, they contain. no 
'species in common. Because of this fact, as 

well as the general character and assemblage 
of the forn1s represented, I am led to consider 
them as of slightly different age, the beds at 
the Benson locality being apparently the older. 

l\1ost of the mammal material ~s fragmentary, 
but several good specimens were procured, 
including enough material for the restoration, 
of the dermal armor and. skeleton of a Glypto
therium and a possible skeletal restoratio·n ·of 
a mastodon, both from th~ Curtis locality. 
The material from the Benson locality here 
described was all collected at one spot, a fossil 
bone quarry opened up and worl~ed by Kirk 
Bryan and me. Immediately associated mate
rial from this quarry includes fragmentary speci
mens of Iiipparion, Pliauchena?, Platygonus, 
and Pliohippus or Hippidium?, together with a 
new species of box turtle and eight new species 
·of birds, not al1 of which are sati~factorily 
definable from the scanty material obtained. 

The greater part of the specimens included 
in these collections have not yet.been prepared, 
but those belonging to the orders Rodentia 
and Lagoniorpha have been cleaned and 
studied, and the new species are here described. 
Those frmn the Curtis locality were all found · 
during the excavation of one of the mastodon 
skeletons. Immediately associated with them 
were remains of a llama, a canid, a mustilid, 
a small land turtle, an edentate, and two 
species of small birds. 

A tentative list of the orders, families, 
gener~'L, and species, so far as they have been 
detennined, represented in each locality· IS 

given on page 120. 
119 



120 SHORTER CONTRJBUTIONS TO GENERAL GEOLOGY, 1922. 

Preliminary list of fossil vertebrates from the San Pedro Valley, Ariz. 

Number of species. 

Benson. Curtis. 

MAMMALIA. 

Pro boscidia: 
Elephantidae: 

Of. Dibelodon, probably n. sp .... 2 
Cf.Gompotherittm, probably n. sp. 1 

Perissodactyla: · 
Equiidae: 

Equus, undet .................... .......... 2 
Pliohipptts, undet .............. 1 ............ 
Hipparwn, undet ............... 1 ............ 

Artiodactyla: 
Camelidae: 

Lama, n. sp ..................... 1 
Of. Procamelus, undet ........... 1 1 
Of. Pliauchenia, undet .......... 1 1 

Tayassuidae: 
Platygonus cf. P. vetus, or n. sp .. 

Cervidae: 
1 ........... 

Odocoile'us, n. sp ................ 1 
},{erJf,odus near M. necatus ...... . 1 1 
Of. erycodtts, n. sp ............. 1 

Carnivora: 
Canids, 3 n. sp ..................... 1 2 
Felid?, n. sp ........................ 1 
M:ustilid, sp ......................... 1 1 

Rodentia: 
Sciuridae: 

Citellus cochisei, n. sp ............ .......... 1 
Citellus bensoni, n. sp ............ 1 ........... 

Geomyidae: 
Geomys parvidens, n. sp .......... 1 
Geomys minor, n. sp ............ 1 ............ 
Cratogeomys bensoni, n. sp ...... 1 ............... 

Heteromyiclae: · 
JJipodomys minor, n. sp .......... 

M:uridae: 
1 ............ 

Subfamily Cricetinae; 
Peromyscus brachygnathus, 

n. sp .. ···········.······· 1 ............ 
Peromysws minimus, n, sp .. 1 ............... 
Peromysctts sp .............. 1 .............. 
Eligmodontia arizonae, n. sp. 1 ............... 
Onychornys pedroensis, n. sp. 1 
Onychomys bensoni, n. sp ... 1 
Sigmodon wrtisi, n. sp ...... .............. 1 
Sigmodon m~nor. n. sp ...... '1 
Sigmodonmedius, n. sp ..... 1 ............ 

Subfamily Neotomeniae: 
Neotomafossilis, n. sp ....... 1 ........... 

Subfamily Mictoteinae: 
Neofiber sp ................. ......... 1 

The reptilian remains, including at least 
two species of turtles, probably new, are 
being described by C. W. Gilmore, and the 
bird bones are being studied and will be des
cribed by Alexander Wetmore, of the Biolog
ical Survey, Department of Agriculture. The 
tentative lists of Reptilia and Aves given 
above are furnished by these gentlemen. 

Numberofspecies. 

Benson. ·curtis. 

---
MAMMALIA -continued. 

Lagomorpha: 
Leporidae: 

Lepus, 3 sp., possibly new ....... 2 1 
Sylvilagus or Brachylagus sp ...... 1 .......... 

Edentata: 
Glyptodontidae: 

Glyptotherium, n. sp ............. .. ....... 1 
------

Total Mammalia .......... 23 22 
------

REPTILIA. 

Test'udines: 
Testudinidae: 

Testudo, 2 sp. undet ............ 1 1 
Kinosternodae: 

Kinosternon, new sp ........... 
Batrachia: 

1 /1 

Salientia: 
Ranidae: 

Rana or Bufo, not yet deter-
mined .................... 1 ......... 

------
Total Reptilia ........ 3 2 

------
AVES. 

Galliformes: 
. Odontophoridae: 

U ndetennined ................. ........... 1 
eolimts sp. undet.' .............. 1 .. ............ 

Family undet. ...................... 1 .. .......... 
Anseriformes: 

Anatidae: 
Dendrocygna, n. sp ............... 1 .............. 
Branta, n. sp .................... 1 .............. 

Charadriiformes: · 
Scolopacidae: 

Micropalama, n. sp .............. 1 .. ............ 
Family undet., medium-sized form .. 1 .. ........... 

Col urn biformes: 
Family undet. A pigeon somewhat 

smaller than the domestic dove .... ............ 1 
Passeriformes: 

Fringillidae: 
Small sp., undet ................ 1 .. ............ 

Other passerines represented by 
scanty materiaL .................. 1 1 

------
Total Aves ...................... 8 3 

I 

GEOLOGIC HORIZON AND CLIMATIC CONDITIONS 
INDICATED. 

This preliminary study reveals littLe positive 
evidence regarding the exact geologic horizon 
of the beds in San Pedro V all~y, beyond what 
is stated. above. They seem to be clearly 
Pliocene, and the peculiar mingling of modern 
and more ancient forms seems to point rather 
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defmitely to a late stage of Pliocene time. 
Unfortunately, the material of these collec
tions represents for the most part new species 
that can not be correlated with known faunas 
of other localities where the age of the b~ds 
has been established. I-Iowever, the species 
are sufftciently numerous and varied to con
stitute a standard for comparison/ and future 
field work in this region will almost certainly 
bring to light material that will' de:fini~ely and 
correctly determine the proper sequence of 
these deposits. 

The facts that there are here two or three 
species of true horse (Eq_uus) and that the 
rodents are all referable to modern genera, 
son1e of which are found living in this general 
region, n1ay suggest Pleistocene age. But 
to offset this evidence of a seemingly more 
modern fauna, the mastodons and glypto
donts are of distinctly Pliocene types, and one 
·of the canids, though modern in skull and 
dental modifications, has the type of humerus 
belonging to the Miocene and Pliocene canids, 
in that the entepicondylar foramen is prom
inently present. This feature and the pres
·ence of Hipparion, Pliohippus, and Merycodus, 
together with the fact that the 15 or more 
species of rodents include no living species, 
-constitute rather conclusive evidence of a 
faunal assemblage that is older than Pleis
tocene. 

This general assemblage of species: including 
ptoboscidians, camels, horses, glyptodonts, 
and an extinct species of the ocellated turkey 
l'clated to a group now living only in Central 
.Alnerica and southern Mexico, suggests that 
the climate at the time the beds were laid 
·down was rather. warm and moist, probably 

. :subtropical or even tropical. 
The presence of a true llama, the glypto

dont, and a rodent belonging to a genus now 
living only in South America seems to indicate 
an inter1ningling of forms of South American 
origin, and the presence in these Pliocene 
-deposits of a rodent and camel of definite 
South A.n1crican living types suggests the 
derivation of their South An1erican relatives 
frmn North An1erica and favors the suggestion 
of an exchange of faunas between the two 
con tin en ts which took place somewhere 'ncar 
this epoch of geologic time. 

DESCRIPTIONS OF SPECIES. 

Order RODENTIA. 

The order Rodentia is represented in the San 
Pedro Valley by 17 species, 11 of which occur 
at the Benson locality and 6 at the Cmtis local
ity. Of these species, 15 arc here described as 
new, and 2 arc not certainly determined on the 
scanty 1naterial in hand. However, though 
all the species represented seem to be new, each 
is readily referable to one of ten living genera, 
distributed an1ong fom families-the Sciuridae, 
Geomyidae, IIeteromyidae, and :Mmidae. The 
species belonging to the Mmidae represent three. 
subfan1ilies-the Cricetinae, N eotomeniae, and 
l\1icroteina.e. · 

Family SCIURIDAE. 

The fan1ily Scimidae is represented by two 
new species, both belonging to the genus 
Oitellus. 

Citellus cochisei Gidley, n. sp. 

Plate XXXIV, figures 1, 2. 

Type.-Portion of a right ma..~illary contain
ing all the cheek teeth (catalog No. 10490, U.S. 
N.at. Mus.). 

Paratype.-Portion of a left lower jaw (cata-
log No. 10491). . 

Locality.-Both are from the Cmtis locality, 
in sec. 25, T. 18 S., R. 21 E., and were found in 
exhuming a mastodon skeleton. 

Description.-Length of upper cheek-tooth 
series 10.5 n1illiill.eters. ·Molars relatively wide, 
m1 and m2 one-third wider than long; lophs 
and valleys simple and narrow; both posterior 
transverse lophs of the molars completely 
united with protocone, forming a short, narrow 
valley opening outward and extending inward 
not 1norc than one-half the width of the tooth 
crown, as in Oynomys. The anterior trans
verse lophs arc n1orc depressed and except in 
n13 arc much longer than the other lophs, ex
tending inward and upward to disppear in the 
anterior wall of the protocone. P 4 differs 
fron1 the anterior tviTo molars only in being less 
wide and in having_ the anterior loph relatively 
and actl.lally 1nore extended anteriorly. 

In the greater width of tooth crowns, the less 
extent of their n1edian external reentrant val
leys, and the relative shortness of the heel of 
the last n1olar, this species suggests Oynomys, 
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but it differs from species of that genus in the 
much more brachyodont tooth crowns, the 
greater relative depth of the medi~n external 
reentrant valleys, and the incipiency, amount
ing -to almost total absence, of the posterior re
entrant valleys so prominent in species of 
Oynomys. The :first of these features might be 
considered as a character of degree only, indi
cating less advanced specialization, but the 
other two I consider characters that. denote 
relationship with the living species of Oitellus 
rather than with those of the genus Oynomys. 

The lower jaw, as indicated by specimen No. 
· 10491; which carries the incisor and the an

terior two cheek teeth, is relatively short and 
deep, the incisor narrow and pointed, and the 
cheek teeth relatively wide to a degree cor-

. responding with those of the upper series. 
This species compares in size with 0. evermani, 
but it differs from all the living· forms in one or 
more of the characters enumerated above. 

Citellus bensoni Gidley, n. sp. 

Plate XXXIV, figures 3, .4. 

Type.-A first or second upper molar of the 
right side and a last upper n1olar of the left 
side (catalog No. 10531, U.S. Nat. Mus.). 

Paratype.-The cheek-tooth series of a left 
lower jaw (catalog No. 10532, U.S. Nat. :Mus.). 

Locality.-Both from the ·Benson locality. 
Description:-L~ngth of cheek-tooth series 

(estimated. from measurements of the para
type)' 10.3 millimeters; upper molar of about 
the smne proportion as the c~rresponding one 
of 0. cochisei at the base but much narrower 
at the summit, owing to the greater slope of the 
inner wall of the protocone; the three trans
verse lophs about equal in length, the posterior 
·one being broken up into two distinct but 
slightly joined cuspules, the inner one of which 
is a rounded cone entirely disconnected from 
the protocone. 

An upper m3 which I associate with the type 
specimen, like that of 0. cochisei, has arela
tively small heel portion. as compared with 
living species, and in addition there is a well
defined isolated cone-shaped cuspule near the 
center of the posterior basin. 

This species seems to approach 0. beecheyi 
much more closely than any other living spe
cies but differs from it in a few apparently 
important particulars. In 0. beecheyi the 

crowns of the upper molars are relatively nar
rower than in the fossil species, being nearly 
as long as wide; the lingual wall of the proto
cone is less sloping, and the exterior or buccal 
face of this cusp is much more sloping. Other 
differences noted in the living species are the 
generally less broken up condition of the pos
terior transverse lophs; the somewhat shal
lower transverse valleys, the. posterior one of 
which usually has a small cuspule at its external 
entrance; and the relatively broader and less. 
completely inclosed posterior valley of the last. 
upper molar. 

Beyond the fact that the last lower molar,. 
like the upper, is relatively smaller, and the 
valleys and cusps are somewhat more sharply 
defined than in 0. beecheyi, there is little .to 
distinguish between the lower cheek teeth of 
that species and 0. be'0soni. 

Family GEOMYIDAE. 

Three new species. referable to two living 
genera of geomids ~re represented in the col-· 
lection, 

Geomys parvidens Gidley, n. sp. 

Plate XXXIV, figures 5, 6. 

·Type.-The anterior portion of a skull car-· 
rying the incisors and all the cheek teeth except 
the first and last of the right side (catalog No. 
10492, U. S. Nat. Mus.). 

Paratype.-Portion of the right lower jaw 
carrying all the teeth except m3 (catalog No. 
10493, U.S. Nat. Mus.). · 

Locality.-Both from the Curtis locality. 
Description.-Length of upper cheek-tooth 

series 5.5 millimeters; width across first upper 
molars (me~sured to outer borders) 6. 7 milli
meters; size small, about the same as that .of 
Geomys texensis; rostrum relatively short and 
heavy; incisors with two very unequal grooves, 
the smaller one close to the inner border of the. 
crown, the larger one almost exactly bisecting 
its anterior face, making the outer of the three . 
ridges thus formed slightly but definitely largest; 
the cheek teeth are relatively small. and not 
greatly expanded laterally, m 1 and m 2 being· 
almost evenly elliptical in outline but with the. 
outer edges slightly compressed; p4 with an-· 
terior lobe decidedly smaller and less laterally 
expanded tha~ the posterior one; m3 as wide. 
as long, subtriangular, relatively small. 

Besides being about equal in size to G. tex
ensis, G. parvidens is almost identical with that-
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species in the character of the incisors, but it 
differs· fron1 G. texensis and the other living 
species of the genus in general in the less lateral 
expitnsion of the cheek teeth, the shorter and 
deeper rostrum, and the less progressive char
acter of p4

• 

The lower jaw referred to this species is 
relatively short, with pron1inent n1asseteric 
ridge and the submental foramina lying almost 
directly under the anterior end of the masseteric 
ridge. The anterior lobe of p4 is relatively 
small and subcircular, with the walls very little 
flattened. 

p4 with outer reentrant angle rather widely 
V -shaped, the inner one forming a distinct U; 
posterior wall of last molar in the type specimen 
with two distinct and two faint parallel longi
tudinal grooves foi·ming three low but distinct 
_closely grouped median longitudinal enamel 
ridges. · 

This species differs from all living species of 
geonuds exan1ined in having the area of the 
anterior porti'on of the n1asseteric ridge more 
depressed and in the position of the anterior 
submental foramen, whlch is nearly as in the 
two above-described species of Geomys. In 

Geomys minor Gidley, n. sp. living ~pecies this fora1nen is anterior to the 
Plate XXXIV, figures 7, s. n1asseteric ridge and nearly level with it. In 

·the fossil species it is lower and more posterior 
Type.-Portion of a right lower jaw lacking in position, lying almost directly under the 

the last n1olar (catalog No. 10494, U. S. Nat. anterior extren1ity of the masseteric ridge. 
Mus.)· There is also between the cheek teeth and the 

Paratype.-A right upper incisor (catalog anterior border of the coronoid process in 0. 
No. 10534, U.S. Nat. Mus.). b · b 1- · 1 k d 1 · 

enson~ a narrow ut c 1st1nct y n1ar e ongi-
Locality.-Both from the Benson locality. tudinal fossa. 
Description.-Length of cheek-tooth series This species is referred to Oratogeomys on the 

(estimated) 5.4 nullimeters; the jaw is slightly evidence of an associated upper incisor of appro
smaller than. that of G. pa-rvidens and differs priate size wluch has the single groove char.ac
frotuit otherwi$e in having the anterior masse- teristic of this genus. 
teric area n1ore depressed, the submental 
foramen slightly farthei· back in position, the 
cheek t~eth relatively larger, and the anterior 
lobe of p4 more nearly circular in outline; no 
anterior fossa between cheek teeth and coronoid 
process. 

An associated upper incisor tooth is of appro
priate size for the species It shows the charac
tei:istic grooving of .a true Geomys, and it is 
this fact which has determined the genenc 
reference of G. minor. 

Cratogeomys bensoni Gidley, n. sp. 

Plate XXXIV, figures 9-11. 

TyzJe.-A portion of a left lower j.aw carrying 
all teeth (incisors broken) (catalog No. 10495, 
U. S. Nat. Mus.). 

Paratype.-An upper incisor (catalog No. 
10496, U. S. Nat. Mus.). · 

Locality.-Benson locality. The species is 
represented by four other pieces of the lower 
jaws fron1 the same locality. . 

Description.-Lengt)l of cheek-tooth series 8 
millimeters (measured at summits of teeth). 
About the· size of the living species Geomys 
breviceps/ cheek teeth not greatly compressed; 

Dipodomys minor Gidley, n. sp. 

Plate XXXIV, figure 16 

Type.-A nearly complete right lower jaw 
containing the incisor and the :first cheek tooth 
(catalog. No. 10499, U.S. Nat. Mus.)'. 

Locality.-Benson locality. 
Description.-Length of cheek-tooth row, 

measured from extreme borders of the alveoli, 
4.7 millimeters; size and general jaw characters 
about as in the living species Perodipus chap
mani, differing only in its more slender pro
portions and in the somewhat more reduced 
condition of the coronoid process. The fourth 
lower premolar, the only one of the cheek-teeth 
series present, is a long crowned and anteriorly 
curved tooth whlch is double-lobed, the ante
rior lobe having an anterior reentrant angle as 
in P. chapmani, but this 'tooth differs from the 
tooth of that species in having the posterior 
lobe relatively wider. Also the alveolus of the 
last molar is only about one-half the width of 
that of the other molars, indicating that this 
tooth is relatively more reduced than in the 
living species~ 
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Family MURIDAE. 

The family Muridae is rather abundantly 
represented at both localities. The 12 deter
minable species are distributed among three· 
subfamilies, 10 belonging to the Cricetinae, 1 

. to the Microtinae, and 1 to the N eotomeniae. 

Genus PEROMYSCUS. 

Specimens found at the Benson locality are 
referable to three species of Peromyscu~. Two 
of these are new, although one is apparently 
Closely related to the P. taylori group. The 
other new species is more distinctive. The 
third, represented by a single lower jaw 'lack
ing the cheek teeth, has not been determined. 

Peromyscus brachygnathus Gidley, n. sp. 

Plate XXXIV, figure 12. 

Type.-The greater portion of a right lower 
jaw carrying all the teeth (catalog No. 10501, 
U.S. Nat. Mus.). 

Locality.-Curtis locality. 
Description.-Length of cheek-tooth series, 

2.8 millimeters; about the size of P. taylori)· 
jaw relatively shor~ anterior to cheek teeth; 
last molar very much reduced, as. much as in 
any living species of Onychomys. The teeth 
are too much worn to determine accurately 
their normal height in unworn condition, but 
they appear to be of the depressed type of P. 
taylori. 

The form and position of the anterior exten
sion of the masseteric ridge, the general charac
ter of the coronoid reg!on, and the relatively 
broadly expanded anterior lobe of the anterior 
cheek tooth seem to determine the generic ref
erence of this species, but it differs from aU 
living species of the genus in the relatively 
short jaw and the greater reduction of the last 
lower cheek tooth, which seems to have nearly 
or quite lost its hinder lobe. 

Peromyscus minimus Gidley, n. sp. 

Plate XXXIV, figure 13. 

Type.-Portion of a left lower jaw carrying 
all the teeth (catalog No. 10500, U. S. Nat. 
Mus.). 

Locality.-Benson locality. 
Description. -Size very small, length of cheek

tooth series 2.6 millimeters; cheek-tooth cusps 
depressed, wit~1.well-marked cingula at the en
trance of the external valley, and with ten
dency to inclose the internal ones by an up-

rising of the inner enamel wall between the 
cusps; anterior lobe of the first cheek tooth, 
p4 , relatively narrow but two-cusped at the 
summit; posterior lobe of last cheek tooth 
small, almost as much reduced as in Ony
chomys . 

This species seems more ·nearly related to 
P. taylori than to any other living species but 
differs from it in having a narrow divided an
terior lobe of the first cheek tooth and a more 
reduced hinder molar. It further differs from 
that species and more nearly agrees with others 
of the genus in the wider angle at \vhich the 
coronoid portio'n of the ascending ramus di
verges from the alveolar portion of the jaw. 

P. minimus is distinguished from P. bra
chygnathus in that the jaw is somewhat more 
slender in proportions; the masseteric ridge is 
less advanced forward; the· cheek teeth are 
slightly narrower; the anterior lobe of the first 
cheek tooth is narrow and double cusped, while 
that of P. brachygnathus is wider and undivided, 
and the last cheek tooth is somewhat less 
reduced. 

. Peromyscus sp. 

Plate XXXIV, figure 14. 

A second and larger species, about equaling 
Peromyscus m. gambeli in size, is represented by a 
.lower jaw (catalog No. 10502, U.S. Nat. Mus.) 
lacking all ~he cheek teeth. Length of cheek
tooth series as estimated by measurement of 
the alveoli, 3.8 millimeters. This jaw, in its 
general form and in the position of the an
terior extremity of the masseteric ridge, is 
sufficiently characterized to make certain its 
generic reference, but its specific features can 
not be determined until the cheek teeth are 
kno,wn. 

Genus ELIGMODONTIA. 

The genus Eligmodontia, the living species 
of which are confined to the South America 
continent, is represented by a single species in 
the fossil collection from Arizona. 

Eligmodontia arizonae Gidley, n. sp. 

Plate XXXIV, figure 15. 

Type.~Greater porti~n of a left lower jaw 
containing the complete dentition (catalog 
No. 10503, U.S. Nat. Mus.). 

Paratype.-Single lower jaws of two other 
individuals (catalog Nos. 10504, 10505). 

Locality.-All from Benson locality. 
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Description.-Length of cheek-tooth series 
3.6 millimeters; about the size of. the living 

. species E. morgani, but may be distinguished 
fr01n it by its relatively greater depth of jaws,· 
its decidedly shorter symphysis, and . the less 
reduced condition of the last molar. 

The anterior lobe of the first cheek tooth is 
distinctly notched by an anterior median re.:. 
entrant angle, as is usual in Peromysc'll:s, where
as in the living species of Eligmodontia this 
lobe is usually evenly convex in front. The 
fossil species from Arizona, however, is readily 
distinguished from Peromyscus by the char
acters which ally it to Eligmodontia, namely, 
by the form and position of the masseteric 
ridge, which extends forward to the extreme 
anterior border of the cheek-tooth series; by 
the form and situation of the capsular process 
for the reception of the base of the incisor, 
which is placed high upon the ascending ramus 
and is marked by a decided sulcus between it 
and the coronoid; and by the form of the last 
cheek tooth, which in species of Eligmodontia 
is more reduced than in Peromyscus. 

of the last molar is less reduced even than in 
the last-mentioned species. 0. bensoni differs 
from all the living species of the genus in 
having more widely open valleys and less con
spicuous lophs in the molar teeth; a more 
depressed heel on the last l~wer molar, which 
is distinctly lower than the anterior or triconid 
portion; and apparently a relatively larger 
and higher coronoid process. 

Sigmodon curtisi Gidley, n. sp. 

. Plate XXXV, figure 2. 

Type.-The greater parts of both lower jaws 
carrying complete dentition (catalog No. 10510, 
U.S. Nat. Mus.). 

Paratype.-Portion of a right lower jaw 
with cheek teeth (catalog No. 10511, U. S. 
Nat. Mus.). 

Locality.-Both from Curtis locality. 
Description.-Length of cheek-tooth series 

7 ~illimeters; about the size of S. hispidu8 
arizonae, which it seems to resemble more 
nearly, but it differs from that as well as the 
other living specie8 in the more open· valleys of 

Onychomys pedroensis Gidley, n. sp. the reentrant angles, the more compressed 
lophs, the less hypsodont condition of t4e 

Plate XXXV, figure 1. cheek teeth, the relatively deeper posterior 
Type.-Portion of a left lower jaw carrying inner reentrant valley of p4 and m17 and espe

the first and last cheek teeth (catalog No. cially the form and proportions of the cusps of 
10506, U.S. Nat. Mus.). the last lower molar, which is relatively larger, 

Paratypes.-Other lower jaw portions (cat- with the hinder cusp relatively broader and 
alogNos.10507, 10508, U.S. Nat. :Mus.). fuller than in the living species. A feature 

Locality.-All fr01n Curtis ·locality. that is characteristic of this and the species 
Desctiption.-Length of the cheek teeth described below and is not observed in any of 

4.5 1nilliineters; size somewhat larger than the living species is noted in the last molar, in 
0. le'l.t. ruidosae, which it s01newhat 1nore which the great e~tension and flattening of 
nearly resembles than any other living species. the inner or lingual wall of the posterior lobe 
It further differs from that species in its rela- forms a sharp right angle with the posterior 
tively greater depth of jaw, the greater degree wall of the reentrant angle on that side. 
to which the masseteric ridge is carried for- I take pleasure in naming this species for 
ward, and the s01newhat less reduced condi- . Mr. Milton Curtis, in recognition of his efficient 
tion of the last cheek tooth. assistance in the field. 

Onychomys bensoni Gidley, n. sp. 

Plate XXXV, figure 3. 

Type.-Portion. of a right lo,yer jaw con
taining complete dentition (catalog No. 10509, 
U.S. Nat. Mus.). 

Locality.-Benson locality. 
Desctiption.-Length of cheek-tooth series 

3.9 millimeters; about the size of 0. tortidus 
but with less reduced last molar, as in the 
larger sp~cies 0. leu. ruidosae. The hinder lobe 

91048°-23-9 

Sigmodon minor Gidley, n. sp. 

Plate XXXV, figures 4, 5. 

Type.-Portion of a left lower jaw carrying 
the complete dentition (catalog No. 10512, 
U.S. Nat. :Mus.). 

Paratype.-Portion of a left maxillary carry- . 
ing the anterior two· cheek teeth (catalog No. 
10513, U. S. Nat. Mus.). 

Locality.-Curtis locality. Five other lower
jaw portions, most of them with complete 
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dentition (catalog Nos. 10514 to 10518), are 
also referable to this species. 

Description.-Length of cheek-tooth series 
4.7 millimeters; smaller than S. medius and 
decidedly smaller than any of the living 
species examined. This species is distin
guished from the living forms by the same 
characters observed in S. medi1.ts, except that 
the ex~ernal reentrant valleys of the upper 
molars (as shown by_ specimen No. 10513) are 
of the normal modern type. S. minor differs 
from S. medius only in its smaller size, having 
a relatively narrower anterior lower cheek 
tooth, in which the anterior lobe is relatively 
smaller, with the adjacent reentrant valleys 
nearly equal in length. The reentrant valleys 
of the upper cheek teeth are oblique to the 
same degree and of about the same propor
tionate depth, but the molar crowns of both 
the upper and lower series are less hypsodont. 

Sigmodon medius Gidley, n. sp. 

Plate XXXV, figures 6, 7. 

Type.-Portion of a right lq.wer jaw con
taining the complete dentition and an asso-

the lower cheek teeth. Another difference 
noted is the form of the external reentrant 
valleys of these teeth, which clearly distin
guishes them from the corresponding teeth of 
living species. The external reentrant valleys, 
instead of being straight, open directly out
ward, while their inner portions bend backward, 
forming a decided angle in their posterior 
enarnel walls. In the living species these val
leys run obliquely forward and outward in. a 
nearly straight or but slightly curved line. 

·Two other lower jaws in the collection (Nos. 
10521 and 10522) differ slightly in minor char
acters from the type but are here referred to 
this species. These differences, which consist 
wholly in a somewhat smaller size and a less 
proportionate depth of jaw, correspond to 
differences observed between males an females 
of the living specieso S. sanctae martae. I 
therefore assume that the type specimen and 
specimen No. 10520, which agrees with it in 
every particular, represent males, while the 
s1naller jaws just mentioned represent females 
of the species. 

Neotoma fossilis Gidley, n. sp. 
ciated fragment of a right ma:xillary carrying 
the anterior two cheek teeth, possibly of the Plate XXXV, figures 8-10. 

same individual (catalog No. 10519, U. S. Type.-Portion of a right maxillary carrying 
Nat. Mus.). the anterior cheek tooth and the alveoli for 

Paratypes.-Four other lower-jaw portions middle cheek tooth (catalog No. 10524, U. S. 
(catalog Nos. 10520 to 10523, U.S. Nat. Mus.). Nat. Mus.). 

Locality.-All from the Benson locality. Paratypes.-Portion of a left lower jaw carry
Description.-Length of cheek-tooth series 5.5 ing the incisor and alveoli for the cheek teeth, 

millimeters; somewhat smaller than the living and two right lower cheek teeth (catalog Nos. 
species S. sanctae martae, with which it seems 10525 and 10526, U. S. Nat. Mus.). 
to compare more nearly th~n with other living Locality.-Benson locality. 
forms. Its resemblances are noted in the form Description.-Length of anterior cheek tooth 
of the anterior lobe of the first cheek tooth, in 3.2 millimeters; width 2.2 m,illimeters; about 
which the anterior internal reentrant valley the size of N. intermedia gilva. The following 

. considerably exceeds the opposing outer one in characters distinguished this from all living 
length; in the decided angulation of the poste- species: First upper cheek tooth relatively 
rior portion of the inner wall of the last molar; short and wide; no indication of an· anterior 
and in the relatively heavy symphysis and internal reentrant valley; posterior internal 
considerable depth of jaw. It differs from reentrant valley nearly as long as the the ex
this and other living species in having the ternal one; posterior notch of anterior palatial 
cheek-tooth crowns slightly less hypsodont,, opening opposite the anterior: root of the first 
the reentrant valleys 1nore open, and the lophs cheek tooth. · 
correspondingly narrower, while there is present The two lower teeth referred to this species 
in t4e last molar a small but distinct reentrant also show distinctive characters. The ante
note~ on its inner side opposite the posterior rior one (p4) is entirely devoid of the anterior 
reentrant valley. reentrant valley so prominent in such a form as 

The. two upper cheek teeth show the same N. cinera, and both these teeth are like the 
character of the more open valleys observed in corresponding ones of this species in having the 
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posterior external reentrant valleys pitted in a 
way to fonn a nearly circular enan1el lake- in 
well-worn teeth. These lower teeth differ fron1 
those of all living species in having_ the main 
cross lophs directed somewhat obliquely in
ward and backward instead of squarely across 
the long ax:is of the tooth. 

The lower-jaw specimen shows nothing pecu
liar except that the capsular bulb at the base of 
tho .incisor is somewhat less prominent thari is 
usual in the living species. 

Neofiber sp. 

Plate XXXV, figure 14. 

A nearly complete cheek tooth, apparently 
the left upper n1idclle one, from the Curtis 
locnlity (catalog No. 10527, U. S. Nat. Mus.), 
seen1s to represent the genus Neofiber. It is 
slightly smnJler than the corresponding tooth of 
Neofiber alleni, with which I compared it, but 
hns n.ll its characteristics. Except the slight 
vttriation in size, they differ only in that the 
base of the fossil tooth is closed by the forma
tion of rootlets, whereas the specimens of the 
living species examined seemed to indicate 
g~·owth from a persistent pulp. I-Iowever, this 
difference 1nay be, in part, at least, an age 
chm·acter, as in the closely related genus On
datT(t, in which both conditions are found on 
oxnmining a number of" specimens of various 
ages. 

Order LAGOMORPHA. 

Four species of Lagomorpha are represented 
in the collection, three from th~ Benson locality 
and one fron1 the Curtis locality. They seem 
not to be referable to any living species, hut the 
materiu.l representing them is too fragmentary 
to WfllTmlt any attempt at diagnostic descrip
tions. 

Species No. 1. 

Phtte XXXV, figure 15. 

Represented by a portion of a left lower jaw 
cmTying 1)4, 11111 m 2 (broken), and the alveoli 
for the other two cheek teeth and the incisor; 
front the Benson locality (catalog No. 10530, 
U. S. Nat. Mus.). This specimen represents a 
species about the size of Lepus campestris, or 
slightly smaller, and it agrees with that species 
rather closely both in jaw and tooth characters. 

Species No.2. 

Plate XXXV, figure 11. 

Represented by two upper incisors (broken), 
a first lower cheek ·tooth of the left side, and a 
median lower cheek tooth of the left side, from 
the Benson locality (catalog No. 10529, U. S. 
Nat. Mus.). 

These teeth represent a sm.all species about 
the size of Sylvilagus aud. arizonae or Brachy
lagus idahoensis. However, there are some 
peculiarities in one or another of all these teeth 
that make uncertain their definite reference to 
either of these living genera. The incisors are· 
of a type to fit in with either genus, although 
there is not quite the difference in relative size 
of the two lobes formed by the anterior longitu
dinal groove. In the molar tooth the posterior 
lobe is about intermediate in relative size be
between that of S. aud. arizonae and B. idaho
ensis, and both lobes are s01newhat less laterally 
expanded and less sharply angulate than in 
either of these species. The anterior lower c4eek 
tooth, which is of the right side, is peculiar and 
differs from that of any living species that has 
come under my observation. It is of the same 
general form as that of S. aud. arizonae but is 
proportionately a little wider, being nearly as 
wide as long, and is void of any reentrant angles 
except the normal two outer ones. Moreove;3r, 
the posterior one of these extends but little 
more than halfway across the tooth. In aU 
living forms examined this reentrant either 
extends entirely across to the inner wall of the 
tooth or -meets an opposing reentrant from the 
inner side. 

Species No.3. 

Plate XXXV, figure 13. 

In the collection from the Curtis locality 
are a portionof a right lower jaw carrying the 
anterior two cheek teeth (catalog No. 10528, 
U.S.Nat.:Mus.) and a lower right anterior tooth 
of a· second individual, which represent a species 
about the size of Lepus californicus ere~nicus, 
or somewhat smaller. The fossil species 
seems to differ from the latter, however, in the 
proportions of all the tooth lobes which are 
somewhat narrower and in having the anterior 
lobe of the first cheek and tooth set farther in
ward, so that the reentrant valley faces decidedly 
forward and outward, instead of almost directly 
outward, as in the living species. 
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Cf. Lepus sp. 

Plate XXXV, figure 12. 

A fourth species of ·Lagomorpha (catalog 
No. 10535, U. S. Nat. Mus.) is represented in 
the material from the Benson locality by the 
~wo incisors of the right side in a fragment of 
the premaxillary. It differs from the others 
in having an unusually high inner ridge on the 
large incisor. In fact, the tooth is remarkable 
in that the plane of its upper face is very oblique 
to the perpendicular plane of' the skull, as 
in Ochotona, but the plane of its lower surfaces 

is nearly at right angles to the perpendicular 
median plane of the skull, as in the true rabbits, 
and its summit has the characteristic wear of a 
short anterior chisel point and posterior ledge 
or shelf observed in all species of rabbits but not 
found in· the Pica group. The longitudinal 
enamel groove is filled with cement, but this 
feature has not even a generic significance. 
As this form of incisqr is suggested in some 
degree in certain species of Lepus, as L. 
.<Jiamensis, I regard the fossil specimen as belong
ing to that genus. 
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PLATE XXXIV. 

[All figures about t'viee natural size.] 

Page. 
FIGURE 1. Citellus cochisei Gidley, n. sp. Type. Upper cheek teeth of right side, <;rown view. No. 10490, 

U. 8. Nat. Mus............................................................................. 121 
2. Citellus cochisei Gidley, n. sp. Portion of left lower jaw, tooth-crown view; 2a, side view. No. 

10491, U.S. Nat. Mus....................................................................... 121 
3. Citellus bensoni Gidley, n. sp. Type. Last left upper molar, crown view; 3a, 3b, right upper molar 

probably of same individual. No. 10531, U.S. Nat. Mus..................................... 122 
4. Citellus bensoni Gidley, n. sp. Lower cheek teeth in fragment of jaw of left side, crown view. No. 

10532, U.S. Nat.l\1us...................................................................... 122 
5. Geomys parvidens Gidley, n. sp. Type. Anterior portion of skull, palate view; 5a, side view. 

No. 10492, U.S. Nat. Mus.................................................................. 122 
6. Geomys parvidens Gidley, n. sp. Pol-tion of a right lower jaw, tooth-crown view; Ga, side view. No. 

10493, U.S. Nat. Mus...................................................................... 122 
7. Geomys minor Gidley, n. sp. Type. Portion of a right lower jaw, tooth-crown view; 7a, side view. 

No.l0494, U.S. Nat. Mus ................. :................................................ 123 
8. Geomys minor Gidley, n. sp. Upper incisor of left sioe, front view. No. 10534, U. S. Nat. Mus... 123 
9. Cratogeomys bensoni Gidley, n. sp. Type. Portion of a left lower jaw, tooth-crown view; 9a, side 

view. No. 10495, U. S. Nat. Mus .... -- ............... ~...................................... 123 
10. Cratogeomys bensoni Gidley, n. sp. Portion of a right lower jaw, tooth-crown view; lOa, side view. 

No. 10497, U.S. Nat. Mus.-------------'-----~--------------------------------·--··-------- 123 
11. Cratogeornys bensoni Gidley, n. sp. Upper incisor of right side, front view. No. 10496, U. S. Nat. 

Mus ................................................. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
12. Peromyscus brachygnathus Gidley, n. sp. Type. Portion of a right lower jaw, tooth-crown view; 

12a, side view. No. 10501, U. S. Nat. Mus ........... _.:..................................... 124 
13. Peromysctts minimus Gidley, .n. sp. Type. Portion of a left lower jaw, tooth-crown view; 13a, 

side view. No. 10500, U. S. Nat. Mus ... : .............. ~.................................... 124 
14. Peromyscus sp. Portion of a right lower jaw, side view. No. 10502, U.S. Nat. Mus ............. ·... 124 
15. Eligmodontia arizonae Gidley, n. sp. Type. Greater portion of a right lower jaw, crown view; 

15a, side view. No. 10503, U. S. Nat: Mus.................................................. 124 
16. Dipodomys minor Gidley, n. sp. Type. Greater portion of a right lower jaw, tooth-crown view; 

16a, side view. No. 10499, U. S. Nat. Mus ............................... ,.................. 123 

130 



U . 8. GEOLOGICAL SURVEEY PROFESSIONAL PAPER 131 PLATE XXXIV 

3 3a 

2a 

3b 

4 

5 

7a 

9 

6a 7 

-
11 

9a 

10 

16 

12a 

lOa 

13 16a 

13a 
15a 15 

FOSSIL VERTEBRATES OF SAN PEDRO VALLEY, ARIZ. 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 131 PLATE XXXV 

4 

1 2 

Sa 4a 
la 

2a 

7 

5 

6a 8a 

lla 

12 12a 

lOa 

13 13a 14 
14a 

15a 

FOSS1L VERTEBRATES OF SAN PEDRO VALLEY, ARIZ. 



PLATE XXXV. 

[All figures about twice nuturul size.] 

Page. 
FIGURE l. Onychomys JJCdroensis Gidley, n. sp. Type. Portion of a left lower jaw, tooth-crown view; la, side 

view. No. 10506, U.S. Nat. :Mus............................................................ 125 · 
2. Signwdon curtisi Gidley, n. sp. Type. Portion of a right lower jaw, tooth-crown view; 2a, side 

view. No. 10510, U.S. Nat. ~Ius ................................................... :........ 125 
3. Onychontys bensoni Gidley, n. sp. Type. Portion of a left·lower jaw, tooth-crown view; 3a1 side 

view. No. 10509, U. S. Nat. Ml.ls . .'.......................................................... 125 
4. Sigmodon m.inot Gidley, n. sp. 'fn)e. Portion of a left lower jaw, tooth-crown view; 4a, side view. 

No. 10512, U. S. Nat. Mus .......................... .'........................................ 125 
5. SigmoJon ?ninot Gidley, n. sp. 'l'wo anterior cheek teeth in fragment of left maxillary, inner-side 

view. No. 105:13, U. S. Nat. Mus............................................................. 125 
6. Sigm.oclon ?neditts Gidley, n. sp. Type. Portion of a right lower jaw, tootl -crown view; 6a, side 

view. No. 10519, U. S. Nat. Mus............................................................. 126 
7. Signwdon medi·us Gidley, n. sp. Anterior two upper cheek teeth of right si·:~e, in fragment of jaw, 

crown view. No. 10519, U. S. Nat. Mus...................................................... 126 
8. Neotoma.fossilis Gidley, n. sp. Portion of a left lower jaw viewed from above; Sa, side view. No. 

10525, U. S. Nat. Mus........................................................................ 126 
9. Neotomafossilis Gidley, n. sp. Type_. First upper cheek tooth of right side in fragment of maxillary, 

crown view. No. 10524, U. S. Nat. Mus...................................................... 126 
10. Neotonwfossilis Gidley, n. sp. Anterior two lower cheek teeth of right side, crown view; lOa, inner 

side view. No. 10526, U.S. Nat. Mus.:...................................................... 126 
11. cf. Sylvilagus sp. :Median incisors in fragment of premaxillary, palate view; lla, front view. No. 

10529, U.S. Nat. Mus ......... ".............................................................. 127 
12. Leptts sp. Two upper incisors of right side in fragment of premaxillary, palate view; 12a, front view. 

No. 10535, U.S. Nat. 111us.................................................................. 128 
13. Lepus sp. cf. L. californicus. Anterior two cheek teeth of right side in fragment of lower jaw, crown 

view; l3a, outer side view. No. 10528, U.S. Nat. Mus........................................ 127 
14. Neofiber sp. Portion of a left upper molar, oblique crown view; 14a, outer side view. No. 10527, 

U S. Nat. ~[us............................................................................. 127 
15. Lepus sp. Portion of left lower jaw, tooth-crown view; 15a; side view. No. 10530, U.S. Nat. Mus.. 127 
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REVISION OF THE FLORA OF THE GREEN RIVER FORMATION, WITH 
DESCRIPTIONS OF NEW SPECIES. 

THE GREEN RIVER' FORMATION. 

The Green River shales, later lmown as the 
Green River formation, were nained and de
scribed by F. V. I-Iayden in 1869.1 After dis
cussing the coal and lignite beds along the 
Union Pacific Railroad in western Wyoming, 
llayden says: 

A little east of Rock Spring station a new group com· 
mences composed of thinly laminated chalky shales,. which 
I have called the Green River shales, because they are 
best displayed along Green River. They are evidently 
of purely fresh-water origin and of middle Tertiary age. 
The layers are nearly horizontal and, as shown in the valley 
of Green H.iver, present a peculiarly banded appearance. 
W11on carefully studied these shales will form one of the 
most interesting groups in the West. The flora is already 
very extensive, and the fauna consists of :Melanias; Cor
hulas, and vast quantities of fresh-water fishes.· There 
are also numerous insects and other small undetermined 
fossils in the asphaltic slates. One of the marked features 
of this group is the grea.t amount of combustible or petro
leum shales, some portions of which burn with great readi
ness and have been used for fuel in stoves. 

The decade that followed the naming and de
fining of the Green River shales as a forma
tional lmit by IIayden was one of increased 
geologic study in the West, with the result that 
these beds were recognized and more or less 
fully described at a number of widely separated 
points. Thus Peale 2 recognized the Green 
River group, as he called it, between Grand 
(now Colorado) and Gunnison rivers in Colo
rado; Powell 3 noted it along the northern foot
hills of the Uinta :Mountains, distinguishing a 
"Lower" and "Upper" Green River; Em
mons;1 who was connected with the Fortieth 
Parallel Survey, described it very fully for the 
Green River Basin; Peale 5 found it along the 

1 U.S. Oool. Survey 'l'orr. 'l'hird Ann. Ropt. (reprint, 1873), p. 190. 
s Ponlo, A. C., U. S. Gool. and .Ooog. Survey Terr. Ann. Rept. for 1874, 

pp. 147, 156-158, 1876. 
a Powell, J. \V., Geology of tho Uinta Motmtains, pp. 40, 45, 166, 167, 

1876. 
• Emmons, S. F., U. S. Expl. 40th Par. Rept., vol. 2, pp. 203, 240, 1877. 
o Peale, A. C., U.S. Geol. and Geog. Survey Terr. Ann. Rept. for 1876, 

p. 184, 1878. 

Book Cliffs in western Colorado; White 6 studied 
it in western Colorado and eastern Utah; End
lich 7 described its occurrence along White 
River in western Colorado and south of the 
Wind River Mountains in Wyoming; 8 and Peale0 

noted it in the northern and western· parts of 
the Green River Basin. 

One of the most complete of the .earlier ac
counts of the Green River formation is that 
given by Emmons 10 in his description of . the 
Green River Basin. Three Tertiary forma
tions-or "serl.es," as they were then called
were recognized, the oldest of which was the 
Wasatch formation (nearly the same as the 
~' Vermillion Creek group" of King and the 
upper part of the "Bitter Creek series" of 
Powell). Above this, without apparent dis-· 
cordance, was the Green River formation, 
which in turn was overlain by the Bridger 
formation. 

The Green River beds were described by 
Emmons as follows: 

The beds of the Green River series contrast with those 
of the ~ther two groups by the relative prevalence of 
calcareous material and the fineness of their sediments. 
They were deposited in quiet, probably deeper waters 
and perhaps during the time that erosion was wearing 
away the limestones of the Upper Coal Measures. They 
consist of a lower series of calcareous sandstones and 
impure limestones, containing some lignite seams, 9ver
lain by a great thickness of remarkably fissile .calcareous 
shales abounding in remains of fish and insects, which 
reach an aggregate thickness of about 2,000 feet and are 
characterized throughout by their prevailing white color. 
The extent of the sea in which these beds were deposited 
was somewhat less than that of the previous period, a 
strip of land haVing been elevated above its level along 
the flanks of the Wasatch, and probably also a narrower 
strip along the shores of the Park Range; its beds, how
ever, were deposited continuously' over the ridge of Ver
million Creek Wasatch beds, between the Bitter Creek 

6 White, C. A., idem, pp. 19-35. 
1 Endlich, F. M:., idem, p. 111. 
s Idem for 1877, p. 130, 1879. 
g Peale, A. C., idem, p. 525. 
1o Emmons, S. F., U: S. Expl. 40th Par. Rept., vol. 2, pp. 203,240, 

etc., 1877. · 
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Cretaceous uplif~ and the Archean· body of Red Creek, 
and also connected, through the low g~p of the White 
River d.ivide, at the eastern end of the Uinta Range, with 
the regwn to the south,. in which beds corresponding to 
these and to the Bridger beds have. been recognized 
although their direct connection has not yet been traced. ' 

It is not within the scope .of the present 
paper .to give a complete review· of the litera
ture relating to the Green River formation 
but simply enough to show· its areal distribu~ 
tion and . physical characteristics that may 
serve as a setting for the. discussion of its flora 
. and fauna. From data obtained within the 

- first dozen years after it was formally recoa
nized by Hayden and abundantly confirm:d 
by subsequent investigators, the Green River 
formation is known to extend from. the head
water region of Green River in the Wind River 
Mountains, Wyo., southward to Grand Mesa 
between Colorado and Gunnison rivers,.· Colo.: 
a distance of approximately 300 miles. The 
western limit of the formation is rather sharply 
defined, for it abuts on the eastern foothills of 
the Wasatch Mountains. The eastern limits 
however, are less sharp. Ennnons expressed 
the opinion that the formation originally ex~ 
tended to t~e western slopes of the Park Range, 
but the evidence for this opinion is not con
clusive. The Green River formation was not 
recognized by E. E. Smith11 in his study of the 
eastern part of the Great Divide coal field 

' though the Wasatch formation, with thick-
nesses ranging between 900 and 1,800 feet, is 
present there, nor was it definitely identified 
by M. W. Bali12

. in his study of the western 
part of the Little Snake River coal field 
though it may be represented in some un~ 
differentiated beds above the Wasatch forma
tion. The Green River formation is said by 
A. R. Schultz13 to extend over the north end of 
the Rock Springs uplift and out into the Red 
Desert to a point about 20 miles southeast of 
the Antelope Hills. It is also present at the 
s~u.th end of the Rock Springs.uplift, along the 
divide between Sage and Red creeks. It thus 
appears that in all probability these beds once 
covered· a large part of the Great Divide Basin 
and the Red Desert but were later removed 
by erosion. In ·any event, it seems fairly well 
established that the maximum width of the 
area once covered in whole or in part by the 

11 U. S. Geol. Survey Bull. 341, p. 220, 1909. 
12 Idem, p. 243. 
1B U. S. Geol. Survey Bull. 702. p. 24, 1920. 

Green River formation was little if any less 
than 150 miles. 

As already mentioned, Powell divided the 
G~een River fqrmation into a "Lower Green 
River" and an "Upper Green River." The 
latest report in which these beds are discussed 
~s that by A. R. Schultz 14 on the area around 
the Rock Springs uplift, in Sweetwater County, 
Wyo. Schultz recognizes four members of the 
Green River formation, w.hich in ascending 
order are as follows: (1) Tipton shale member 
consisting of fissile shale, conglomerate, ooliti~ 
limestone, shale, clay, and sandstone; (2) 
Cathedral Bl~ffs red-beds member, composed 
of red or vancolored conglomeratic sandstone, 
shale, and clay; (3) Laney shale member, made 
up of white and green fissile shale, li1nestone 
and sandstone, ''similar to those so character~ 
istic of the lower member or Tipton shale of 
the Green River in this part of the field and 
to the entire Green River formation in other 
parts of the Green River Basin;" ( 4) "Tower 
sandstone" and plant beds of Powell which 
consist of massive, regularly bedded sa~dstone 
sandy limestone, and shale. ' 

Just how far these proposed subdivisions of 
the Green River formation can be recoanized 
in other parts of the vast area over which it 
extends is not now knoWn, though some sub
division is undoubtedly possible. The earliest -. 
known and most thoroughly exploited of the 
plant-bearing beds are along the Union Pacific 
Railroad 2 or 3 miles west of the town of Green 
River, where, according to Hayden, Ward, and 
others, they occur about 100 feet above the 
fish beds. This places their position some 
hundreds of feet below the "Tower sandstone" 
that is so well exposed at the town of Green 
~iver. Powell and others who have followed 
him seem to be in error in speaking of the plant 
beds as overlying the "Tower sandstone." 

It seems rather remarkable, in view of the 
thickness and areal extent of the Green River 
formation, that it has been .found to be fossil
iferous at so few localities. Endlich remarked 
on this peculiarity many years ago, pointing 
out that it was possible to follow these beds 
for miles without finding a trace of animal or 
plant life. There is such an area north of 
Rock Springs, Wyo., where beds hundreds of 
feet in thickness are seemingly well fitted to 
preserve any forms of life that may have been 

u Idem, pp. 24-31. 
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present in the region, and yet so far as known I On his way back from the field in 1870 Hay
they a.re absolutely barren of fossils. The den passed over. the old overland stage route, 
suggestion that these beds may have ·been which follows Bitter Creek nearly to its head, 
deposited :in deep water far from s,l1ore does crosses the Red Desert, and thence · goes 
not fully explain their barrenness, for even if through Bridger Pass to the Laramie Plains. 

they were it would seem that they should con- THE OIL SHALE AND ITS MICROSCOPIC FLORA 
tai.n a few specin1ens. AND THE BEARING OF THE FLORA ON THE 

So :fn,r as now known the first fossil form from ORIGIN OF THE SHALE OIL. 
the Green River formation to be brought to 
seicn ti:ftc attention was a s1nall herrmg-like 
fish described by Joseph Leidy 15 in 1856, under 
tho nn,:me Olu1Jea humilis, later changed to 
Di1Jlomystus humilis. It was collected by Dr. 
John Evans, who visited the Rocky :Mountain 
region in 1849 and 1856, from the so-called 
fish beds near the town of Green River and was 
the forerunner of thousands of wonderfully 
preserved fish remains that have since been 
found. 

As already stated, 1-Iayden na.med the Green 

The intensive search for sources of petro
leum that is now being prosecuted in n1any 
parts of the world has naturally directed re
newed attention to the oil shales of the Green 
River formation, which are known to occur 
over vast areas in Wyoming, Colorado, and 
Utah. ·According to Winchester/7 

Approximately 5,500 square miles in northwestern Colo
rado and northeastern Utah are underlain by bods of.oil 
shale thick enough to mine and apparently rich enough to 
warrant the development of an industry for the manufac
ture of shale oil and other products. 

River fol'lnation in 1869, and at that tin1e he Concerning the origin of the shale oil Win-
nlontioned the presence of" an extensive flora," chester 1~ wrote as follows: 
but it is not a matter of record that he brought The Green River formation or that part of it including 
actual specimens to Washington. However, the oil shales consists of remarkably persistent and thinly 
I-ln,yden again visited the plant and fish beds bedded shales with some sandstone and at. places oo~ite and 

limestone. The beds were laid down in fresh water which 
near Green River during the summer of 1870, had an enormous expanse and was deep enough so that 
WI·.it;·nba- as follows: 16 

• h d 1 h d' h 1 ... wave actiOn a ittle effect on t e se 1ments. The s a e . 

About a mile west of the "petrified fish bed" is a cut 
along tho railroad which passes through a moderate thick
ness of buff chalky limestones, filled with impressions of 
loaves of deciduous plants. 

These plants were submitted to J. S. Now
berry, and his preliminary report in the form of 
a letter was published by Hayden in the report 
·cited. The collection comprised only about 
hnl:f a dozen forms sufficiently well preserved 
to be capable of identification, and of these he 
wrote as follows: 

Among them I find two palms, both quite unlike any
thing before found on this continent. One is a new Phoe
nicites, resembling Hecr's Jfanicaria formosa; the other 
but an imperfect fragment, yet altogether new and strange 
to mo. The most abundant species contained in the col
lection is a J{agnol?'a, allied to M. tenuinervis ~esquereux 
but more elongate and acute; also an oak resembling 
·Quercus saffordi of Lesquereux. There is another oak in 
the collection, a laurel (probably), and fragments of two 
ferns, too imperfect for detm·mination. 

This account of the Green R~ver flora, al
though relatively unimportant, is so far as 
lmown the first one published. 

16 Philadelphia Acad. Nat. Sci. Proc., vol. 8, p. 256, 1856. 
16 Haydon, F. V., U.S. Oool. Survey Wyoming Prelim. Rept., p. 143, 

l871. 

is in most places free from grit and contains an immense 
amount of vegetable matter; the richer beds show by far 
the greater amount of such material. Singularly enough, 
such low plant forms as the blue-green algae are represented 
in great abundance and in a state of almost perfect preser
vation. Pollen grains are present which came from conif
erous t1~ees which grew on land perhaps at considerable 
distances from the great iniand lake in which the shale was 
deposited. There is also a vast amount of organic material 
which is too macerated for identification. Complete 
insects and excellently preserved dipterous larvae as well 
as ftsh scales and even perfect fish skeletons have been 
found, but in most hand specimens of the shale there is 
little evidence of other plant life. 

The microscopic life, especially plant life, of 
the Green River oil shale, and its probable 
bearing on the origin of the oil, were under 
critical study by the late C. A. Davis, of the 
U. S. Bureau of Mines, and many valuable 
data have been accumulated, but his death in 
1915 brought the study to a close before much 
had. been recorded. A great number of thin 
sections and other especially prepared material 
had been brought together, and a few months 
more of study would have placed the subject 

17 Winchester, D. E., Oil shale in the United States: Econ. Geology, 
vol. 13, p. 508, 1917. 

1s Idem, p. 510. 
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on a firm basis. As it is, the only recorded 
facts resulting from this study are in the form 
of the following notes prepared by Davis for 
Winc?est~r's paper: 

Flora of the oil shale of the Green River formation. 

(a) Bacteria, Crenothrix, and similar low filamentous 
types. 

(b) Myophyceae: Blue-green algae. 
(c) Algae: (1) Protococcaceae: Protococcus, Pediastrum. 

(2) Conjugatae: Sp1~rogyra. 
(d) Fungi: Saprophytic molds, etc. 
(e) Mosses: Spores probably from these plants. 
(f) Pteridophyta: Ferns; annuli from fern sporangia. 
~(g) Spermatophyta: · 

·(l) Gymnospermae: Pinaceae; pollen of Picea and 
Pinus. · 

(2) Angiospermae: Pollen and fragments of cells, 
tissues, etc. Bark cells and residues, small 
pieces poorly preserved. 'In addition there 
are abundant and well-preserved remains 
which are of good size.and of fu-equent occur
rence, which seem to be structureless so far 
as cellular structures are concerned .. How
ever, they have definite and pretty regular 
forms and, in Dictyonophora, deflnite areas 
which carry well-marked and characteristic 
patterns which seem like cells but which 
show no cell walls. These anomalous fonns 
seem to have been the most abundant 
organisms in the waters in which the shales 
were laid down and are evidently vegetables 
of a low order of development. They are 
manifestly in place as they grew, since they 
do not show in pressed down masses but 
were buried in natural positions, very 
slowly. · 

The bearing of this microscopic flora on the 
origin of the shale oil is. further discussed by 
Davis in notes quoted by Winchester but need 
not be mentioned here further than to state 
that the evidence seems to indicate that the 
oil was produced in place and not by migration 
from some other source. 

GREEN RIVER LAKE. 

The Green River lake was a very considerable 
body of water, as its length fronl north to south 
was approximately 300 1niles and its width 
more than 150 miles. It is not known that 
this maximum extent was reached at any one 
time, but at some time during its existence its 
waters spread in one direction or another to 
these wide-flung limits. It was bordered on 
the north and west by what are now lofty 
mountain ranges, though they were then of 
far less elevation. Its containing barriers on 
the east and south are less easily recognizable 

but were apparently· certain low-lying Cre
taceous and perhaps earlier rocks that were 
then emergent. It may have extended as far 
as the western foothills of the Park Range, 
but this is somewhat uncertain. The lak.e 
was almost bisected by what are now the. 
Uinta Mountains, .but it is clear that there was 
a waterway around the east end of the Uinta 
Rang~ through Brown's Park. Clarence King's. 
conception of the physical conditions that ex
isted in and adjacent to the Green River Basin 
during early Eocene time was set forth in the 
volume devoted to the general geology of the 
region· traversed by the Fortieth Parallel Sur
vey under his direction. Among the subjects. 
discussed are the supposed Tertiary lakes in. 
that region.19 King pointed out that at the 
end of Cretaceous time "the relative upheaval 
of the whole Rocky Mountain chain and the 
west shore of the Cretaceous sea, including the 
system of the W ahsatch and its northerly ex-· 
tension, resulted in walling in the system of the. 
Colorado River, which then for the first time 
became an area from which the sea was quite 
excluded." 

The Wasatch and Rocky mountains con-· 
verge . toward the north and join near the. 
present headwaters of Green River, but toward 
the south they diverge more and more until 
in southern Colorado and New Mexico they. 
are 500 miles or more apart. It was within 
the area inclosed by these mountain systems, 
but more especially in the northern part, 
largely in what is now the Green River Basin, 
that King located his suc.cession of Tertiary 
lakes. The earliest of these lakes, according· 
to his conception, was a great body of fresh 
water that extended 150 miles north of the 
40th parallel and, from some evidence, for 
200 miles to the south and was perhaps 15(} 
miles wide. For this lake he proposed the name 
Ute Lake. According to King it was in the·. 
waters of this lake that the great body of 
sediments were deposited that later con-· 
stituted the Wasatch formation. 

Subsequent study has more or less dis
credited King's conclusion as to the lacustrine. 
origin of the. Wasatch rocks, many observers 
regarding them as more probably flood-plain 
deposits. Be this as it may, at the end of 
Wasatch time there was a subsidence that. 

19 King, Clarence, U. S. Geol. Expl. 40th Par. Rept., vol. 1, pp. 444-
448, 1878. 
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pern1itted a wider overflow of impolinded 
waters. It was in this body of water, named 
Gosiute Lake by King, that the sediment~ of 
the Green River formation were laid down. 
Whatever may be the origin of . the Wasatch 
sedin1ents, all are apparently agreed that the 
Green River shales are of lacustrine origin. 
King says: 

As developed at characteristic localities in the neighbor
hood of Green River, this group embraces about 2,000 
feet of conformable fine-grained rocks, gh:ing general 
evidence of accumulation in still, rather deep water. 
The lower 1,200 feet are made up of finely fissile shales and. 
calcareous clays, with some quite fine limestones. Many 
of the upper shales are strongly bituminous. 

The position of the outlet of Green River 
lake is not known, though 'it was doubtless 
somewhere to the south or southwest. It 
seems not unlil~ely that it followed approx
inlately the present Colorado River drainage 
system, as its surplus waters undoubtedly 
found their way into the Pacific Ocean. 

If the deductions to be ~rawn from the fish 
faun·a have been correctly interpreted the 
lake was at a comparatively slight elevation 
above sea level. Data regarding this fauna 
furnished by Dr. 0. P. IIay, of the United 
States National }.1useun1, show that about 
35 fairly well authenticated species of fish 
arc known from the Green River shales. Three 
fan1ilies, represented in this fauna by four 
genera and eight species, have pronounced 
marine affiliations. Thus the Clupeidae, 
which include the very large group of herrings, 
are represented by three genera and six 
species. · The herrings to-day .are Inainly con
fined to the ocean, though so1ne ascend rivers 
to spawn, and a few live in rivers. The sting 
rays, represented by a fine, clearly defined 
species (Heliobatis radians) in the Green 
. H.iver, are mainly marine, though a few forms 
live in rivers. A third family is also repre
sented by a single species, the living representa
tives of which are found in estuaries and rivers 
of Australia. 

From these facts it seems certain that the 
sea was not far away from the Green River lake 
or at least was readily accessible. Cope, 20 who 
described most of the Green River fishes, says: 

'!'rue herring, or those with teeth, are chiefly marine, but 
they run into fresh-water rivers and deposit their spawn 
in the spring of the year and then return to salt water. The 

tocope, E. D., U. S. Gaol. and Geog. Survey Terr. Ann. Rept. for 
1870. p. 431, 1871. 

young run down to the sea in autumn and remain there 
until old enough to spawn. The size of the fry of the 
Rocky Mountain herring indicates that they had not long 
left the spawning ground, while the abundance of adults 
suggests that they were not far from salt water, their 
native element. To believe, then, that the locality from 
which these specimens were taken was neither far from 
fresh nor far from salt waters is reasonable. 

Osborn in discussing the Green River fishes 
i;n his "Age of mammals," sn.ys in part: 

A large part of the teliosts are related to fishes at pres
ent confined to the Eastern Hemisphere. Thus the 
diplomystids ("rough-backed herrings") survive only 
in certain rivers and along portions of the coasts of Chile 
and eastern Australia. 

The distance from the Green River lake 
to the ocean can only be approximated, though 
it must have been some hundreds of miles. 
This distance, however, would not have been 
a serious obstacle to the passsage of fish from 
one to the other, provided, of course, there 
were no insurmountable falls or other obstruc
tions in the stream. Salmon are known to 
ascend to the upper waters of the Yukon to 
spawn, a distance of 2,250 miles. 

About a dozen species of land and fresh
water invertebrates (Helix, Physa, Viviparus, 
Pupa, Unio, and others) have been found in 
the Green River shales, but they throw little 
light on the ecologic conditions that prevailed 
at that time. 

FOSSIL LOCALITIES AND LISTS OF SPECIES. 

Locality unknown.-Under the heading 
"hard, shaly, fine-grained whitish sandstone," 
Lesquereux 21 enun1erated the species listed 
belo·w and continued: 

About the same consistence and color as the specimens 
from Carbon station. 'l'he ·precise locality is unknown, 
the labels having been lost or forgotten. 

However, in Lesq uereux's 11 Tertiary flora" 22 

all these species are referred without question 
to the Green River formation. 

Cyperus cha vannesi Heer. 
Populus arctica Heer. 
Ficus multinervis Heer. 
Ficus lanceolata Heer. 
Ficus arenacea n. sp. 
Ficus gauclini n. sp. 
Platanus sp. 
Cinnamomum sp. 

These· species of Ficus have been subse
quently identified only in older rocks, such as 

21 Lesquerem.:, Leo, U.S. Geol. and Geog. Survey Terr. Ann. Rept. for 
1871, pp. 300, 301, 1872. 

22 U. S. Geol. Survey Terr. Rept., vol. 7, pp. 194, 195, 1878. 
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the Mesaverde and "Laramie." There is 
absolutely no warrant for calling then1 Green 
River, and they are consequently dropped 
from this flora. · 

Alkali stage station, Wyo.-In 1874 Lesque
reu.,x 23 described the following speci~s from 
Alkali stage station, on the Sweetwater road, 
about 30 miles north of Green River station on 
the Union Pacific Railroad: 

Alnites unequilateralis n. sp. 
Juglans alkalina n. sp. 
Carpites viburni n. sp. 

Lesquereux was uncertain as to the age of 
these species but finally concluded that they 
were probably of the same age. as the plant beds 
at Black Buttes, Wyo. Although the locality 
has not been revisited it has usually been 

. classed as of Green River age. 
Mouth of White River and west of Green River 

station, Wyo.-In 1874, under the caption 
''New species of Tert~ary fossil plants briefly 
described," Lesquereu.,x 24 enumerated the fol
lowing Green River species: 

1. Lygodium clentoni n. sp. 
2. Myrica luclwigii Schimper. 
3. Quercus haicli~geri Ettingshausen. 
4. Ficus wyomingiana n. sp. 
5. Cissus parrottiaefolia n. sp. 
6. Phaseolites juglanclinus? Heer. 
7. Legum.ino~ites alternans n. sp. 
8. Sapinclus dentoni n. sp. 
9. Lomatia microphylla n. sp. 

Nos. 1, 2, 6, 7, 8, and 9 were collected by Wil
liam Denton at the mouth of White River, 
whichemptiesintoGreenRiver. Nos. 3, 4, and 
5 were found west of Green River station. 

Green River station, Wyo.-In 1872 Les
quereux25 published a paper entitled ''An 
enumeration with descriptions of some Tertiary 
fossil plants from specim·ens procured in the 
explorations of Dr. F. V. Hayden, in 1870. '' 
Under the caption "Green River, above the 
fish beds," he enumerated the following forms: 

Hemitelites torelli Heer? 
Arundo gopperti Munster. 
Phragmites oeningensis AI. Braun. 
Juncus sp. 
Salix augusta AI. Braun. 
Salix media AI. Braun. 

2a Lesquereu.-x:, Leo, U.S. Ueol. and Geog. Survey Terr. Ann. Rept. for 
1874, pp. 307, 308, 1876. 

24 Idem, pp. 308-315; also U.S. Geol. and Geog. Survey Terr. Bull., 2d 
ser., No.5, pp. 382-389, Jan. 8, 1876. 

25 U.S. Geol. Survey Terr. Fifth Ann. Rept., for 1871, Suppl., pp. 5-9, 
22, 1872. 

Salix sp. 
Myrica nigricans n. sp. 
Myrica salicina Unger. 

· Quercus lonchitis Unger. 
Ficus populina Heer. 
Ficus ungeri n. sp. 
Cinnamomum scheuchzeri :aeer. 
Eucalyptus americanus n. sp. 
Ampelopsis tertiaria n. sp. 
Ilex affinis n. sp. 
Ilex stenophylla Unger. [Excluded.] 
Ceanothus cinnamomoides Lesquereux. 
Rhus acuminata n. sp. 
Juglans schimperi n. sp. 
Juglans acuminata Heer? 
Juglans denticulata Heer? 

In the same year, under the caption "Green 
River group,. high on hills from river," Les
quereux enumerated the following species: 

Ceanothus cinnamomoides Lesquereux . 
Carya heerii Ettingshausen. 

In the "Tertiary flora" (p. 277) Lesquereux 
states that Oeanothus (or Zizyphus) cinnamo
moides came from u Green River station, Wyo., 
above the :fish beds with Ampelopsis tertia
ria.'' It was collected by F. V. II ayden and 
is preserved in the United States National 
Museum (No. 431). · 

Bridger Pass ( ~) and Washakie station, Wyo.
In the "Tertiary flora" Lesquereu.,x enumerates 
three species as having come from Bridger Pass, 
Wyo., as follows: 

Laurus utahensis Lesquereux (p. 216). 
Aralia? gracilis (Lesquereux) Lesquereux (p. 236). 
Rhamnus intermedius Lesquereux (p. 282). · 

On referring to the place of original descrip
tion it appears that Aralia? gracilis (or Liquid
ambar gracile, as it was first called) and Rham
nus intermedius are recorded by Lesq uereux 26 

as having come from u Washakie station, near 
Bridger Pass." Laurus utahensis was de
scribed as new in the "Tertiary flora" and was 
said to have come from Bridger Pass, "in con
nection with Araliopsis [error for Aralia] gra
cilis and Populus arctica." Both these species 
are found at Washakie station, and with little 
doubt the species of Laurus was also found 
there. 

From this evidence it seems reasonably cer
tain that the three species above mentioned 
did not come from Bridger Pass, but from Wa
shakie station, which is about 12 miles west of 
Bridger Pass. The improbability of their hav-

26 Lesquereu.-x:, Leo, U. S. Geol. and Geog. Survey Terr. Ann. Rept. 
for 1871, p. 286, 1872. 
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ing come fr01n Bridger Pass is further enlpha
sized by the :fact that, according to 13all,27 the 
rocks in the pass are referred to the Mesa Yerde. 
On tho other hand, Washakie station is in an 
area in Ball's "upper coal group," which in
cludes "Upper Laramie," Fort Union, and 
basnl Wasatch. As there is no ·indication by 
Lesquerel.L"'{, or by I-Iayden, who collected these 
plu.nts, as to where they came in the local sec
t.ion, it is absolutely impossible to place them 
until they are again collected from beds of 
known position. To refer them to the Green 
River forn1ation is not warranted, and, at least 
for the present, they are excluded from this 
flora. 

Green River, W'lfo. (plants described by J. S. 
Newberry).-In 1883 Newberry 28 named and 
gave preliminary descriptions of the following 
species: 

Acrostichum hesperium. 
Pecopteds (Phegopteris) sepulta. 
Sabal powe1lii. 
:Manicaria haydenii. 
Quercus cas1anoides. 
.T ugla.ns dentata. 
Juglans occ.identalis. 
Plan era variabilis .. 
Planera nervosa. 
Z.izyphus longifolia. 
Aralia macrophylla. 

In 1898 Newberry 20 described and figured 
the pln.nts enunlern,tecl in the preceding paper 
under the following names: 

Lygodium kaulfussii. 
Acrostichum hesperium. 
Pecopteris (Cheilanthes) sepulta. 
Eq uisetum wyomingense. 
Sabal powellii. 
Manicaria haydenli. 
Juglans occidentalis. 
Salix augusta? 
Quercus castanoides. 
Plancra nervosa. 
Plancra variabilis. 
Zi11yphus longifolia. 
Aralia macrophylla. 
Nordcnskioldia borealis. · 

Oolonulo localities (collections of D. E. Win
chester) .-The collections of D. E. "\iVinchester 
include the species listed below. 

Yellow sandstone of "Upper Green River," on Grease-
wood Creek, 40 miles west of Meeker, Rio Blanco County, 
Colo. (Winchester 7379): 

Aralia wyonungensis Knowlton and Cockerell. 

D7Jlnll, :M. W., U.S. Gool. Survey Bull. 341, pl. 13, 1!)09. 
118 U. S. Nat. Mus. Proc., vol. 5, pp. 502-5141 1883. 
20 La tor extinct floras of North America: U. S. Gaol. ·Survey 1t~on. 35, 

1898. 

Green River oil shale, Cathedral Bluff, Little Tomn:Ues 
Draw, 20 miles west of Rio Blanco post office, Rio Blanco 
County, Colo. (Winchester 7399): 

Caenomyces eucalpytae n. sp. 
Myrica sp. 
Pimelea spatulata n. sp. 
Seclum? hesperium n. sp. 
Eucalyptus? americanus Lesquereux. 
Carpites inquirenda n. sp. 

Green River oil shale, Greasewood Creek, 40 n:Ules 
soutlnvest of Meeker, Rio Blanco County, Colo. (Winches
ter 7381): 

Caenomyces sp. 
Danaea coloraclensis n·. sp. 
Ponteclerites hesperia n. sp. 
Salix sp. 
Myrica miuuta n. sp. 
Myrica praedrymeja n. sp. 
Comptonia? anomala n. sp. 
Oreoclaphne viridiflumensis n. sp. 
Sapinclus winchester! n. sp. 
Rhus n. sp. 
Zizyphus longifolia Newberry. 
Sambucus? winchesteri n. sp. 
Carpolithes caryophylloicles n. sp. 

Green River oil shale, Little Duck Creek, 50 miles 
southwest of Meeker, Rio Blanco County, Colo. (Winches
ter 738la): 

Dalbergia retusa n. sp. 
Sophora coloraclensis n. sp. 
Mimosites coloradensis n. sp. 

Green River oil shale, Cathedral Bluff, 20 miles west of 
Rio Blanco post office, Rio Blanco County, Colo., in sec. 
33, T. 4 S., R. 100 W. (Winchester 7382): 

Lygoclium kaulfussii Heer. 
Salix linearis n. sp. 
Salix longiacuminata n. sp. 
Juglans winchesteri n. sp. 
Dalbergia viridiflumensis n. sp. 

. Eucalyptus? americana Lesquereux. 
Phyllites winchesteri n. sp. 

Green River oil shale, Camp Gulch, 25 miles northwest 
of De Beque, Colo. (Winchester 7384): 

Achaenites cichorioides n. sp. 
Green River oil sliale, head of trail up ridge between 

Carr and Bushy creeks, 25 n:Ules northwest of De Beque, 
Colo. (Winchester 7386): 

Eucalyptus? americana Lesquereux. 
Green River oil shale, head of Carr Creek, 30 miles 

northwest of De Beque, Colo. (Winchester 7387): 
Myrica sp. 

SPECIES EXCLUDED FROM GREEN RIVER FLORA. 

The following species have been dropped 
from the Green River flora for the reasons 
stated: 
Acer sp. Lesquereux, U. S. Geol. and Geog. Survey Terr. 

Ann. Rept. for 1871, p. 286, 1872. 
From Barrel Springs, Wyo.; not afterward recog

nized by Lesquereux. 
Aralia gracilis (Lesquereux) Lesquereux, U. S. Geol. Sur

vey Terr. Rept., vol. 7 (Tertiary_ flora), p. 236, pl. 39, 
fig. 1, 18, 78. 
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Liquidambar gracile Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1871, p. 287, 1872. 

From Bridger Pass, Wyo., hence excluded. (See 
p. 138.) 

Arundo gopperti Munster. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, Suppl., p. 5, 
1872; U.S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 86, pl. 8, figs. 3-5. 

This species is rejected from the Green River flora 
and probably should not be recognized in North 
America. In the "Tertiary flora" Lesquereux figured 
three specimens that he referred to this species. Of 
these only one, the original of his Plate VIII, figure 3, 
is now preserved in the United States National 
Museum (No. 95), and is· before me. It is fully 8 
centimeters wide, nearly three times the size of the 
largest specimen figured by Heer, 30 and is very unlike 
Heer's figure in appearance. It is marked with 
numerous fine longitudinal veins or lines, and at 
fairly regular intervals, about 1 centimeter apart, are 
stronger lines or folds. It may be a large leaf of 
Cyperac-ites or possibly a palm leaf. It is too indefinite 
to be identified. 

Blechmtm gopperti Ettingshausen. Lesquereux, U. S. 
Geol. and Geog. Survey Terr. Ann. Rept. for 1871, 
p. 283, 1872. 

From Henry's Fork, Utah; not again referred to by 
Lesquereux. 

Carya heerii (Ettingshausen) Heer. Lesquereux, U. S. 
Gool. 'and Geog. Survey Terr. Ann. R~pt. for 1871, 
p. 289, 1872. 

Not afterward recognized by Lesquereux. 
Cinnamom·um scheuchzeri Heer. Lesquereux, U. S. Geol. 

and Geog. Survey Terr. Ann. Rept. for 1871, Suppl., 
p. 7, 1872. 

Concerning this species Lesquereux said: "I refer 
to this species two leaves of Cinnamomum, one of 
which is contracted. above the base, as in some forms 
of C. buchi Heer; the other narrower, like a variety 
of C. lanceolata Heer. Both specimens are incomplete· 
and have the nervation of C. scheuchzeri, as represented 
in many specimens from other localities of our Ter
tiary." This species was not again alluded to as a 
member of the Green River flora, and the two leaves 
were probably transferred to some other species, but 
of th.is there is no record; they are not now known to 
be in existence. 

Cyperites deucalionis Heer. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 285, 1872. 

From Barrel Springs, Wyo.; not afterward referred 
to by Lesquereux. 

Cyperus braunianus? Heer. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 285, 1872. 

From Barrel Springs, Wyo.; not afterward men
tioned by Lesquereux. 

Cyperus chavanensis Heer. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. 'Ann. Rept. for 1871, p. 300, 1872. 

Not from the Green ~iver formation. (Seep. 1~7.) 
Equisetum haydenii Lesquereux, U. S. Geol. and Geog. 

Survey Terr. Ann. Rept. for 1871, p. 284, 1872; U.S. 
Geol. Survey Terr .. Rept., vol. 7 (Tertiary flora); pl. 
6, figs. 2-4, 1878. 

ao Heer, 0sY:a1d, Flora tertiaria Helvetiae, vol. 1, pl. 23, f:g. 1, 1854. 

Ficus arenacea Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1871, p. 300, 1872. 

·Not from the Green River formation. (Seep. 137 .) 
Ficus gaudini Lesquereux, U. S. Geol. and Geog. Survey 

Terr. Ann. Rept. for 1871, p. 200, 1872. 
Not from the Green River formation. (Seep. 137.) 

Ficus la'iweolata Heer. Lesquereux_, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 300, 1872. 

Not from the Green River formation. (Seep. 137.) 
Ficus multinervis Heer. Lesquereux, U. S. Geol. and 

Geog. Survey Terr. Ann. Rept. for 1871, p. 300, 1872. 
Not from the Green River formation. (Seep. 137.) 

Ficus populina Heer, Flora tertiaria Helvetiae, vol. 2, p. 
66, pl. 85, figs. 1-7; pl. 86, figs. 1-11, 1856; Lesque
reux, U. S. Geol. and Geog. Survey Terr. Ann. 
Rept. for 1871, Suppl., p. 6, 1872. 

Ficus populina was characterized by Heer from 
specimens obtained in the Swiss Miocene. A number 
of leaves from the Green River formation were iden
tified by Lesquereux with Heer's species, although h.e 
stat.es that they show " some marked differences, " 
such as being obtuse rather than long and acutely 
pointed, having the veins nearer the borders, and hav
ing the marginal teeth pointed rather than round. 
There is a great deal of variation in the size and 
appearance of the forms referred to Ficus populina by 
Heer, and as Lesquereux did not specify the par
ticular forms. he regarded as most like those he had 
from Green River there is no way of telling where he 
later referred them. This species will have to be 
excluded from the Green River flora. 

Geonomites goldianus (Lesquereux) Lesquereux, U. S. 
. Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 

115, pl. 9, fig. 9, 1878. 
\Vrong identification. 

Palmacites gold1'anus Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1874, p. 311, 1875. 

From Barrel Springs, Wyo. 
Hemitelites torrelli Heer? Lesquereux, U. S. Geol. and 

Geog. Survey Terr. Ann. Rept. for 1871, Suppl., p. 5, 
1872. 

Not afterward referred to by Lesquereux. 
Ilex dissimilis Lesquereux, U.S. Geol. Survey Terr. Rept., 

vol. 7 (Tertiary flora), p. 271, pl. 50, figs. 7-9, 1878. 
-This species comes from Sage Creek, Mont., in beds 

of doubtful age. There seems no longer any valid 
reason for including this in the Green River formation, 
~ven with a question, and it is excluded. 

Ilex stenophylla Unger. Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann .. Rept. for 1871, Suppl., p. 8, 1872. 

Not afterward mentioned by Lesquerenx in connec
tion with the Green River flora. 

Juglans acuminata Heer? Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, Suppl., p. 8, 
1872. 

Lesquereux compares his Green River leaf with ~ 
peculiar form . of Juglans acuminata from the Swiss 
Miocene, but as he did not afterward allude to it in 
this connection it was probably placed under some. 
other form without record of such transfer. 

Juglans dentata Newberry, U. S. Nat. Mus. Proc., vol. 5, 
p. 507' 1882 [1883]. 

Although thiB species was described by Newberry 
it was evidently merged with some other species in the 
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formal publication of the "Later extinct floras," but 
just which one can not b~ determined. Hollick, who 
edited this work of Newberry's, states that he could 
find neither specimen, figure, nor manuscript relating 
to it, so it would best be dropped. 

La~trus ~ttahensis Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 216, 1878. 

Said to have come from ·Bridger Pass, Wyo., but the 
locality is uncertain, hence it is best excluded from 
the Green River flora. (Seep. 138.) 

Legu1m:nositcs lesqucrcuxiana Knowlton, U. S. Geol. Sur
vey Hull. 152, p. 131, 1898; Mon. 32, pt. 2, p. 730, pl. 
7fl, fig. 4, 1899. [See below.] 

Lcguminos?:tcs cassioidcs Lesquereux, U. S. Geol. Survey 
Terr., :Rept., vol. 7 (Tertiary fiora) p. 300, pl. 59, figs. 
1-4,1878. [Homonym; repla.ced by L.lcsquercw;iana.] 

It seems probable that this species would best be 
excluded from the Green River flora, for although Les
quereux stn.tes that three of the figured types were 
obtained above the fish beds at Green River, they 
are not to be found with the other·material from tlll.s 
locality that is preserved in the United States Na
tional Museum, and their present location is unknown. 
The other type is from the supposed Livingston forma
tion of the Bozeman coal field, :Mont. As this species 
has not subsequently been found in the Green River 
formation, it is excluded, at least for the present. 

:Magnolia sp. Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1871, p. 287, 1872. 

This is stated to have come from Washakie station, 
Wyo., but as it was not afterward referred to by 
Lesquereux it should be dropped. 

Myrica st'l.tdcrif Heer. Lesquereux, U. S. Nat. Mus. 
Proc., vol. 10, p. 38, 1887. 

~l'he locality for this specimen is supposed to be 
White River, Wyo., but it is so uncertain and the 
specimen is so obscure that it is here excluded from 
tho Green River fiora. 

Plwscolitcs .iugla.ndinusf Heer. Lesquereux, U. S. Geol. 
and Geog. Survey Terr. Bull., vol. 1, p. 388, 1875 
[1876]. 

Undoubtedly an error for Phyllites juglandin'U8 
Heer, as no record can be found in Heer of the com
bination given by Lesquereux. This species was 
described by Lesq uereux from material collected near 
the mouth of White River, Wyo., but it was not 
afterward referred to and was probably merged with 
some other form, without record of its transfer. It 
is consequently dropped from the Green River flora., 

Poacites lae'Vis AI. Braun. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 285, 1872. 

From Barrel Springs, Wyo. 
Pop'l.tlus arctica Heer. Lesquereux, U. S. Ge.ol. and Geog. 

Survey Terr. Aim. Rept. for 1871, p. 300, 1872. 
Notfrom the Green River formation. (Seep. i37.) 

Querws lonchitis Unger. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Anil. Rept. for 1871, Suppl., 
p. 6, 1872. 

This species was identified by Lesquereux in a 
collection of plants from Green River but was never 
figured and is now lost or merged with some other 
form; it has not since been identified with American 
material. It was not mentioned by Lesquereux in 
the "'l'ertiary flora." 

91048°-23-10 

Rhamnus 1.vashalciensis Cockerell, Am. Mus. Nat. Hist. 
Bull., vol. 24, p. 74, 1908. [See below.] 

Rhamnus intermedius Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1871, p. 286, 1872; U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), 
p. 282, pl. 54, fig. 3, 1878. [Hoinonym, Steudel and 
Hockstetter, 1827; replaced by R. washakiensis.] 

This species rests on· the single type specimen as 
figured by Lesquereux (U. S. N. M. No. 447). It is 
a mther nondescript oblong-elliptical leaf, about 6 
centimeters long and a little less than 2 centimeters 
wide, with a strong nll.drib and about 16 pairs of close, 
parallel camptodrome secondaries. Tills species 
seems t; approach most closely Rhamnus obovatus 
Lesquereux,31 a species of somewhat doubtful age but 
distinguished by its obovate instead of elliptical 
outline. More material nll.ght bring them closer to-

. gether, but for the present they are best kept apart. 
From Bridger Pass, Wyo., and hence .excluded from 

the ,Green River flora. (See p. 138.) 
Sequo1:a hcerii Lesquereux, U. S. Ge6l. and Geog. Survey 

Terr. Ann. Rept. for 1871, p. 290, 1872; U. S. Geol. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 77, 
pl. 7, figs. 11-13, 1878. 

This species was described as conll.ng from "Sage 
Creek, Mont.," a locality that has not since been 
found; hence, of course, its age is in doubt. Sequoia 
hcerii has been subsequently identified in the upper 
part of the Clarno formation of Oregon, the Kenai 
formation of Alaska, and the Lance formation of 
Montana and Wyonll.ng. It has not been reported 
from any Green River locality, and the manner in 
which it came to be even tentatively accredited to 
this formation is unknown. 

Zantlwxylon juglandinumf AI. Braun. Lesquereux, U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 294, 

' pl. 58, fig. 10, 1878. 
Thls species comes from Washakie, Wyo., from beds 

whose position is not definitely settled as in the Green 
River formation; hence it is excluded. 

SYNONYMS AND CHANGES OF NAMES. 

Acer indivisum Lesquereux=Acer lesquereuxii Knowlton. 
Alnites inaequilateralis Lesquereux=Planera inaequilater-

alis. · 
Aln'U8 inaequilateralis Lesquereux=Planera inaequilater

alis. 
Ampelopsis tertiaria Lesquereux=Parthenocissus tertiaria. 
Apocynophyllum scudderi·Lesquereux=Eucalyp.tusf ameri

cana. 
Aralia rnacrophylla Newben-y=Aralia wyomingensis. 
Ceanoth'U8 cinnamomoides Lesquereux=Zizyphus cinna-

momoides. 
Juglans dentiwlata Heer. .Lesquereux= Juglans crossii. 
Juglans occidental is N ewberry(part) = Carpitcs newberry ana. 
Juglans schimperi Lesquereux (part)= Juglans occidentalis. · 
Lygodium, neuropteroidcs Lesquereux=Lygodium kaulfussii 
Myrica nigricans Lesquereux=Rhus nigricans. 
Pecopteris sepulta Newberry=Osmundaf scpulta. 
Planera variabilis Newberry (part)=Planera inaequilater

alis. 

a1 Lesquereux, Leo, U. S. Geol. Survey Terr .. Rept., vol. 7 (Tertiary 
flora), p 281, pl. 54, figs. 1, 2, 1878. · 
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Qu.ercus castaneoides Newberry=Quercus castaneopsis. 
Rhus acuminata Lesquereux=Rhus lesquereuxii Knowlton 

and Cockerell. 
Salix angusta Al. Braun? Newberry=Eucalyptus? ameri

cana. 
Salix media Heer. Lesquereux, U. S. Geol. and Geog. 

Survey Terr. Ann .. Rept. ~or 1871, Suppl., p. 6, 1872= 
Salix sp. 

Spheria myricae Lesquereux=Sphaerites myricae. 
Zizyphus longijolia Newberry (part)=Zizyphus cinna

momm:des. 

THE ACCEPTED GREEN RIVER FLORA. 

The Green River flora as here described com-
prises the following species: 

Caenomyces eucalyptae Knowlton, n. sp. 
Caenomyces sapindicola Knowlton, n. sp. 
Sphaerites myricae (Lesquereux) Meschinelli. 
Acrostichum hesperium Newberry. 
Lygodium kaulfussii Heer. 
Lygodium dentoni Lesquereux. 
Osmunda? sepulta (Newberry) Knowlton. 
Danaea coloradensis Knowlton, n. sp. 
Equisetum wyom.ingense Lesquereux. 
Arundo reperta Lesquereux. 
Cyperus chavannesi Heer. 
Cyperacites haydenii (Lesquereux) Knowlton. 
Geonom.ites haydenii (Newberry) Knowlton, n. 

comb. 
Sabal powellii Newberry. 
Flabellaria florissanti Lesquereux. 
Pontederites hesperia Knowlton, n. sp. 
Juncus sp .. Lesquereux. 
Musophyllum complicatum Lesquere~. 
Salix linearis Knowlton, n. sp. 
Salix longiacuminata Knowlton, n. sp. 
Salix sp. Knowlton. 
Salix sp. Knowlton. 
Myrica salicina Unger. 
Myrica minuta Knowlton, n. sp. 
Myrica praedrymej~ Knowlton, n. sp. 
Myrica ludwigii Schimper. 
Myrica sp. Knowlton. 
Myrica sp. Knowlton. 
Comptonia? anomata Knowlton, n. sp. 
Juglans o~cidentalis Newberry. 
Juglans schimperi Lesquereux. 
Juglans .crossii Knowlton. 
Juglans alkalina Lesquereux. 
Juglans winchesteri Knowlton, n. sp. 
Quercus castaneopsis Lesq uereux. 
Planera inaequilateralis (Lesquereux) Knowlton, 

n. comb. 
Ficus ungeri Lesquereux. 
Ficus wyomingiana Lesq uereux .. 
Ficus tenuinervis Lesquereux. 
Lomatia? microphylla Lesquereux. 
Oreodaphne viridiflumensis Knowlton, n. sp. 
Pimelea spatulata Knowlton, n. sp. 
Brasenia? antiqua Newberry .. 
Sedum? hesperium Knowlton, n. sp. 
Amygdalus gracilis Lesquereux. 

Dalbergia viridiflumensis Knowlton, n. sp. 
Dalbergia retusa Knowlton, n. sp. 
Leguminosi tes al ternans Lesq uereux. 
Sophora coloradensis Knowlton, n. sp. 
Mimosites coloradensis Knowlton, n. sp. 
Ailanthus longe-petiolata Lesquereux. 
Sapindus dentoni Lesquereux. 
Sapindus obtusifolius Lesquereux. 
Sapindus winchesteri Knowlton, n. sp. 
Rhus lesquereuxii Knowlton and Cockerell. 
Rhus variabilis (Newberry) Knowlton, n. comb. 
Rhus nigricans (Lesquereux) Knowlton, n. comb. 
Rhus myricoides Knowlton, n. sp. 
Euonymus flexifolius Lesquereux. 
Acer lesquereuxii Knowlton. 
Ilex? affinis Lesqueteux. 
Ilex maculata Lesquereux. 
Iiex vyomingiana Lesquereux. 
Zizyphus longifolia Newberry. 
Zizyphus cinnamomoides (Lesquereux) LeFJque

reux. 
Cissus parrottiaefolia Lesq uereux. 
Parthenocissus tertiaria (Lesquereux) Knowlton, 

n. comb. 
Eucalyptus? americanus Lesquereux. 
Aralia wyomingensis Knowlton and Cockerell. 
Andromeda delicatula Lesq uereux. 
Sambucus? winchesteri Knowlton, n. sp. 
Achaenites cichorioides Knowlton, n. sp. 
Antholithes improbus Lesquereux. 
Carpolithus caryophylloides Knowlton, n. sp. 
Carpites viburni Lesquereux. 
Carpites newberryana Knowlton, n. sp. 
Carpites inquirenda Knowlton, n. sp. 
Phyllites winchesteri Knowlton, n. sp. 
Phyllites fremonti Unger. 
Phyllites coloradensis l{nowlton, n. sp. 
Nordenskioldia borealis Heer. 

RELATION OF GREEN RIVER FLORA TO OTHER 
FLORAS. 

The position of the Green River formation 
above theW asatch and below the Bridger fixed 
its stratigraphic ho~izon as approx;imately mid
dle Eocene. Hayden when he named the for
mation made no attempt to fix its position 
definitely within the Tertiary, though by in
ference it fell within the Eocene. Cope, who 
first studied the Green River fish, did not 
venture more than to place it in the Eocene, 
because he regarded the available data ·as 
insufficient. 

Lesquereux,32 who was the first to study the 
flora systematically, placed these beds. in his 
so-called fo¥th group, which comprised a 
"Lower Green River" and an' ·'Upper Green 
River." To the first of these he referred the 

a2 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), pp. 314-326, 1878. 
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localities of Bnrrel S.Prings nnd Green River 
stu.tion (above fish beds), Wyo., and Sage 
Creek, l\1ont., and to the second the localities 
Florissant, Colo., Elko, Nev., and White River, 
Wyo. 

In his fmal consideration of the Green River 
florn. Lesquereux 33 referred all these localities 
to the Green River formation. For many 
yem·s thereafter the Flor.issn,nt lnke beds were 
generally regarded as of Green River age, but 
subsequent study had placed them in the upper 
:Miocene. The pln,nts fr01n Elko, Nev., have 
not been critically studied and revised in 
recent years, but they are probably slightly 
younger than the Green River. 

As pointed out in another place, the locali-
. ties of Barrel Springs, Fort Bridger, and Sage 
Creek have been remo,Ted from the Green River 
formation on the ground of uncertainty as to 
their position. 

The only described 1niddle Eocene flora with 
which the Green River flora may be compared 
is one :fr01n the so-called Congaree clay member 
of the McBean formation of the Claiborne 
group 84 of Georgia, ~escribed by Berry.35 
This is a sn1all florn, of only 17 species, belong
ing to the following genera: 

Acrostichum. 
Arundo. 
Castanea. 
Conocarpus. 
Dodonaea. 
Ficus. 
Malapoenna. 
Mimosi.tes. 
Momisia. 

Pisonia. 
Pistia. 
Potamogeton. 
Rhizophora. 
Sapindus. 
Sphaerites. 
Terminalia. 
Thrinax. 

The genera common to these two floras are 
Acrostichum. Mimosites. 
A.rundo. Sapindus. 
Ficus. · Sphaerites. 

Although none of the species are held to be 
common to the two, there are several that are 
evidently rather closely related. Thus Acros
tichum geo'rgianrnm is regarded by Berry as 
closely related to Acrostich'l.tm hesperium, 
"differing from it i.t~ being somewhat more 
slender in habit and in having straighter mid-

88 U.S. Oool. Sun·oy 'L'crr. Hopt., vol. 8 (Cretaceous and Tertiary 
noms), pp. 20()-218, 11\83. 

84 Later more d.ct:lilcd .work revealed tho fact that tho deposits from 
which. this flom was collected arc of Jackson (nppor Eocene) age and 
belong to tho 'l'wiggs clay member of the Barnwell formation. See U.S. 
Geol. Survey Prof. Puper 120, pp. 41-77, 1919. 

sr, Berry, E. W ., '!'he Upper Cretaceous and Eocene floras·of South 
Carolina and Georgia: U. S. Geol. Survey Pror. Paper 84, pp. 129-163, 
pis. 24-29, 1914. 

veins and less elongate, finer areolation." 
Arundo pseudogoepperti, although a mere frag
ment, is regarded as very similar to and possi
bly identical with Arundo reperta, from the 
Green River. The only species of Ficus from 
the Georgia locality is Ficus claibornensis. It 
is an oblong-lanceolate leaf in which very little 
of the nervation is preserved and is quite differ
ent from either of the Green River species. 
Mimosites georgianus is certainly very similar 
to Mimosites coloradensis. S apindus geor
giana, according to Berry, suggests Sapindus 
angustijolius and S. stellariaefoli'ns, both from 
the Florissant lake beds, but is not particularly 
close to any Green River species. The Georgia 
species of Sphaerites is similar to Sphaerites 
myricae from the Green River, but all fossil leaf
spot fungi are so similar that without the essen
tial orgaJlS it is almost impossible to be certain 
of identifications. 

The ecologic conditions under which this 
Georgia flora grew are discussed at length by 
Berry, who concludes that it was distinctly a 
coastal flora. The only forms to which this 
interpretation would not apply are Castanea, 
which is an upland type, and Pistia and Pota
mogeton, both of which are aquatic but not 
·of coastal waters. All these could have been 
brought down from higher land by a streain. 
Concerning the others Berry says: 

It is interesting to note that the remaining 12 species 
are all plants of a coastal habitat, their modern represen
tatives flourishing in the tidal nipaswamps of the Orient, 
in mangrove swamps of the Orient and Occident, on the 
strand in beach ju~gle, or on the landward side of coastal 
sand dunes. Nearly all are represented by forms found in 
the existing flora on the Florida keys or along the shores of 
peninsular Florida, some, like Conocarpus, flourishing 
equally well on either muddy or sandy shores. Every 
species has representatives in the American Tropics. 

The actual physical conditions Berry inter
prets as follows: 

The present winter isotherm in the latitude of Grove
town [Ga.] is approximately 48° F. None of the closely 
allied modern plants flourish north of the winter isotherm 
of 52° F., and most of them do not occur north of the 
winter isotherm of 60° F. None of the fossil forms except 
possibly the Potamogeton, the modern species of which 
range over a great many degrees of latitude, or the Cas
tanea, which likewise has a wide range, would be expected 
to occur outside the latitudes where what Schimper calls 
the subtropical or warm temperate rain forests are found. 
We would expect the Claiborne climate, at least at low 
elevations along the coast and in proximity to the warm 
Eocene ocean current or currents, to have been uniformly 
humid, with an annual rainfall somewhere between 159 
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and 200 centimeters. The actual rainfall could becpme a 
more or less negligible factor provided the water table 
approached close to the surface and the humidity was 
high and constant. The temperature would have to be 
uniform rather than hot, judging by modern standards, 
for any degree of winter cold would have been fatal. The 
climate need not have been tropical, nor would it be sur
prising if the Claiborne niarine fauna failed to show 
tropical forms or reef corals, for the main factors which 
would limit the spread. of a flora like the one described 
would be uniform humidity, ample rainfall, and the 
absence of severe cold. 

As might perhaps be expected, there is com
paratively little identity of species bet~een the 
Green River flora and early Eocene floras. At 
one time it was thought that there were several 
"Laramie" species that persisted into the 

. Green River, but as shown in another place 
this belief was due to a small collection of 
obviously older forms for which the locality 
label had been either "lost or 'forgotten" and 
which were wrongly placed in the Green River. 

According to the books the following species 
have been found common to the Green River 
and Fort Union formations: 

Lygodium kaulfussii. 
Juglans occidentalis. 

· · Quercus castanopsis. 
Ficus ungeri. 
Zizyphus cinnamomoides. 
Andromeda delicatula. 

The .Fort Union flora, however, is much in 
need of critical revision, and it is probable that 
when this revision is made it will be found that 
some of these species were misidentified. 

A single Green River S:Qecies (Juglans 
crossii) has been reported in th~ Hanna forma
tion of south-central Wyoming. 

So far as known no species has been found 
common to the Green River flora and those of 
the Arapahoe, Denver, Raton, or Lance forma
tions. One Green River species (Rhus a..ffinis) 
has been reported from the Wilcox flora, but as 
Berry seriously questions the identification it 
can not be considered of much importance. 
Another Green River species (Ficus tem.ti
nervis) has been identified in .the lower part 
of the Clarno formation of Oregon, and another 
(Sapindus obtusifolius) in the Mascall (MiocE'ne) 
formation of Oregon. 

Although Lesquereux referred the Florissant 
lake beds to the Green River formation, the 
present revision has shown only one species 
(Amygd,alus gracilis) as common to the two, 
and even this is open to some question. 

~IOLOGIC AND ECOLOGIC INTERPRETATION OF 
THE FLORA. 

Although the known flora of the Green River 
formation is still rather small, it includes a nurn
ber of species that are of considerable biologic 
interest, and it is perhaps large enough to p3r
mit the drawing of at least tentative conclu
sions regarding the climatic conditions under 
which it flourished. As already pointed out, 
the great bulk of the formation is almost if not 
entirely unfossiliferous, but where any fossils 
occur in it they are generally very abundant. 
Thus, the so-called fish beds near the town of 
Green River have yielded rnany thousands of 
fish remains, as many as a hundred occurring 
on a small slab. In some layers-for example, 
in the layers just above the fish beds that con- · 
tain the remains of palms-the plant remains 
are so matted together as to be individually 
indistinguishable.' In southwestern Colorado 
the fossiliferous beds associated with the oil 
shale contain. a profusion of plant and insect 
remains. As already stated, the study of the 
microscopic flora of the oil shale has ·been only 
partly completed, though sufficient to show the 
presence of bacteria, blue-green algae, Proto
coccus, Spirogyra, saprophytic fungi, mosses,, 
ferns, and various types of seed-bearing plants. 
Some of these-perhaps all of them-but par
ticularly the algae appear to have contributed 
to -the accumulation of the oil in the shale. 
The algae are said to occur in great abundance 
and in a very perfect state of preservation, 
which would imply warm, rather shallow wa
ter. The great mass of amorphous undifferen
tiated vegetable matter in the _oil shale indi
cates the action of bacteria in its reduction, 
which could hardly ha~e taken place at depths 
much exceeding 20 feet. There is little evi
dence of the presence of moss plants, and the 
presence of spores must have been more or less 
fortuitous, for the mosses are plants so srnall 
and inconsequential that their spores could 
hardly have been much of a factor. The moss 
spores, the spores and sporangia of ferns, and 
the pollen of conifers rnust have been blown 
from adjacent land, and hence they give no 
indication of the depth of water in which they 
fell, nor of the' temperature at which they 
grew, for it is not possible from available data 
to identify the types of plants that produced 
them. 
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Turning now to the plants described in 'this 
paper, we have at least three distinct forms. of 
leaf -spot fungi, occurring on three types of 
leaves-llf.yrica, Sapindus, and Eucalyptus. 
They· have the same general appearance as 
many present-day leaf-spot fungi, but as their 
spore characters can not be made out their 
systematic position is subject to more or less 
question. Their requirements as to tempera
ture are, of course, the same as that of the 
lea,res on which they grew. 

The ferns of the Green River formation· are 
represented by five well-marked forms, some 
of which are of exceptional interest. Thus 
Dancwa, although described from a fragment, 
is perfectly authenticated and so far as known 
is the :first example of the living type to be 
found fossil. This genus comprises more than 
25 living species, all strictly American, rang
ing fr01n Cuba and southern Mexico to Brazil. 
They are terrestrial ferns of rather coarse habit, 
mostly 2 or 3 feet in height, growing in the 
shade in 1noist but well-drained tropical val
leys and slopes, where the humidity is high 
and const~tnt. 'I'he fossil form seems to be 
most clearly related to a species living on the 
isln,ncl of Trinidad. Another rather striking 
Green River fern is Acrostichum, which has 
only three living species living in tropical tidal 
n1urshes in both old and new worlds. Climb
ing ferns of the genus Lygodium are represented 

. by two nominal species in the Green River 
flora. The better known of these is identified 
as Lygodium kaulf'l.tssii, ~ form first described 
fr01n specin1ens obtained in the Miocene of 
1'huringia but since widely known from col
lections in Europe and this country. The 
genus is a large one distributed mainly in the 
'l'ropics of both hen1ispheres, especially in 
coastal thickets. The remaining fern of the 
Green River flora is referred with question to 
the genus Osmunda. 

Tho Equisetacae are represented by a single 
species of Eq_'l.tiset'l.tm that is poorly preserved 
and can not be of much value in the present 
connection. 

With the exception of some pollen grains 
found in connection with the oil shale, no 
re1nains of conifers have been reported from 
the Green River formation. 

The monocotyledons are better represented, 
though there is nothing very remarkable. 
'l"here are the usual nondescript forms referred 

to Arundo, Oyperus, and Oyperacites, with a 
doubtful species of Juncus. The most im
pressive things are the palms, of which there 
are three nominal forms referred to different 
genera, though more complete material may 
change certain of these references. The species. 
of Geonomites and Sabal are very rare-in fact,. 
are known only from the type material-but. 
the form referred to Flabellaria was very 
abundant at one locality and of large size .. 
The leaves are so matted together that it is 
impossible to get them out whole, but from 
many fragments studied the conviction grows 
that they must have been at least 4 or 5 feet 
in diameter. They had a long, rather slender, 
unarmed petiole. 

The family Palmaceae, which comprises 
about 150 genera and 1,000 species, is essen
tially tropical and about equally distributed 
in the Eastern and Western hemispheres. At 
the present time the highest northern latitude 
it reaches in Europe is about 43° and t):1e high
est southern latitude about 45° in New Zealand. 
A few species extend their range into temperate 
regions, and some can even endure a tempera
ture below 32°, but they are the exception. 

Palms were introduced at least as early as 
middle Cretaceous time and during the early 
part of the Tertiary period had attained a wide 
range, occurring, for instance, in Grinnell Land, 
Spitzbergen (80° north), in Greenland (70°), 
and in this country in Fort Union beds near 
the n1outh of the Yellowstone, in the Puget 
g;roup of Oregon and Washington, in the Kenai 
formation and other Eocene beds of Alaska, · 
in the Denver and Raton formations of eastern 
Colorado and northeastern New Mexico, and 
in the Wilcox group of the Gulf region.· 

The two remaining monocotyledons are 
Musophyllum, based on large but fragmentary 
Musa-like leaves that 1nay or may not be cor
rectly referred to the Musaceae, and Pon
tederites, a newly described form that seems 
correctly interpreted as ancestral to the genus 
Pontederia. The Pontederiaceae are a small 
American family of 5 genera and about 25 
species living in warm and temperate regions. 
Pontederia is a variable aggregation, by some 
regarded as a single species; others recognize 
two species, one confined to North America 
and one to South America; but the latest view 
inclines to the recognition of seven or eight 
speCies. The North American species (Pon-
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.. tederia cordata Linne), the well-known pickerel 
weed, ranges from Nova Scotia to Minnesota 
and south to Florida and Texas. It grows 
in shallow fresh water. The leaf of the Green 
River form is certainly very similar to the 
living form. 

The Salicales are represented in this flora by 
four forms of Salix, two of which are so frag
mentary that they have not been given 
specific na1nes. The others are small, narrow, 
rather nondescript leaves that it is difficult 
to place satisfactorily. ·They appear to be 
willow leaves, but their affinities are more or 
less doubtful. Hence any conclusions as to 
their ecologic conditions must be more or less 
tentative. 

The Myricales are represented by six fo!ms 
of Myrica and a single anomalous and more or 
less doubtful leaf referred to Oo~ptonia. The 
five species of Juglans representing the Jug
landaceae are not particularly noteworthy, nor 
is the single species of Quercus which represents 
the Fagaceae. The single species of Planera, 
of the family Ulmaceae, was a very abundant 
plant in the Green River and seems to be very 
well authenticated. The three species of Ficus 
representing the Moraceae were not apparently 
very numerous, but one (Ficus ungeri) had 
large, fine leaves. The Prote~ceae are question
ably represented by a single species of Lomatia. 
The type specimens are lost, and the generic 
reference is more than doubtful. They might 
be leaflets of some mimosaceous or Sapindus
like form. To the Lauraceae are referred two 
genera (Oreod~phne and Pimelea), each with a 
single species and each based on a single speci
men. The species of Pimelea is rather closely 
related to a species from the Florissant lake 
beds. The species ·of Brasenia, the sole 
representative of the Nymphaeaceae, seems 
well authenticated. Brasenia is a monotypic 
genus of . aquatic perennial plants found in 
North America, Cuba, eastern and tropical 
Asia, western tropical Africa, and Australia. 
The Crassulaceae are doubtfully rep:resented 
by a species referred with question to Sedum, 
but the resemblance may be only superfiCial. 
The single species of Arnygdalus is involved in 
so much doubt that it is hardly worth while 
discussing its affinities. The Papilionaceae are 
represented by two species of Dalbergia and one 
each of Sophora and Leguminosites, and the 
Mimosaceae by one species of Mimosites. 

These are all small, narrow leaves or leaflets 
a~d if correctly identified would seem to indi
cate a moist lowland habitat. The living 
species of these genera are very nmnerous and 
are widely scattered over the warmer parts of 
both hemispheres, being especially abundant 
on all tropical seashores. II} the order Gera
niales the Simarubaceae are represented by a 
very well authenticated species of Ailanth?.ts, 
though the connection ·between the leaf and 
the winged fruit may be uncertain. Ailanthus 
is not now a native of the Western I-Iemisphere, 
the seven living species being confined to 
eastern Asia and the East Indies. They are 
at hon~e in warm or subtropical temperatures. 

The order Sapindales is represented by sev
eral families in the Green River flora. Of 
these the Anacardiaceae claim four species of 
Rhus. This family numbers about 60 genera 
and 450 living species of trees and shrubs and is 
present in the Tropics and subtropics of both 
hemispheres, being specially abundant in Ma
laysia. Rhus is the <;>nly genus of the family 
found outside the Tropics. The Celastraceae 
are represented by a single species of Euonym1ts. 
This genus has about 60 living species, widely 
distributed throughout the Northern Hemi
sphere, but is most abundant in the Asiatic 
Tropics and 1n Japan and China. The Sapin
daceae, represented in the Green River by four 
species of Sapindus, constitute a very large 
family of over 100 genera and 1,000 species. 
They are 1nostly confined to tropical or sub-· 
tropical regions. The Ilicaceae comprise only 
five genera and less' than 200 species. The 
principal genus is Ilex, which is.found in nearly 
all tropical and temperate regions and is repre
sented in the Green River flora by three species. 
In the order Rha1nnales the fa1niiy Rham
naceae includes about 50 genera and 500 living 
forms, mainly of the Tropics but a few, among 
thmn Rhamnus, extending into te1nperate 
regions. The only genus of this fmnily repre
sented in the Green River flora is Zizyphus, 
with two well-marked species. There are 
about 40 living species of Zizyphus, 1nainly 
shrubs or small trees, of war1n tmnperate 
regions, with a few in the Tropics of both hmni
spheres. The Vitaceae comprise about a 
dozen genera and nearly 500 species, mainly 
tropical or subtropical, though a few, such as 
Vitis, extend into te1nperate regions. Oissus 
is the largest genus, including 250 species, all 
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or nearly all tropical. Inasmuch as the Euca
lypt'U.S in the Green River flora is questioned 
there is perhaps no necessity for going further 
into the history of this family. The final 
family that needs to be considered is the Arali
nceae, represented in the Green River flora by a 
very well-defined species of Aralia. This fam
ily ombrnces nbout 50 genera and over 500 
species, mainly tropical, but a considerable. 
number extend into tmnperate regions, espe
cially in North Arnerica and eastern Asia. 

The remaining forrns are referred to the 
genera Antholithes, Oarpolith,us, Oarpites, Phyl
lites, and Achaenites and need not be further 
discussed. The species of Achaenfi,tes is note..: 
worthy in that it appears to indicate with much 
certainty the presence of the great group of 
Compositae. 

From the foregoing account it appears that 
an .overwhelming preponderance of the living 
forms in the families repr~sentecl in the Green 
River flora are inhabitants of tropical or sub
tropical regions, n1any qf thern in both herni-· 
spheres, yet a considerable nurnber include 
either genera or ~pecies that extend into tem
perate regions. There is some evidence to 
show that there were at least two ecologic 
province~ in Green River time. Thus, there 
are a nmnber of the genera that are of the low
land type, such as 

Lygodium Lomatia 
Acrostich um Pimelea 
Dana.ca Oreodaphne 
Osmunda Dalbergia 
Arunclo Leguminosites 
Cyperus Sophora 
Goonomitcs Mimosites 
Sa.bal Ailanthus 
Fhibcllaria. Sapindus 
Pon tcclerites Eucalyptus? 
Musophyllum Aralia 
Plan em. Brasenia 
Ficus 

There are other genera that seem to find a 
moreQ congenial home on higher ground. These 
nre 

Salix Acer? 
:Myrica Zizyphus 
Comptonia? Ilex 
J uglans Andromeda 
Quercus Rambucus? 
Rhus 

This division is not a very satisfactory one, 
and the assignments may not all be valid,· but 

· there were evidently some differences in the 

conditions under which the several elements 
were found. The physical setting can be 
pictured somewhat as follows: About the 
shores of the lake were certain flat, low-lying 
areas, some of them probably swampy, others 
sanely, whereon grew the palms, figs, Lomatia, 
Oreodaphne, hackberries, the several papiliona
ceous trees and shrubs, the ferns, grass, sedge, 
etc., and in the ·water the picketel weed, Bra
senia, algae, etc. On the adjacent somewhat 
higher land might have been the willows, 
waxberries, sweet fern:, walnuts, oaks, sumacs, 
maples ( ~) ,· hollies, etc. 

The conditions of temperature and moisture 
under which the Green River flora flourished 
are sornewhat difficult of i~terpretation,, as 
there is seemingly more or less conflict between 
the elements of the flora. The· nearest living 
relatives of certain of the ·genera that are 
belie.ved to have inhabited the lowlands, such 
as Lygod~um, Acrostichum, 1Ja~ae~:· G~ono
mites, Sabal, FlalJellaria, Musophyllum, Plan
era, Ficus, Lomatia, Pimelea, Oreodaphne, the. 
leguminous genera, and possibly· Sapindus, 
Eucalyptus, ·and Aralia, are fourid mainly in 
subtropical or tropical areas. The palms, at 
least one species of which existed in abundance, 
could hardly have lhred where the tempera
ture fell below 42° F. and probably not ever1 
where it was considerably higher than this. 
Certain of the other ge~era, such as Osmunda, 
Arundo, Oyperus, Aralia, and Brasenia, might 
have withstood frost, for although the speeies 
of these genera are largely tropical or sub
tropical they include species that extend into 
temperate tegions. All things considered it 
seems probable that this lowland fiora must 
have required a ten1perature that was at least 
warm temperate and possibly: bordered on 
·subtropical. 

The upland flora, including such genera as 
Salix, J!lyrica, Juglans, Quercus, Rhus, Acer, 
and Ilex, could well have withstood some 
degree of frost, but on the other hand all these 
genera contain species that could find a con
genial habitat in a warm temperate region. 
It is doubtful if any of them had to withstand 
cutting frosts. 

The inferences to be drawn regarding the 
climatic requiren1ents of the insect fauna are in 
substantial accord with those silggested by the 
flora. · I am informed b)7 Prof. T. D. A. Cockerell 
that the known insect fauna.of the Green River 
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shales now numbers 296 species. Concerning 
this fauna he says: 

The really dominant and characteristic insects of the 
Green Rive~ shales, if any such can be specially desig
nated, are the Fulgoridae, which have a most distinctly 
tropical aspect and in many cases closely resemble living 
tropical genera. The other groups of insects do not ap
pear tropical, though one of the dragon-fly genera is closely 
related to a neotropical one. The dragon flies, caddis flies, 
etc., indkate that there was plenty oi fresh water, but it 
does not follow that these breed in the lake. 

·' Alexander/6 the well-known authority on 
the crane flies, has the foll~wing to say regard
ing the geologic history of this group: 

The North American E.ocene and Miocene, as repre
sented by the White River and Gr~en River bed!;! and the 
Florissant shales, respectively, give evidence of having 
had a northern [tipulid] fauna, especially the Eocene. 
This is wdl shown by the great development of the Cylin
drotominae, which in the White River basin almost 
dominated the crane-fly fauna during the Eocene. It 

. seems probable, moreover, that the group· was. forced 
into colder ~e~ons of the globe during the Oligocene, 
when the tropical element reached far north. No group 
of crane flies that can be considered tropical has yet been 
found in the Florissant beds. On the other hand, the 
European Oligocene, as shown by the Garnet Bay beds and 
the lower Oligocene Baltic ,amber, has a considerable 
tropical element apparent. . . 

From these statements it appears th~t the 
evidence of the insects is practically the same 
as 'that of the plants, namely, tP,ey comprise 
a certain element that indicat~s tropical sur
roundings, and another, or others; that indi
cate cooler, perhaps temperate conditions. · 

THE FLORA. 

Phylum THALLOPHYTA. 

Class FUNGI. 

Series ASCOMYCETES. 

Order LABOULBILIA.LES. 

Family LABOULBILIACEAE. 

Genus CAENOMYCES Berry. 

Caenomyces eucalyptae Knowlton, n .. sp. 

Plate XXXVI, figures 8, 9. 

I follow Berry in adopting · Oaenomyces as 
the generic name of this leaf-spot fungus. 
Berry's description 37 is as follows: 

The presence of spots of different shapes on the leaves 
of fos'lil plants is exceedingly common, and a very large 

. a6 Alexander, C. P., The crane flies of New York, pt. 2: Cornell 'C'niv. 
A gr. Exper. Sta. Mem: 38, p. 764, 1920. . 

s1 Berry, E. w., U. S. Geol. Survey Prof. Paper 91, p. 162, 1916. 

number of so-called species of fossil leaf-spot fungi· have 
been described by Ettingshausen, Heer, Saporta, and 
others. * * * The identification oi these fos..<Ul forms 
obviously rests on a very insecure foundation, especially 
when it is recalled that scale insects and a great variety of 
insect galls would resemble epiphyllous fungi when pre
served on impressions of fossil leaves. Nevertheless, large 
numbers of undoubted fungi are preserved in this manner, 
and it is the legitimate duty of the paleobotanist to 
describe and illustrate them. In order to accomplish this 
work without unwarranted definiteness in generic classifi
cation, I propose the term Caenomyces as a form genus for 
leaf-spot fungi of Cenozoic age whose precise botanic affin
ities can not be determined. 

One of the leaves of Eucalyptus? americanus 
from western Colorado shows about twenty 
very well preserved leaf spots, apparently 
caused by a fungus. They are circular, are 
about 1.5 or 2 millimeters in diameter, and 
have an outer black ring perhaps 0.05 milli
meter in width under which the substance 
of the leaf has shrunken. The center of the 
ring is elevated, and on the top of this in the 
center are several black pustules evidently 
where the mature spores are· being or about to 
be discharged. 

The dispo.sition and general appearance of 
these leaf spots is shown in figure 8 natural 
size, and one of the most perfect spots in 
figure 9, which is enlarged six times. 

Occurrence: Green River formation, on 
leaf of Eucalyptus? america nus Lesquereux, 
Cathedral Bluff, south of Little Tommies 
Draw about · 20 miles west of Rio Blanco ' . 
post office, Rio Blanco County, Colo., collected 
by D. E. Winchester, 1917. 

Caenomyces sapindicola Knowlton, n. sp. 

Plate XXXVI, figure 10. 

The type leaflet of Sapindus winchesteri (Pl. 
L'"'{XVIII, fig. 1) shows the presence of several 
leaf-spot fungi. The spots are circular, 1.5 to 
2 millimeters in diameter, and some show an 
inner ring with a slightly raised central portion. 
It is evidently not mature and is so obscure 
that it is hardly worthy of mention except to 
call attention to the presence of furigi of this 
general type on Sapindus. 

Occurrence: Green River formation, on type 
leaflet of Sapindus winchesteri Knowlton, 
oil shale, Smith ranch, on Greasewood Creek, 
about 40 miles southwest of Meeker, Colo., 
collected by D. E. Winchester, 1917. 
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Order SPHAERIALES. 

Family SPHAERIACEAE. 

Sphaerites myricae (Lesquereux) Meschinelli. 

Sphaerites myricae (Lesquereux) Meschinelli, Sylloge fun
gorum fossilium, p. 23, 1892. 

Spheria myricae Lesquereux, U.S. Geol. and Geog. Survey 
~L'err. Ann. H.ept. for 1872, p. 390, 1873; U. S. Geol. 
Survey Terr. H.ept., vol. 7 (Tertiary flora), p. 34, 
pl. 1, fig. 4, 1878. 

This spec1es was first described from speci
Inens collected at Black Buttes, Wyo., where it 
was found on leaves of },fyrica torreyi Lesque
reux. It was later found at G~een River, 
Wyo., on leaves of Myrica nigricaris (now Rhus 
nigricans). 

It was described by Lesquereux as follows: 
u Perithecia punctifor1n, 1ninute, either sparse 
or in a circle, forming round spots" about a 
millimeter in diameter, "the center of which is 
clear and o:f a light color." It ~ay be the 
srune as Oaenomyces eucalyptae, described on 
puge 148, but as it can not be certainly idel).tified 
with that species it is permitted to stand as 
left by Lesquereu.x. 

Occurrence: Green River formation, Green 
River, Wyo., on leaves of Myrica nigricans 
Lesquereux. "Post-Laramie" (type), Black 
Buttes, Wyo. 

Phylum PTERIDOPHYTA. 

Class FILICES. 

Order FILICALES. 

Family POLYPODIACEAE. 

Acrostichum hesperium Newberry. 

Acrostichum, lzesperiunt Newberry, U. S. Nat. :Mus. Proc., 
vol. 5, p. 503, 1882 [1883]; U. S. Geol. Survey :Mon. 
35, p. G, pl. Gl, figs. 2-5, 1898. 

The illustrated types of this splendid fern are 
nil preserved in the United States National 
~[uscunl (Nos. 7013-7016). 

Occurrence: Green River for1nation, Green 
lhver, Wyo., collected by C. A. White. 

Family SCHIZAEACEAE. 

Lygodium kaulfussii Heer. 

Plate XXXVI, figure 7. 

Lygodium kaulfussii Heer, Beitrage zur niihern Kenntniss 
der sttchsisch-thuringischen Braunkohlen:ftora, p. 
400, pl. 8, fig. 21; pl. 9, fig. 1, 1861. 

Newberry, U. S. Geol. Survey Mon. 35, p. 1, pl. 62, 
figs. 1-4, 1898. . 

Knowlton, U. S. Geol. Survey Mon. 32, pl. 2, p. 672, 
pl. 80, figs. 1, 2, 1898. 

Lygodium neuropteroides Lesquereux, U. S. Geol. and 
· Geog. Survey Terr. Ann. Rept. for 1870, p. 384, 

1871; U. S. Geol. Survey Terr. Rept., vol. 7 (Ter
tiary flora), p. 61, pl. 5, figs. 4-7; pl. 6, fig. 1, 1878. 

The genus Lygodium is so characteristic 
in shape and nervation that with reasonably 
adequate material it is easily and certainly 
identified. Its presence in the Green River 
forn1ation was first made known by Les
quereux, who described and figured Lygodium 
neuropteroides. Subsequently a very large 
number of very well preserved examples 
were procured from the Green River formation 
by J. S. Newberry. These were identified 
as Lesq~ereux's species, and, as Newberry 
said, "They illustrate the growth of the plant. 
far better than those he figurecl. Coming 
all from the same locality,. indeed thickly 
i1npacted together and having the same 
l).ervation, they unquestimutbly represent a 
single species. '' . . 

Before Newberry's account was published, 
however, Gardner 38 published an account of 
British Eocene ferns in which he pointed out 
the identity of Lesquereux's. Lygod·ium neu
ropteroides with IIeer's Lygodium kaulfussii, 
and this view was accepted by both Les
quereux and Newberry. Lesquereux was 
shown specimens of the true· Lygoclium kaul
fussii and pronounced the1n "positively iden
tical'' with his species from the Green River 
formation. If there is any difference it is 
that the An1erican specimens are somewhat 
more robust and have slightly broader and less 
undulate lobes, but the differences are not 
great. 

Newberry 39 also reported .Lygodium leaves 
frmn Fletts Creek and Carbonado, Wash. 
[Puget group], which, he said, 
offer no characters by which they can be distinguished 
from those found in the Green River group, and it seems 
to me probable that ·we have in all these specimens relics 
of one of those widespread and long-lived species which 
occur at different geological horizons among both animal 
and plant remains. 

Newberry's conclusion has since been verified 
by the finding of specimens identifie.d 40 as 
Lygodium kaulfussii on Elk Creek, m the · 
Yellowstone National Pa.rk, in beds believed 
to be of Fort Union age, and also on the bank 

8s Gardner, J. S., British Eocene flora, pt.1, Filices, P: 47, pis. 7, 1884. 
89 Newberry, J. S., U. S. Geol. Survey Mon. 35, p. 3, 1898. 
•o Knowlton, F. H., U. S. Geol. Survey Mon. 32, pt. 2, p. 672, pl. 80, 

figs. 1-3, 1898. 
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of · Lamar River between Cache and Calfee 
creeks, in beds of Miocene age. The specimens 
from Elk Creek are as large as the largest 
specimens from Green River figured by New
berry, and the specimens from Lamar River 
are about the size of the smaller ones figured 
by Newberry. 

The collections from the Green River shales 
made by D. E. 'i\Tinchester in northwestern 
Colorado include a number of specimens of 
Lygodium kaulfussii that are undoubtedly 
identical with certain of the smaller ones 
figured by Newberry. Only one of these 
has been figured here. 

Occurrence: Green River formation, Green 
. River, Wyo., collected by C. A. White about 
1879 ~; Barrel Springs, Wyo., type locality 
for Lygodium rieuropteroides, collected by F. 
V. Hayden, 1870; spring on Little Duck 
Creek, Rio Blanco County, Colo., and sec. 33, 
T. 4 S., R. 100 W., Colo., collected by D. E. 
Winchester, 1917. 

Lygodium dentoni Lesquereux. 

Lygodium dentoni Lesquereux·, U. S. Geol. and Geog. Sur
vey Terr. Bull., vol. 1, p. 383, 1875 [1876]; U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 
63, pl. 65, figs. 12, 13, 1878. 

The status of this spe·cies is unsatisfactory. 
The type specimens are now lost, and our 
knowledge of it depends on the two fragments 
figured by Lesquereux. It appears to be a 
Lygodium, but it is so fragmentary that there 
is little use in attempting comparison with 
other species. 

Occurrence: Green River formation ( ~), 
mouth o~ White River, Wyo. 

Family OSMUNDACEAE 1 

Osmunda? sepulta '(Newberry) Knowlton, n. comb. 

Pecopteris (Phegopteris) sepulta Newberry, U. S. Nat. Mus. 
Proc., vol. 5, p. 503, 1883. 

Pecopteris (Cheilanthes) sepulta Newberry, U.S. Geol. Sur
vey Mon. 35, p. 12, pl. 62, figs. 5, 5a, 6, 1898. 

Described as follows by Newberry: 

Frond small, delicate, pinnate; lower pinnae straight, 
broadly linear in outline, rounded above, attached to the 
rachis by the whole breadth of base; margins strongly 
lobed bytheconfl.uentpinnules, 1 centimeter wide by 5cen
timeters lo:n,g; upper pinnules crowded, conical in outline, 
gently curved upward, with waved or lobate margins; 
pinnules united by one-third of their length, oblong, ob
tuse; basal ones on lower side round, on the upper side 
fl.abellate, both attached by all their lower margin to the 

. \ 

rachis of the frond; nervation strong and wavy, consisting 
of one many-branched nerve stem in each pinnule, each 
branch once or twice forked; fructification unknown. 

The two figured types of this species are in 
the United States National Museum (Nos. 7042, 
7043). Of course Newberry recognized the 
fact that this fern should properly be referred 
to a modern genus, and pending the determina
tion of what that genus should be he referred it 
temporarily to Pecopteris. At different times 
in considering this species Newberry employed 
Phegopteris and Oheilanthes as subgenera, and 
in his final discussion of its possible affinities he 
1nentioned: Gleichenia, but in the absence of 
fructification all were dismissed as improbable. 

I have ventured to transfer this form tenta
tively to the genus Osmunda, as it seems to 
agree in a number of respects with certain fossil 
species that have been so referred. We still. 
lack the fruit, and in its absence any ref~rence 
is more or less open to uncertainty, but it is 
impossible to permit this form to remain under 
Pecopteris. 

Occurrence: Green River formation, Green 
River: Wyo., collected by C . .A. White. 

Order MARATTIALES. 

Family MARATTIAC;EAE. 

Danaea coloradensis Knowlton, n. sp. 

Plate XXXVI,. figure 4. 

This species is based on the impression of the 
under side of the terminal portion of a pinnule 
in fruit. Its length is about 13 millimeters 
and its width 4 millimeters, and as it is broken 
squarely across the base there is strong pre
sumptive evidence that it was considerably 
longer when living. It was evidently thick 
and fleshy and had a very ~trong midrib, and 
the synangia are closely packed on either side, 
though not quite reaching the n1argin, where 
there is a distinct fleshy rim. .As the apical 
pores of the sporangia do not show it is pre
sumed that the fruit was not quite mature . 

.Among living species it appears to approach 
most closely in size and general appearance 
Danaea fendleri Underwood, of the 'Island of 
Trinidad, but it differs specifically in having the 
synangia relatively very broad and short. 

The genus Danaea is represented by about 
25 species confined to tropical America from 
Cuba and southern Mexico to Brazil. They 
are terrestrial ferns of rather coarse habit and 
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are dimorphous, with simply pinnate fronds 
(simple in one species) with linear segments 
bcm·ing parallel linear synangia, each com
posed of two rows of closely packed sporangia 
opening by a terminal pore·. These fruiting 
·Chara.cters are so strongly 1narked that there 
is little difficulty in recognizing a fossil form 
that is adequately preserved. 

The species here described is not only the 
··first N o~·th An1erican fossil form to be made 
known, but it. is apparently the on}y fossil 
species thus far de.scribed fron1 any part of the 
world that is reasonably authenticated. Thus, 
Racyborski 41 described a species from the 
Jurassic of Krakow, Poland, under the name 
Danaea microphylla, b~t it has the outline, size, 

·and nervation of a Taeniopteris (cf. T. parvula 
I-Ieer). rrhe fruit as figured may entitle it to be 
included in the Marattiaceae, but it is so unlike 
the fruit of Danaea that it can hardly be placed 
m this genus. Several Carboniferous species 
were described originally under the nmne 
Danaea, but they have later and more correctly 
been referred to Danaeites, Danaeopsis, etc. 

The Marattiaceae are supposed to be of very 
ancient lineage-in fact, up to a decade or so 
ago it was commonly believed that they formed 
a don1inant element in the forests of the coal. 
age, but with the discovery of the'' ever-widen
ing territory of the pteridospern1s" they have 
been brought n1ore or less in question. Arber 
says: 

']'he evidence, formerly regarded as beyond suspicion. 
that the eusporangiate ferns formed a dominant feature of 
tho vegetation of the Paleozoic period has been under
mined, more especially by the remarkable discovery of 
the male organs of Lyginodendron by ~fr. Kidston. At 
best we can only now regard them as a subsidiary group 
in the epoch of the past history of the vegetable kingdom. 

Even the reproductive organs are no longer 
decisive unless · the seeds are found, for, as 
Seward says:' 

We can not in most cases be certaill whether the small 
sporangium-like bodies on fertile pinnules are tnie fern 
sporangia or the micro-sporangia of a heterosporous pterido
sperm. What is usually called exannulate fern sporan
gium * * * has no distinguishing features which can 
be used as a decisive test. 1'he micro~porophylls of the 
:Mesozoic Bennettitales produced their spores in sporangica} 
compartments grouped in synangia like those of recent 
lvlara ttia.ceae. 

The Pteridospermae so far as known disap
peared with the end of the Paleozoic era, and 

41 11acyborski, Muryjau, Pamictnik Akacl. Umiejetn., vol. 18, p. 155, 
pl. 6, figs. 1-0, 1894. 

the marattiaceous type was carried on to the 
present· by sparsely represented forms, such as 
1.1arratiopsis, Danaeopsis, Bernouillia, and per
haps Nathorstia of the Lower Cretaceous of 
Greenland, and a supposed Tertiary species of 
Marattia (1.1. hookeri Gardner and Etting
hausen) from the Eocene of the Isle of Wight. 
It is therefore of interest to be able to add an
other step in the recorded progress from the 
Paleozoic to the present in the shape of an 
undoubt~cl Danaea fron1 the 1niddle Eocene of 
America. 

This specilnen has been submitted to :Mr. Wm. 
R. Maxon, of the United States National Her
barium, and he pronounces it unqualifiedly as 
referable to Danaea. 

Occurrence: Green River formation, oil shale, 
Rio Blanco County, about 40 miles southwest of 
Meeker, Colo., collected by D. E. Winchester, 
1917. 

Order EQUISETALES. 

Family EQUISETACEAE .. · 

Equisetu.m wyomingense Lesquereux. 

Equiseturn wyorningense Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1873, p. 409, 
1874; U. S. Geol. Survey Terr. Rept., vol. 7 (Ter
tiary flora), p. 69, pl. 6, figs. 8-11, 1878. 

Newberry, U. S. Geol. Survey Mon. 35, p. 15, pl. 65, 
fig. 8, 1898. 

Lesquereux' s description and figures of this 
species are rather vague and unsatisfactory. 
lie states that the specimens are preserved on a 
large slab of very hard white shale, which is 
((covered with a profusion of fragments of the 
same plants, rootlets, rhizon1es, stems crushed, 
pressed together, and rarely separated dis
tinctly enough to clearly show their characters." 
lie further states that the stems and rhizomes 
are equally and regularly striate, and the 
"sheaths are dentate on the borders, and 
short." The stems and rhizomes are ot equal 
size, about half a centimeter in width. 

Newberry figures a single stem from Green 
River under Lesquereu..-x:'s name .but makes no 
comn1ent or comparison in the text. The 
figured specimen is a fragment of stem about 
6 centimeters long and 0.5 centimeter wide and 
shows three sheaths with some 10 or 12 slen
der, sharp-pointed teeth. It is difficult to 
determine whether this is really the sa1ne as 
Lesquereu..-x:'s Equisetum wyomingense, but it 
perhaps is best left as at present pending 
additional information. 
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Occurrence: Green River formation, type 
found 3 miles east of Green River, Wyo.; New
berry's specimen from Green River. 

Phylum SPERMATOPHYTA. 

Class ANGIOSPERMAE. 

Subclass MONOCOTYLEDONES. 

Order GRAMINALES. 

Arundo reperta Lesquereux. 

Arundo reperta Lesquereux, U. S. G_eol. and Geog. Sur
vey Terr. Bull., vol. 1, p. 384, 1875 [1876]; idem, 
Ann. Rept. for 1874, p. 311, 1876; U.S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 87, pl. 8, .figs. 
6-8, 1878. 

This species, it seems to me, is very unsatis
factory, and the propriety of recognizing it is 
doubtful. It was described by Lesquereux as· 
follows: 

Stem thick, distinctly articulate; surface striate, marked 
with round obtuse knots, either placed-at the articulation 
or here and there scattered upon the stem; fruiting panicle 
crushed, oval-oblong, bearing ovate-lanceolate seeds, and 
pallets mixed with a coating of hairs. 

All the fig~red types of this form are in the 
United States National Museu.ID (Nos. 96, 119) 
and are before me. The stem is striate, as de-

. scribed, and was apparently circular in cross 
section before it was entombed but is now much 
flattened. It may have been a hollow reedlike 
stem, but it also suggests a decorticated 
branch of a tree. The so-called articulation is 
only a check or crack filled with mud and thus 
simulating a joint. The "knots" are difficult 
to interpret~ There are two in line· with the 
axis of the stem, and they are about 7 milli
meters in diameter and some 3 millimeters high. 
They seem to rest on and hardly to be a part of 
the organic structure of the stem-in fact, they 
have much the appearance of being little mud 
balls that happened to lodge on the specimen. 

The specimen described as an underground 
stem i~ apparently correctly placed-that is to 
say, the scars, which occur at fairly regular 
intervals, are clearly the scars of roots or root
lets. The type specimen is fully 18 centimeters 
long ~nd shows little diminution in size. 

The Qluster of seeds, although seemingly 
quite complet(:} as depicted in the drawing, ttre. 
really so obscure and fragmentary as to be 
almost impossible of accurate determination. 
A few of the specimens have somewhat the 
~ppearance of the palets of a large grass, but 
I should hesitate to say positively that this is 
their nature. 

There is also little basis for supposing that 
these several organs are really parts of one 
species of plant. They are, indeed, associated 
on the same piece of matrix, but there is no 
positive evidence of former organic union. 

With the above strictures this form is left 
as last revised by Lesquereux, but with the 
frank admission that it is seemingly of very 
little biologic or stratigraphic value. 

Occurrence: Green River formation, Greer{ 
River, Wyo., above the fish beds. 

Family CYPERACEAE. 

Cyperus chavannesi Heer. 

Cyperus chavannesi Herr, Fl<:>ra tertiaria Helvetiae, vol. 1, 
p. 72, pl. 22, .fig. 7; pl. 28, .fig. 1, 1855. 

Cyperus "chavanensis"? Heer. Lesquereux, U. S. Geol. 
and Geog. Survey Terr. Ann. Rept. for 1871, p. 
291, 1872; U. S. Geol. Survey Terr. Rept., vol. 7 
(Tertiary flora), p. 92, pl. 9, .figs. 1, 2: 1878. 

Lesquereu..x first mentioned this species as 
coming from Evanston, Wyo., . "below the 
coal." Later, in the "Tertiary flora," it 
was given as coming from Green River, Wyo., 
and one of the figured specimens (pl. 9, fig. 1, 
U. S. Nat. Mus. No. 122) is in the United 
States National Museum. ·It is a mere frag
·ment from the middle area of a large leaf and 
must be considered as doubtfully the sarne as 
the European type. 

Occurrence: Green· River formation, Green 
River, Wyo.· 

Cyperac ites haydenii (Lesquereux) Knowlton. 

Cyperacites haydenii (Lesquereux) Knowlton, U. S. Geol. 
Survey Bull. 152, p. 83, 1898. 

Cyperites haydenii Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 
140, pl. 23, .figs. 1-3a, 1883. 

The types of this species are preserved in the 
United States National Museum (Nos. 1565, 
1569). It has been well described and figured 
by Lesquereux. · 

Occurrence: Green River formation, Uinta 
(formerly incorrectly giv:en as Randolph) 
County, Wyo. 

Order ARECALES. 

Family ARECACEAE. 

Geonomites haydenii (Newberry) Knowlton, n. comb. 

Manicaria haydenii Newberry, U. S. Nat. Mus. Proc., vol. 
5, p. 504, 1883; U. S. Geol. Survey Mon. 35, p. 31, 
pl. 64, .fig. 3, 1898. . 
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'rho following description was given by New
berry: 

Iil·ond large, leaves pinnately. plicated folds 1.5 cen
timeters in width above, slightly narrowed below; flat or 
gently arched, smootl1, springing from the midrib at an 
angle of 25 °, 30° below; folds attached to the midrib [rachis] 
-obliquely by the· entire width, and to each other by their 
entire length (?); nervation fme, uniform (?), parallel. 

This Green River palm is very· imperfectly 
known-in fact, the only specimen I have 
.seen is the type as figured by N ewbe.rry (U. S. 
Nat. Mus. No. 7016). It is impossible to de
ternline the position of this fraO'ment in rela-

. b 

twn to the whole leaf, though from its size as 
·Compp,red with leaves from other localities 
believed to be congeneric with it, it was 
probably from the ~iddle or lower portion. 

Newberry was frank to state in the dis
<.mssion of his Manicaria haydenii that it 
·certainly belongs to the same genus as Les
·quereux's Geonomites tenuirachis,42 and with 
this statement I am inclined to agree. I have 
figured43 a much larger and far more nearly 
·Complete specimen of Geonomites tenuirachis 
·from the Raton formation, than Lesquereu.~'~ 
type, and from this it is fairly clear that the 
type specimen is a small segment from the 
upper portion of the leaf. I can see no char
acters by which this Green River palm can be 
-excluded from Geonomites, and consequently. 
I have transferred it to this genus. It seems 
closer to Geonomites tenuirachis than to Mani
caTia formosa I-Ieer,44 from the Swiss Miocene 
with which Newberry compared it-in fact' 
it would be difficult with the scant materiai 
available to separate them specifically. · Ilow
·ever, as they are so imperfectly known, and 
as there is so much difference in their strati
,graphic position, it is perhaps best to regard 
Geonomites haydenii as distinct until its status 
·Can be settled with better material. 

Occurrence: Green River forn1ation, Green 
River, Wyo. 

Sabal powellii Newberry. 

The following is Newberry's description: 

Leaves of medium size, 4 or 5 feet in diameter, petiole 
smooth, unarmed, terminating above in an angular or 
rounded area from ~vhich the folds diverge beneath, con
cavely narrowing to form a spike 3 or 4 inches in length; 
rays about 50, radiating from the end of the petiole, 
perhaps 60 in the entire leaf, compressed to acute 
wedges where they issue from the petiole; strongly angled 
and attaining a maximum width of about 1 inch; nerves 
fine, about 12 stronger ones on each side of the keel with 
fmer intermediate ones too obscure for enumeration: 

Although the remains of palms are abundant 
in a number of Ter.tiary formations they are 
unusually difficult of satisfactory diagnosis. 
Their large size, the fragmentary state in 
which they are usually collected, and the lack 
of good diagnostic characters in the leaves 
make their identification more or less uncertain. 
The allocation of Sabal powellii 'is a case in 
point. In his discussion Newberry points 
out that it bears considerable resemblance 
to Sabal? eocenica (Lesquereux) Knowlton 
(formerly Flabellaria eocenica) as figured by 
Lesquereux/5 differing in having a larger number 
of folds and a longer point of support on the 
under side of the leaf. Newberry also compares 
his species to Sabalites grayanus (Lesquereux) 
Lesquereu.~, but this has been since divided. 
The type locality was the Wilcox group of the 
Gulf region, and the name Sabalites grayanus is 
retained for this form, which has also been 
reported from the Lara:rp.ie, Lance, and Raton 
formations. The large leaves, which are evi
dently the ones Newberry had in mind, mainly 
from the Montana group, have been separated 
under the name Sabal? montana Knowlton. 46 

Although this · species is still imperfectly 
known it seems to be distinguishable by its 
very large size, being perhaps the larO'est palm 
. b 
m the Rocky Mountain region, and by the 
greater number of folds (about 90). 

Sabal grandifolia N ewberry 47 is another 
large-leaved palm that may be compared 
with Sabal powellii. It has nearly twice the 
number of folds . 

.Sabal JJowellii Newberry, U. S. Nat. 1\fus. Proc., vol. 5, Occurrence: Green River formation, Green 
p. 504, 1882 [1883]; U. S. Geol. Survey Mon. 35, River, Wyo. 
p. 30, pl. 63, fig. 6; pl. ~4, figs. 1, la, 1898. 

42 Losquoroux, Loo, U.S. Goo!. Survey Terr. Ropt., vol. 7 (Tertiary 
Oom), p. 117, pl.ll, flg.1, 1878. 

43 Knowlton, 1~. H., U.S. Geol. Survey Prof. Paper 101 p. 291 1)i. 62 
1{)17, I I I 

u'Jioor, Oswnld, :Flora tortiaria Holvctiac, vol. 1, pl. 38, 1856. 

45 Lesquereu..'t, Leo, U.S. Geol.' Survey Terr. Rept., vol. 7(Tertiary 
flora), pl. 13, figs. 1-3, 1878. 

WKnowlton, F. H., U.S. Geol. Survey Prof. Paper.101, p. 253, pl. 32, 
fig. 3, 1918. . 

47 Newberry, J. S., U. S. Geol. Survey Mon. 35, p. 28, pl. 25; pl. 63, 
fig. 5 (not pl. 64, figs. 2, 2a), 1898. 



154 SHORTER CONTRIBUTIONS. TO GENERAL GEOLOGY, 1922. 

Flabellaria florissanti Lesquereux. 

Flabellaria florissanti Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 144, pl. 24, figs. l-2a, 1883. 

The following is Lesquereux's characteriza
tion of this species : 

Fronds large; rays diverging all around from the top 
of the long, nearly flat, unkeeled rachis; rays larg~, very 
numerous, acutely keeled; primary nerves distinct; close 
intermediate veinlets three or four. 

'Lesquereux did not give any actual dimen
sions, and. the two figured types are all of the 
original· material now known to be extant. 
Subsequently, however, L. F. Ward collected 
extensively at Green River station, at a point 
known locally as Bell's fish cliff, and procured 
some very large palm leaves that in all reason
able probability are the same as Lesquereux's 
species. It must have been at least 5 feet in 
diameter and has the same rather slender 
petiole as the figured type. Our specimen 
includes the outer edge of the leaf and shows 
that the rays are split apart for a distance of 
at least 20 centimeters. 

Occurence: Green River formation [types], 
Uinta (formerly incorrectly called Randolph) 
County, Wyo.; Bell's fish cliff, Green River, 
Wyo., collected by· L. F. Ward. 

Order XYRIDALES. 

Family PON~EDERIACEAE. 

Genus PONTEDERITES Knowlton, n. gen. 

Pontederites hesperia Knowlton, n. sp. 

Plate XXXVI, figure 6. 

Although it is perhaps more or less haz
ardous to base . ~ new genus on a single frag
ment, the present one seems ·so distinct that 
it merits at least temporary characterization 
until :rp.ore complete .material can be procured. 

. It is the well-preserved upper part of a leaf 
that was presumably broadly ovate below and 
rather abruptly narrowed above into a deltoid
lanceolate apical, portion, 1 centimeter wide at· 
the base, 2 centimeters long, and acute at the 
tip. The length of the part preserved is 8 
centimeters and the width about 5 centimeters. 
The total length ·was presumably not less than 
12 or 15 centimeters. It is ·unfortunate that 
the shape of the base is unknown. The ner
vation consists ·of numerous close, mainly par
allel veins that arise from a slightly enlarged 
midvein which is reduced in· the apical portion 

to the same size as the other veins. Those 
that can be seen arise from the mid vein at 
a very acute angle~about 80°-but in the 
lower portion they are closer together and 
apparently arise at a less acute angle. The 
veins spread in the broad portion of the blade, 
then approach again in the upper part, where 
some of them terminate, only about a dozen 
passing into the reduced apical portion. A 
few. intermediate veins come up from the 
lower portion of the blade and die out above, 
but so far as can be ascertained there are no 
fine intermediate veinlets, or at least but faint 
traces ·of them. There are, however,_ nu
merous cross veinlets, mainly at right angles. 
to the veins. 

This leaf appears to resemble most closely 
the leaves of Pontederia cordata Linne, the 
well-known pickerel weed, which grows on 
the borders of ponds and streams from Nova 
Scotia to Minnesota and south to Florida and 
Texas. In the living plant the thick, petioled 
leaves are ovate, cordate-sagittate, a:rid 5 to 20 
centimeters long, with the basal and apical lobes. 
rounded. It has. a fairly distinct midrib in 
the lower portion, but this disappears above. 
It is, of course, much to be regretted that the 
basal portions of these leaves can not be com
pared, but such a comparison must await 
more nearly perfect specimens. So far as the 
available material goes I can see no essential 
difference between the fossil and the living· 
forms, and the name given to the genus brings 
out this point. 

The fossil has some resemblance to certain 
forms that have been referred to Canna, such. 
as Canna eocenica Berry,48 from the Wilcox 
group of the Gulf region, but this is more nearly 
lanceolate, with no contraction into. the reduced 
apical portion. The midrib is also stronger
in Canna eocenica. 

The only other Green River monocotyledon 
with which it could possibly be compared is. 
Musophyllum complicatum Lesquereux/9 but 
this is of a totally different character. 

Under the name Zingiberites dubius Lesq ue
reux50. described a fragment from the Denver· 
formation of Colorado, but this is too much 
broken to give any reliable conception of its. 

48 Berry, E. W., U.S. Geol. Survey Prof. Paper 91, p. 181, pl. 15, figs. 
7, 8, 1916. 

49 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary
flora), p. 96, pl. 15, figs. 1-6, 1878. 

~o Idem, pl. 16, fig. 1. 
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forn1 and size, and hence it can not be com
pared with the present form. 

Occurrence: Green River formation, Grease
wood .Creek, Rio Blanco County, 40 miles west 
o:f:Mceker, Colo., collected by D. E. Winchester~ 
1917. 

Order LILIALES. 

Family JUNCACEAE. 

Juncus sp. Lesquereux. 

Junc'ttS sp. Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1871, Suppl., p. 6, 1872. 

Lcsquereux says: 
:F'mgments of stems of various sizes, like Juncus retractus 

Heer, .or Jttncus scheuzeri fleer, in Flora tertiaria Helve
tine, pl'. 30, figs. 2e, 3c. 

'I'hese speci1nens are not known to be in 
existence, and the species should probably be 
discarded. 

Occurrence: Green River formation, Green 
Ri,7 e:r, Wyo. 

MONOCOTYLEDO~AE OF UNCERTAIN POSITION. 

Musophyllum complicatum Lesquereux. 

:Muso1)hyll'wn complicatum Lesque~eux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1873, p. 418, 
1874; U.S. Geol. Survey Terr. Rept., vol. 7 (Ter
tiary flora), p. 96, pl. 15, figs. 1-6, 1878. 

Most of the type material on which this 
species is based is preserved in the United States 
National Museum (Nos. 132-135). It is very 
obsctu·e and difficult to interpret, and on this 
point Lesquereux: said: 

The exact character of these leaves, especially their 
form, their size, and their relation to the main stem, or 
stipe, is very obscure. I have found a bed of shale nearly 
1 foot thick filled entirely with fragments of this species 
and have worked a whole day with a miner, trying, without 
avail, to get specimens more definite than those which are 
figmed here. Large pieces of shale ·are covered with 
fragments of leaves, folded in various ways, where no trace 
of any middle nerve may be discovered. This proves 
the large size of the leaves. 

As nearly as can be n1ade out it may be 
described as follows: Stein or stipe v-ery stout, 
at least 3 centimeters in width, lo~gitudinally 
wrinkled and striate. Leav-es large, with . a 
thick irregularly veined midrib 1 centimeter 
or 1nore in width. Veins of the leaf numerous, 
thin but distinct, mainly simple but occa
siona.Uy dichotomous, especially toward the 
n1a:rgins. 

Occurrence: Green River formation, 8 miles 
southeast of Green River station, Wyo. 

Subclass DICOTYLEDONES. 

Order SALICALES. 

Family SALICACEAE. 

Salix linearis Knowlton, n. sp. 

Plate XXXVII, figure 8. 

Leaf very small, linear-lanceolate, 3.5 centi
meters long, 5 millimeters broad, with a petiole 
5 n1illimeters long; margin with a few rather 
re1note teeth; 1nidrib very strong; second.aries 
as many as the teeth, which they enter, arising 
at an angle about 40°, little curved upward; 
finer nervation not discernible. 

This little leaf is also the only one of its kind 
observed in the collections. It is perhaps 
hazardous to characterize a new Salix on a 
single leaf, but it differs so clearly from any 
other in the collection that it is presented with 
the reservation that it may be shown to belong 
elsewhere when more material is available. 

Among living species this strongly resembles 
a small leaf of Salixfluviatilis Nuttall, the well
known sand-bar or river-bank willow, which 
ranges from Quebec to Oregon and south to 
Virginia, Kentucky, and New Mexico. There 
is no fossil species, at least from the Green 
Riv-er, that could be confused with this. 

Occurrence: Green River formation, · · Rio 
Blanco County, 20 miles west of Rio Blanco 
post office, Colo. (sec. 33, T. 4 S., R. 100 W.), 
collected by D. E. Winchester, 1917. 

Salix Iongiacuminata Knowlton, n. sp. 

Leaves thin but fum in texture, lanceolate, 
broadest a short distance above the base, 
whence it is gradually narrowed to a long, slen
derly acuminate apex apd to a wedge-shaped 
base; margin slightly irregular though scarcely 
to be called toothed; length 9 or 10 centimeters, 
width 1.2 centimeters; petiole slender, about 
1.75 centimeters long; midrib relatively very 
strong, especially in the lower third; seconda
ries numerous, arising at v-arious angles, in the 
lower part falling below a right angle, then 
many nearly at a right angle, and finally some 
at an angle of perhaps · 20°; all secondaries 
curved and each joining the one next above, 
forming a series of loops just within the margin; 
intermediate secondaries numerous; finer nerva
tion irregularly quadrangular. 

The only sp~cimen found in the collections, 
a nearly perfect leaf, seems well characterized 
by its long, slenderly acuminate apex, thick 
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midrib, and very numerous secondaries, which 
arise at various angles and by joining form a 
series of bows well inside the margin. 

This leaf is not greatly different in size and 
shape from leave~ referred by Lesquereux 51 ~o 
Salix angusta, though it is more slenderly acumi
nate, but it differs wholly in the secondary 
nervation. Thus, in Salix angusta the second
aries· are numerous, close, parallel, and little 
curved upward, whereas in the present species 
the secondaries are more remote and by joining 
form a series of loops. 

Among other fossil species the present one 
resembles in nervation Salix arcinerva I-Ieer/2 

from the Swiss Miocene, but that species differs 
in shape and has the margin finely toothed. It 
also resembles in shape and somewhat in ner
vation Salix longa Heer/3 from the same area, 
but that species is much larger and its second
aries do not form loops. 

Occurrence: Green River formation, Rio 
Blanco County,. 20 l:lliles west of Rio Blanco 
post office, Colo. (sec. 33, T. 4 S.; R. 100 W.), 
collected by D. E. Winchester, 1917. 

Salix sp. 

Plate XXXVII, :figures 3-5. 

The collection made by Winchester includes a 
number of small leaves that appear to belong to 
Salix, though the nervation is so obscure that 
this assignment is not certain. They are 
linear-lanpeolate leaves, 3.5 to about 6 centime
ters long and 6 to 10 millimeters wide, and have 
a petiole 5 or 6 millimeters .long. They are 
narrowed to a wedge-shaped base and are 
rather obtuse at the apex: The margin is per
fectly entire. The nervation, with the excep
tion of & relatively very strong midrib, is ob
scure but appears to consist of numerous thin 

Occurrence: Green River· formation, Rio 
Blanco .County, about 40 miles southwest of 
Meeker, Colo., collected by D. E. Winchester, 
1917. 

Salix sp. 

Salix media Heer. Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for1871, Suppl., p. 6, 1872; 
U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 168, pl. 22, fig. 3, 1878. 

The specimen on which Lesquereux based the 
presence of Salix media Heer in .A.1nerican beds 
.is in the United States National Museum (No. 
198). It is a small leaf about 7 centimeters 
long and lacks most of one side and the tip. It 
is without a trace of nervation except a strong 
midrib, though secondaries have been added 
in the figure given ino the "Tertiary flora." 
The leaves from the Swiss Miocene referred by 
Heer 54 to Salix media are all mostly without 
nervation except the midrib, and of course it is 
easy to match the American leaf with one of 
these, but such a comparison is obviously with
out.value. 

In the Museum collection· there is another 
leaf not figured that was identified by Les
quereux as Salix media-in fact, it is recorded 
under the same number (198) as the other
but it is a long, narrow leaf with obscurely pre
served nervation in which a small portion is 
so preserved as to show an intramarginal vein, 
as in Eucalyptus? americana, and it should be 
referred to that species. 

As the leaf figured by Lesquereux is so 
obscure it is here removed from Salix media 
and regarded as Salix sp. 

Occurrence: Green River formation, Green 
River, Wyo.; also reported from Elko, Nev. 

Order MYRICALES. 

Famuy MYRICACEAE. 

secondaries at an angle of 35° or 40° that are Myrica salicina Unger. 
camptodrome and arch just inside the margins; Myrica salicina Unger, Genera et species plantarum fos-

none of the fin. er nervation is observable. silium, P· 396, 1850· 
.Lesquereux, U.S. Geol. and Geog. Survey Terr. Ann. 

Considering the uncertainty regarding these Rept. for 1871, Suppl., p. 6, 1872. 

leaves it seems hardly worth while to a_ttempt The status of this species is doubtful. It 
comparisons with either living or fossil species. was identified by Lesquereux under the above 
Small, narrow, entire \villow leaves are· so non- name but the specimen on which the identi
descript that it is difficult to be sure of their :ficati~n was based is lost or merged with sOine
subsequent recognition, and for this reason the thing else without a record of such transfer. 
present form .has ·not been given a specific It was neither figured nor again referred to by 
designation. Lesq uereux. 

51 Lesquereux, Leo, u. s. Geol. survey Terr. Rept., vol. 7 (Tertiary I Occurrence: Green River_ formation, Green 
flora), pl. 22, fig. 4, 1878. _ I River, Wyo. 

52 Heer, Oswald,_ Flora tertiaria Helvetiae, vol. 2, pl. 65, figs.4, :.>, 1856. . . 
1 

. 
1 2 1 68 

fi 
1
4-

19 1856 58 Idem, pl. 69, figs. 12, 13. 54 Heer, Oswald, Flora tert1ana He vetme, vo . , p . , gs. , · 
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Myric~ rninuta Knowlton, n. sp. 

Plate XXXVII, figure 12. 

Leaves coriaceous or at least firm in tex.ture, 
linear-lanceolate, prolonged above to a slender 
acmninate apex and scarcely less so below to 
the narrowly wedge-shaped ·base; margin 
entire for the lower third, thence rather 
strongly toothed, the teeth moderately sharp; 
midrib relatively strong; secondaries numerous, 
thin, at an angle of about 40°, slightly curved 
upward, ending in the margin in the lower 
untoothed portion and in the teeth in the 
1niddle and upper portion. . · 

This little leaf, the only one observed, is 
about 18 millimeters long and 3 millimeters 
wide and has a delicate petiole 1 millimeter 
long. It is evidently rather thick, as the 
secondary nervation is faintly visible. 

This species is of the same type as Myrica 
scottii Lesquereu..x, ·from the Florissant lake 

· beds, 'but it is only one-fourth the length of 
that species and has rather blunt instead of 
very sharp teeth. 

Occurrence: Green River formation, oil 
shale, Smith ranch, on Greasewood Creek, 
about 40 miles southwest of Meeker, Colo., 
collected by D. E. Winchester, 1917. 

Myrica praedryrneja Knowlton, n. sp. 

Plate XXXVI, figures 1-3. 

Leaves small, firm in texture, lanQeolate, 
acuminate at apex, rounded below, with the 
sides of the leaf at angles of about 45°, slightly 
unequal sided; margin entire for a short dis
tance, thence with numerous rounded teeth; 
petiole short, stout; midrib relatively very 
strong, straight; secondaries numerous, 18 
or 20 pairs, alternate, close, parallel, little 
curved upward, ending in the teeth; .finer 
nervation obsolete. 

This species is represented by a number of 
speci1nens, and three of the most nearly perfect 
ones are.figured. 'I,'hey are 4 or 5.5 centimeters 
long and about 1.2 centimeters wide; with the 
petiole at least 4 1nillimeters long. This species 
is very closely similar to J./yrica callicomaefolia 
Lesquereux55 (now Myricadrymeja (Lesquereux) 
Knowlton), frmn the Florissant lake beds
in fact, they may be identical. M. praedrymeja 

MLcsqucrcux, Leo, U. S. Gcol. Survey Torr. Rept., vol. 8 (Creta. 
coons and Tertiary floras), p. 146, pl. 26, figs. 5-14, 1883. 

91048°--23----11 

differs slightly, however, in having· the mar
ginal teeth obtuse or rounded instead of 
sharp-pointed and a stronger nervation. These 
differences are not marked, and a fuller series 
might readily show thmn breaking down. 

Occurrence: Green River formation, oil 
shale, Smith ranch, on Greasewood Creek about 
40 miles southwest of Meeker, Rio ~lanco 
County, Colo., collected by D. E. Winchester, 
1917. 

Myrica ludwigii Schirnper. 

Myrica ludwigii Schimper, Paleontologie vegetale, vol. 2, 
p. 545, 1812. · 

Lesquereux, U.S. Geol. and Geog. Survey Terr. Bull., 
vol. 1, p. 385, 1875 (1876); idem, Ann: Rept. for , 
1874, p. 311, 1876; U. S. Geol. Survey Terr. Rept., 
vol. 7 (Tertiary flora), p. 133, pl. 65, fig. 9, 1878. 

The single broken leaf figured is all there is 
to represent this species, and this is riow lost. 
Its status· is therefore rather unsatisfactory, 
but it will have to stand as above until further 
material can be procured. 

Occurrence: Green River formation, mouth 
of White River (emptying into Green River), 
Wyo. 

Myrica sp. 

Plate XXXVII, figure 2. 

Winchester's collection contains a fragment 
that evidently belongs to Myrica, but it is so 
deficient· that I have not given it a specific 
name. It is a fragment 2.5 centimeters long 
and 0.5 centimeter wide, of the upper part of 
a linear-lanceolate, sharply acuminate leaf. 
The margin in the lower part is nearly entire, 
with only an occasional tooth, but in the upper 
part it is. provided with low, obtuse, irregu
larly. spaced teeth. The nervation consists of 
a relatively strong, straight midrib and very 
numerous secondaries that arise at a low angle 
and curve slightly in passing to the borders, 
which most of them seem to enter. These 
secondaries are somewhat irregularly placed; 
the finer nervation is not observable. 

This form has the same type of nervation 
as Myrica nigricans Lesquereux, but it differs 
in the narrowly lanceolate, acuminate, irregu
larly to.othed blade. 

Occurrence: Green River formation, Cathe
dral Bluff, south of Little Tommies Draw, 20 
miles west of Rio Blanco post office, Rio 
Blanco County, Colo., collected by D. E. 
Winchester, 1917. 
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Myrica sp. 

Plate XL, figure 13. 

· In the Winchester collection I find the single 
specimen here figured, which seems to be 
different from any other noted. It is coria
ceous in texture, narrowly lanceolate, pro
long~d above into an acute apex (base de
stroyed). It was probably 9 or possibly 10 
centimeters long and about 13 millimeters 
wide. The margin is remotely toothed, the 
teeth low and rather obtuse. The nervation 
consists of a very strong, straight midrib and 
numerous pairs of mainly alternate second
ari~s which arise nearly at right. angles to· the 
midrib, considerably curved upward and end
ing in the teeth or in the margin; finer nerva
tion not well preserved. 

This ·somewhat resembles what Lesquereux 
called Myrica nigricans 56 (now Rhusnigricans), 
but it is longer and more narrowly acuminate, 
and has fewer secondaries. It is even closer 
to Myrica ludwigii Schimper, as identified 
by Lesquereux 57 from the mouth of White 
River, Wyo., but that species is shorter and 
broader and. has very large marginal teeth 
and different secondary nervation. 

Occurrence: Green River formation, head of 
Carr Creek, Garfield County, Colo., ·30 miles 
northwest of De Beque, collected by D. E. 
Winchester, 1917. 

Comptonia? anomala Knowlton, n. sp. 

Plate XXXVII, figure 1. 

Leaf small, sessile, 2 centimeters long, 6 
millimeters wide; coriaceous; lanceolate, ob
tuse and. rounded at apex, strongly unequal
sided at base; margin strongly undulate
toothed, the teeth low and rounded; midrib 
very strong for the size .of the leaf; secondaries 
thin, opposite or nearly so, at a low angle, very 
little curved upward, ending in the marginal 
undulations; intermediate secondaries occa
sional; finer nervation obsolete. 

It is with grave doubt that this little leaf is 
referred to the genus Oomptonia. In the un
dulate-toothed margin .and in ·nerv~tion it 
seems identical with this genus, but the strongly 
unequal-sided base suggests that it is a leaflet and 
not a distinct leaf. However, I have J?.Ot thus 

M Lesquereux, Leo, U.S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 132, pl. 17, figs. 9-12, 1878. 

57 Idem, pl. 65, fig. 9. 

far been able to place it satisfactorily in ari.y 
genus with compound leaves; and temporarily 
it i~ referred to Oomptonia. It is so strongly 
marked that it can easily be recognized in 
future and perhaps more correctly placed when 
opportunity offers. 

Occurrence:· Green River formation, Smith 
ranch, on Greasewood Creek, about 40 miles 
southwest of Meeker, Rio Blanco County, Colo., 
collected by D. E. Winchester, 1917. 

Order JUGLANDALES. 

Family JUGLANDACEAE. 

Juglans occidentalis Newberry. 

Juglans occidentalis Newberry, U.S. Nat. Mus. Proc., vol. 
5, p. 507,1882 [1883]; U.S. Geol. Survey Mon. 35, p. 
34, pl. 65, fig. 1; pl. 66, figs. 2-4 [not pl. 66, fig. 1], 
1898. 

Juglans schimperi Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), pl. 56, figs. 7, 8, 10 
[not figs. 5, 6, 9, which remain under Juglans 
schimperi], 1878. 

Hollick, Louisiana Geol. Survey Special Rept. 5, p. 
280, pl. 33, fig. 1; pl. 25, fig. 3 [not pl. 32, fig. 5?; 
pl. 33, fig. 2, which remain under Juglans schimperi], 
1899. 

Berry, ·u .. S .. Geol. Survey Prof. Paper 91, p. 182, pl. 
18, figs. 3, 5 [not pl. 18, fig. 4, which remains under 
Juglans schimperi], 1916. · 

Knowlton, U.S. Geol. Survey Prof. Paper 101, pl. 64, 
fig. 1, 1918. 

Leaves supposedly pinnate; leaflets some-. 
what. variable in form and size, from about8 
to 18 centimeters in length, 3 to 6 centimeters 
wide, generally about 15 centimeters long arid 
4 centimeters wide, broad lanceolate, broadest 
near the middle, summit acute, base rounded, 
unsymmetrical; margin entire; midrib very 
strong, straight; secondaries numerous·, about 
20 pairs, rather slender, at a low angle of emer
gence, slightly curved upward, camptodrome, 
forming a series of bows or loops along the 
margin; finer nervation not well retained, but 
nervilles mainly oblique to the secondaries and 
unbroken. 

Juglam occidentalis was named and de
scribed by Newberry in 1883 but was not 
figured until the publication of his "Later 
extinct floras" in 1898. He stated that there 
were a large number of. specimens in the col
lection subm:itted to him, some of which "are 
found attached to the stems that bore them, 
but generally separated and more or less torn 
and broken. The tree was evidently a strong-



REVISION OF THE FLORA OF THE .GREEN RlVER FORMATION· 159 

growing and luxuriant one,.· for son1e of the 
leaves are not less than 8 inches in length." 

Newberry cn1led attention to the fact that 
his specimens were from the same locality a8 

that which furnished the leaves described by 
Lesql1ereux u.s Juglans schimperi but con
·cluded that the two were not identical, be
cause Lesquereux ha~ described Juglans schim
peri as long, narrow leaves, broadest near .the 
base and with a camptodrome nervatiOn, 
whereas Newberry stated that in Juglans occi
dentalis "tt large part of the lateral nerves ter
minate in the ma:r;gins, and the tertiary nerva~ 
tion is n1ore open and irregular." 

The figured types of both species are befo~e 
me and disclose that Newberry was wrong In 
saying that a large part of the nerves terminate 
in the margins in his species; they are all 
camptodTome and form loops along the mar
gin, exactly as described by Lesquereux for 
his Juglans schimperi. This character there
fore fails1 and the only way of distinguishing 
them is by the long, narrow, sharp-pointed 
leaflets with a rounded equal-sided base and 
slightly m~re acute-angled secondaries in 
Juglans schimpm·i, and the broader, less acu
minate leafiets with unequal-sided base and 
:very low-angled secondaries in Juglans occi
dentalis. But as pointed out in the discussion 
of Juglans s~himperi below, the possibility 
: ~hould be considered that the leaflets now 
allocated to Jugl<ins schimperi may be terminal 
leaflets and if so all would naturally have to '. 
be included under Lesquereux's species. It is 
also pointed out in the discussion of Juglans 
schimperi that the disposition mentioned makes 
necessary certain transfers of figmes from one 
to the other. Thus, those of Lesquereux's 
types of Juglans schimperi will go to Ju~lans 
occidentalis. All but two of the leaflets Iden
tified by Jiollick as Juglans schimperi from the 
Wilcox group will go to J uglans occidental is, 
as indicated in the above synonymy. These 
:fiaures as reproduced by Berry in his paper on 
tl~e Wilcox flora will have the same disposi
tion, n.ncl the leaflets from the Raton flora that 
I identified n.s Juglans schimperi will also find 
pln,ce under Juglans occidentalis. · 

Occurrence: Green River formation, Green 
River, Wyo. Wilcox group, Louisiana and 
:Mississippi. Raton formation, northeastern 
New Mexico. and southeastern Colorado. 

Juglans schimperi Lesquereux. 

Juglans schimperi Lesquereux, U. ·S. Geol. and Geog .. 
, Survey Terr. Ann. Rept. for 1871, Suppl., p. 8, 

1872; U: S. Geol. Survey Terr. Rept., vol. 7 (Ter-· 
tiary jiora), p. 287, pl. 56, figs, 5, 6, 9 [not figs .. 
7, 8, 10, ·which= Juglans occidental·is Newberry],. 
1878. 

Hollick, Louisiana Geol. Survey Special Rept. 5, 
p. 280, pl. 32, fig. 5?; pl. 33, fig. 2 [not pl. 33, fig. 1;: 
pl. 35, fig. 3, .which=Juglans occidentalis New
berry], 1899. 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 182,. 
pl. 18, fig. 4; pl. 19, fig. 4? [not pl, 18, figs. 3, 5,. 
which=Juglans occidentalis Newberry], 1916. 

Leaves firm in textme, pinnately compound'r 
leaflets lanceolate, 8 to 14 centimeters long, 2 
to 3.5 centimeters· wide, broadest near the 
abruptly rounded and equal-sided base-, taper
ing to a long, slender· point above; margin. 
entire, slightly undulate; petiolule very short;: 
midrib very strong, straight; secondaries nu-· 
merous, about 18 p·airs, rather thin, em~rging 
at angles of 40° to 50°, close, parallel, slightly 
curved in ascending to the middle of the area, 
but more and gradually cmved ·on nearing the 
margin, which they closely follow in simple 
bows; secondaries connected by close, distinct 
nervilles, generally at right angles to them. 

J uglans sch~mperi was named and described 
by Lesquereux: in 1872· but was not figured 
until the publication of the "Tertiary flora" 
in 1878. Six specimens were figured as the 
types, and all are in the United States National. 
Museum and are before me. ·Although several 
of the specimens are fragmentary, it has long: 
seemed to Ine that ·they show differences that 
might amount to specific distinctness, but they 
ha-ve never before been very critically exam
ined. Three specimens (Tertiary flora, pl. 56, 
figs. 5, 8,. 9) are long, narrowly acuminate leaf-
1ets with an equal-sided base,· whereas the oth
ers (figs. 7, 8, 10) are markedly unequal-sided at 
the base and have the secondaries at a much 
lower angle. 

A few years later Newberry studied a large 
number of very well preserved leaves from the 
·same locality (Green Rive:r, Wyo.) that had 
supplied Lesquereux's types of Juglans schim
peri. 'I'hese Newberry 58 described and figmed 
under the name ·Juglans occidentalis. It needs 
but a gln.nce to show that so far as the base of 
the leaflets is concerned J uglans occidental is is 
absolutely identical with the three figures 

68 Newberry, J. S., U. S. Geol. Survey Mon. 35, p. 34, pl. 65, fig. 1; 
pl. 66, figs. 1-4c, 1898. 
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above mentioned (figs. 7, 8, 10) of Lesque
reux's Juglans. schimperi, and the. question 
immediately arises as to the disposition that is 
to be made of the various forms. If all the 
specimens figured by Lesquer~ux as types of his 
J uglans schimperi are considered as conspecific, 
then Newberry's Juglans occidentalis must be 
referred to it. However, it seems best to regard 
Juglans schimperi as a composite species and to 
retain the narrow, sharp-pointed leaflets with 
an equal-sided base and allocate them to Les
quereux's name, referring the unequal-sided 
specimens to Juglans occidentalis. The possi
bility is not to be lost sight of, however, that 
the narrow leaflets may be really terminal leaf
lets and hence would be likely to have an equal
sided base, but thus. far no specimens have 
been found that show the leaflets attached. 

The proposed splitting up of Juglans schim
peri makes some complications with certain 
subsequent identifications. Thus, Hollick 59 

referred a nlimber of leaflets from the Wilcox 
group of Louisiana to Juglans schimperi Les
quereux. Of the four examples figured only 
one (pl. 33, fig. 2) appears to belong to Les
quereux's species as now restricted. 

Hollick's .figures above mentioned were re
published by Berry 60 in his paper on the Wilcox 
flora, but only figure 4 of Plate XVIII is to be 
retained under J uglans ~chimperi, the others 
going to Newberry's species. 

In iny report on the flora of the Raton forma
tion 61 I identified a single leaflet as Juglans 
schimperi on the basis of its resemblance to 
leaflets so identified by Hollick. Thi§' now 
becomes Juglans occidentalis. 

Occurrence: Green River formation, Green 
River, Wyo. Wilcox group, Louisiana ·and 
Mississippi. Beds of Wilcox age,· western 
Kentucky. Denver formation, Golden, Colo. 
Clarno formation (upper part), Bridge Creek, 
Oreg. 

Juglans crossii Knowlton. 

Juglans crossii Knowlton, U. S. Geol. Survey Bull. 152, 
p. 122, 1898. 

Juglans denticulata Heer. Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 298, 1872; 
U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora),· p. 289, pl. 58; fig. 1, 1878. [Homonym, 
Weber, 1852.] 

59 Hollick, Arthur, Louisiana Geol. Survey Special Rept. 5, p. 280, 
pl. 32, fig. 5; pl. 33, figs. 1, 2; pl. 35, fig. 3, 1899. 

60 Berry, E. W., U.S. Geol. Survey Prof. Paper 91, p. 182, pl. 18, figs. 
3-5; pl. 19, fig. 4, 1916. 

6L Knowlton, F. H., U.S. Geol. Survey Prof. Paper 101, p. 296, pl. 64, 
fig.1, 1918. 

The first locality from which this species was 
identified by Lesquereux appears to have been 
the Bozeman coal field of Montana, in beds 
.presumed to belong to the Livingston forma
tion, but the only specimen figured in the 
"Tertiary flora" was obtained at Green River, 
Wyo., above . the so-called fish beds. This 
specimen is in the United States National 
Museum (No. 482) and has been fairly well 
described and figured. . . This species has also 
been reported from, the Hanna formation of 
Carbon, Wyo. · 

Juglans alkalina Lesquereux. 

JuglansalkalinaLesquereux, U.S. Geol. and Geog. Survey 
Terr. Bull., vol. 1, p. 382; 1875 [1876]; idem, Ann. 
Rept. for 1874, p. 308, 1876; U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary· flora), p. 288, pl. 62, 
figs. 6-9, 1878. 

Leaves pinnately compound; leaflets lanceolate, taper
ing upward to a long acumen, either narrowed or rounded 
to a short petiole; borders crenulate; lateral veins distant, 
mostly alternate, parallel, separated by short intermediate 
tertiary veins, curving in passing toward the borders at an 
open angle of divergence and ascending high along them 
in festoons; nervilles in right angle to the veins, branching 
in the middle, and forming by subdivisions irregularly 
quadrate or polygonal meshes.-Lesquereux. 

Three of' the four types of this species
figures 6, 7, and 8 of Plate LXII in the "Ter
tiaryflora"-are preserved in the United States 
National Museum collections (Nos. 527-529). 

Occurrence: Green ·River formation, Alkali 
stage station, 30 miles north of Green River, 
Wyo. 

Juglans winchesteri Knowlton, n. sp. 

Plate XXXVIII, figure 5. 

Leaflet firm in texture, elliptical or ovate
elliptical, strongly unequal..:.sided, broadest 
near the middle, thence gradually narrowed to 
an apparently rather obtuse apex and down
ward to the rounded base; margin entire below, 
then obscur·ely toothed, the teeth low; petiole 
short, very thick and stout, curved; midrib 
very thick just above the petiole, very much 
thinner above; secondaries ten or twelve pairs, 
alternate, at irregular distances, arising at very 
l~w angles, much curveq upward, campto
drome, sending slender branches to the mar
ginal teeth; nervilles strong. 

The specimen figured is the only one of this 
species noted. It is about 9 centimeters long 
and 4.5 centimeters wide. The petiole is 
3 millimeters thick and about 8 millimeters 
long. · 
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Occurrence: Green River formation, Rio 
Blanco County 20 miles west of Rio Blanco 
po~t o:flice, Col~. (sec. 33, T. 4 S., R. 100 W.), 
collected by D. E. Winchester, 1917. 

Order FAGALES. 

Family FAGACEAE. 

Quercus castaneopsis Lesquereux. 

Quercus castaneopsis Lesquereux, U.S. Geol. Survey Terr. 
Rept. vol. 8 (Cretaceous and Tertiary floras), 
p. 155, pl. 28, fig. 10, 1883. 

Quen-us castanoides Newberry, U. S. Nat. Mus. Proc., 
vol. 5, p. 506, 1883; U. S. Geol. Survey Mon. 35, 
p. 70, pl. 65, fig. 6, 1898. 

Leaf firm in texture, lanceolate or narrowly 
ovate-lanceolate, 12 to 16 centimeters long, 
2.5 to 6 centimeters wide, narrowly acuminate 
at the ape~, rather abruptly rounded to· a 
wedge-shaped base; margin remotely and 
somewhat irregularly set with coarse teeth, 
some of them spinous; nervation strong, t~e 
midTib especially so, straight; secondaries 
numerous, 18 or 20 pairs, unequally spaced, 
emerc:ring nearly at right angles, slightly curved 
upw~d, all camptodrome, curv~g near the 
borders :following them and entering the short 
teeth b; oblique nervilles; areolation of minute 
polygonal meshes. 

This description is drawn from the type 
specimens of Quercus castaneopsis Lesquereu..-x: 
and Quercus castanoides Newberry, both of 
which are preserved in the United States 
National Museum (Nos. 1575 and 7_044, re
spectively). Leaves obviously of the same 
species were described independently by Les
quereux and Newberry, but as Lesquereux's 
publication antedates that of Newberry by a 
few months his name is selected as the one the 
species is to .bear. Both noted the ~esemblan~e. 
to leaves of Castanea or Oastanops~s, and curi
ously enough both selected almost identical 
specific names. . . 

Occurrence: Green River format~on, Umta 
(formerly incorrectly called Randolph) County 
Wyo. (type of Quercus castaneopsis Lesque
reu..-x:); Green. River, Wyo. (type of Quercus 
castanoides Newberry) .. 

Order URTICALES. 

Family ULMACEAE. 

Planer~ inaequilateralis (Lesquereux) Knowlton, n. comb. 

Alnites inaequilateralis Lesquereux, U.S. Geol. and Geog. 
Survey Terr. Bull., vol.l', p. 381, 1875 [1876]; idem, 
Ann. Rept. for 1874, p. 307, 1876; U. S. Ge.ol. Sur-

vey Terr. Rept., vol. 7 (Tertiary flora), p. 141, 
pl. 62, figs. 1-4, 1878. 

Alnus inaequilateralis Lesquereux, U, S. Geol. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 151, 1883. 0 

Planera variabilis Newberry, U.S. Nat. Mus. Proc., vol. 5, 
· p. 508, 1882 [1883]; U. S. Geol. Survey Mon. 35, 

p. 83, pl. 66, figs. 5, 6 [not fig. 7], 1898. 

Leaves evidently firm in texture, somewhat 
variable in size (4 to 8 centimeters long, 2.5 to 
6 centin1eters wide), broadly ovate or. nearly 
oval acute or r~ther obtusely acute at apex, 
stro~gly unequal-sided at the ro.unded or· 
obtusely wedge-shaped. base; margms c~en~
late-dentate; petiole short or absent; nndnb 
strong, straight; secondaries mainly alternate, 
the lowest one on the broad . side of the leaf 
usually with several outside branches, others 
considerably curved upward, ending in . the 
low teeth or sending out minor branches that 
enter the teeth; nervilles at right angles to 
the secondaries, mainly unbroken. 

This species as now accepted ~a.s ha.d a rat~er 
complicated history. The onginal matenal 
was named and described, but not figured, by 
Lesquereux in 1875; under the name Alnites 
inaeg_uilateralis. It was figured in the "Ter
tiary flora" (pl. 62, figs. 1-4) in 1878, but only 
two of the figured types (figs. 1 and 3) are now 
to be found in the collections of the United 
States National Museum. On the publication 
of the "Cretaceous and Tertiary floras," in 
1883, Lesquereux changed the generic name to 
Alnus. . 
. Subsequently C. A. White made a large col

lection of plants from the same region that had 
supplied Lesquereux's Alnites or Al'0us inae
g_uilateralis. This material was de.scribed by 
Newberry 62 in 1883 and contained several 
leaves that he named Planera variabilis. These 
were not figured, however, until 1898,63 when 
it was at once apparent that at least two of his 
figured types (figs. 5, 6) were identical with 
Lesquereux's Alnus inaeg_uilateralis. 

Of course Lesquereux's specific. name has 
priority, but a question arises as to the proper 
c:reneric designation. It does not seem to me 
b • 

that these leaves can belong to Alnus, In 
which. so far as I know, the leaves are sym
metri~al at the base. I have transferred them 
to Planera, the genus adopted by Newberry, 
although it is to be admitted that they differ 

62 Newberry, J. S., U. S. Nat. Mus. Proc., vol. 5, p. 508, 1883. 
63 U.S. Geol. Survey Mon. 35, p. 83, pl. 66,1898. 
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in some particulars from leaves of the mono
typic living genus. The· leaves of the living 
species, Planera aquatica Gmelin, are 5 or 6 
.centimeters long, 2 to 3 centimeters wide, 
unequally wedge-shaped or· rounded at the 
base, and with the margins coarsely crenulate
serrate. They do not appear to have the lower 
secondary on the broad side of the leaf 
branched, but otherwise the difference is not 
great between these leaves and thos~ of the 
fossil form under consideration. 

Occurrence: Green River formation, Alkali 
stage station, Wyo. (type locality for Alnus 
inaequilateralis Lesquereux) ; Green River, 
Wyo. (type lbcality for Planera variabilis New
berry). 

Family MORACEAE. 

Ficus ungeri Lesquereux. 

Fieus ungeri Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1871, Suppl., p. 1; 1872; U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 
195', pl. 30, fig. 3, 1878; idem, vol. 8 (Cretaceous and 
Tertiary floras), p. 163, pl. 44, figs. 1-3, 1883. 

The type of this species is the specimen 
figured [in the "Tertiary flora" (pl. 30, fig. 3) 
and is No. 265 in the United States National 
Museum; it is very well described and figured. 
It came from Green River, Wyo., where it 
was found above the so-called fish beds. 

The specimens figured in the "Cretaceous 
and Tertiary floras·" (pl. 44, fig~. 1-3) are all in 
the Museum collection (Nos. 1598, 1599, 1600). 

-They came from Alkali. stage station, which is 
about 30 miles north of Green River, Wyo. 

Occurrence: Green River formation, Green 
River, Wyo., above fish beds (type); Alkali 
stage station, 30 miles north of Green River, 
Wyo. 

Ficus wyomingiana Lesquereux. 

Ficus wyomingiana Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Bull., vol. 1, p. 387, 1875 [1876]; idem, 
Ann. Rept. for 1874, p. 314, 1876; U. S. Geol. Sur
vey Terr. Rept., vol. 7 (Tertiary flora), p. 205, pl. 
33, :fig. 3, 1878. ' 

The type and so far as known the only speci
men of this species thus far found is in the 
United States National Museum collection (No. 
289). It is fragmentary, lacking all of the 
upper portion and much of one side. As Les
quereux has said, this leaf is strikingly similar 
in general appearance to Ficus pseudo-populus 
Lesquereux, which was described from mate
rial collected at Evanston, Wyo., and which has 
since been found abundantly in the Raton for-

mation of eastern Colorado and northeastern 
New Mexico and the Wilcox group of the Gulf 
region. · It differs, however, in having the 
lateral ribs running nearly or quite to the apex 
of the blade and in the absence of ariy secondary 
branches, the space between the "midrib and 
the lateral ribs as well as between the ribs and 
the margin being filled with numerous fine 
nervilles, which are nearly at right angles to 
the midrib. 

Occurrence: Green River formation. Green 
River, Wyo. 

Ficus tenuinervis Lesquereux. 

Ficus tenuinervis Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), 

·p. 164, pl. 44, fig. 4, 1883. 

This is a mere fragment of the basal part of 
a leaf that Lesquereux says is "oblong, or 
lanceolate, tripalmately nerved, rounded at 
base, entire." As it stands it is of com
paratively little value, for it probably could 

. not be identified again. 
Occurrence: Green River formation, Alkali 

stage station, about 30 miles north of Green 
River, Wyo. 

Order PROTEALES. 

Family PROTEACEAE. 

Lomatia? microphylla Lesquereux. 

Lomatia microphylla Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Bull., vol. 1, p. 389, 1875 [1876]; idem, 
Ann. Rept. for 1874, p. 346, 1876; U. S. Geol. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 211, 
pl. 65, figs. ~4, 15, 1878. 

Described by Lesquereux as follows: 
Leaves very small, coriaceous, entire, linear-lanceolate, 

gradually narrowed from the middle to a point and in the 
same degree to the base; secondary veins simple, abruptly 
curving near the borders and following them or entering 
a marginal band. 

The two figured specimens on. which this 
species is based are not now known to be in 
existence. The smaller is about 2 centimeters 
long and the larger one only 3 centimeters 
long; the -width is 2 to 4 millimeters. 

The generic reference of these little leaves is 
extremely uncertain. It is to be doubted if 
they. are correctly plaoed in Lomatia, though 
they somewhat resem'Qle certain forms from 

.the Swiss Miocene so referred by Heer. They 
suggest leaflets of Mimosites, of Sophora, or of 
Sapindus, such as Sapindus angustifolius Les
quereux. 

. Occurrence: Green River formation, near 
mouth of White River (emptying into Green 
River), Wy~. 
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Order THYMELEALES. 

Family LAURACEAE. 

Oreodnphne viridiflumensis Knowlton, n. sp. 

Plate XXXVIII, :figure 6. · 

Leaf coriaceous in texture, lanceolate, long 
wedge-shaped at the base, probably about 
equally narrowed above, about 12 centimeters 
long, 3 centimeters wide; margin perfectly 
entire; petiole very strong, 1 centimeter long, 
over 2 millimeters thick; midrib straight, very 
thick below and in the middle of the leaf but 
becoming thin above; secondaries somewhat 
irregular, lowest pair subopposite, thin, at an 
angle of about 40°, each running up for· some 
distance and joining the secondary next· above 
by a broad loop; next secondaries alternate, 
much stronger, each joining the one above by a 
loop far inside the margin, then with a series 
of large bows on the outer side; other second
aries sinular, alternate, with a few intermediate 
secondaries joining the primary ones; nervilles 
very numerous, nwstly broken, forming large 
rectangular areas, and filled wittt irregularly 
quadrangular areas and these again with still 
finer nerves. 

This is a very fine species, but unfortunately 
it is represented by only the lower half of a 
leaf, though this is absolutely perfect. It may 
be known by its narrowly lanceolate shape, 
short, very thick petiole, unusually thick mid
rib, and the peculiar arching and branching 
secon,daries. 

In shape and size this species seelhs nearest 
to Oreodaphne salinensis ·Berry,64 from the 
Wilcox group of Arkansas, but it differs in 
nervation, especially in the secondaries. 

Occurrence: Green River formation, Rio 
Blanco County, about 40 miles southwest of 
Meeker, Colo., collected by D. E. Winchester, 
1917. 

Pimelea spatulata Knowlton, n. sp. 

Plate XXXVII, figure 6 

Leaf apparently fu·m in texture; narrowly. 
spatulate, broadest in the upper third, whence 
it tapers to an acuminate apex a:J;ld downward 
into a long, narrowly wedge-shaped base that 
merges with the petiole; nervation consisting of 
a relatively strong midrib and numerous thin, 
close, nearly parallel secondaries. 

Gt Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 303, pl. 821 

figs. 1, 2, 1917. 

This little leaf, which is the only one noted in 
the collection, is very narrowly spatulate, about 
17 millimeters long including the petiole, and 
about 4 millimeters wide. The ·base is so 
merged into the petiole that no more than a 
length of 4 millimeters can be considered ·as 
petiole. 

This species seems to approach :most closely 
Pimelea delicatula Lesquereux,65 from the lake 
beds at Florissant, Colo., but differs in being 
much smaller and narrower and in the appar
ently somewhat thicker substance of the leaf. 

Occurr~nce: Green River formation, oil shale, 
Cathedral Bluff, south of Little Tommies Draw, 
Rio Bianco County, about 20 miles west of 
Rio Blanco post office, Colo., collected by 
D. E. Winchester, 1917. 

Order RANALES. 

Family NYMPHAEACEAE. 

Brasenia? ·antiqua Newberry. 

Brasenia antiqua Newberry, U. S. Nat. Mus. Proc.,· vol. 
5, p. 514, 1882 [1883]; U. S. Geol. Survey Mon. 35, . 
p. 93, pl. 68, fig. 7' 1898. 

The type of this species is No. 7018 of the 
United States National Museum collections and 
has been well described and figured by New
berry. No additional material has been pro
cured, and h~nce there is nothing to make the. 
identification either more or Jess certain. 

Occurrence: Green River formation, Green 
River, Wyo. 

Order ROSALES. 

Family CRASSULACEAE 1 

Sedum? hesperium Knowlton, n. sp. 

Plate XXXVII, figure 7. 

Leaf apparently thick and fleshy, broadly 
lanceolate~ widest near the middle, thence nar
rowed to the obtusely wedge-shaped ba~e, 
obtuse and obscurely three-lobed at the apex; 
margin with two or three large teeth or lobes 
on each side; petiole very thick and stout; 
nervation peculiar, consisting of a rather strong 
:midrib and numerous thin veins that arise in 
the lower part of the blade and spread out, a 
few of them forking to occupy the area be
tween midrib and margin. 

This form is represented by the single speci
men :figured. It is about 2.4 centimeters long 
and 1 centimeter wide, with the thick petiole 

65 Lesquereux, Leo, U.S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous 
and Tertiary floras), p. 168, pl. 33, figs. 15, 16, 1883. 
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2 ID~llimeters long. It is a very .peculiar leaf, specimen available (the original of fig. 13) 
well characterized by. the thick, evidently is No. 1588 of the United States National 
fleshy substance, obtuse, three-lobed apex, Museum and is recorded as coming from Uinta 
several large irregular lobes or teeth, and above County, Wyo., and this record is borne out by 
all by the thick petiole, strong midrib, and the matrix·, which is clearly identical with the 
thin, longitudinal veins. others from Uinta County and wholly unlike 

I am uncertain as to its affinity. I· have the Florissant material. This species has 
referred it with a question to Sedum on account not been identified in any of the recently 
of its fleshy character and resemblance to studied material from Florissant, and unless 
the living Sedum telephioides Michaux, but this the missing specimens can ultimately be 
resemblance may be only superficial. In any shown to have come from that locality it should 
event it may be easily recognized in future, and be dropped from the Florissant list. 
more and better material may serve. to place Two of the . figured types of Amygdalus 
it more certainly. gracilis (pl. 40, figs. 14, 15) are poorly preserved 

Occurrence: Green River formation, Cathe- fruits of which Lesquereux wrote as follows: 
dral Bluff, south of Little Tommies Draw, 20 "The fruits appear to belong to this genus and 
miles west of Rio Blanco post office, Rio possibly to this species. The reference is. of 
Blanco County, Colo., collected by D. E. Win- course hypothetical." Without access to the 
chester, 1917. ' original specimens it is impossible to say much 

Family DRUPACEAE. 

Amygdalus gracilis Lesquereux. 

A.mygdalus gracilis Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 
199, pl. 40, :figs. 12-15; pl. 44, :fig. 6, 1883. 

Penhallow, Report on Tertiary plants of British 
Columbia, p. 37, 1908. 

about them, and to judge from the figures 
alone there seems very little warrant for refer
ring them to Amygdqlus and absolutely none 
for connecting them with these leaves. 

Occurrence: Green River formation. Uinta 
County (formerly erroneously called Randolph 
County), Wyo. All reference to the occur
rence in the Florissant lake beds is extremely 

Lesquereux characterized this species as doubtful. 
follows: 

Leaves ovate-lanceolate, . gradually narrowed to the 
acuminate point and in the same degree to the petiole; 
serrulate; .lateral nerves at a more or less acute angle of 
divergence, much curved, camptodrome and reticulate 
along the borders; 

These :fine leaves of solid membranaceous tissue average 
7 centimeters long and 2 centimeters broad, with a slender 
petiole about 2 centimeters long. They are more or less 
distinctly minutely serrate; the nerves, open at base and 
much curved toward the borders, are joined by undulate 
nervilles nearly at right angles. 

l'here appears to be much confusion regard
ing this species. It is based on five figured 
specimens, one of which (the original of pl. 40, 
fig. 12, of the '-'Cretaceous t;tnd Tertiary floras") 
is said to be in the :Museum of Princeton Uni
versity; the others should -be in the United 
States National Museum, but only one can 
now be found. The original o{ figure 6 of 
Lesquereux's Plate XLIV is said to have come 
from Uinta County (formerly incorrectly called 
Randolph County), Wyo., but this spe~imen 
is missing. All the specimens shown on his 
Plate XL (figs. 12 to 15) are supposed to have 
come from Florissant, Colo., but the only 

Family PAPILIONACEAE. 

Dalbergia vlridiflumensis Knowlton, n. sp. 

Plate XL, :figure 10. 

Leaflet §mall, very thick in texture, obovate, 
strongly emarginate at the apex, wedge-shaped 
at the base, length 15 millimeters, width 11 
millimeters; petiolule slender, 4 millimeters 
long; IDargin perfectly entire; midrib very 
strong, especially on the under side of the leaf, 
straight; .secondaries thin but distinct, seven 
or eight pairs, at an acute angle, camptodrome, 
probably uniting with each other, ·but this 
point is obscure. 

Unfortunately this specimen is the only one 
found in the collection, but it is so well marked 
that it can easily be recognized. 

The genus Dalbergia is a large one, com
prising over SO species, mainly· of the Tropics 
of both Old and New worlds. Many of the 
species have similar leaves and hence are hard 
to separate on this character alone. Among 
the 25 or more fossil .species that have been 
desqribed the one perhaps approached most 
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closely by the present form is Dalbergia 
eocenica Berry,<10 from the Lagrange formation 
of Puryear, Tenn. D. viridijl'l.tmensis differs 
from that species, however, in being more 
regularly obovate and in being petiolulate 
instead of sessile. 

Occurrence: Green River formation, Rio 
Blanco County, 20 miles west of Rio Blanco 
post office, Colo. (sec. 33, T. 4 S., R. 100 W.), 
collected by,D. E. Winchester, 1917. 

Dalbergia retusa Knowlton, n. sp. 
Plate XL, figures 5, 6. 

Leaflet thick in texture, elliptical, strongly 
retuse at the apex, abruptly round~d and 
equilateral at the base; petiolule short, very 
strong; midrib very strong; secondaries thin, 
immersed in the leaf substance, at a low angle 
of en1ergence, camptodrome, forming loops just 
inside the margin; fine nervation not discern
ible. 

Unfortunately this species is represented 
only by a single leaflet with its counterpart, 
both of which have been figured, as there are 
certain features that can not be seen from 
either impression. It is regularly elliptical or 
slightly broader above the 1niddle, being about 
2.5 centimeters long and 2 centimeters wide. 
The very thick petiolule is 2 millimeters long. 
With the exception of the strong midrib the 
nervation is rather obscure but is thought to 
be as described above. 

This little leaflet seems referable to the genus 
Dalbergia on the ground of being strongly 
retuse at the apex and slightly broader above 
the Inid.dle and having the type of nervation 
usual in the genus. It is, for instance, very 
similar to Dalbergia eocenica Berry,07 from the 
Lagrange fonnation (in beds of Wilcox age) of 
western 'fennessee, except as rega~ds size. It 
also resembles certain leaflets from the Swiss 
Miocene described by }Ieer.08 

Dalbergia retusa is also similar to Simaruba 
eocenica Berry 09 and Oanavalia eocenica Berry, 70 

both from the Wilcox group. · 
Occurrence: Green River formation, Little 

Duck Creek, Rio Blanco Cm.mty, about 50 
miles southwest of Meeker, Colo.; collected by 
D. E. Winchester, 1917. · 

oo Berry, 1~. W., u.S. Gcol. Survey Prof. Paper 91, p. 245, pl. 53, figs. 
1, 2, HllO. 

07Jdcm. 
tl8 Hcor, Oswald, Flora tcrtiaria Hclvctiao, vol. 3, pl. 133, 1859. 
oo Op. cit., pl. 54, fig. 7. 
TO Op. cit., pl. 53, fig. 3. 

Leguminosites alternans Lesquereux. 

Leguminosites alternans Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Bull., vol. 1, p. 388, 1875 [1876]; 
idem, Ann. Rept. for 1874, p. 315, 1876; U.S. Geol. 
Survey Terr. Rept., vol. 8 (Cretaceous and Ter
tiary floras), p. 202, 1883. 

Leaflet lanceolate, narrowed to the sessile base (point 
broken), apparently tapering and acute; secondary veins 
close, numerous, 15 pairs in a space of 2.5 centim·eters, 
with indeterminate shorter tertiary veins anastomosing by 
crossing veinlets; areolation obsolete. 

This leaf is comparable to a Dalbergia or a Podogonium 
by its nervation; its form, especially the narrowed base, 
is comparable to Cassia. 

· The above description by Lesquereux is all 
that has been written concerning this species. 
The type or type~ are not known to be. in 
existence, and as it was never figured its status 
must be considered more or less unsatisfactory. 

Occurrence: Green River formation, near 
mouth of White River (emptying into Green 
River), Wyo. 

Sophora coloradensis Knowlton, n. sp. 

Plate XXXVII, figures 14-16; Plate XL, figure 11. 

Leaflets rather thin in texture, ovate or 
ovate-elliptical, obtuse and rounded at the 
apex, abruptly rounded or obtusely wedge
shaped at -the base; petiolule short, stout; 
midrib moderately strong, straight; seconda
ries few, mainly opposite, "thin, at a low angle, 
camptodrome, for1ning broad loops, especially 
in the upper part. 

The smallest of the several leaflets referred. 
to this species (fig. 14) is about 2.25 centi
meters long and 1.8 centimeters wide, and the 
largest (fig. 16) about 4 centimeters long and 
2 centimeters wide. In b9th these leaflets the 
base is obtusely wedge-shaped, but in another' 
example (fig. 16) the base is much more 
abruptly rounded-in fact, almost truncate. 
It is nearly 2.5 centimeters wide and was 
probably not far from 5 centimeters long. 

This species suggests smne of the forms of 
Sophora w.ilcoxiana Berry/1 from the Wilcox 
group, .but is more ovate or ovate-el.liptical 
and has 1nore arched secondaries. 

Occurrence: Green River forn1ation, Little 
Duck Creek, Rio Blanco County, about 50 
miles southwest of Meeker, and Camp Gulch, 
25 miles northwest of De Beque, Colo., col
lected by D. E. Winchester,· 1917. 

· 11 Berry, E. W., U. S. Goo!. Survey Prof. Paper 91, p. 241, pl. 47, 
figs. 1-13, 1916. 
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Family MIMOSACEAE. 

Mimosites coloradensis Knowlton, n. sp. 

Plate XL, figures 1-3. 

Leaves pinnate; .leaflets opposite, sessile or 
nearly so, linear or linear-lanceolate, slightly 
unequal-sided, rather abruptly rounded at the 
base, acuminate or obtuse at the apex; margin 
perfectly entire; nervation, except for a 
strong midrib, mainly obsolete. 

This species is represented by one leaf that 
has the petiole preserved complete-2.5 centi
meters long-with parts of two sessile leaf
lets, as well as by a considerable number of 
detached leaflets. The smallest is about 8 
millimeters long and the longest 28 millimeters 
lorig. -The width is ~ or 3 millimeters. The 
leaflets are evidently thick, as hardly anything 
but the midrib is discernible. 

This species is very closely related to and 
• perhaps identical with Mimosites linearifolius 

Lesquereux,72 from the lake beds at Florissant, 
Colo., but appears to differ in being less ful
cate and less sharply pointed.- In one of the 
leaflets there is a slight indication that the mid
rib is excurren t. 

This species is similar to certain of the 
smallest leaflets of Mimosites variabilis Berry, 73 

from beds of Wilcox age in the Lagrange 
formation of western Tennessee and Kentucky, 
and from the Wilcox group of Mississippi, 
but these are more nearly elliptical with 
obtuse base ana apex. 

Occurrence: Green River formation, spring 
on Little Duck Creek, about 50 miles south
west of Meeker, Rio Blanco County, Colo., 
collected by D. E. Winchester, 1917. 

Order GERANIALES. 

Family SIMARUBACEAE. 

Ailanthus longe-petiolata Lesquereux. 

Ailanthus longe-petiolata Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 197, pl. 40, figs. 6, 7, 1883. 

Both :figured types of this species are pre
served in the United States National Museum, 
the leaflet being No. 1586 and the fruit No. 
1587. No additional examples of either leaves 
or fruit have been collected, and it may stand 
as left by Lesquereux. 

1!! Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 300, pl. 59, fig. 7, 1878; idem, vol. 8 (Cretaceous and Tertiary 
floras), p. 203, pl. 37, figs. 10-13, 1883. 

73 Berry,E. W., U. S. Geol. Survey Prof. Paper 91, p. 227, pl. 45, figs. 
6-11, 1916. 

Oceurrence: Green River formation, Uinta 
County (formerly wrongly called .. Randolph 
County), Wyo. 

Order SAPINDALES. 

Family SAPINDACEAE. 

Sapindus dentoni Lesquereux. 

Sapindus dentoni Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Bull., vol. 1, p. 388, 1875 [1876]; 
idem, Ann. Rept. for 1874, p. 315, 1876; U. S. Geol. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 265, 
pl. 44, figs. 2-4, 1878. 

Described by Lesquereux as follows: 

Leaflets with entire or slightly undulate borders, lan
ceolate [6 or 7 centimeters long, 1.1 to 1. 7 centimeters "-ride], 
gradually tapering to a long acumen, rounded to the 
[slightly unequal-sided] base and narrowed to a ·short 
petiole [1 centimeter long]; lateral nerves close, -parallel, 
nearly straight to the borders, where they abruptly curve. 

Unfortunately the type specimens of this 
species are now lost; at least, they do not appear 
to be in the United States National Museum, 
and their location is not lmown. Lesquereux 
compares these "leaflets" with those of Sapin
dus angustifolius Lesquereux, from the Floris
sant lake beds, but there are sufficient differ
ences to separate them. They can also be com
pared with leaves of Eucalyptus? america nus 
Lesquereux, as :figured in the "Tertiary flora," 
Plate LIX, :figures 11 a_nd 12, but as we have 
oniy the drawings to go by it is perhaps best to 
leave them under Sapindus. 

Occurrence: Green River formation, near the 
mouth of White River, Utah, collected by Wil
liam Denton, for whom the species is named. 

Sapindus obtusifolius Lesquereux. 

Sapindus obtusifolius Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1873, p. 419, 1874; 
U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p: 266, pl. ·49, :figs. 8-ll, 1878; idem, vol. 8 
(Cretaceous and Tertiary floras), pp. 181, 235, pl. 48, 
figs. 5-7, 1885. · 

The type locality of Sapinus obtusifolius is 
about 8 miles southeast of Green River, Wyo., 
where it was found in association with Muso
phyllum complicatum Lesquereux and a frag
ment of a leaf of Carpinus grandis. The four 
:figured types are all preserved· in the United 
States National Museum (Nos. 392-395). 

Subsequently Lesquereux 74 stated that he 
found a single specimen with the leaflets at
tached in material from the lake beds at Floris-

74 Lesquereux, Leo, "Q. S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous 
and Tertiary floras), p. 181, 1883. 
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sant, Colo. I have not seen this specimen, but 
Lesque:reux says it is even smaller than that 
of figure 8 of the "Tertiary flora." 

In the "Cretaceous and Tertiary floras" Les
quereux 75 als~ reported this species from the 
Fort Union formation of North Dakota. The 
present location of the specimens so designated 
is not known, but they were very well figured, 
and :fron1 the figures it appears that, although 
they resen1ble the originals of S. obtusifolia, they 
are probably a different species. The largest 
lenJlot is 11.5 centimeters long and 4 centi
Dleto.rs wide, and it see1ns questionable to place 
the1n with leaflets only 1 to 1.5 centimeters 
long. It will require a considerable series of 
·Connecting forn1s to show the relationship .. 

The recent collections from western Colorado 
·contnin a nun1ber of -leaflets that are to be re
ferred to Sapindus obtusifolius, but as they add 
nothing tQo our k~owledge of the species they 
have not been figured. 

Occurrence: Green River formation, 8 miles 
:southeast of Green River, Wyo., collected by 
Leo Lesquereux, 1873; spring on Little Duck 
Creek, about 50 miles southwest of Meeker, Rio 
.Blanco County, Colo., collected by D. E. Win
·chester, 1917. 

Sapindus· winchesteri Knowlton, n. sp. 

Plate XXXVIII, figure 1. 

Leaflet very large, 14.5 centimeters long and 
:3.5 centimeters wide, lanceolate, strongly 
unequal-sided, broadest at about one-third of 
the length above the base, whence it narrows 
. gradually to the rather obtuse apex and down
ward to the wedge-shaped base; nervation 
strong, especially the midrib, with about 16 
pairs of alternate, irregularly spaced camp
todrome secondaries, which arise at low angles, 
·Curve upw111·d slightly, and arch just inside the 
mm·gin, each joining the one next above; there 
are a few inter1nediate secondaries and a strong 
·secondary nervation. 

1~his splendid species is represented by the 
nearly perfect leaflet figured and a number of 
smaller :frag:ments. It is one of the largest, 
if not indeed the largest species thus far 
described in this country. It son1ewhat 
rese:rnbles Sapindus ajjinis. N ewberry/6 an 
-extremely abundant fonn in the Fort Union, 
but it is m.ore than twice the size of the ordinary 

7~ U.S. Ocol. Survey 'l'orr. llopt. vol. 8, p. 235, pl. <18, figs. 5-i, 1883. 
70 Nowborry;J. S., U.S. Gool. Survey Mon. 35, p.ll6, pl. 30, fig. 1,1898. 

leaflets of that species and is much more 
obtuse at the apex and has a much stronger 
nervation. It is more like certain leaflets from 
the Fort Union of the Yellowstone Park identi
fied as Sapindus ajjinis, 77 though it is much 
larger and has a stronger nervation. 

The only species of Sapindus heretofore noted 
in the Green River for~ation is S. dentoni 
Lesquereu....~/8 but this is a small-leaved form 
wholly unlike the present one·. 

Occurrence: Green River formation, oil 
shale, Smith ranch, on Greasewood Creek, 
about 40 miles southwest of Meeker, Rio 
Blanco County, Colo., collected by D. E. Win
chester, 1917 . 

Family ANACARDIACEAE. 

Rhus lesquereuxii Knowlton and Cockerell. 

Rhus lesquereuxii Knowlton and Cockerell, U. S. Geol. 
Survey Bull. 696, p. 552, 1919. 

Rhus acuminata Lesquereux, U.S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1871, Suppl., p. 8, 1872; U. S. 
Geol. Survey Terr. Rept., vol. 8 (Cretaceous and 
Tertiary floras), p. 194, pl. 42, figs. 14-17, 1883. 
[Homonym, De Candolle, 1865.] 

The type locality for Rhus acuminata Les
quereux is· Green River, Wyo., above the so
called fish beds, hut the type specimen is not 
known to be in the collection of the United 
States National Museum and is presumably 
lost. It has not subsequently been found in 
the Green River formation, the figured speci
mens being from the lake beds at Florissant, 
Colo. (U. S. Nat. :Mus. Nos. 1871-1874) .. Its 
status as a Green River snecies is therefore open 
to question . 

Occurrence: Green River formation, Green 
River, Wyo., above the fish beds. 

Rhus variabilis (Newberry) Knowlton, n. comb. 

Planera variabilis Newberry, U. S. Nat. Mus. Proc., vol. 5, 
p. 508, 1883; U.S. Geol. Survey Mon. 35, p. 83, pl. 
66, fig. 7 [not figs. 5 and 6, which=Planera inaequi
lateralis (Lesquereux) Knowlton], 1898. 

Leaf firm in texture, lanceolate, about 6 
centimeters long and 2 centimeters wide, acute 
at the apex, evenly wedge-shaped (at about 
45 ° angle) at the base; margin coarsely and 
somewhat irregularly toothed; petiole stout, 
at least 1 centimeter long; midrib strong; 
secondaries numerous, irregularly spaced, par
allel, at a low angle, ending in the margin. 

77 Knowlton, F. H., U. S. Geol. Survey Mon. 32, pt. 2, pl. 102, figs. 
1-3, 1899. . 

78 Losqucrcux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 265, pl. 64, figs. 2-4, 1883. 
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This species is based on one of the figured 
types of Newberry's Planera variabilis. At the 
time it was made a type Newberry apparently 
had some misgiving, for he said: · 

Possibly future collections will prove that the narrower, 
more rigid form with the deeply cut and acute serrations 
and parallel, nearly straight lateral veins, shown in figure 
7, belongs to a different species; but in the very large num
ber of Planera leaves before me it is impqssible to make 
any division without making several. They are therefore 
all grouped together for the pre~ent. 

He further adds that he had at his disposS;tl a 
large number of specimens that seem to con
nect the two forms, but as these are not avail
able it appears best to consider them as dis-
tinct. . 

It may also be .pointed out that the leaf un
der discussion seems to be congeneric with 
Myrica (now Rhus) nigricans Lesquereux 79 and 
for this reason has been transferred to the genus 
Rhus. It is more nearly lanceolate and has 
rather coarser marginal teeth, but otherwise 
does not greatly differ. It is not contained in 
any of the more recent collections. 

Occurrence: Green River formation, Green 
River, Wyo. (one of the types of Planera varia
bilis), collected by C. A. White. 

Rhus nigricans (Lesquereux) Knowlton, n. comb. 

Myrica nigricans Lesquereux, U. S. Geol. and Geog. Sur
vey Terr. Ann. Rept. for 1871, Suppl., p. 6, 1872;' 
U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 132, pl. 17, figs, 9-12, 1878. 

Myrica nigricans was described as foll<?ws by 
Lesquereux: · 

Leaves nearly sessile, alternate, oblong or linear-lanceo
late, acuminate, round-cuneate to the base, obtusely 
dentate; nervation camptodrome. 

He supplemented this description with the 
following remarks: 

The leaves of this species are like those of the former 
[Myrica undulata? Heer], OJ?-lY narrower, all narrowly 
lanceolate or linear-lanc;eolate, narrowed to a long acumen, 
and about sessile or with a .very short petiole about 1 milli
meter long. They are more or less unequal at the base, 
distantly obtusely dentate in the middle. 

~Three of the figured types of this species. are 
preserved in· the United States National Mu
seum (figs. 9-11, Nos. 401a,150, 151) and are 
seen to be· fragmentary. The specimen shown 
in figure 9 is evidently the one on which is based 
the statement that the leaves are simple and 

alternate, but a close view of the original dis
closed that there was a pie_ce of the matrix. 
covering the point of attachment of one leaf, 
and when this was removed they were found to· 
be practically opposite. They are slightly un-· 
equal-sided and in my opinion are leaflets of 
a pinnately compound leaf. This conclusion. 
of necessity removes the form from Myrica, 
which has simple leaves, and it seems to justify
their reference to Rhus. The other types are 
also slightly unequal-sided and are probably
conspecific. The margin is undulate-toothed. 
in these three-figured specimens,. but another 
figure (fig. lOa) shows the margin with sharp
teeth. 

Occurrence: Green River formation, Green. 
River, Wyo., northwest of station and above. 
the fish beds, collected by· F .. V. Hayden, 1868 .. 

Rhus myricoides Knowlton, n. sp. 

Plate XXXVII, figures 9-11. 

Leaflets of firm texture, narrowly lanceolate,. 
prolonged above into a slender acuminate tip,. 
abruptly narrowed and unequal-sided at the: 
base; margin entire for a short distance at the, 
base, thence strongly toothed, the teeth del-· 
toid, pointing upward; petiol-qle short, stout;. 
midrib relatively strong, especially below; sec-· 
ondaries and intermediate secondaries numer-· 
ous, mainly alternate, thin, emerging at a low 
angle, slightly curved up~ard, craspedodrome, 
the stronger ones entering the teeth, the others. 
at intermediate points; finer nervation obscure. 

This species is represented by a ~umber of 
very well preserved leaflets, three of the most. 
nearly perfect of which have been figured. The· 
length was apparently from about 5.5 to 6.5· 
centimeters and the width approximately 1 
centimeter. The petiolule is very short, hardly·· 
exceeding 2 milimeters. 

This species is undoubtedly most closely re-· 
la ted to Rhus nigricans (Myrica nigricans· 
Lesquereux80)-in fact, they may be identicaL 
Rhus myricoifles appears to differ in being more· 
strongly toothed and to a minor degree in the. 
nervation. 

Occurrence: Green River formation, Smith 
ranch, on Greasewood Creek, abo.ut 40. miles.· 
southwest of Meeker, Rio Blanco County, Colo.,. 
collected by D. E. Winchester, 1917. · 

79 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary so Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 132, pl. 17, figs. 9-12,1878. flora), p. 132, p~. 17, fi~s. 9-12, 1878. 
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Family CELASTRACEAE. 

Euonymus flexifolius Lesquereux. 

Euonymv,sjle:cijolius I .. esquereux, U.S. GeoJ. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 183, 
pl. 38, fig. 13, 1883. 

'fhis splendid species is described as follows 
by Lcsquereux: · 

JJeaveslarge [16.5 centimeters long, 5 centimeters wide], 
-ovate-acuminate from an· oval base, flexures at the apex, 
narrowed from the middle to the petiole, sharply deeply 
serrate; secondary nerves alternate, equidistant and par
:allel, camptodrome. 

The single type specimen is the only one thus 
far obtn,ined. It is No. 1585 of the United 
States National Museum collection. 

Occurrence: Green River formation, Uil}ta 
County (formerly incorrectly called Randolph 
~ounty), Wyo. 

Family ACERACEAE. 

Acer lesquereuxii Knowlton. 

Acer lesquereuxii Knowlton, U. S. Geol. Survey Bull. 152, 
p. 26, 1898. 

Acl-'T indivistmt Lesquereux, U. S. Geol. Survey Terr. 
Hept., vol. 8 (Cretaceous and Tertiary floras), p. 
180, pl. 36; figs. 6, 9, 1883. [Homonym, Weber, 1852.] 

Lesquereux's original description reads as 
follows: 

Leaves small, of thin texture, round-truncate in outline, 
five-nerved and five-lobed; lobes entire, sharply acumi
nate; sinuses broad, entire or dentate in the middle; 
petiole comparatively long, inflated under the point of 
attachment. 

'fhe leaves are 5.5 centimeters broad between the points 
of the upper lobes and only 4 centimeters long from the 
top of the petiole, which is 5.5 centimeters long. 

The type of the leaf on which this species i.s 
based is preserved in the United States National 
Museum (No. 1582), but the fruits also made 
cotypes are not to be found here. This species 
has not been found in subsequent collections. 

Occurence: Green River formation, Uinta 
County (formerly wrongly called Randolph 
County), Wyo., coH.ected by F. V. Hayden. 

Family ILICACEAE. 

Dex? affinis Lesquereux. 

Ilexf affinis Lesquereux, U. S. Geol. and Geog. Survey 
'!'err. Ann. Rept. for 1871, Suppl., p. 8, 1872; U.S .. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 
270, pl. 50, figs. 2, 3, 1878. 

This species is based on two examples, both 
of which were figured by Lesquereux, and both 

are in the United States National Museum col
lection (Nos. 400, 401). They are fragmentary, 
as he states, both having lost the upper por
tion. Lesquereux says: 

These leaves, inequilateral at base, seem lik~ pinnules 
of a compound leaf. The midrib is thick, the ·secondary 
veins numerous, p~rallel, inequiclistant, and, at an open 
angle of divergence, either enter the point of the teeth 
and, by their branches, follow the borders in festoons or 
are truly camptodrome, with nervilles passing up from 
the back of the curves into the teeth. 

Lesquereux questioned the generic reference 
of these leaves, and it is more than· probable 
that they should be placed elsewhere, but they 
are so fragmentary that affinities are inter
preted with difficulty, and it may be best to 
leave them for the present in Ilex. 

Occurrence: Green River formation, Green 
River, Wyo., above the fish beds. 

Dex maculata Lesquereux. 

Ilex maC'I.Llata Lesquereux, U. S. Geol. Survey Terr. Rept., 
vol. 8 (Cretaceous and Tertiary ftoras), p. 186, pl. 
44, fig. 5, 1883. 

The single type specimen (No. ·1603, U. S. 
Nat. Mus.) is the only one recorded of this 
species. It is poorly preserved and the generic 
reference is open to more or less question. 

Occurrence: Green River formation, Alkali 
stage station, about 30 miles north of Green 
River, Wyo. · 

Dex vyomingiana Lesquereux. 

!lex vyomingiana Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 270, pl. 50, fig. 
1, 1878. 

The type of. this species (No. 399, U.S. Nat. 
Mus.) is so fragmentary and obscure that it is 
difficult to interpret. Its reference to Ilex may 
well be questioned, but as no other relation
ship can reasonably be suggested it is left as 
placed by Lesquereux. 

Occurrence: Green River formation, Green 
River, Wyo., above the fish beds. 

Order RHAMNALES. 

Family RHAMNACEAE. 

Zizyphus longifolia Newberry. 

Plate XL, figure 7. 

Zizyphus longifolia Newberry, U. S. Nat. Mus. Proc., vol. 
5, p. 513, 1882 [1883]; U. S. Geol. Survey Mon. 35, 
p. 119, [pl. 65, figs. 3,. 4 [not fig. 5, which= 
Zizyphm cinnamomoides Lesquer<:mx], 1898. 

Leaves evidently very firm in texture, 7.5 to 
9.5 centimeters long, about 1.5 centimeters 
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wide, lanceolate, rather abruptly rounded to above into a slender point;. ·margin more or 
the obtusely wedge-shaped base, long pointed less crenate from a point well above the base 
at apex; margins waved or more or less dis- of the blade; triple-nerved from the top of the 
tinctly toothed; petiole slender, at least 2 petiole, the midrib straight, with four or five 
centimeters long; midrib well defined from pairs of thin secondaries in the upper part; 
base to· summit; lateral nerves or ribs arising lateral nerves or ribs closer to the margin than 
with the petiole {tnd nearly as strong, passing the midrib, joining the lowest pair of second
up close to the margin for nearly one-half the aries; finer nervation irregularly recticulate. 
length of the blade, then ·joining the lowest Lesquereux based this species on two leaves 
pair of secondaries on the midrib; secondaries from Green River shale, both of which lack the 
three or four pairs, alternate, curving upward, upper portion. Later Newberry received 
forming a festoon near .the margin; nervilles material from the same locality and from it 
finely reticulated. he characterized his Zizyphus longifolia. Of 

Newberry figured · three specimens as the the three types figured by Newberry two are 
types of this species, and all are preserved in alike and are long, narrow, three-nerved leaves, 
the United States National Museum (Nos. but the other is clearly identical with Les-
7020, 7021, 7022). Of these, two (figs. 3 and 4 quereux's Zizyphus cinnamomoides and has 

· of his plate) agree with the above description . been transferred to it. · 
and are here taken as typical of Zizyphus longi- · Ward 82 identified a single small leaf from the 
folia. The other specimen is obviously differ- Fort Union formation near Glendive, Mont.,· 
ent-in fact, it agrees with Zizyphus cinna:..· with Lesquereux's Zizyphus cinnamomoides, 
momoides ·Lesquereux,81 as Newberry himself. but it has a very differEmt nervation and mr.st 
pointed out, and it .is transferred to that be excluded. 
species. Newberry states that Zizyphus longi- Occurrence: Green .River formation, Gree.n 
folia is very abundant in the cGllections ·sub- River,, Wyo. 
mitted to him and is usually associated in the 
beds with Lygodium and Acrostichum. . 

In the collections from . western Colorado I 
find' several leaves. of this species, one of which 
I have figured. It is a narrow leaf about 8 
centimeters· ~ong and 1.6 centimeters wide. 
Its margin is provided with remote, low, 
rounded teeth. The nervation is that . de
scribed and figured for the species. 

Occurrence: Green River formation, · Green 
River, Wyo.; oil shale at Smith ranch, on 
Greasewood Creek, about 40 r1iles southwest 
of :Meeker, Colo., collected by D. E. Winchester, 
1917. 

Zizyphus cinnamomoides (Lesquereux) Lesquereux. 

Zizyphus cinnamomoides. (Lesquereux) Lesquet:eux, U. S. 
Geol. Surv~y Terr. Rept., vol. 7 (Tertiary flora), 
p. 277, pl. 52, :figs. 7, .8, 1878. 

Zizyphus longifolia Newberry, U. S. Geol. Survey Mon. 
35, pl. 65, :fig. 5 [not :figs. 3, 4], 1898. 

Ceanothus cinnamomoides Lesquereux, U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1871, p. 289, 1872. 

Leaves of firm texture, 5 to 9 centimeters 
long, 1.5 to 2.5 centimeters wide, oblong or 
ovate-lanceolate, bro~dest at or a little below 
the middle, wedge-shaped below, pr<?longed 

Family VITACEAE. 

Cissus parrottiaefolia Lesquereux. 

Cissus parrottiaejolia Lesq~ereux, U. S. Geol. and Geog'. 
Survey Terr. Bull., vol. 1, p. 388, 1875 [1876]; 

· idem, Ann. Rept. for 1874, p. 314, 1876; U. s. 
·Geol. Survey Terr. Rept,, vol. 7 (Tertiary flora); 
p. 239, pl. 40, :figs. 15-17; pl. 42, :fig. 1, 1878. 

The three types of this species supposed .to 
·oe from Green River, Wyo., are in the United 
States National Museum (Nos. 343, 344, 345). 
The matrix is rather soft yellowish sandstone, 
quite unlike anything from the Green River 
beds with which I am famiiiar, and there is. 
doubt·as to the pr~priety of continuing this as. 
a Green River species. 

Occurrence: Green River formation, Green 
River, Wyo., west of .station. 

Parthenocissus tertiaria (Lesquereux) Knowlton, n. comb. 

Ampelopsis tertiaria Lesquereux, U. S. G~ol. and Geog. 
Survey Terr. Ann. Rept. for 1871, Suppl., p. 7, 
1872; U. S. Geol. Survey Terr. Rept., vol. 7 
(Tertiary flora), p. 242, pl. 43, :fig. 1, 1878. 

The type and only specimen of this species 
found is preserved in the United 'States 
National Museum (No. 361) and has been 

81 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 82 Ward, L. F., U. S. Geol. Survey Sixth Ann. Rept., for 1884-85~ 

flora), p. 277, pl. 52, figs. 7, 8, 1878. p. 554, pl. 52, fig. 3, 1886; idem, Bull. 37, p·. 74, pl. 33, fig. 7, 1887. l 
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fairly well characterized by Lesquereux. The 
two leaflets on 'the left-hand side are repre
sented as broken, but really they pass under 
one of the type speci1nens of J uglans schimperi 
and can not be excavated without destroying 
tho J1.tglans. 

Occurrence: Green River formation, Green 
River, Wyo., above the fish beds. 

Order MYRTALES. 

Family MYRTACEAE 1 

Eucalyptus? americanus Lesquereux. 

Plate XXXIX, ftgures 1-3. 

Eucalyptus? americana Lesquereux, U. S. Geol. Survey 
~L'err. Rept., vol. 7 ('l'ertiary flora), p. 296, pl. 59, 
figs. 11, 12, 1878. 

Eucalypl'l.ts amer·icamts Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept. for 1871, Suppl., p. 7, 1872. 

Apocynophyllum scudderi Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 8, (Cretaceous and Tertiary 
floras), p. 172, pl: 45, A, figs. 1-5, 1883. 

Sali.'C angusta Al. Braun? Newberry, U. S. Geol. Surv:e~ 
Mon. 35, p. 54, pl. 65,·fig. 2, 1898. · 

Leaves coriaceous in texture, narrowly lan
ceolate, gradually tapering upward from below 
the middle into a long, narrow acumen and nar
rowed. in nearly the same degree to the· base, 
slightly unequal-sided and very slightly undu
late; petiole very thick, about 1 centimeter 
long; midrib extremely thick, especially below, 
where it merges into the petiole; lateral nerves 
thin, immersed in the substance of the leaf, 
emerging at angles of 30° to 45 °, about 5 milli
meters apart, irregular, many of . them with 
intermediate nerves that join others at various 
distances below the margin; the main nerves 
all terminate in a strong, continuous intra
marginal vein which is about 1 millimeter from 
the n1argin; finer nervation consisting of very 
thin, irreg~lar veins oblique to the principal 
VClnS. 

These. are splendid leaves, clearly coriaceous 
or leathery in texture. There is considerable 
range in size, the larger ones being nearly 13 
centimeters long and ahout 2 centimeters wide 
and the smaller ones 6 or 8 centimeters long 
and 1.5 centimeters wide. The petiole, which 
is enlarged at the point of attachment, does not 
exceed 1 centimeter in length. 

The types of Eucalyptu8? americana as figured 
by Lesquereux in the "Tertiary flora" (pl. 59, 
figs. 11, 12) 'are preserved in the United States 
National :Museum (Nos. 489, 489a). The best 
preserved leaf is a nearly perfect one 12 centi-

meters long and 1.5 centimeters wide. The 
other was a larger leaf, fully 2 centimeters 
wid~, but lacks the upper portion. The ner
vation is that above described. 

In 1883 Lesquercux 83 described some rather· 
fragmentary leaves from Alkali ·station under 
the name Apocynophyllum scudderi. These 
sp·ecimens are in the United States National 
Museum (Nos. 1605-1609) and are before me. 
Although they are somewhat smaller than the 
types of Eucalyptus? american'l.ts, they clearly 
belong with them. They have the same 
coriaceous texture, very thick midrib, thin, 
immersed lateral veins, and continuous intra
marginal vein. They· seem properly to be 
referable to Eucalyptus? american us. 

The leaf figured by Newberry 84 as Salix 
angusta Al. Braun ~ is also preserved in the 
United States National Museum (No. 7023) 
and clearly belongs to Eucalyptus? americanus. 
It comes from Green River and is said by Now
berry to be exceedingly common, u some slabs 
of the rock being quite covered with the 
leaves." Newberry does not mention the 
strongly marked intramarginal vein, though it 
1s show:n in his figure and, of course, in the 
specimen. 

The propriety of referring these leaves to the 
genus ·Eucalyptus may perhaps be open to 
question, as it is doubted by some that tllis 
genus ever reached America. Be that as it 
may, their facies-long, narrow, coriaceous 
leaves with exceedingly thick midrib and 
deeply immersed veins running into a strong 
intramarginal vein-is distinctly that of Euca
lyptus, and I have retained them as left by 
Lesquereu.~. There are some other things that 
are to be considered in this connection. Thus 
Lesquereux in the. original discussion of his 
Eucalyptus? americanus compares . them to 
species of Tricera from Cuba. This is. a 
euphorbiaceous genus with narrow leaves 
having a nervation similar to that of· Euca
lyptus. I have not seen these leaves and so 
can not say anything as to their probable 
affinity with the Green . River leaves under 
consideration. 

Berry 85 has described as Ficus myrtifolius 
some narrow leaves from the Wilcox group 

83 Lesqucrcux, Leo, U.S. Geol. Survey T9rr. Rcpt., vol. 8 (Cretaceous 
andTcrtiary floras), p. 172, pl. 45, A, figs. 1-5, 1883. 

84 Newberry, J. S., U.S. Geol. Survey Mon. 35, p. 54, pl. 65, fig. 2, 1898. 
85 Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 205, pl. 30, 

figs. 1-3, 1916. 
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that he says are nearest to Lesquereux's 
Apocynophyllum scudderi. The Wilcox leaves 
are of about the same· size and shape as 
Lesquereux's · species and have the thick 
midrib and well-marked intramarginal vein, 
~ut the lateral veins are almost at right angles 
and are more numerous than in the Green River 
leaves. . 

. Occurrence: Green River formation, Green 
River, Wyo., above the fish beds, types col
l~cted about 1870 by F. V. Hayden, others 
collected by C. A. White and still later by L. 
F. Ward; Alkali stage station, about 30 miles 
north of Green River, type locality for Apo
cynophyllum scudderi, collected by F.- V. Hay
den; Cathedral Bluff, south of Little Tommies 
Draw, about 20 miles west ·of Rio Blanco post 
office, Rio Blanco· County, Colo.,· in sec. 35, 
T. 4 S., R. 100 W., Colo., and above oil shale, 
head of trail up ridge between Carr and Bushy 
creeks, Garfield County, Colo., collected by 
D. E. Winchester, 1917. 

Order UMBELLALES. 

Family ARICACEAE. 

Aralia wyomingensis Knowlton and Cockerell. 

Plate XXXIX, figure 4; Plate XL, :figrire 12. 

Aralia wyomingensis Knowlton and Cockerell, U. S. Geol. 
Survey BulL 696, p. 88, 1919. . 

Aralia macrophylla Newberry, U. S. Nat. Mus. Proc., vol. 
5, p. 513, 1882 [1883]; U.S. Geol. Survey Mon. 35, 
p. 121, pl. 67, fig. 1; pl. 68, fig.1, 1898. [Homonym, 
Lindley, 1844.] 

This species was described by Newberry as 
follows: 

Leaves large, long-petioled, palmately five-parted from 
the middle upward, divisions conjcal in outline, sometimes 
entire, often remotely, occasionally coarsely toothed; 
nervation strong and regular; the midrib of the divisions 
strong and straight, those from the second later~l lobes 
springing from near the bat;Jes of the first lateral lobes; 
secondary nerves numerous, distinct, curved gently 
upward; where the margins are entire, partially campto
drome; where dentate, terminating in the teeth; tertiary 
nerves anastomosing to form quadrangular and very 
numerous areoles. 

In speaking of the occurrence of these leaves, 
Newberry says: · 

In the localities whe~e they are found the leaves of 
A. macrophylla [A. wyomingensis] are exceedingly abun
dant, sometimes matted together so as to obscure their 
outlines. ·These show that they vary in size, in the number 
of lobes, and in the character of the margins, occasionally 
one occurring which is only three-lobed, while almost all 
are five, and the margins are sometimes nearly entire, 
while in other le~wes they are all strong!~; even spinously, 

dentate. . The leaves vary from 3 to 12 inches in length, 
and the lobes are sometimes long and narrow, in others 
much_broader. 

The two figured types of this species, both 
preserved in the United States National Mu
seum, are large leaves, hence the name macro
phylla was very appropriate, but in Newberry's: 
discussion of the species he states that they 
range in length from 3 to 12 inches . 

In the collections recently made in western 
Colorado there are a number of leaves that 
must be referred to Aralia wyomingensis. 
Two of these have been figured. One (Pl. 
XL, fig. 12) is a very small leaf only 6 
centimeters long and a little over 7 centimeters 
wide, with slender petiole 2 centimeters long. 
The other (Pl. XXXIX, fig. 4) is somewhat . 
larger, probably 12 or 14 centimeters long and 
some 12 centimeters broad .. 

The leaf from Bridger Pass, Wyo., described 
by Lesquereux 86 under the name Aralia? 
gracilis, may belong here, but it is so fragmen
tary ~hat it can not be compared fully with 
Aralia wyomingensis. 

Occurrence: Green River formation, Green 
River, Wyo. (types), collected by C. A. White; 
Cathedral Bluff, south of Little Tommies 
Draw, about 20 miles west of Rio Blanco post 
office, Rio Blanco County, Colo.; collected by 
D. E. Winchester, 1917. 

Order ERICALES. 

Family ERICACEAE. 

Andromeda delicatula LesquereiiX. 

Andromeda delicatula Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 175, pl. 34, figs. 10, 11, 1883. 

The two type specimens on which this fine 
species is based are preserved in the United 
States ~ational Museum (Nos .. 1580, 1581) · 
and have been very well described and figured 
by Lesquereux. The species has not been 
since collected in the Green Riv.er formation 

' but has been reported from the supposed 
upper Eocene of British Colum·bia and the 
Fort Union formation of the Bull Mountains 

' Mont.; the latter is perhaps doubtful. 
Occurrence: Green River formation, Uinta 

County (formerly wrongly called Randolph 
County), Wyo.; Eocene, Tranquille River, 
British Columbia; Fort Union formation, 
Bull Mountains, Mont. 

sa Lesquereux, Leo, U.S. GeoL Survey Terr. Rept., voL 7 (Tertiary 
flora), p. 236, pL 39, fig. 1, 1878. 
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Order RUBIALES. 

Family CAPRIFOLIACEAE. 

Sambucus? winchesteri Knowlton, n. sp. 

P.late XL, figures 8, 9. 

This flower is very small, having a spread of 
only about 4 millimeters. In the exact center 
is a circular mass of black carbonaceous sub
stance that is without any observable structure. 
The flower is perfectly regular, with five 
oblong obtuse pet8ls, alternating with which 
are the five stamens. At first sight it appears 
that the petals are free, but as the actual inser
tion of both petals and stamens is obscured by 
the central carhonaceous mass, it is possible 
that the corolla is slightly gamopetalous-in 
fact, if the identification given is correct the 
petals must be slightly united. The petals 
are about 1.7 millimeters long and 0.8 milli
meter broad, and each has three relatively 
strong veins which run from the base nearly 
to the apex. The stamens are slightly inore 
than half the length of the petals and· have 
large anthers. 

A great many flowers have been studied in 
comparison with this fossil flower, and all things 
considered it seems to approach Sambucus 
most closely. This genus has the calyx tube 
ovoid or turbinate, adnate _to the ovary, with 
its limb three to five toothed, and the corolla 
rotate (t 1 slightly campanulate, regular, and 
usually five-lobed; the five stamens are in
serted on the base of the corolla. 

The fossil flower under· consideration seems 
.to agree fairly well with the above diagnosis, 
at least so far as can be made out, but as there 
are -some points tha.t can not be settled with 
eertainty, the generic reference has been ques
tioned. This flower is named in honor of the 
collector. 

Occurrence: Green River formation, oil 
shale, Rio Blanco County, about 40 miles 
southwest of Meeker, Colo.; collected by D. E. 
Winchester. 

Order CAMPANULALES. 

Family COMPOSITAE. 

Achaenites cichorioides Knowlton, n. sp. 
Plate XL, figure 4. 

Achene narrowly obconical, about 7 milli
meters long, 2 millimeters in diameter at the 
top, strongly ribbed (apparently four-ribbed) 
with several (at least three) thinner interme
diate striae; pappus simple, apparently sparse, 

.. not barbed, about 7 millimeters long. 
91048°--23----12 

This little achene, t_he only one found in the 
collection, is ·surprisingly· well preserved con
sidering the delicate nature of some ·of its 
parts. ' The achene itself was evidently. hard 
and resistant and apparently has suffered 
little distortion. It is strongly ribbed or · 
ridged, especially in the lower part, and from 
the· disposition of these ridges it seems probable 
that they were four in number, but this is of 
course somewhat uncertain. The pappus is 
certainly simple and without' obvious barbs; 
it was at least as long as the achene. It. 
appears to occupy a single ring around the 
outer edge of the flat-topped achene. 

It is perhaps hazardous to attempt a close 
comparison of this fossil achene with those of 
any living species, though it may be pointed 
out that it seems to fall within the fa:mily 
Cichoriaceae, ·whence the specific name adopted 
for it. It is,· for instance, suggestive of the 
achenes in certain species of Nabalus, Hiera
cium, etc., but more evidence will be needed 
before it .can be placed in any living. genus. 
It is believed to be the first composite achene 
from this country to be described. 

A word may be said as to the selection of the 
genericnamefor this achene. Thegen.usAchae
nites was established by Braun87 in 1851, with 
A. ungeri as the type species. It was not figured 
at that· time, but in the N eues J ahrbuch for 
1854 Braun described and figured it. It is an 
oblong, long-beaked achene with a plumose 
pappus;. and came from the Swiss Miocene. 

In 1859, when Heer 88 came to the considera
tion of the numerous fruits of the Compositae 
found in the· Miocene of Switzerland, he 
established the genus Oypselites, with which he 
merged Braun's Achaenites, notwithstanding 
the fact that the latter had some eight years 
priority. Heer described 'and figured no less 
than 19 species under his Gyps elites, which he 
stated probably really belong to a number of dif
ferent genera. None of them seem to be very 
close to the Green River species under discussion. 
. The law of priority does not sanction the 

substitution of o;ne genus for another without 
reason, and therefore Achaenites will have to be 
restored for Heer's species of Oypselites. 
Moreover, Achaenites is more appropriate than 
Oypselites for these ·obvious acheries. 

Occurrence: Green River forn1u.tion, above 
rich oil shale, Camp Gulch, about 25 miles 
northwest of De Beque, Colo., collected by 
D. E. Winchester, 1917. 

87 Braun, AI., in Stizenberger, Ernst, Uebersicht dcr Verstel~er
ungen des Grossherzogthums Baden, p. 83, 1851, • 

88 Heer, Oswald, Flora tertiari~ Helvetiae, voi. 3, p. 2, 1859. 
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PLANTS OF UNCERTAIN POSITION. 

Antbolithes improbus Lesquereux. . · 
Antholithes improbus Lesquereux, U.S. Geol. Survey Terr . 

. R~pt., vol. 8 (Cretaceous and Tertiary floras), p. 204, 
pl. 40, figs. 20, 21, 1883. 

· Both the figured types of this peculiar organ
ism are preserved· in the United States National 
Museum (No. 1666). · I am not able to inter
pret them any more satisfactorily than Les
quereux did. 

Occurrence: Green River formation, t.Jinta 
County (formerly .wrongly called Randolph 
County), Wyo. 

Carpolithus caryophylloides· Knowlton, n. sp. 
Plate XXXVII, figure 13. 

The collections from western Colorado made 
by Winchester include the little specimen here 
figured. It is apparently a dry capsule, ov.oi~ 
in shape, about 5 millimeters long and. 4 milli
meters in diameter at the base, and with a 
slender pedicel 2 millimeters long. It appears 
to be made on the plan of five, .and is split 
down about half its length, eay~ seg:Qient being 
apparently bifid at the apex and with a strong 
central rib or ridge. . .. 

This specimen is so small and indifferently 
. preserved that it is difficult of interpretation. 
From the fact that it is not much crushed or 
distorted the inference is. drawn that it was a 
dry capsule that had discharged its seeds when 
entombed. It may be split down for more than 
·half its length, but it does not seem to be.· 

It is of course more or less hazardous to 
attempt to refer this capsule to a living genus 
or even family, and consequently. it has been 
placed in the form genus and convenient catch
all Carpolithus, until it c~n be .more definitely 
assigned. However,· it. may be pointed. out 
that this specimen undoub.tedly has a strong 
·albeit superficial likeness to the capsule of 
certain Caryophyllaceae, as, for example, the 
genus Lychnis. The several species of Lychnis 
have a globular or ovoid one-celled capsule that 
opens by the splitting ap~rt of the ten or five 
segments, which are often two-cleft at the apex. 
The capsule of Lychnis dioica Linne is especia~ly 
suggested by this Green River capsule. 
· Occurrence: Green River formation, Smith 

ranch, on Greasewood Creek, about 40 miles 
southwest of Meeker, Rio Blanco County, Colo,. 
collected by D. E. Winchester, 1917. · 

Carpites viburni Les~uereux. .: 

Carpites viburni Lesquereux, U.S. Geol.. and Geog. Survey 
Terr. Bull., vol. 1, p .. 382, 1875 [i876]; U. S. GeoL 
Survey Terr .. Rept., vol. 7 (Tertiary flora), p. 305, 
pl. 60, figs. 26, 2~a, 1878~ 

The original description by Lesquereux reads 
as follows: 

Seeds or nutlets cordate, obtuse, 5 to 7 rrullimeters long, 
3 or 4 millimeters broad, convex, gro?ved in the middle 
from the point to the base, surrounded by a mem
branaceous pellicle, the remains of an apparently fleshy 
outer envelope. 

They resemble seeds of a similar kind which I have 
found in great quantity at Golden [Colo.] and referred to 
the genus Viburnum. 

A complication has arisen concerning the 
locality from which this species cam~. At the 
time it was named and described it was dis
tinctly stated by Lesquereux to have cmne from 
Alkali stage station, 30 miles north of Green 
River, Wyo., but three years later, when it was 
described and figured in the "Tertiary flora, " 
the locality was given as Black Buttes, Wyo. 
The type specimen is'_fortunately preserved in 
the United States ·National Museum (No. 494), 
and it is there recorded in Lesquereux's hand
writing as coming from Black Buttes. ?-'~ere 
is reason to believe, however, that the ong1nal 
assignment is correct, and that it really came 
from Alkali station and hence from the Green 
River formation, and not from Black Buttes. 
The matrix is a fine-grained yellowish sand
stone, similar in character to that of other spec
imens from Alkali station, and, moreover, the 
temporary label afiL~ed. to th~ specimen by 
Lesquereux is an oval, blue-borde~ed "sticker" 
identic~! with those used on other specimens 
from Alkali station,· whereas those on the speci
mens from Black Buttes are of a different shape 
and bordered with red. No specimens from 
Black Buttes were .. described by Lesquereux in 
the report in which the speciniens from Alkali 
station were described, and, further, it seems 
inherently improbable that a. mixture would 
occur when a collection from a given locality 
was first considered. It· is believed that this 
species actually came from Alkali station, and 
it will be so regarded hereafter. 

Occurrence: Green Rive·r formation, Alkali 
stage station, 30 miles north. of Green River, 
Wyo. [incorrectly accredited to Black Buttes, 
Wyo.]. 

Carpites newberryana Knowlton, n. sp. 

Juglan$ occidental is Newberry, U. S. Geol. Survey Mon. 35, 
p. 34, pl. 66, figs. 4a -4c, 1898 [not figs.' 1-4]. 

This species was characterized by Newberry 
as follows: 

Fruit small, elongated, somewhat prismatic; di~ions of 
the envelope lenticular in outline, narrow, thin. . 

The fruit, of which fortunately one specimen was found 
in immediate contact with the leaves, is small, marked with 
raised lines, elongate in form, and res.embles more the fruit of 



REVISION> OF THE FLORA OF. THE GREEN RIVER FORMATION. 175 

Carya oli'l)aejormis [Hicoria pecan Britten?]than any other 
<lf our living species. · It might be inferred from .the size. 
pf the m..ttand its elongated ~orm that it was immature, but 
near it lies a segment of the envelope which has apparently 
bxfoliated at maturity. Ai3 only one specimen of the fruit 
has been discovered; it is possible that it does not repre
sent the average size and form. 

Newberry placed this form under Juglans, al
though he expressly states that· it clearly be
longs to Hicoria, but justified this disposition 
on ·the ground of the wider limit of the old 
genus Juglans. He also stated that the fruit 
is in "immediate contact" with the leaves, but 
a study of the types, which are preserved in the 
United States National Museum, shows that 
they are merely associated with leaves of Jug
lans occidentalis on the same piece of matrix but 
are not in organic comnection with them or in 
u position that suggests such union; It there
fore seems necessary to transfer it to the genus 
to which it apparently belongs. :if it has been 

. correctly interpreted, and to give it a new name,. 
The three type specimens have been very 

carefully studied. The original of figure· 4a 
~s about 16 millimeters long and 7 millimeters· 
broad near the middle. It stands on a short, 
stout pedicel, which is somewhat expanded 
and probably cup-shaped and. in which. rests the 
fruit. It has a deep longitudinal median fur
row and on either side a slender ridge· that 
nearly orquite di~appears before reaching_ the 
.apex. There is very little other s'tructure or 

them to the noncommittal Oarpites until addi
tional material may help to place them more 
definitely. 

Occurrence: Green River formation, Green 
River, Wyo. (described and figured as fruit 
.of Juglans occidentalis Newberry; types, U.S. 
Nat. Mus., Nos. 7031, 7032). 

Carpites inquirenda Knowlton, n. sp. 
Plate XXXVIII, figure 4. 

The collection from western Colorado in-· 
eludes a small fruit that I am not able to place 
biologically. It is elliptical in outline, about 
6 millimeters long and 5 millimeters broad, and 
has an inner dark nucleus, also elliptical, 
about 3 millimeters long and 2 millimeters 
broad. This inner part has a slight projection 
at one ·end, but whether this is the apex or the 
point of attachment has not been determined. 
Similarly it is impossible with present knowl
edge to determine whether the outer portion is 
to be interpreted as a wing, or whether the 
whole thing is a monospermous capsule. 

This organism is so little understood that 
it might perhaps better be omitted altogether, 
yet it is a very definite entity that someone 
may be able to interpret correctly. 

Occurrence: Green Riverformation, oil shale7 

·Cathedral Bluff, south of Little Tommies 
Draw·, Rio ~lanco County, Colo., collected by 
D. E. Winchester,·I91'7. · 

marking between the ribs or ridges. Phyllites winchesteri Knowlton, n. sp. 
On the same piece of matrix as the· speci- Plate XXXVIII, figure 2. 

men just described, about 1. centimeter from The collections from· the oil shales of western 
it, is .the specimen shown in Newberry's' Colorado include the pre.sent nearly . perfect 
figure 4b. It is about 15 m.illimeters long and 'little leaf. Jt seems unfortunate to be com
about 4 millimeters wide. When viewed in the pelled to describe so fine a specimen under the 
pC>sition in which it was drawn for Newberry's. name Phyllites, but I am wholly linable to 
figure it appears to be concave, much as one· suggest a generic name with any degree of 
of the segments of the exocarp of Hicoria assurance. It is a linear-lanceolate leaf about 
would appear, but when the orientation is 3 centimeters long and 6 millimeters wide. 
reversed it is found to be convex. The upper part is narrowed for fully a third 

The third specimen (Newberry's fig. 4c) is the length of the blade into a sharp-pointed 
:19 n1illimet~rs long and about 7 millimeters apex; below it is more abruptly narrowed to 
wide. It appears to sit in the excavated apex the rather thick petiole,. which is nearly 1 
of the pedicel as described for the first speci- centimeter in length. The margin is perfectly 
men mentioned. It has a single furrow a entire.· The. nervation is peculiar. In the 
little to one side of the middle, and there is middle and upper portions there is some in
some evidence of the presence of a thin exocarp dication of a thin midrib, but in the basal 
or something of the kind on one side. . . portion. th~ midrib can :r;:wt be differentia~ed. 

It seems to me very unlikely that these' Five or six nerves of equal strength arise below 
·specimens can belong to Hicoria, and they the base of the blade ~nd spread out -to divide 
•certainly can not belong to .Juglans. Under eq11:~lly· the area of the lower third of the leaf, 
the . circumstances it appears best. to .refer. ·with little indication that the middle one is 
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the stronger. In the middle and upper por
tions even these nerves appear to be im
mersed in the leaf substance. 

Occurrence: Green River formation, Rio 
Blanco County, 20 miles west of Rio Blanco 
post office, Colo., in sec.· 33, T. 4 S., R. 100 
yv., collected by D. E. Winchester, ·1917. 

Phyllites fremonti Unger. 
Phyllites fremonti Unger, Genera et species plantarum 

· fossilium, p. 503, 1850. 
Knowlton, U. S. Geol. Survey Prof. Paper 108, p. 

94, 1917. 
Leaf of a dicotyledonous plant (?) Hall, in Fremont 

· Report of the exploring expedition to the Rock; 
Mountains in 1842, etc., Appendix B, p. 306, pl. 
11, fig. 4, 1845. 

This species has had an interesting history. 
It was collected by Fremont in 1843 ·on his 
celebrated exploring expedition to th~ Rocky 
Mountains and beyond and was included in 
a collection of plants from the vicinity of 
what is now Cumberland, Wyo. The plants 
from this locality were long supposed to be of 
Jurassic age but are now known to belong to 
the Colorado group (Frontier formation). 89 

The plall:t under qonsideration was placed by 
Hall, who described the collection, at the end 
of his paper with the following remarks: 

Locality in the neighborhood of the specimens contain
ing the preceding fossils and regarded by Capt. Fremont 
as belonging to the same formation. The rock contain
ing them i~ a soft or very partially indurated clay, very 
unlike the ·hard and brittle mass containing the other 
species. 

The probability that it did not come from. 
the vicinity of the Cumberland locality is 
further strengthened by the chance statement 
" Fr. Aug. 1 7, and No. 201 of collection, " 
which appears to mean that it was collected on 
Friday, August 17, whereas the others are 
recorded under the date August 19. Fremont's 
itinerary for the earlier date indicates that 
on that day the expedition encamped on 
Blac].\:8 Fork of Green River, some 40 miles 

· east of the locality reached on August 19. 
In the low hills bordering the stream he found 
"strata containing handsome and very distinct 
vegetable fossils." This locality is presumably 
in the Green , River formation, and if the 
above reasoning is correct it appears to dispose 
of the reference of this species to the Colorado 
flora. ·The type specimen is now lost, and 
hence a study of the matrix in which it was 
preserved is impossible. . 

89 Knowlton, F. H., U. S. Geol. Survey Prof. Paper 108, pp. 73-107, 
1917. ' 

This species was named and described as 
Phyllites. fremonti from Hall's figure. Unger 
fell into the usual error of ascribing it to 
Oregon, as the expedition went to "Oregon 
and north California. " The above. history 
has been given at some length for the purpose 
of setting forth the somewhat unsatisfactory 
status of this species and thus preventing 
future misunderstanding. 

Occurrence: Green River formation ( ~), 
Blacks Fork of Green River, Wyo. 

Nordenskmldia borealis Heer. 
Nordenskioldia borealis Heer, Flora fossilis arctica, vol. 2, 

Abt. 3, p. 65, pl. 7, figs. 1-13, 1870. 
New:berry, U. S. Geol. Survey Mon. 35, p. 137, pl. 68, 

figs. ~' 1898. 

Whatever the nature of this organism may 
be there seems no doubt that it is identical 
with that described and figured by Heer. 

Occurrence: Green River formation, Green 
River, Wyo. 

Phyllites coloradensis Knowlton, n. sp. 
Plate XXXVIII, figure 3. 

-Leaf compound; rachis strong, straight; 
leaflets opposite, lanceolate, unequal-sided, 
sharply acuminate at the apex, narrowed to 
the base and decurrent in a narrow wing that 
reaches the leaflets next below; margin per
fectly entire; nervation obscure, consisting of 
a fairly strong midrib and apparently with thin 
secondaries at an angle of about 40°, but this 
is uncertain. 

This species is represented by the single 
specimen figured, which shows three pairs of 
opposite leaflets. The lower pairs are about 
3 centimeters long and 8 or·9 millimeters wide; 
the· next pairs are about 2 centimeters long and 
5 or 6 millimeters wide, and the terminal (or 
uppermost pair preserved) leaflets are only 5 
millimeters wide. 

I am uncert'ain as to the generic reference 
of this specimen. The shape and nervation 
of the leaflets strongly suggest Sapindus, and. 
it may be recalled that in certain of the living 
species, such as Sapindus saponaria Linne, 
the rachis is winged between the leaflets, as 
indeed it is in some living species of Rhus, but 
in the present specimen it is the basal portion 
of the leaflet that is prqlonged as a narrow 
wing down the rachis. 

Occurrence: Green River formation, spring 
on Little Duck Creek,· about 50 miles south
west of Meeker, Rio Blanco County, Colo., 
collected by D. E. Winchester, 1917. 
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PLATE XXXVI. 

FIGURES 1-3. Myrica praedrymeja Knowlton. From Greasewood Creek, about 40 miles southwest of Meeker, Colo. 
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U. S. Nat. Mus. Nos. 36557, 36558, 36559. (Seep. ).57.) 
4. Danaea coloradensis Knowlton. From Rio Blanco County, Colo., about 40 miles southwest of Meeker. 

Pinnule, X 2. U. S. Nat. Mus. No. 36560. (Seep. 150.) · 
5. Danaea fendleri Underwood. Living species from Trinidad, introduced ~or comparison. Segment of 

fruiting pinnule, X 6. . 
6. Pontederites hesperia Knowlton. From Greasewood Creek, about 40 miles southwest of Meeker, Colo. 

U. S. Nat. Mus. No. 36561. (Seep. 154.) 
7. Lygodium kauljussii Heer. From Little Duck Creek, Rio Blanco County, Colo: U. S. Nat. Mus. No. 

36582. (See p. 149.) 
8. Caenomyces euca~yptae Knowlton, on leaves of E'ucalyptus? americanvs Lesquereux. From Little Duck 

Creek, about 50 miles southwest of.Mee·ker, Colo. X 2. For natural size, see Plate XXXIX, figure 2. 
U. S. Nat. Mus. No. 36589. (Seep. 148.) · 

9. Same as figure 8, X 6. Figure retouched. 
10. Caenomyces sapindicola Knowlton, on leaflet of Sapindv.s winchesteri Knowlton. From Greasewood 

Creek, about 40 miles southwest of Meeker, Colo. X 4. For natural size, see Plate XXXVIII, 
figure 1. Figure retouched. U.S. Nat. Mus. No. 36590. (Seep. 148.) 

.· 
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PLATE XXXVIi. 

FioonE 1. Comptonia? anomala Knowlton. From Greasewood Creek, about 40 miles southwest of Meeker, Colo. U. S. 
Nat. Mus. No. 36563. (Seep. 158.) 

2. Myrica sp. From Cathedral Bluff, 20 miles west of Rio Blanco post office, Colo. U. S. Nat. Mus. No. 
36564. (See p. 157 .) · 

3-5. Salix sp. From Rio Blanco County, about 40 miles southwest of Meeker, Colo. U. S. Nat. Mus. Nos. 
36565, 36566, 36567. (See. p. 156.) · 

6 . .Pimelea spat'l.tlata Kn.owlton. From Cathedral Bluff, about 20 miles west of Rio Blanco post. office, Colo. 
U. S. Nat. Mus. No. 36568. (Seep. 163.) · 

7. Sedum,? hesperi1tm Knowlton. From CathedraloBluff, about 20 miles west of Rio Blanco post office, Colo. 
U. S. Nat .. Mus. No. 36569. (Seep. 163.) 

8. Sali.rc linearis Kno\Vlton. From Rio Blanco County, Colo., al:)out 20 miles west of "Rio Blanco post office. 
U. S. Nat. llfus. No. 36570. (Seep. 155.) 

9-11. Rims myricoides Knowlton. From Greasewood Creek, about 40 miles· southwest of Meeker, Colo. U. S. 
Nat. Mus. Nos. 36571, 36572, 36573. · (Seep. 168.) ' · 

12. M.?Jrica mimtta Knowlton. From Greasewood Creek, about 40 miles southwest of Meeker, Colo. U. S. 
Nat. Mus. No. 36574. (Seep. 157.) 

13. Carpolith-us caryophylloides Knowlton. From Greasewood Creek, 40 miles southwest of Meeker, Colo. U.S. 
Nat. Mus. No. 36575. (Seep. 174.) 

14-16. SoJJhora coloradensis Knowlton. Figures 14 and 16 from Little Duck Creek, Rio Blanco County, Colo., 
about 50 miles southwest of Meeker; figure 15 from Camp Gulch, 25 miles northwest of De Beque, 
Colo. U.S. Nat. M\lS. Nos. 36576, 36577, 36578. (Seep. 165.) 
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PLATE XXXVIII. 

FIGURE 1. Sapindus winchesteri Knowlton. From Greasewood Creek, about 40 miles southwest of Meeker, Colo. 
U.S. Nat. Mus. No. 36579. (Seep. 167.) 

2. Phyllites winchesteri Knowlton. From Cathedral Bluff, about 20 miles west of Rio Blanco post office, Cool. 
U.S. Nat. Mus. No. 36580. (Seep. 175.) 

3. Phyllites coloradensis Knowlton. From Little Duck Creek, about 50 miles southwest of Meeker, Colo. 
U.S. Nat. Mus. No. 36581. (Seep. 176.) 

4. Carpites inquirenda Knowlton. From Cathedral Bluff, about 20 miles west of Rio' Blanco post office, Colo. 
U. S. Nat.' Mus. No. 36582. (Seep. 175.) · 

5. Juglans winchesteri Knqwlton. From Cathedral Bluff, about 20 miles west of Rio Blanco post office, 
Colo. U.S. Nat. Mus. No. 36583. (Seep. 160.) 

6. Oreodaphne viridiflumensis Knowlton. From Rio Blanco County, Colo., about 40 miles southwest of Meeker. 
U.S. Nat. Mus. No. 36584·. (Seep. 163.) 
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PLATE XL~IX. 

FIOUHES 1-3. Eucalyptus? americamtS Lesquere.ux. Figures 1 and 2 from Little Duck Creek, 50 miles southwest 
9£ 1\{eeker, Colo.i figure 3 from ridge between Carr and Bushy creeks, Garfield County, Colo. U.S. 
Nat. Mus. Nos. 36585, 36586, 36587. (Seep. 171.) · 

4. Aralia wy01ningensis Knowlton and Cockerell. From Cathedral Bluff, about 20 miles west of Rio Blanco 
post office, Colo. U.S. Nat. Mus. No. 3658K (Seep. 172.) 
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PLATE XL. 

FIGURES 1-3. Mimosites coloradensis Knowlton. From Little Duck Creek, about 50 miles southwest of Mee"ker, Colo. 
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U.;S. Nat. Mus. Nos. 36591, 36592, 36593. (Seep. 166.) 
4. Achaenites cichorioides Knowlton. From_ Camp Gulch, about 25 miles northwest of De Beque, Colo. 

U.S. Nat. Mus. No. 36594 .. (Seep. 173.) 
5, 6. Dalbergia retusa Knowlton. From Little Duck Creek, about 50 miles southwest of Meeker, Colo. U.S. 

Nat. Mus. Nos. 36595, 36596. (Seep. 165.) 
7. Zizyphus longifolia Newberry. From Greasewood CTeek, about 40 miles southwest of Meeker, Colo. 

U.S. Nat. Mus. No. 36597. (Seep. 169.) 
8, 9. Sambucus? winchesteri Knowlton. Figure 8, natural appoorance, X 6; figure 9, restorati011 of figure 8, X ·g 

From Rio Blanco County, Colo., about 40 miles southwest of Meeker. U. S. Nat. Mus. No. 36598. 
(Seep. 173.) 

10. Dalbergia viridijlumensis Knowlton. From Rio Blanco County, Colo., about 20 miles west of Rio Blanco 
post office. U. S. Nat. Mus. No. 36599. (Seep. 164.) 

11. Sophora coloradensis K"\lowlton. From Little Duck Creek, about 50 miles southwest-of Meeker, Colo. 
U. S. Nat. Mus. No. 36600. (Seep. 165.) , 

12. Aralia wyomingensis Knowlton and Cockerell. From Cathedral Bluff, about 20 miles west of Rio Blanco 
post office, Colo. U. S. Nat. Mus. No. 36601. (Seep. 172.) 

13. Myrica sp. From head of Carr Creek, about 30 miles northwest of De Beque, Co~o. U. S. Nat. Mus. 
No. 36602. (Seep. 158.) 
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lTOSSIL PLANTS FROM THE.TERTIARY LAKE BEDS OF. SOlJTH-CENTRAL 
COLORADO. :• 

By F. H. KNOWLTON ... 

The first of the Tertiary lake beds of Colorado 
to be brought to scientific attention were those 
.at Florissant, discovered· in 1873 by Dr. A. C. 
Peale, of. the 'r-Iayden Geological Survey. 
Lake Florissant was a small lake, approxi
Inately 5 n1iles in length and not much if any 
exceeding a 1nile in width, occupying a nloun
tain valley with its laterals eroded in granite by 
strean1 action. The present altitude of the 
lake beds is a little more than 5,000 feet above 
sea level. 1'he cmnposition of these beds is 
described by I-Iendm:son 1 as follows: 

Tho' beds arc composed chiefly of volcanic ashes, mud, 
and sttnd, the component paiticles of which are generally 
.somowhat though not very much worn by the action of 
water. The conclusion reached in both field and labora
tory is that the deposits were· formed largely by volcanic 
ashes from repeated eruptions falling upon the surface of 
the wate1; and settling to the bottom, assorted by the slug
gish lake currents; also by mud and ashes falling or flow
.ing into position where they were rapidly washed into the 
lake by rains, streams, and waves without much grinding. 

The Florissant lake beds have proved to be 
highly fossiliferous, perhaps more abundantly 
so thn,n any other deposits in the world. They 
nre especially rich in remains of plants and 
insects. During the period of nearly 50 years 
since their discovery these fossil riches have 
been abundantly exploited, and· they are now 
known to include more than 1,000 species of 
insects and nearly 250 species of plants. 

The Florissant lake beds were long supposed 
to be unique, but the more and ·more intensive 
geologic work prosecuted in the Rocky ¥oun
tain region, especially within the last 20 years, 
has disclosed a number of other .lake.,.bed 
deposits in the San Juan Mountain region of. 
south-cent1~al Colora'do. The. object. of the 
present pa.rer is .to bring to sciep.tific· attention 

the location, present known extent, and flora 
of these scattered lake beds. The desqription 
of · the flora is purely preliminary and will 
undoubtedly be greatly increased with more 
thorough exploration. 

The plants described in the following pages 
were all collected from rocks deposited during 
the volcanic period of the San Juan :Mountain 
region, though from several different forma
tions. The lake beds aggregate some thou
sands of feet in thickness, and there is evidence 
to show that several of the foi·mational units 
were separated by periods of extensive erosion, 
during which canyons were cut to the depth of 
several thousand feet. The position in the 
geologic column can be understood from the 
accompanying genera~ized section, which has 
been supplied by ~. S. Larsen, of the United 
States Geological Survey. 

Mr. Larsen makes the following statement: 
I 

The periods of erosion separating these formations were 
all of sufficient length to develop canyons several thousand 
feet deep and a youthful topography comparable to that 
of the present SanJuan Mountains. This no doubt repre
.sents a very great number of years but only a small fraction 
of the time required to develop a mature topography. 

The most abundant and best-preserved plant remains 
were collected from the Creede formation. This formation 
is made up chiefly of thin-bedded rhyolite tuff in its lower 
part, but it carries much gravel, and some lava flows in its 
.upper part. Some travertine is present. The formation 
was deposited in a deep, steep-walled basin that was cui 
in rocks of the Potosi volcanic series and that coincides 
approximately with the present valley of the Rio Grande 
from Wagon Wheel Gap westward to the mouth of Trout 
Creek, a distance of about 25 miles, but was considerably 
narrower. The maximum thickp.ess is over 2,000 feet. 
·The best plant remains were collected from the thinly lami
nated tuffs in the lower part of the formation. The cliffs 
exposed above Sevenmile Bridge are about 100 feet high 

. and are almost continuous on the northwest bank of the 
1 Henderson, Junius; Colorado ·univ. Studies, vol. 3, pp. 145-151, 1906.. river for over a mile. 
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184 SHOR.TER CONTR.IBUTIONS T'O GENERAL GEOLOGY, 1922. 

The localities and the species found at each are listed Planera myricaefolia (Lesquereux) Cockerell. 
below. Ribes protomelaenum Cockerell. 

Cross. No. La G. 2 (5951]. ·crude formation, La Garita Rubus? inquirendus Knowlton, n. sp. 
quadrangle, Colo. Ridge north of stream which passes Hot Vi tis florissantella Cockerell. 
Spring Hotel at altitude of 9,000 feet: Odostemon marginata (Lesq uereux) Knowlton, n. 

Minute fragments of bark; coniferous leaves, etc., comb. 
but notbjng determinable. Odostemon hakeaefolia (Lesquereux) Knowlton, n. 

Cross. 'No. La G. 24 (5952]: Cree.de formation,· south comb. 
bank of Rio Grande 150 yards above wagon bridge, 3~ miles Sterculia aceroides Knowlton, n. sp. 
below Creede, Colo.: Phyllites, two sp. 

Feather of bird. From the foregoing lists it appears that 5 
Planera myricaefolia (Lesquereux) Cockerell. of the 8 collections and no less than 18 of 
Fragments. · 

Cross. No. La G. 93 (5953]. Creede formation, west side the 19 forms enumerated come from the Creede 
of Rio Grande ~ne-fourth mile north of Sevenmile Bridge, formation. From beds believed to belong to· 
below Creede, Colo., near boundary of San Cristobal quad- the Huerto formation the single collection 
rangle: yielded three named species, all of which 

Pinus crossii Knowlton, n. sp. occur also in the Creede formation. 
Abies rigida Knowlton, n. sp. 
Myrica myricaefolia (Lesquereux) Cockerell. A complete list of forms described In this. 
Feather of bird. paper is as follows: 

·Cross. No. S. C. 1566 (5954]. Huerto formation, in a Pinus crossii Knowlton, n. sp. 
lens 100 yards long, N; 37~0 E. of houses at north end of Pinus similis Knowlton, n. sp. 
Lake Santa Maria, San Cristobal quadrangle, Colo., alti- Pinus fl.orissanti? Lesquereux. 
tude 10,350 feet: . Pinus coloradensis Knowlton, n. sp. 

Pinus similis Knowlton, n. sp. . Abies rigida Knowlton, n. sp. 
Rihes protomelaenum Cockerell. Abies longirostris Knowlton, n. sp. 
Planera myricaefolia (Lesquereux) Cockerell? Sabina linguaefolia (Lesquereux) Cockerell. 
Phyllites potentilloides Knowlton, n. sp. Populus lesquereuxi Cockerell. 

Cross. 1911. No. La G. 536 [6198]. Creede formation, Alnus? larseni Knowlton, n. sp. 
west side of Rio Grande near Sevenmile Bridge, near Planera myricaefolia (Lesquereux) Cockerell. 
Creede, Colo., altitude 8,800-9,000 feet: Ribes protomelaenuni Cockerell. 

Pinus crossii Knowlton, n. sp. Rubus? inquirendus Knowlton n. sp. 
Abies rigida Knowlton, n. sp. Vitis fl.orissantella Cockerell. 
Planera myricaefolia (Lesquereux) Cockerell. Odostemon marginata (Lesquereux) Knowlton, n~ 
Odostemon marginata (Lesquereux) Knowlton, n. comb. 

comb. Odostemon hakeaefolia (Lesquereux) Knowlton, n .. 
Vitis florissantella Cockerell. comb. 
Populus lesquereuxi Cockerell. Sterculia aceroides Knowlton, n. sp. 
Insect (beetle?). Phyllites potentilloides Knowlton, n. sp. 
Feathers. Phyllites, two sp. 

Cross. 1914. No. 516 [6889]. Conejos {?) formation, 
Saguache quadrangle, Colo., gulch. west of Henderson On eliminating the forms not named there· 
Mountain, about It miles north of Saguache River: remain 8 species described as new and S. 

Coniferous wood, not further studied. previously known species.· As' all these pre-· 
Cross. 1914. No. 437 [6858]. Saguache quadrangle, viously known species are found in the lake 

Colo., rhyolite tuff in railroad cut below (west(.~, Marshall beds at Florissant, Colo., it seems reasonable. 
Pass, where railroad crosses gulch at Shavano siding; geo-
logic position uncertain but probably conSiderably below to conclude that the age of the lake beds of 
Conejos formation: the Creede formation is the same as that of 

· Pinus crossii Knowlton, n. sp.? the Florissant beds, namely, upper Miocene. 
Fragments not determinable. From the Huerto formation were obtained 

Larsen. 1916. [7242]. Creede formation, north bank . h d · (P · · · 'l' Pl 
f R . G d s ·1 B 'd b c d c 1 

1 t ree name species ~nus s~m~ ~s, anera. o 10 ran e near evennn e n ge, a ove ree e, o o .. : · . . . 
Pinus crossii Knowlton, n. sp. myrwaefoha, and R~bes protomelaenum) and 
Pinus similis Knowlton, n. sp. an unamed Phyllites. All three of the named 
Pinus coloradensis Knowlton, n. sp. species are found in the Creede forma,:tion, 
Pinus florissanti? Lesquereux. and two of them are well-known Florissant. 
Abies rigida Knowlton, n. sp. · Th nl h · 11 t' th t f 
S b. 1- f 1- (L ) c k 11 species. e o y ot er co ec wn- a rom. a 1na mguae o 1a esquereux oc ere . . . 
Alnus? larseni Knowlton n. sp. Marshall Pass-contains a smgle doubtfully 
Populus lesquereuxi Cockerell. identified form· (Pinus crossii?) and detached 



Geologic formations in a part of southwestern Colorado. 

[Supplied by E. S. Larson. 'rho waved lines indicate erosion intervals.] 

l 3 lntoro-St.l.mmitvillo district., southwcl)tcrn Colo· 
rudo. (Pntton, H. B. (quoting unpublished 

.nfimcs or Whitman Cross and 1>. S. Larsen). 
·Colorado Cl col. Survey Bull.13, with map, 1917.) 

C · . . , C I ~an Juan Mountain region, southwestern Colo-
reede d1stnct, south\\ estern , olorndo. (Em- rado. (Cross, Whitman, folios of u. s. Geol. 
mons, W. H., and Larsen, E. S., U.S. Goo!. Survey Geol. A tins and other published 
Survey Bull. 718, 1923.) reports.) 

·ninsdale volcanic series. 

Hinsdale volcanic series. 0-1,200± 
feet. Probably Miocene or Plio
cene. Lava flows of rhyolite, an
desite, and basalt. Named in 1911 
(U. S. Geol. Survey Bull. 478, p. 22), 
for important development in Hins
dale County, Colo. 

--------------------------------l·-------------------------------1~~~ 

Quartz latite porphyry dikes. Mio
cene. 

Fishe.r qunrtz latite. [0-3,000+ feet. 
Nnmea for exposures in vicinity of 
Fisher Moun tam, Creede quadrangle.] 

Fisher quartz 
0-100± feet. 

latite. Miocene. 

-------------------------------~~~ 
Creede formation. 0-2,\JOO± feet. 

Piedra formation. fA series of vol
co.nic flows, wit'b. subordinate 
tuff, predomino.ntly of rhyolite 
and quartz latite. 0-2,000+ 
feet. Separated from underly
ing lluerto formation by an ero
sion interval. Named for ex
posures in Piedra Peak, San 
Cristobal quadrangle, Colo.] 

lluerto formation. [A series of 
andesitic flows and tuff breccias, 
0-2,000+ feet thick, which com
monly overlie the Alboroto for
mation .rather regularly. Named 

~ for occurrence on lluerto Peak, 
·o:: in the southern part of the San .~ 
lll Cristobal quadrangle, Colo., west lll 

• ~t.1 of lluerto Creek.] t.l ·s 1-----------------------------1 ~ 
~ ~ 
] ·~ 

~ ! 
Alboroto fonna.tion. [A series of 

quartz latite and rhyolite flows 
with some tuii. 0-3,000+ feet. 
Sepa.rated from Summitville a.n
desite by an e1·osion interval. 
Named for occurrence in Albo
roto Mounta.in, in the southeast 
corner of the San Cristobal quad
rangle, Colo.] 

1 Summitville andesite. [Named 
for exposures near Summitville, 
Colo. 0-3,000-1- feet.] 

Treasure Mountain latite. [Named 
for exl?osures on Treasure Moun
tain, m the northwestern part 
of the Summitville quadrangle. 
0-1,000+ feet.) 

Palisade andesite (Conejos forma
tion). [Palisade has long been 
preoccupied by the Palisade 
diabase of New Jersey. '!'he 
name adopted by the U. S. Geol. 
Survey for these rocks is Conejos 
formation, derived from their 
exposures along Conejos River. 
0-3,000+ feet.] 

Lake beds of tuff with some flows 
of quartz latite in upper part. 
Miocene. 

Nelson Mountain quartz 
latite. 0-350 feet. 

Rat Creek quartz latite. 
0-500 feet. 

Quartz latite tuff. 0-500 
feet. 

Andesite. 0-500 feet. 

l Intrusive andesite. 

~ as 'l'ridymitelatite. 0-400feet. 
~ 

Windy Gulch 
rhyolite 
b re c cia. 
100-200 + 
feet. 

llornblende
quartz latite 
200 feet. 

Rhyolite tuii 
(to east). 
0-200 feet. 
Mammoth 
Mountain 
rhyolite. 
0-1,000 feet. 

Equity quartz latite. 
0-1,000 feet. 

Phoenix Park quartz latite. 
0-500 feet. 

~ ·--

~ Intrusive rhyolite. 

Campbell Mountain rhyo
lite. 0-1,000 feet. 

Willow Creek rhyolite. 
0-l,OOO+ feet. 

Outlet Tunnel quartz la
tite. 250-350+ feet. 

Intrusive rhyolite, andesite, latite, 
and quartz monzonite porphyry. 

Potosi volcanic series. 0-2,000± feet, 
Miocene. Lava flows of rhyolite, 
quartz latite, andesite, and tuff . 
Locally divisible into several for
mations. Named in 1899 (U. S. 
Geol. Survey Geol. Atlas, Tellu
ride folio, No. 57), for development 
on Potosi Peak, Silverton quad
rangle, Colo. 

--~----------------------------1--~---------------------------~~~ 
Silverton volcanic series. 0-4,000± 

feet. Probably Oligocene or early 
Miocene. Successwn of flows of 
andesite, latite, rhyoli~e1 ~uff, ~nd 
breccia. Locally dlVlSlble mto 
several formations. Named in 1901 
(U.S. Geol. Survey Bull. 182, p. 32) 
for extensive development in Sil
verton quadrangle, Colo. 

San Juan tuff. 0-3,000± feet. Prob
ably Eocene. Series of stratified 
and water-laid andesitic tuffs, brec
cias and agglomerates. Named in 
189G (Colorado Sci. Soc. Proc., vol. 
5 pp. 225-241) for important de
v'elopment in San Juan Mountains, 
Colo. 

Lake Fork breccia. 0-1,000± feet. 
Probably Eocene. ·Chiefly chaotic 
andesitic flows and brecciaa locally 
developed in the Uncompahgre and 
adjoining quadrangles, Colo. llere 
named by ·whitman Cross and E. S. 
Larsen for exposures on the Lake 
Fork of Gunnison River, in the 
Uncompahgre quadrangle, Colo. 

Telluride conRlomerate. 0-1,000 feet. 
Probably Eocene. Coarse con
glomerate, containing pebbles and 
boulders of schist, granite, quart~
ite, limestone, and other Paleozoic 
rocks, with locally fine sandy lime
stones. Originally named "San 
Miguel formation" in 1896 (Colo
rado Sci. Soc. Proc., vol. 5, pp. 
225-241) for exposures on north 
side of San Miguel River in the 
vicinity of Telluride, Colo. San 
J\figuel being preoccupied by a 
Cretaceous formation of Texas, this 
conglomerate was in 1905 (U. S. 
Geol. Survey Geol. Atlas, Silverton 
folio, No. 120) renamed Telluride 
conglomerate. 

91048'-23. (Face p. 184.) 
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leaves of Pinus and probably Abies. This pines and the hard pines, the former known 
collection is supposed to be much older than by their cluster of leaves in fives or fours. 
the others, but its position is somewhat un- The next in· abundance and interest are the 
certain. two species of Odostemon, the genus to which 

So far as present known facts go it appears the well-known Oregon grape belongs. Both 
that tho same flora ranges through the entire species-if they are really distinct--'-occur also 
thickness of these lake deposits. Although in the Florissant beds, and it is believed that 
the formational units involved are hundreds of they are correctly placed generically, as they 
feet thick, and although many of these units ~gree in all essential particulars with the living 
are separated. by unconformities representing species. Four living species of Odostemon are 
periods of erosion during which thousands of now found in the Rocky Mountain area, and it 
feet of beds were cut out, the deposition of the would seem that they are the direct descendants 
whole series occupied relatively so. short a of the Miocene forms. 
time that the changes in conditions do not None of the other genera (Populus, Alnus, 
:appear to be reflected in the flora. Of course Ribes, VitiS) offer features of particular bio
subsequent studies and collections may modify logic interest. The species referred with some 
this conclusion, but it is all that can be said at question to Rubus is a small spray of flowers and 
present. immature fruit that if not actually a member of 

The :flora of these lake beds as described this genus is certainly very strongly suggestive 
in this paper is so smail that it is perhaps· of it. 
hardly worth while to attempt any extensive The climatic requirements of this little flora 
.discussion of the affmity, probable origin, and would seem to be temperate, perhaps cool 
.climatic requirements of the species included, temperate, but it is still too small to warrant 
yet they show a number of biologic features a very positive conclusion. 
·Of considerable iilterest. The most abundant 
·element in the· flora consists of the Coniferae, 
·which comprise over a third of the species 
and nearly half of the individual specimens. 
Although nine forms of coniiers have been 
reported from the Florissant lake beds, all 
but one or two are very rare as in9,ividuals. 
It is probable that the increased elevation of 
the Creede deposits may account for the abun
dance of coniiers, though more extended ex
ploration will doubtless reduce this apparent 
preponderance. The most interesting of these 
·conifers are the species of Abies, of which the 
specimens collected represent leafy branches 
.and cone scales. It is possible that the 
'branches and scales may belong to a single 
:Species, but as they are wholly unconnected 
it has been necessary to give them separate 
names. The cone scales indicate the group 
·Of Abies in which the bracts adhere firmly to 
the scale and ·are prolonged above into a long, 
:Slender tip, which may be as much as 4 centi
meters in length. This group seems to be 
most closely related to Abies venusta Koch, 
the so-called silver fir of California. This is 
the first time, at least in this country, that 

Pinus crossii Knowlton, n. sp. 

Plate XLI, figures 3, 8-10. 

Leaves in clusters of five, stout, rigid, slightly 
incurved, sharp pointed, 2.5 to about 4 centi
meters long; sheaths of the leaf clusters decidu-
ous. 

·This species is represented by a number of 
specimens, several of the best of which are fig
ured. lt is assumed that the normal number of 
leaves is five in each cluster, but there. are a few 
examples in which only three can be made out. 
Thus, i'n the fragment of a branch shown in fig
ure 3, there are two clusters, each with three 
leaves that otherwise agree with the five.;. 
leaved clusters. Although it is not impossible 
for the leaves to vary in number from three to 
five in the same species, it seems improbable in 
the present case, and, as stated above, the nor
mal number is presumed to be five. 

This species seems clearly to belong to the 
group of soft or white pines, not only as shown 
by the leaves being in clusters of five but more 
particularly by the comple'te absence of the 
sheath to the leaf bases. It seems to be most 

·Cone scales of this type have been observed. closely related to Pinus albicaulis Engelmann, 
·The pmes represent both the soft or white a species of alpine slopes and ~xposed ridges 
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·throughout. th.e Rocky_Mountain region, at alti- · . · Pinus fl<~rissant~? L~squereux. 
tudes ranging from $,000 to 12,000·feet. · Plate 4LI, .figure 7. 

Two speci~s based .on leaves· have been de- Pinus jlorissanti L~squereux, U. S. Geol.: Survey TerL 
scribed from the lake .beds ~t Florissant-Pinus' ·Rept., vol. 8 (Cretaceous and Tertiary floras),. 
hambachi Kirchner, 2 supposed to have the p. 138, pl. 21, fig. 13, 1883. 

leaves in clusters of three,. and Pinus wheeleri The collection contains a single large frag-· 
Cockerell,3 with the leaves in fives. In the mentary cone that seems to be ·the same as. 
original description of P. wheeleri ~he leaves are Pinus fiorissanti Lesquereux. 
said to be 12 centimeters or more In length, but Occurrence: Creede formation, north bank. 
in descriptions of later specimens the length has of Rio Grande,· near .Sevenmile Bridge, Creede,. 
been given as somewhat less. N othi~g is said Colo •. 
as to the sheath in this species, so. this feature Pinus. coloradensis Knowlton, n. sp. 

cannot be compared with P. crossi·i. 
Occurrencf'.: Creede formation, north bank 

·of Rio Grande near Sevenmile Bridge, Creede, 
Colo.; rhyolite tuff of unknown age but proba
bly considerably older than Conejos formation, 
below (west of) Marsht~ll Pass, Saguache quad
rangle, Colo. 

Pinus similis Knowlton, n. sp. 

Plate XLI, figures 11, 12. 

Plate XLI, figure 6. 

Cone with a ·very short, thick stalk, ovoid,. 
very obtuse at apex, 3 centimeters long,. 
2.3 centimeters in diameter; scales much. 
thickened at the end; ·a pparen tl y ·with a short. 
spine. 

The example figu~ed is the only one of this. . 
type observed in the collections. It is fairly 
perfec~ .except for a few scales at t~e. ba~e. 
By making an impression in clay the original 
appearance· is _-restored, as shown in figure 6~ 

Leaves in clusters. of four, stout, ~t~aight,; At first it was presumed that this specimen. 
4.5 to 5.5 ce~timeters long; sheath of the leaf, was probably the cone of Pinus crossii, with. 
clusters a~s~nt: . .. . . . . . . : :which it was associated, but whereas the ab-· 

It is with considerable hesi~atwn _that thisl sence of persistent sheaths to the leaf clusters. 
form is describ,ed as a new spemes, ~sIt may?~ proves that form to· belong to the_ soft pines, 

·only a slightly larg~r f?r~ . ~f. :~nV:s . cross~~-: the thickened tips of the scales in the present . 
. The base of the lea.ves I~ Indistingu_Ish~ble In ·form show it clearly to belong to the har~ . 
. appearance in the.- t~o forn;1s,_ ~nd;the pre~e~~e. pines. This form -is, .for instance, not greatly-
of only four leaves In the cluster of P. s~rn~l~s. unlike the cone of Pinus arizonica Engelmann, 
may be due to .accident, th.o.ug4 th~r~ Is no. but · this resemblance is doubtfully to . be 

· evidence of it in the best. pre~erved ~~ample .. "interpreted as a real relationship. . 
A single. detached leaf on. the. same .PI~ce. ~f . ·The. only fossil ·species of the -region and 

·matrix is the largest one opserved·: (5.5 centi-,. age with which this may be compared _is. 

· meters)· . . . Pinus fiorissanti Lesquereux, 5 from the ~Ions
Individual leaves of this fo:m are Inqis~, sant lake beds, but this is a cone 10 centi--

tinguishable from leaves o~ P~nus hamb.ach~ meters or more in length and ·6 centimeters in 
·Kirchner/ fr?m. the_.· Floris$ant lake l?e~s,. diameter, and, moreover, the thickened tips. 
but that species Is said .to have the le~ves In of the cone scales appear to be· different. 
clusters of three, .and the resemblan_ce.may be Occurrence: Creede formation, north bank 
only superficial. of Rio Grande near Sevenmile Bridge, ·Creede,. 

Occurrence: Creede form~tion, . north bank Colo. ' 
of Rio Grande, near Sevenmile Bridge, Creede, Abies rigida Knowlton, n. sp. 

Colo.; Huerto formation, north end of Lake Plate XLI, ~gures 1, 2, 4, 5. 

Santa Maria, San Cristobal quadrangle, Colo. The collection from Creede contains a 

2 Kirchner, w. c. G., st. Louis Acad. Sci.'Trans., vol. !l, p. 179, pl.13, number of leafy branches that appear to belong· 
fig. 3, 1898. · . to the genus Abies, but whether they represent. s Cockerell, T. D. A., Am. Mus. Nat. Hist. Bull., vol. 24, p. 78, pl. 6, 

figs. 5, 11, 1908. 6 Lesquereux, Leo, U.S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous. ··Kirchner, w. c. G., ·st. Louis Acad. Sci. Trans., vol. 9, p. 174, pl. 13, 
and Tertiary floras), pl. 21, fig. 13, 1883. fig. 3, 1898. . 

,, 
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more than one species is difficult to decide. 
The one shown in figure 5 is .a segment from 
a branch and is about 6 centimeters long, 
6 millimeters in diameter at the base,· and 5 
millimeters at the ·rtpex. It shows the s·cars 
of leavps disposed in oblique rows. On one 
side the leaves are attached, these being 
apparently rather rigid, slightly arched up
ward, and obtusely pointed at the tips; they 
are about 12 millimeters long. The branch 
shown in figure 2 is the tip of a branch about 
4 millimeters in diameter and has the leaves 
preserved on all sides. The leaves are much 
the same as in figure 5. Leaf scars are present 
at several points on the branch. Figure 4 
is also the tip of a branch that retains most 
of the leaves. The leaves seem ·narrower 
and less rigid than in the other specimens men
tioned; they are 2 centimeters or more in 
length. The specimen given in figure 1 is 
a shoot segment from which most ·of the leaves 
have fallen and is figured m.ainly because it 
shows the leaf scars so plainly. The leaves 
appear to agree most closely with those of 
figure 2. 

It is possible that the specime.ns shown in 
figures 1 and 2 are specifically distinc~ from 
those of figures 4 and 5, but as only one type 
of Abies cone has been f<?und it seems best 
to keep them together for the _present. It 
is of course not at all certain that the pone 
scnJes belong to either of. the branches, though 
it is perhaps rt fair inference that they do. 

Occurrence; Creede forma.tion, north bank 
of Rio Grande, near Sevenmile Bridge, Creede, 
Colo. 

Abies longirostris Knowlton, n. sp. 

Plate XLii, figures 1, 2 .. 

Cone scales thin, flat, much broader than long 
(16 to 18 n1illimeters wide, 8 to 10 millimeters 
long exclusive of the basal attached point); 
brn,cts of cone scales oblong, firmly attached to 
the scales and deciduous with them, prolonged 
above into t"t slender, rigid tip 2 tq 4 centi-
meters long. · 

The collection contains a number of de
tached cone scales that appear certainly to 
belong to Abies. They are excellently pre
served, the two 'selected' for figuring being 
practicruly perfect. They show both side~ of 
the scale. The one in figure 1 shows the back 

of the scale with the· :narrowly oblong bract 
firmly adhering to it a~d prolonged above into 
a rigid tip or spine fully 4 centimeters long. 
The other (fig. 2) exhibits the upper side of the 
cone ·scale with the bract· prolonged above it 
for more than 4 centimeters. 

This species appears· to be most closely re
lated to Abi'es venusta Koch, the so-called silver 
fir of the Santa Lucia Mountains in Monterey 
County, Calif.; at least it agrees with that 
species in some important particulars, such as 
the firm consolidation of the bract with the 
cone scale and its prolongation into the long, 
slender tip. 

Occurrence-: Creede formation, north bank of 
Rio Grande near Sevenmile Bridge, Creede, 
Colo. 

Sabina linguaefolia (Lesquereux) Cockerell. 

Sabina linguaefolia (Lesquereux) Cockerell, Colorado 
Univ. Studies, vol. 3, p. 175, 1906; Am. Mus. Nat. 
Hist.. Bull., vol. 24, p. 79, 1908. . 

Knowlton, U.S. Nat. Mus. Proc., vol. 51, p. 249, 1916. 
W1'ddringtonia liriguaefolia Lesquereux, U. S. Geol. Sur

vey Terr. Rept., vol. 8 (Cretaceous and Tertiary 
floras), p. 139, pl. 21, figs. 14, 14a, 1883. 

This chu,racteristic species is represented by 
a single branqh with two or three short branch
lets. 

Occurrence: Creede formation, north bank 
of Rio Grande near Sevenmile Bridge, Creede, 
Colo. 

Popuh~s lesquereuxi Cockerell. 

Plate XLIV. 

.Populus lesquereuxi Cockerell, Torrey Bot. Club Bull., 
,;ol. 33, p. 307, 1906. · 

Populus heerii Saporta. Lesquereux, U. S. Gedl. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 157, pl. 30, figs. 1-8; pl. 31, fig. 11, 1883. 

The basal· portion with its petiole complete 
of a very large leaf is all that was found of this 
species. The petiole is nearly 3 millimeters 
thick and 7.5 centimeters long. The width of 
the blade is slightly more than 6 centimeters. 

This leaf is similar in size to the largest one 
figured by Lesquereux (op. cit., pl. 30, fig. 5), 
which laeks the basal po:I;"tion and the petiole, 
which the present leaf supplies. Lesquereux: 's 
leaf must have been nearly or quite 24 centi
meters in length. 

Occurrence: Creede formation, west bank of 
Rio Grande near S~venmile Bridge, Creede, 
Colo. • 
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Alnus? l~rseni Kno~lton, n .. sp. 

· Plate XLII, figure 3. 

Leaf Gmall, evidently firm in t~xture, ellip
tical, about equally narr:owed to both base and 
apex; margin sharply serrate; petiole long, 
slender; nervation faintly preserved, consist
·ing of a relatively strong midrib and seven or 
eight pairs of thin secondaries at an angle of 
about 40°; finer nervation not retained. 

Only a single specimen of this form with its 
counterpart was found in the collection. It is 
regularly elliptical, 6 centimeters hng and 2.8 
centimeters wide, with 'the petiolt preserved 
for a length of 1.5 centimeters. · 
' I am a little in doubt as to the generic ref
erence of this leaf. In living species of Alnus 
the margin is often doubly serrate, sometimes 
crenate-dentate, and only rarely-as, for in
stance, in Alnus maritima N uttall-simply 
serrate. The present leaf is similar to Alnus 
corrallina Lesquereu~, 6 . from the Miocene of 
California, but it has fewer, more irregular 
secondaries. The finer nervation can not be 
compared. 

The species is named in honor of Esper S. 
Larsen,· of the United States Geological Survey, 
who collected it. · 

Occurrence: Creede formation, north bankof 
Rio Grande near Sevenmile Bridge, Creede, 
Colo. 

Planera myricaefolia (Lesquerelix) Cockerell. 

Plate XLIII, figures 16, 17. 

Planera myricaefolia (Lesquereux) Cockerell, Am. Mus. 
Nat. Hist. Bull., vol. 24, p. 88, 1908. 

. Knowlton, U. S. Nat. Mus. Proc., vol. 51, p. 266, pl. 
21, fig. 2, 1916. ' 

Planera longijolia myricaejolia Lesquereux, U. S. Geol. 
Survey Terr. Rept., vol. 8 (Cretaceous and Ter
tiary floras), p. 161, pl. 19, figs. 14-27, 1883. 

Rubus? inquirendus Knowlton, n. sp. 

Plate XLIII, figure 11. 

Inflorescence racemose, main axis zigzag, 
about 14 millimeters long, flowers scattered, 
pediceled, the pedicels slender, 2 or 3 milli
meters _long; calyx inferior, five-parted; fruit 
0) obscure. 

It is with some hesitation that this little in
florescence is referred to Rubus. It is very 
small and delicate, and the preservation is 
not all that could be desired. Neither the 
main axis nor the pedicels are provided with 
prickles. or glands, nor is each pedicel sub
tended by a bract, as in many living species; 
but, on the other hand, there are a number 
of recent species without' all or some of these 
features. The calyx is very obscure. It ap
pears certainly to be inferior and five-parted, 
though only three lobes are preserved in any 
one flower. _The central part of the "flower" 
is so poorly preserved that its exact nature 
can not be made out with certainty. It may 
consist of a definite number or possibly a mass 
of carpels. 

It is possibly unwise to attempt even a· ten
tative placing of this fragment, but fossil 
flowers and fruits are so rare that even poorly 
preserved specimens may have some value. 
This form is perhaps definite enough to permit 
its recognition if again found. 

Occurrence: ·Creede formation, north bank of 
Rio Grande near Sevenmile Bridge, Creede, 
Colo. 

Ribes protomelaenum Cockerell. 

Plate XLII, figures 5-9. 

Ribes protomelaenum Cockerell, Am. Mus. Nat. Hist. 
Bull., vol. 24, p. 93, pl. 7, fig. 15, 1908. 

This ~pecies was founded on a single example 
from the Floriss.ant lake beds and is described 

The collection from Creede contains about a ·~s being about 4.6 centimeters long and fully 
dozen leaves that. are undoubtedly identical 6 centimeters broad. . It is described as having 
with this species. They are smaller than the the base deeply cordate, "the sides of the 
average leaves figured by Lesquereux, though basal portion rounded, without lobes." The 
not smaller than the smallest one. figure shows that the basal portion is entirely 

·occurrence: Creede formation, north bank absent on one side, and the other appears. 
of Rio Grande near Sevenmile Bridge, Creede, rather indefinite. 
Colo. Huerto formation, nor.th end of Lake The collection from Creede contains about 
Santa Maria, San Cristobal quadrangle, Colo. a dozen leaves referred to this species, of 
- ' I various sizes and very perfectly preserved. 

e Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous Th ll d' · l fi l b d . d h 
and Tertiary floras), pl. 51, figs. 1-3, 1883. ey are a 1st1nct y ve- o e ,, an t e 

• 

··~. 
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basal lobes are smaller thn,n the upper lobes 
and in some specimens n~arly· entire. The 
largest leaf (fig. 8) is 5.3 centimeters long to 
the top of the petiole and 5.7 -oontimeters 
broad. It has the petiole preserved for a 
length of 1 centic1eter. The next in size (fig. 
0) is absolutely perfect and is 3 centimeters 
long and 4 centimeters bro:ad between the 
upper lobes. The petiole ·complete is 1.8 
centimeters long. Still smaller leaves are 
shown in figures 5-7. Figure 7 represents 
an almost perfect lenf 1.7 centimeters long 
and 2.3 ccnti1neters wide, with the petiole 1.2 
centimeters long. 

Ribes protomelaenum resembles closely a 
nm11ber of living species. Cockerell compared 
it to Ribes nigrum Linne and R. hudsonianum 

· Richnrds, but even more clearly it seems to 
n1e to resen1ble R. rubrum Linne and R. 
1Jrostrat'lnn L'I-Ieritier. 

Occurrence: Creede formation, north bank 
of Rio Grnnde near Sevenmile Bridge, Creede, 
Colo.; I-Iuerto formation, north end of Lake 

. Santu. J\1aritt, San Cristobal quadrangle, Colo. 

Vitis florissantella Cockerell. 

Plate XLII, figure 4. 

Vitis jlorissantella Cockerell, Am. Mus. Nat. Hist. Bull., 
vol. 24, p. 102, pl. 7, fig. 18, 1908. 

A single leaf with its counterpart clearly 
belongs to this species. It is even smaller 
than the . type, being only about 22 milli
meters long and 23 millimeters broad. It 
ln.cks the basal portion but otherwise agrees 
with the type. 

OeetuTence: Creede formation, west bank 
of Rio Grande near Sevenmile Bridge, Creede, 
~lo. 

Odosternon rnarginata(?) (Lesquereux) Knowlton, 
n. comb. · 

Plate XLIII, figures 7-10. 

Hedera nwrginata Lesquereux, U. S. Geol. Survey Terr. 
H.cpt., vol. 8 (Cretaceous and Tertiary floras), p. 
177, pl.·40, fig. 8, 1883. 

Leaves pinnate ( ~), at least trifoliolate, 
petiole short, stout; leaflets coriaceous in 
textm·e, closely sessile at the top of the petiole, 
nenrly circular or broadly ovate, very obtusely 
wedge-shaped, truncate or even slightly heart..: 
shaped at base, the margin with usually three 

91048°--23----13 

strong teeth or lobes on each side, the lobes·. 
sharp-pointed and apparently spine-tipped.;: 
nervation palmate from the base, the middle· 
rib· slightly stronger, other nervation much 
joined or sometimes running to the lateral. 
lobes . 

The specimens from Creede that are here> 
figured have been the basis of a good deal of 
study and not a little speculation. It was 
early recognized that they were certainly 
identical with the Hedera marginata of Les
quereu.~, bu·t the question of their relationship 
was much in doubt. It seemed improbable 
that they were correctly referred to Hedera~·· 
in fact, Lesquereux expressed the opinion 
when the species was fu·st described that he. 
knew "nothing to which this lea·f may be 
related," and others have expressed the same· 
uncertainty. It was not until the specimen 
with the leaflets attached was discovered that 
the affinity of this form was suspected. This 
specimen (fig. 7) has one leaflet complete and 
the bases of the other two, together with the 
perfect petiole. The best leaflet is 10 milli
meters long and 7 or 8 millimeters broad. The 
spread of the whole leaf should be about 22 
millimeters; the length of the petiole is 8 milli
meters. The best preserved leaflet has three 
teeth on the lower side and two on the upper 
side. The terminal leaflet has only the ob
tusely wedge-shaped basal portion preserved .. 

Another well-preserved leaflet is the one: 
shown in figure 9. It is slightly larger than the, 
one just described, being about 18 n1illimeters .. 
long and 17 millimeters wide. It has large: 
spine-tipped teeth and in size, teeth, and ner-· 
vation closely resembles the type of Hedera. 
marginata. Still larger, but so fragmentary 
that it can not be accurately measured, is the 
one seen in figure 10. This has the nervation 
well preserved and also the spine on one of the 
teeth. The largest specimen-figure 8-is 
nearly perfect. It is oblique and slightly 
heart-shaped at the base and has the usual 
strong teeth and the characteristic nervation. 
Its length is about 28 millimeters and its width 
about 30 millimeters. 

The genus Odostemon Rafinesque ( Mahonia 
of .Nuttall; Berberis section Mahonia of au
thors) comprises about 20 species in central 
Asia,· China, North America, and adjacent 
Mexico. They are unarmed shrubs with pin-



190 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 19<22. 

nately compound spinose-toothed evergreen 
leaves. 

Occurrence: Creede formation, north bank 
of Rio Grande, near Sevenmile Bridge, Creede, 
Colo. 

Odostemon hakeaefolia (Lesquereux) Knowlton, 
n. comb. 

Plate XLIII, figures 1-6. 

Lomatia hakeaefolia Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 166, 
pl. 32, fig. 19, 1883. . 

Lomatites haekaejolia (Lesqu.ereux) Cockerell, Am." Mus. 
Nat. Hist. BulL, vol. 24, p. 89, 1908 .. 

Knowlton, U. S. Nat. :M:us. Proc., vol. 51, p. 267, pl. 
26, figs. 1, 2, 1916. 

Carduus jlorissantensis Cockerell, Torrey Bot. Club Bull., 
vol. 33, p. 311, text fig. 6, 1906. 

"?Odostemon }lorissantensis Cockerell, Am. Mus. Nat. Hist. 
Bull., vol. 24, p. 91, 1908. 

The leaves of Odostemon are pinnate, and it 
is assumed that the leaves of the present fossil 
species were similarly arranged, but as none 
have thus far been found attached it is impos
sible to be certain. The leaflets, if this has 
been correctly interpreted, were closely sessile, 
with an obtusely wedge-shaped or nearly trun
cate base and slender, sharp-pointed apex. 
They are lanceolate in general outline, with 
usually three teeth on each side; these teeth are 
separated by rounded sinuses and are spinous 
tipped, as is the apical lobe. The nervation 
consists of a relatively strong midrib and a 
rather loose network of veins that supply the 
sev.erallobes. The leaflets are evidently thick 

· and coriaceous in texture and have the margin 
all around thickened as if bound with a cord, 
precisely as in the living species. The length 
varies between 2 and 4 centimeters and the 
width between 1 and 2 centimeters. Some of 
the specimens, perhaps the majority, are broad
est at the base, and others are broadest be
tween the points of the upper lobes. 

If my assumption is correct, as it is now be
lieved to be, this species was first described 
under the name Lomatia hakeaefolia Lesque
reux 7 from material collected in the Florissant 
lake beds. It was based on a single specimen 
about 5 centimeters· long and 2.5 centimeters 
wide. It has four teeth or lobes on each side 
and no trace of nervation .except a strong. 
midrib. 

1 Lcsqucrcux, Leo, U.S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous 
and Tertiary floras), p. 166, pl. 32, fig. 19, 1883. 

Lesquereux states that his Lomatia hakeae
.folia he regards as closely related tohisLomatia 
spinosa, which was described 8 at the same 
time. L. spinosa was also based on a single 
specimen about 8 centimeters long and 2.5 
centimeters wide and differs from L. hakeae
.folia in being deeply cut into very large, sharp
pointed lobes. The apical portion especially is 
drawn out into a long, slender point. There is 
no nervation preserved except a short. basal 
portion of the midrib. 

These two species are certainly congeneric 
and probably conspecific. Additional exanl
ples of Lesquereux's Lomatia hakeaefolia have 
been procured at Florissant by Cockerell, 
Knowlton, and others. The leaves figured in 
my recent paper 9 on the Florissant plants are 
undoubtedly identical with L. hakeaefolia; 
and L. spinosa of Lesquereux is only an elon
gated, narrow, stronger-toothed form. It is 
comparable, for instance, to the specimen 
shown in figure 1 except as regards size, the 
latter being only about half as long. 

The leaf described ·by Cockere11t0 as Oarduus 
fiorissantensis undoubtedly belongs here, be
ing indistinguishable from figure 1. The 
thickened margin and peculiar arched veins 
more or less parallel to the midrib he describes 
are characters of Odostemon. 

Cockerell11 also described as Odostemon fior
issantensis a leaflet from Florissant that prob
ably belongs with Odostemon hakeaefolia. It 
was not figured but is said to be similar to 
Odostemon simplex (Newberry) Cockerell (Ber
beris simplex Newberry), from the upper 
Eocene of Bridge Creek, Oreg., except that the 
"inferior basal angle is produced into a tooth, 
so that the truncate base of the leaf is greatly 
broadened." It is about 4.2 centimeters long 
and 4.8 centimeters ·wide and has three teeth 
on each side, "not counting the base." This. 
.seems to fit the description of Odostemon 
hakeaefolia, and therefore Cockerell's form has 
been referred to that species. 

Occurrence: Creede formation, north bank 
of Rio Grande near Sevenmile Bridge, Creede, 
Cclo. · 

s Lcsquereux, Leo, op. cit., p. 166, pl. 43, fig. 1. 
9 Knowlton, F. H., U.S. N:~.t. l\-Ius. Pro::., vol. 51, p. 267, pl. 26, figs. 

1, 2, 1916. 
10 Cockerell, T. D. A., Torrey Bot. Club Bull., vol. 33, p. 311, text 

fig. G, 1906. 
n Cockerell, T. D. A., Am. Mus. Nat. Hist. Bull., vol. 24, p. 91, 1908. 
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Sterculia aceroides Knowlton, n. sp. 

Plate XLIII, figure 12. 

Leaf small, semicoriaceous in texture, round
ed and truncate at the base, three-lobed, the 
central lobe apparently much the longest and 
strongest (broken), lateral lobes short, acute, 
at an angle of about 45°; nervation obscure, 
except for the very strong midrib and the 
much lighter lateral ribs. which arise near the 
base of the blade. 

This little leaf, the only one seen in the 
collection, has the basal portion well preserved, 
but the evidently large central lobe is broken. 
The distance between the tips of the lateral 
lobes is about 3.5 centimeters. 

Two species of Sterculia have been described 
from material found in the Florissant lake 
beds-Sterculia rigida Lesquereux 12 and S. 
engleri Kirchner.13 These species are of the 
same type, about the only difference being in 
size; they shouid probably be combined. 
. The present form differs from the Florissant 
forms in being rounded and full ·instead of 
wedge-shaped at the base and in having rela
tively shorter lateral lobes. The central lobe. 
to judge from the ve~y strong midrib, was 
probably very long ar;td slender. The nerva
tion, except for the three ribs, is practically 
obsolete. 

Occurrence: Creede formation, north· bank 
of Rio. Grande. near Sevenmile Bridge, Creede, 
Colo. 

Phyllites sp. 

Plate XLIII, figure 15. 

Leaf minute, delicate in texture, obovate, 
rounded at the apex, long ridge-shaped at the 
base; apparently short petioled; margin entire; 
nervation very delicate, consisting of a straight 
midrib and about three pairs of thin secondaries 
that pass up for a considerable distance; finer 
nervation obsolete. 

This little leaf or leaflet, the only one ob
served in the collection, is about 7 milli
meters long and 5 millimeters broad. It was 
t:.pparently sessile, or nearly fl-O. 

I have hesitated to assign this leaf to a defi
nite genus, as it is so nondescript that it is 

12 LosqLJOroux, Leo, U.S. Gool. Survey Terr. Ropt., vol. 8 (Cretaceous 
ond TP~tiary floras), p. 179, pl. 34, fig. 12, 1883. 

1a Kirchner, W. C. G., St. Louis Acad. Sci. Trans., vol. 8, p.180, pl. 14, 
fig. 3, 1898. 

hard to place with any degree of reasonable
ness. It resembles a number of described 
forms, such as Oelastrus murchisoni Heer, 14 

from the Swiss Miocene, though it is much 
smaller. It is also similar to certain leaflets 
that have been ·called Leguminosites, but 
conjectures as to its affinity would hardly 
serve any useful end. 

Occurrence: Creede formation, north bank 
of Rio Grande near Seven1nile Bridge, Creede 
Colo. 

Phyllites sp. 

Plate XLIII, figure 13. 

In the collections from Creede I find the 
little leaf her~ figured, which with its counter
part is the only one noted. It is small, about 
18 millimeters long and 9 millimeters broad, 
ovate, somewhat decurrent at the base, and 
moderately pointed at the apex. The margin 
has about four relatively large, sharp-pointed 
teeth on each side. The nervation is very light, 
consisting. of a straight midrib and four pairs 
of thin, opposite secondaries, which end m 
the teeth. · 

It is so difficult, not· to say i1npossible, to 
place this-little leaf in the correct genus that 
it has been ref~rred without specific name to 
the nondescript genus Phyllites. 

Occurrence: Creede formation, north bank 
of Rio Grande near Sevenmile Bridge, Creede, 
Colo. 

. Phyllites potentilloides Knowlton, n. sp. 

Plate XLIII, figure 14. 

The material fr01n Lake Santa Maria includes 
the single example figured, which appears to 
be a small compound leaf with at least seven 
leaflets. The terminal leaflet is deeply cut 
into three lanceolate segments, the n1argins 
of which are provided with rather ren1ote, 
sharp teeth. The lower leaflets are sessile or 
nearly so, lanceolate-acuminate, with sharply 
toothed margins. The nervation consists of 
a very strong n1idrib and a few secondaries 
that seem to enter the teeth. The whole leaf 
is about 5 centimeters long, and the lower 
leaflets are 1.5 to 2 centimeters long and 0.5 
centi1neter wide. 

u Heer, Oswald, Flora tertiaria Helvetiae, vol. 3, pl. 121, fig. 6, 1859. 
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This specimen is so well p.reserved that seem
ingly it should not be difficult to place generi
cally, but nevertheless its generic reference is 
uncertain. It resembles a number of things, 
particularly certain pinnate-le~ved species. of 
Potentilla, such as P. hippiana Lehmann, but 
there are features that do not agree, and rather 

' ~ ~ . . . , 

,· 

·.,. 

th~n make a~ wr<lrig g.enericr; rgf'~feii~e I think 
best to place it,: at;leastltemporarily, in Phyllites. 
It ~as been g~v~.n a sp.~ci:fi~ name. ~tl}a~ St1~gests 
its resembla~c;e to:,Pote.!l'.~illf!' . . 1 . _ ') . .. 

Occurrence:. l-Iuerto .. foxmation, north end 
of Lake Santa'M~r~~,.San.Cris.tqbitl quadrangle, 
Colo. · . ···I - · · · I ' ·. · 
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PLATE XLI. 
Prt.ge. 

FIGURES 1, 2, 4, 5. Abies n:gida Knowlton, from Creede formation, near Creede, Colo. U. S. Nat. Mus. catalog 
Noo. 36505, 36507, 36508, 36509 ... _ ................................. , .. _ ..... ~....... 186 

6. Phus coloradensis Knowlton, from Creede formation, near Creede, Colo. U. S. Nat Mus. 
catalog No. 36506.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 

7. Pinus florissanti? Lesquereux, from Creede formation, near Creede, Colo. U. S. Nat. Mus. 
catalog No. 36510.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 

3, 8-10. Pinus crossii Knowlton, from Creede formation, near Creede, Colo. U. S. Nat. Mus. catalog 
Nos. 36511,36512,36513, 36514 ..................................... ,.................. 185 

11, 12. Pinus similis Knowlton, from Creede formation, near Creede, Colo. U. S.' Nat. Mus. catalog. 
Nos. 36515, 3651G.................................................................... 186 
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PLATE XLII. 
Page. 

Fwum~s l, 2. Abies longirostris Knowlton, from Creede formation, near Creede, Colo. U. S. Nat. Mus. catalog 
NOS. 36517' 36518 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 7 

3. Aln·us? larseni Knowlton, from Creede formation, near cr·eede, Colo. U.S. Nat. Mus. catalog No. 
36519 ..... - . - ........... - .. - ... .- .... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188 

4. Vitis florissantella Co<:kerell, from Creede formation, near Creede, Colo. U. S. Nat. Mus. catalog 
No. 36520.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189· 

5-9. Ribes protornelaenum Cockerell, from Creede formation, near Creede, Colo. U. S. Nat. Mus. 
catalog Nos. 36521, 36522, 36523, 36524, 36525 .................................•.. ~.......... 188: 
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PLATE XLIII. 

FIGURES 1-6. Odostemon hakeaefolia (Lesquereux) Knowlton, from Creede formation, near Creede, Colo. U. S. 
Nat. Mus. catalog Nos. 36526, 36527, 36528, 36529, 36530, 36531.----------- ______ ------------

7-10. Odostemon marginata (Lesquereux) Knowlton, from Creede formation, near Creede, Colo. U. S. 
Nat. Mus. catalog Nos. 36532, 36533, 36534, 36535. _.-- _--.- __ - ______________ . ___ - _-- _______ _ 

11. Rubus? inquire.ndus Knowlton, from Creede formation, near Creede, Colo. U.S. Nat. Mus. catalog 
No. 365.36. _________ -_ - __ - - - - - - - - - - -·_ - - - - - - - __ - ___ - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - -._ - - - -

12. Sterculia aceroides Knowlton, from Creede formation, near Creede, Colo. U. S. Nat. Mus. catalog 
No. 36537 __________ -____ ----- __________ · ____________ - ______ _ : _: ___________________________ _ 

13. Phyllites sp., from Creede formation, near Creede, Colo. U.S. Nat. Mus. catalog No. 36538 _____ _ 
14. Phyllites potentilloides Knowlton, frdm Huerto formation, north end of Lake Santa Maria, San 

Cristobal quadrangle, Colo. U.S. Nat. Mus. catalog No. 36539 ... - _______________ ---- _- _-. _ .. 
15. J;hyllites sp., from Creede formation, near Cree4e, Colo. U.S. Nat. Mus. catalog No. 36540 ... _ 

16,17. Planera myricaejolia (Lesquereux) Cockerell, from Creede formation, near Creede, Colo. U. S. 
Nat. Mus. catalog Nos. 36541, 36542 .. -· __ - ___ -. ___ ----.-----.---------------------- .. ------
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:Populus lesquereuxi Cockerell, from Creede formation, near Creede, Colo. U.S. Nat. Mus. catalog No. 36543.... 187 
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T.HE .FAUNA OF· THE·· SO-CALLED DAKOTA FORMATION OF NORTHERN 
. . GENTRAL COLORADO AND ITS EQUIVALENT IN 

SOUTHEASTERN WYOMING. 

By JoHN B. REESIDE, Jr. 

INTRODUCTION. 

Thi!J paper describes a small fauna from 
beds in northern central Colorado that have 
long been designated the Dakota formation, 
often with doubt that all the beds so named 
were really equivalent to the typical Dakota 
sandstone of eastern Nebraska. The upper 
part of the equivnlent beds in southeastern 
Wyoming was referred by some writers to the 
Benton shale and the lower part to the Cl~verly 

·formation. This so-called Dakota formation of 
northern central Colorado and its equivalent 
in southeastern Wyoming consist of cherty 
conglomerate, brown quartzose sandstone, and 
dttrk· shale. The conglomerate is . usually at 
the base of the series and at many localities is 
overlain by a single shale unit and that in 
turn by a sandstone. At other localities, 
however, there are several alternations of 
sandstone and shale above the basal conglom
eratic layer. The fossils described in this 
paper, except one specimen, were obtained 
from the shales of the middle part of the for
mation. The single specimen, an ammonite, 
can1e from the uppermost sandstone. 

Fossils from the "Dakota formation" of 
northern Colorado were first recorded by Prof. 
J·unius Henderson/ of the University of 
Colorado.· Henderson states that fossils were 
found by T. W. Stanton and himself at almost 
every good expo$ure of the ''medial shales'' 
from a locality 5 miles north of Boulder, 
Colo., to Owl Canyon, in northern Larimer 
County, though they were not determinative. 
l-Ie suggests that the presence of Comanche 
fossils at Canon City and the persistence of a 
tripartite division in the "Dakota formation" 
indicate "that at least part of the medial 

I Henderson, Junius, The foothills formations of north-central Colorado: 
Colomdo Cool. Survey First Ann. Rept., pp. 172-176, 1908; The Creta
ceous formr.tlons of northeastern Colorado and tho foothills formations 
of north-centraJ. Colorado: Colorado Geol. Survey Bull. 19, pp. 83-85, 
1920. 

shales and lower sandstone member in the 
Boulder district and northward may be· the 
time equivalent of the Comanche." The 
fossils of the northern area are mostly in poor 
condition and are said to include one or more 
species of Ostrea, an Inoceramus indistinguish
able from I. Zabiatus Schlotheim, and an 
Avicula closely related to A. Zinguaeformis 
Evans and Shumard, though probably not 
identical. 

Mr. Stanton 1nade six collections from as 
many localities in· 1906 and others in 1909 and 
1920. In 1907 Prof. Henderson made a collec
tion of which a part was presented .by him to 
the Geological Survey. In 1921 larger collec
tions were made at six localities by W. T. Lee. 
These later collections have supplied more ade
quate specimens of most of the species than 
were contained in the earlier collections and 
have shown more definitely the relationships 
of the fossils. All the material in these collec
tions has, through Mr. Stanton's kindness, been 
in the writer's hands, as well as specimens for 
comparison from the Washita fauna of south
ern Colorado, New Mexico, Kansas, and Texas 
co!ltained in the collections of the Geological 
Survey. · 

THE FAUNA AND ITS RELATIONS. 

The fauna of the "middle Dakota shale" of 
northern Colorado and southern Wyoming in
cludes seven species, of which one is not defin
itely determinable, three are assigned to new 
species, and three are assigned to species pre
viously described. The list of species is as 
follows: 

Inoceramus· comanchean us Cragin. 
Inoceramus bellvuensis Reeside, n. sp: 
Pteria salinensis White. 
Ostrea larimerensis Reeside, n. sp. 
Ostrea noctuensis Reeside, n. sp. 
Anchura kio:wana Cragin? 

. Ammonite, undetermined. 

1S9 
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To this list may be added the scales and bones one species after another from the faunal assem
of undetermined fish and also teeth collected blage. In the Purgatoire River region of Colo
nea~: ~o:v~l.~nd, Co~o., by. f.rof. ~enderson and rado the fa:una lacks a number of Washita 
identifte'd by J. ~;-Gidley as p~oh~bly.plesio~ _·species that are prominent at· the ·localities 
saurian.2 Inoceramus ·· comanchea_nu~J. Pteria farther s9utheast. In the· Apishapa River 
salinensis, and Anchura kiowana occur in rocks region still·more species have dropped out of the 
of Washita age in Kansas and other States, and fauna, and at Canon City only two or three are 
their occurrence in the beds here cons~~ered known. Such a change. as this may well ac
therefore supports a correlation of the "middle count. for the paucity of recognized washita 
Dakota" with the Washita group, although --species in northern central Colorado and south
such a correlation, based on a s~ngle species eastern Wyoming, though the causes of the 
each of Inoceramus arid Pteria and a somewhat change are entirely ·conjecturaL It has been 
doubtfully identified species of Anchura, has a suggested by Stanton 5 that· the difference be
rather frail foundation. The other species are tween the fauna of the Purgatoire formation 
not very close to any described forms from the and that of the so-called Dakota formation of 
Washita group or the Benton shale and have northeastern Colorado is due to a difference iri 
little value in correlation. The absence of such age, the sea in which the Purgatoire formation 
widespread and abundant species ~s Ostrea was deposited not having reached northern Col
q_uadriplicata Shumard, Gryphaea corrugata orado until Dakota time, when many of the 
Say, · Trigonia emoryi . Conrad, Pholadomya characteristic Washita species had ceased to 
sanctisal)ae Roemer, Cardium kansasense Meek, exist. The relationship of the beds of Washita 
Protocardia multilin,eata Shumard, Turritella age in Kansas to the overlying Dakota for- · 
seriatim-granulata Roemer, and Pachydiscus mation is so intimate as to preclude any great 
brazoensis (Shumard), which occur _in many difference- in age, and the differenee in in,ter
collections ·from the Purgatoire formation and pretation of the fauna is therefore· not very 
its equivalents,3 is surprising. There is no fea- great. However, it seems to the writer that it 
ture of the sediments that indicates conditions is better to regard the fossils of the so-called 
of deposition in northern Colorado very differ- Dakota formation as of the same age as those 
ent from those in southern Colorado-in fact, of the Purgatoire formation and attribute the. 
on the contrary, the sediments of the two areas differences between them to some now unknown 
are s~ much alike that tentative correlations difference in the conditions under ·which the 
between them have been based on the simi- sediments were deposited. The fauna from 
larity. It is difficult to explain why conditions northern Colorado, in spite of its paucity, is· 
that would permit the existence·of Inoceramus more like that of the Washita group than that· 
comancheanus, Pteria. salinensis, and an An- of the succeeding Benton shale or that of any 
ciiura very like A. k;iowana would completely known Dakota beds, and a correlation based 
shut out any trace of their usual associates, on the fauna must be a correlation with the 
which are present in southern Colorado, scarcely Washita rather than With· the Benton. The 
200 miles away .. Whether these three species fauna is apparently an extension of the known 
were hardier and could endure conditions that range of the late Comanche fauna as far north 
co~pletely precluded the existenGe of the other as southern Wyoming. 
species can not be determined. The Washita The single·ammonite, Pachydiscus? sp.,'from 
fauna, as shown by Stanton,4 suffers a progres- the uppermost sandstone of the "Dakota for
sive change northwestward from the Tucumcari mation," is sufficient only to show that this . 
region of New Mexico and the Cimarron River sandstone is in at least one locality of marine 
region . of Oklahoma by the disappearance of origin. The specimen might belong to the 

2 Henderson, Junius, The Cretaceous formations of northeastern Col
orado and the-foothills formations of north-central Colorado: Colorado 
Geol. Survey Bull. 19, p. 85, 1920. 

a Stanton, T. W., The Morrison formation and its relations with the 
Comanche series ~nd the Dakota formation: Jour. Geology, vol. 13, 
pp. 657-669, 1905. 

4 Stanton, T. vV., idem. 

'I 

Washita fauna or to a later one. The marine 
origin of the sandstone 'at two other localities 
is indicated by the presence of Halymenites. 
These localities are at the mouth of-· Little 

; Stanton, T. ,Y., Some prob:ems connected with the Dakota sand-
stone: Geol. Soc. America Bull., vol. 33, pp. 265-272, 1922. · 
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Thompson. Canyon and 10 miles· north of 
Boulder, Boulder County, Colo.0 

o Henderson, Jmiius, The Crcta::cous formations of northcaste:-n Colo· 
rndo tllld the foothills formations of north-central Colorado: Colorado 
Cool. Survey Bull. 19, p. 85, ·1920. 

DISTRIBUTION OF SPECIES. 

The following table an,d list show the geo
graphic distribution of the species described 1n 
this paper: . 

Distribtttion of species front the so-called Dakota formation of northern central Colorado and southern Wyoming by localities. 

cl 6 10 11 12 13 14 15 IG 

---------!-- ---- -- ---- ---- -- -- -- -- ---- ----
Inoceramus comanchean us Cragin. . . . . . . X ...... ~ . X X . . . . . . . . X X X X X . . . . X X X 
Inoceramus bellvuonsis l~eeside.......... . . . . . . . . . . . . X . . . . . . . . . . . . . . . . X X X ................... . 
Pt.eriasalinensisWhite .................. X X X X .... X .... X X X X ........ X X 
Ostrea lat·imercnsis Recside ................................ ·.. X . . .. X X X X. . .. . . .. . X • .. . X 
Ostrea noctucnsis Recside ............................ X ... ~ X X X X X X .................. .. 
A.nchura kiowana Cragin?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X ................... . 

~~!Z~~~~~~;n~~t~r~ilii~d·.·_-_-:·::::::::::: :::::::::::: :·::: :::::::::::::::::::: ::·:: :::::::: -~- :::::::: ·x· 
Fish scales and bones. . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . X X X X X X . . . . . . . . . . . . X . X X 

a Numbers refer to tho lo~alitics given in t:1:: ro;Iowing list. 

1. U. S. G. S. locality 3689. Sixmile Canyon, 4 miles 
north of Boulder, Boulder County, Colo.; sandy shale 
between the "Dakota'' sandstones; T. W. Stanton; 
collector, 1906: 

Inoceramus comancheanus Cragin. 
Pteria salinensis White. 
Ostrea sp. undetermined. 

2. U. S. G. S. locality 3690. Lykins Gulch, 9 miles 
north of· Boulder, Boulder County, Colo.; sanely shale 
between the "Dakota'' sandstones; T. W. Stanton, 
collector, 1906: 

Pteria salinensis White. 
Ostrea sp. undetermined. 
Fish remains. 

3. U. S. G. S. locality 3685. South end of Rabbit 
Mountain, 7 miles northwest of Longmont, Boulder County, 
Colo.; shales between the "Dakota" sandstones; T. W. 
Stanton, collector·, 1906: · . · 

Inoceramus sp. undetermined. 
Pteria salinensis White. · 
Ostrea sp. undetermined. 

4:. U. S. G. S. locality 3686. Lykins ranch, at·mouth 
of canyon of Little Thompson Creek, Boulder ·County, 
Colo. ; sandy shale between th~ ''Dakota' ' sandstones; 
T. W. Stanton, collector, 1906: . 

Inoceramus comancheanus Cragin. 
Inoceramus bellvuensis Reeside. 
Pteria salinensis White. 
Ostrea noctuensis Reeside. 

5. U. S. G. S. locality 10631. Handy ditch, canyon 
west of Loyeland, Larimer County, Colo.; sandy shale 
beneath the "upper Dakota" sanc_lstone; W. T. Lee, 
collector, 1921: · 

Inoceumus comancheanus Cragin. 
Fish remains. 

6. U. S. G. S. locality 10657. Handy ditch, canyon 
west of Loveland, Larimer County, Colo.; middle of shale 
between the "Dakota'' sandstones; W. T. Lee, 'collector, 
1921. 

Inoceramus sp. undetermined. 
Pteria salinensis White. 
Ostrea larimerensis Reeside. 
Ostrea noctuensis Reeside 
Fish remains. 

7. U. S. G. S. locality 3688. Eight miles north\vest 
of Loveland and 2 miles north of the junction of Big 
Thompson and Buckhor:o. creeks, Larimer County, Colo.; 
sanely shale between the '~Dakota'' sandstones; T. W. 
Stanton, collector, 1906: 

Ostrea noctuensis Reeside. 
Fish remains. 

8. U. S. G. S. locality 10659. Soldier Canyon, west 
of Fort Collins, Larimer County, Colo.; middle of shale of 
"middle Dakota"; W. T. LeE;), collector, 1921: 

Inoceramus comancheanus Cragin. 
Pteria salinensis White. 
Ostrea larimerensis Reesicle. 
Ostrea noctuensis Reeside. 
Anchura kiowana Cragin? . 
Fish remains. 

9. U. S. G. S. locality 3687. Ditch bank on north side 
of Cache la Poudre River, 9 'miles northwest of Fort Collins 
and 2 miles above Laporte, Larimer. County, Colo.; shale 
between the "Dakota'' hogbacks; T. W. Stanton, collector, 
1906. 

Inoceramus ·comancheanus Cragin. 
Inoceramus bellvuensis Reeside. 
Ostrea larimerensis Reeside. 
Ostrea noctuensis Reeside. 
Fish remains. 

10. U. S. G. S. ·locality 10660. Ditch on "Dakota" 
ridge in sec. 12, T. 8 N., R .. 7_Q W.,, north of Bellvue, Lar
imer County, Colo.; upper part of "middle Dakota"; 
~- T. Lee, collector, 1921: 

Inoceramus comancheanus Cragin.· 
Inoceramus bellvuensis Reeside. 
Pteria salinensis White. 
Ostrea larimerensis Reesicle. 
Ostrea noctuensis Reeside. 
Anchura kiowana Cragin? 
Fish remains. . 

11. U. S. G. S. locality 5401. Owl Canyon;' ·12 miles 
north of Fort Collins, Larilll:er County, Colo.; '~'middle 
Dakota"; Junius Henderson, collector, 1907· 

Inoceramus comancheanus Cragin. 
Inoceramus bellvuensis Reeside. 

. Pteria salinensis White. 
Ostrea larimerensis Reeside. 
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Ostrea noctuensis Reeside. 
Anchura kiowana Cragin? 

12. U. S. G. S. locality10375. Two miles southeast of 
Greenacre ranch, 20 miles north of Fort Collins, Larimer 
County, Colo.; dark shale beneath the "upper Dakota" 
hogback; T. W. Stanton, collector, 1920: 

Inoceramus coma:o.cheanus Cragin. 
Pteria salinensis White. 

13. U. S. G. S. locality 10375a. Same locality as 10375; 
upper sandstone of the "Dakota'' hogback, above the dark 
shales; T. W. Stanton, collector, 1920: 

Pachydiscus? sp. 
14:. U. S. G. S. locality 10662. Schoolhouse near Box 

Elder Creek, southeast of Greenacre ranch, Larimer 
County,o Colo.; upper part of "middle Dakota"; W. T. 
Lee, collector, 1921: 

· Inoceramus comancheanus Cragin. 
Ost!ea larimerensis Reeside. 
Fish bone. 

15. U. S. G. S. locality 5863. Horse Creek, 30 miles 
northwest of Cheyenne, Laramie County, Wyo.; shale 
beneath the upper ledge of the "Dakota''; T. W. Stanton, 
collector, 1909: 

Inoceramus comancheanus Cragin. 
Pteria salinensis White. 
Gastropod, undetermined. 
Fish remains. 

16. U. S. G. S.locality 10670. Gap of Chugwater Creek 
at Iron Mountain, Laramie County, Wyo.; "middle 
Dakota" shale; W. T: Lee, collector, 1921: 

Inoceramus comancheanus Cragin. 
Pteria salinensis White. 
Ostrea larimerensis Reeside. 
Ammonite, undetermined. 
Fish remains. · 

DESCRIPTIONS OF SPECIES. 

Genus INOCERAMUS Sowerby. 

Inoceramus. comanchean'!IS Cragin. 

Plate XLV, figures 1-7 

1895. Inoceramus comancheana Cragin, Colorado Coli. 
Studies, 5th year, pp. 53-55. 

1901. Inoceramus comancheanus Cragin. Hill, U. S. Geol. 
Survey Twenty-first Ann. Rept., pt. 7, pl. 35, 
fig. 4. 

1920. Inoceramus comancheanrus Cragin. Adkins and 
Winton, Texas Univ. Bull. 1945, p. 73, pl. 17, 
fig. 1-3. 

Cragin's original description is as follows: 
Shell equivalve, broadly and obliquely rhombic-ovate, 

more gibbous than that of I. labiatus Schlotheim, the axis 
of greatest dimension diverging from the hinge line much 
more widely than in the latter species; alar outline 
rounded; anterior margin descending steeply in a nearly 
straight line for a considerable distance on front of the 
beaks, then curving rather suddenly away toward the 
somewhat prominently COJ'!.Vex distal part of the basal 
outline, anterior and posterior margins making nearly a 
right angle with each other; beaks placed opposite the 
anterior extremity of the hinge, moderately inflated and 
moderately elevated above the hinge line, anteriorly 

. -

flattened but not abruptly so; hinge plat~ rather short, 
broad, the ligarriental grooves crowded, more numerous 
and longer than in I. labiatus, though ample and shallow; 
valves thin, ornamented with numerous concentric 
riblike folds, which on the distal and ventral parts are 
quite strongly elevated and much narrower than the 
intervals between them. 

Height 82, length 95, breadth 54, axis of greatest dimen
sion 107 milimeters. In some examples the species 
attains considerably larger dimensions. 

The writer has in hand a number of fairly 
good specimens of an Inoceramus indistinguish
able from specimens of I. comancheanus. This 
species is characterized by its elongate form, 
the axis of elongation making an angle of 50° 
to 70° with the hinge line; moderately coarse, 
rounded, concentric ribs without finer sculpture 
between;· ribs somewhat irregular; umbo 
rather slender; anterior margin straight or 
slightly concave, making an angle of 70° to 100° 
with the hinge line. It differs from the later 
I. labiatus, as pointed out by Cragin, in the 
greater angle between the axis of elongation 
and the hinge line. It is also less elongated, 
has stronger sculpture and less smoothly ovate 
concentric ribs, and lacks the fine striae l?etween 
the concentric ribs. It somewhat resembles 
an undescribed species associated with I. 
labiatus and related to I. lamarcki var. cuvieri 
Sowerby, though it differs in having a more 
elongate form and much finer sculpture. 
Inoceramus anglicus Woods, of the Gault; I. 
crippsi Mantell, of the Cenomanian; and I. 
pictus Sower by, of the Cenomanian, are re
lated species. I. anglicus has more regular 
concentric ribs and a broader curvature and 
is a wider shell. I. crippsi 4as a greater angle 
between the anterior margin and the hinge 
line (140°), a thicker· umbo, and fine striae 
between the concentric ribs. I. pictus differs 
chiefly in possessing. finer sculpture. These 
comparisons are based largely on figures by 
Woods 7 and might not hold in an actual 
comparison of specimens, but so far as the 
·writer is able to determine, I. comancheanus is 
closer to f. crippsi and I. pictus than to the 
other species mentioned. 

Occurrence: Many localities in Texas, 
Kansas, Oklahoma, and southern Colorado. 
In northern Colorado: Sixmile Canyon, Lykins 
ranch, canyon west of Loveland, ,Soldier 
Canyon, Cache la Poudre River, north of 

1 Woods, Henry, A monograph of the Cretaceous Lamellibranchia o! 
England, vol. 2, pt. 7, pp. 264, 273, 279, text figs. 29, 33-36; pl. 45, figs. 
8--10; pl. 48, figs. 2, 3; pl. 49, figs. 5, 6, 1911. 

.. 
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.Bellvue, Owl Canyon, 2 n1iles southeast of 
Grcenacre ranch, Boxelder Creek. In Wyo
ming: I-Iorse Creek and Iron Mountain.8 

Inoceramus bellvuensis Reeside, n. sp. 

Plate XLVI, :figures 1-3. 

Shell apparently equiv-alve, v-ery inequilat
eral. Outline of v-alve subquadrate; anterior 
part moderately conY ex; posterior part flat
tened, forming an ill~defined wing dorsally. 
Anterior margin nearly straight; ventral mar
gin broadly conv-ex; posterior margin nearly 
straiO'ht. Anterior margin makes an angle of 

0 h' 120° with the hinge line. Srnall part of rnge 
line preserved shows ligament pits small and 
shallow. Umbones nearly terminal. Orna
mentation of somewhat irregular narrow con
~entric ribs with·. unsymmetrical curvature; 
interspaces wider than ribs, concave. 

This species is marked by its broad sub
quadrate valves, small convexity, and' sculp
ture. It is perhaps closer to Inoceramus 
crippsi Mantell than to any other species but 
shows no· trace of the fine striae between the 
ribs that are present on that species. 

The specific name is derived from Bellv-ue, 
Colo., near which the type was collected. 

Occurrence: Lykins ranch, Cache la Poudre 
River, north of Bellvue, and Owl Canyon, 
Colo. 

Genus PTERIA Scopoli. 

Pteria salinensis White. 

Plate XLVII, figures 1-5. 

1880. Pteria (OXAjloma) salinensis White, U. S. Nat. Mus. 
Proc ., vol. 2, pt. 2, pp. 296, 297, pl. 5, figs. 1, 2. 

1883. Pteria (OXAJloma) salinensis White, U. S. Geol. and 
Geog. Survey Terr. Twelfth Ami. Rept., pt. 1, 
pp. 15, 16, pl. 16, figs. 2a, b. 

?1893. Pter,ia salinensis \\lhite. Cragin, Texas Geol. Sur
vey Fourth Ann. Rept., p. 211. 

White's original description is as "follows: 

Shell rather large for a Cretaceous Pteria; the body, 
exclusive of the wings, obliquely subovate, broad at the 
'base, moderately gibbous, distinctly but not very greatly 
inequivalve; the left valve, as usual, more convex than 
the right and its beak more prominent; the convexity of 
the valves somewhat uniform but increasing toward the 
umbonal region in each, where it is greatest; anterior wing 
moderately large, defined from the body of· the shell by 
being laterally compressed but not by any distinct auric
ular furrow, the byssal sinus under the anterior wing of 
the right valve having the usual size and shape common 

a 'l'h:l full dcs~ription of all these lo:alitios is gi\·on on pagrs -_. 

to Oxytoma; posterior wing not proportionately large and 
not distinctly defined from the body of the shell except 
by a somewhat gradual lateral compression; its pos
teriQr angle not greatly produced; hinge line less than the 
axial length of the shell; posterior adductor scars not 
distinct; anterior adductor scars distinct and deep for a 
shell of this genus, placed immediately in front of the 
beaks, that of tJ:e left valve being more distinct than the 
other. * * * 

It is known to have reached a~ axial length of more than 
60 millimeters, a transverse width near its base of at least 
50 millimeters, and a thickness of about 25 millimeters 
when both valves were in natural position. 

The character of the surface is not known, but it was 
evidently nearly smooth, as is usual with Oxytoma. 

The writer h~s in hand a number of speci
mens that include both valves of a smooth
shelled Pteria. Such simple shells are some
what unsatisfactory material for comparisons, 
as very similar species occur at a number of 
very distinct horizons, from the Paleozoic on. 
However, in comparison with species from the 
Washita, Colorado, and Montana groups the 
specimens in hand are so close toP. salinensis that 
it is difficult to pick out an essential difference. 
P. gastrodes (Meek) of the Benton fs a large, 
stout, nearly equivalve shell with the outline 
of the valves well rounded, the anterior ear 
short proportionately, and the axis of the shell 
only moderately oblique. P. linguaeformis 
(Evans and Shumard) is a proportionately 
small, inequiYalve shell, with valves rather 
elongated and oblique, and the anterior ear 
small. P. salinensis has a less elongated form 
than P.linguaejormis and is much larger, but it 
is not nearly so stout and rounded asP. gas
trades. It has also a relatively long a:q.d nar
row anterior ear and is nearly equ:ivalve. · 

Occurrence: Washita group of Texas and 
rocks of same age in Kansas and southern 
Colorado. In northern Colorado : Sixmile Can
yon, Lykins Gulch, Lykins ranch, south end 
of Rabbit Mountain, canyon west of Loveland, 
Soldier Canyon, north of Bellvue, Owl Canyon, 
and 2 miles southeast of Greenacre ranch. In 
Wyoming: Horse Creek and Iron Mountain. 

Genus OSTREA Linnaeus. 

Ostrea larirnerensis Reeside, n. SPJ. 

Plate XLVII, figures 6-12. 

Shell very thin, flattened, acutely triangular 
in outline; small, an av-erage specimen attain
ing a length of 60 millimeters. Beak narrowly 
tapered; base of valve smoothly rounded. 
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:Margins of the valves _smooth. Surface irregu- Genus ANCHURA Conrad. 

brly and firi.ely wrinkled, especially near the Anchura kiowana Cr~giit? 
heak. Internal cast. reflects the larg. er wrin~les, Plate XLVIII, figures 6-8. 
but otherwise smooth. I-Iinge not seen; prob-

1 1895. Anchura kiowana Cragin, Colorado Coll. ·Studies,. 5th 
rcbly sma 1 and weakly developed. year, pp. 66, 67. 

The writer has hesitated to apply names to 
this and the following species of Ostrea. Both Cragin's original ~escripti~n is ~s follo~~~ 
belong to a type of simple oyster that appears Shell small, consisting of six convex whorls; spire ele-
in many faunas from Jurassic to Recent time, vated; suture impressed; wing of moderate siz;e, consisting 

of a'proximal :flangelike part, continued posteriorly across 
and although differences may be pointed out half or more of the f1rst spire whorl, and a carinated falci-
the variability of the shells is so great that no form process; carina gradually arising at the base of the 
differences seem to hold good, and separation falciform process and traversing the latter to the !3Xtrem:j.ty; 
into species is more or less arbitrary. However: 'falciform process much shorter and less upturned distally 
there appear to be no described forms in the than that of the som(.lwhat similar species A. ruida wp.ite, 
equivalent or adjacent faunas of the region that. not rising to the lowest level of the suture between the 

body whorl and the first spire whorl -but having its point 
n1ay be c01npared with these, and as a matter directed outward and· somewhat upward so as to make a. 
of convenience names are here applied. large angle with the axis of the spire, extero-inferior out-· 

The specific name of 0. larimerensis is -derived line of wing rounded and the border between this and 
from Larimer County, Colo. the canal sinuous, margin of upper (flange) part of wing· 

Occurrence: Canyon west of Loveland, Sol- describing a slightly concave to sigmoid outline and more 
or less thickened and reflexed; inner lip provided with a. 

dier Canyon, Cache la Poudre River, north of moderately broad and·prominent callous; canal short and 
Bellvue, Owl Canyon, and ·Box Elder Creek, obliquely truncated; spire whorls and posterior half to
Colo.; Iron Mountain, Wyo. . two-thirds of body whorl ornamented with n~rrow C\lrv.ed, 

Ostrea noctuensis Reeside, n. sp. 

Plate XLVIII, figures 1-5. 

· ·shell very thin, gently arched, subquadrate, 
of medium size, an average individual attaining 
ri, length of 80 or 90 millimeters. Beak bluntly 
rounded, basal part of shell broadly rounded. 
:Margins of valves smooth. · Surface of most of 
the specimens marked by fine, rather regular 
concentric lines and a few broad, obscure folds. 
Surface of other specimens irregularly wrinkled, 
much as in 0. larimerensis. Internal cast 
smooth except for the reflection of the broad 
folds. Hinge small and weak. 

This species may possibly be 0~aly a VP.riant 
of 0. larimerensis, as it is of the same general 
type, but its broad outline is distinct, and .so is 

· its sculpture in most of the specimens. 
The specific name is derived from the locality 

of the type, Owl Canyon · (noctuus =owl). 
Occurrence: Lykins ranch,. cap. yon west. of 

Loveland, northwest of Loveland, Soldier 
Canyon, Cache la Poudre River, north of Bell
vue, and Owl Canyon, Colo. 

subvertical ribs or folds, of which there are about 24 on the· 
first spire whorl, and with numerous revolving striae, 'the 
latter ornamentation gradually becoming prominent :and 
superseding the ribs on the lowest third to half of the body 
whorl. · 

Height 19, breadth of body whorl, including e:;'(Cl,lrsion 
of the wing, 15 millimeters; angle of spire slopes abou~ as 
in A. n~ida White. * * * This species is distinguished 
from Anchura ruida White by the vertically costate·body 
whorl, by the shorter, . differently directed falciform 
process, and by having the alar carina confined directly to 
the wing and nearly to the falciform process instead of 
rcing common to the wing and part of the body whorl. 

The writer has six specimens of a small 
species of Anchura, all poorly preserved ~but 
showing enough of the details to indicate a 
close rehitionship to ·A. kiowana, as defined by 
Cragin's description a.nd by good specimens. 
One specimen preserves a mold of the exterior 
of the wing, and a.lthough fine details are lack
ing it is· clear that the wing has the form of' that 
of A. kiowana and tha. t the carina is confined 
practically to the wing. The presence of 
vertical ribs is also indica ted on the body whotl 
of this specimen. ·Another specim;en pres~rvii?:'g 
a mold ·of the spire and perhaps part of tl;\,e 
body whorl shows a strong sculpture like that 

.-<. 

,. 
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on A. lciowana. 'The material available is the collections. The shell is clearly that of a 
inadequate for ·certain identification, but the much compressed species with very small urn
differences from A .. ruida White and other bilicus and truncated but unchanneled venter. 
spceies of equivalent ·and adjacent formations The earlier part of the shell preserved shows; 
and the resen1blances to A. kiowana make a coarse, apparently rounded ribs, but the later· 
tentative assignment to that species justifiable part is practically smooth. The greatest diam-· 

Occurrence: Kiowa shale of Kansas. Soldier eter of the shell is 30 millimeters, and the width. 
Cn,nyon, north of Bellvue, and Owl Canyon, of· the tnmcated venter a little more than 1 
Colo. millimeter. The shell might be a species of 

Genus PACHYDISCUS Zittel. Engonoceras, Knemiceras, J1eto~coceras, or some. 
Pachydiscus? sp. other genus. 

Plate XLIX, figure 1. Occurrence: Iron Mountain, Wyo. 

A single speci1nen of an ammonite, much 
weathered and preserving few details but sug
gesting strongly the genus Pachydiscus, is con
tained in the collections. It might well be a 
weathered specjmen of P. brazoensis (Shumard), 
but it might equally well belong to some later 
species, and even a certain generic assignment 
must await better material. 

The stratigraphic position of this specimen is 
a little higher than that of the remainder of the 
fossils described in tllis paper. It came from 
the upper sandstone of the "Dakota" hogback, 
above the dark shales, and not from the shales 
then1selves, as did the other fossils. 

Occurrence: '1\vo miles southetJ.st of Green
aero ranch, Colo. 

Ammonite, genus and .species undetermined. 

Plate XLIX, ifig<llle 2. 

A singlo small specimen of an ammonite pre
serving few distinctive features is contained in 

91048°-23-14 . 

Fish scales and bones, undetermined. 

Plate L, figures 1-11. 

Fish scales and bones occur at s~veral of the
localities from which fossils are described in 
this paper. Some of them resemble Leuch
ichthyops · vagans Cockerell, 9 and others re
semble lchthyodectes sp. Cockerell. 10 A few 
specimens are :figured for the sake of more com
pletely illustrating the known fauna. 

Occurrence: Lykins Gulch, canyon west of 
Loveland, northwest of Loveland, Soldier 
Canyon, Cache la Poudre River, north of Bell
vue, and Box Elder Creek, Colo.; Horse Creek 
and Iron Mountain, Wyo. 

u Cockerell, T. D. A., Some American Cretaceous fish scales: U. S. 
Gaol. Survey Prof. Paper 120, p. 180, pl. 35, figs. 1-15, 1919. 

10 Idem, p. 179, pl. 34, figs, 3, 4. 
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FOSSILS OF THE SO-CALLED DAKOTA FORMATIO OF NOHTHERN CE TRAL COLORADO AND 
SOUTHEASTEHN WYOMING. 

Inoceramus comancheanus Cragin, north of Bellvue, Colo. 1-3, Left valves of three specimens (U.S. Nat. Mus. catalog No. 32513); 
4-7. r!ght valves of four specimens (U. S. Nat. Mus. catalog No. 32513). 
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FOSSILS OF THE SO-CALLED DAKOTA FORMATION OF NORTHERN CENTRAL COLORADO AND 

SOUTHEASTEHN WYOMING. 

Inoceramus bcllvucnsis Reeside, n. sp., north of Bellvue, Colo. l, Type specimen (X t), left valve (U.S. Nat. Mus. catalog Ko. 32514) ; 
2, 3, left valves of two specimens (U. S. Nat. Mus. catalog No. 32515). 
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FOSSILS OF TI-lE SO-CALLED DAKOTA FORMATION OF NORTHERN CENTRAL COLORADO AND 
SOUTHEASTERN WYOMING. 

1-5. Pteria salinensis White, north of Bellvue, Colo. 1-3, Lefi valves of three specimens (U.S. Nat. Mus. catalog Ko. 32516~; 4,5, right 
vah·es or two specimens (U. S. Nat. Mus. catalog No. 32516). 

6-10. Ostrea larimerensi• Reeside, n. sp ., Soldier Canyon, Colo. 6, Small complete valYe, selected as the type (U.S. Nat. Mus. catalog 
No. 32517); 7,8, apical part or two valves, showing the sculpture (U.S. Nat. 1fus. catalog No. 32518) ; 9,10, two larger specimens, 
partly exfoliated (U. S. Nat. Mus . catalog No. 32518). 

11,12. Ostrea larimerensis Reeside, n. sp., north of Bellvue, Colo. 11, Internal cast or an unusually convex specimen (U.S. Nat. 1fus. 
catalog No. 32519); 12, a nearly complete valve retaining the shell (U. S. Nat. Mus. catalog No. 32.'>19). 
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FOSSILS OF THE SO-CALLED DAKOTA FOHMATIO OF NORTHERN CENTHAL COLORADO AND 

SOUTHEASTERN WYOMING. 

1, 2. Ostrea noctuensis Rccside, n. sp., Owl Canyon, Colo. l, 'l'ype specimen (U.S. Nat. Mus. catalog No. 32520); 2, Api
cal part of another specimen (U. S. Nat. Mus. catalog o. 32521). 

3, 4. Ostrea noctuensis Reeside, n. sp., north of Bellvue, Colo. 3, Specimen retaining most of the shell (U. S. Nat. Mus. 
catalog No. 32522); 4, specimen retaining only the apical part of the shell (U. S. Nat. Mus. catalog No. 32522). 

5 . Ostrea noctucnsis Rceside, n. sp., Soldier Canyon, Colo. Internal cast. (U. S. Nat. Mus . catalog No. 32523.) 
6, 7. A nchura kiowana Cragin?, Soldier Canyon, Colo. Two specimens (X 2) . (U. S. Nat. Mus. catalog No. 32524.) 
8 . A nchura kiowana Cragin; typical example from Kansas for comparison. 
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1 2 
FOSSILS OF THE SO-CALLED DAKOTA SANDSTONE OF NORTHERN CENTHAL COLORADO AND SOUTHEASTEHN WYOMING. 

1. Pacliydiscus~ sp., 2 miles southeast of Green acre ranch, Colo. (U. S. Nat. Mus. catalog No. 32525). 
2. Ammoni te, undetermined, Iron Mountain, Wyo. (U.S. Nat. Mus. catalog No. 32526). 
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FOSSILS OF THE SO-CALLED DAKOTA SA DSTONE OF NORTHERN CE TRAL COLORADO AND 
SOUTHEASTER WYOMING. 

1-7. Fish scales and bones, north of Bellvue, Colo. (U. S. Nat . Mus. catalog No. 10771 ). 
8-10. Fish scales and bone, Iron Mountain, Wyo. (U.S. Nat. Mus. catalog No. 10772). 
11. Fish bone, Horse Creek, Wyo. (U. S. Nat. Mus. catalog No. 10773). 
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"chavanensis"? Heer .. ~ .·.................................... .152 
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Elm Creek, .Uvalde County, Tex., Wilcox specimen from........ 4 
E=ons, S. F., cited .......................................... 133-134 
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Gastropoda ............. 00 ...............••.•..•..•....••....•• 114-115 
Gcntia.nales.... .. . . . . . . . . . ... ... . . .. .. .... .. .... .. ..... ..... ..... 20 
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